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Context: Secondary studies are vulnerable to threats to validity. Although, mitigating these threats is crucial
for the credibility of these studies, we currently lack a systematic approach to identify, categorize and mitigate
threats to validity for secondary studies.

Objective: In this paper, we review the corpus of secondary studies, with the aim to identify: (a) the trend of
reporting threats to validity, (b) the most common threats to validity and corresponding mitigation actions, and
(c) possible categories in which threats to validity can be classified.

Method: To achieve this goal we employ the tertiary study research method that is used for synthesizing
knowledge from existing secondary studies. In particular, we collected data from more than 100 studies, pub-
lished until December 2016 in top quality software engineering venues (both journals and conference).
Results: Our results suggest that in recent years, secondary studies are more likely to report their threats to
validity. However, the presentation of such threats is rather ad hoc, e.g., the same threat may be presented with
a different name, or under a different category. To alleviate this problem, we propose a classification schema
for reporting threats to validity and possible mitigation actions. Both the classification of threats and the asso-
ciated mitigation actions have been validated by an empirical study, i.e., Delphi rounds with experts.
Conclusion: Based on the proposed schema, we provide a checklist, which authors of secondary studies can
use for identifying and categorizing threats to validity and corresponding mitigation actions, while readers of
secondary studies can use the checklist for assessing the validity of the reported results.
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1 INTRODUCTION

Empirical Software Engineering (ESE) research focuses on the application of empirical methods on any phase
of the software development lifecycle. The three predominant types of empirical research are [47]: (a) sur-
veys, which are performed through questionnaires or interviews on a sample in order to obtain characteristics
of a population [36]; (b) case studies, which study phenomena in a “real-world” context, especially when the
boundaries between phenomenon and context are not clear [51]; and (c) experiments, which have a limited
scope and are most often run in a laboratory setting, with a high level of control [47]. During the last years and
mainly due to the rise of the Evidence-Based Software Engineering (EBSE) Paradigm' [22], two other types
of studies have become quite popular [15]:

e Systematic Literature Reviews (SLRs) use data from previously published studies for the purpose of re-
search synthesis, which is the collective term for a family of methods for summarizing, integrating and,
when possible, combining the findings of different studies on a topic or research question. Such synthesis
can also identify crucial areas and questions that have not been addressed adequately with past empirical
research. It is built upon the observation that no matter how well-designed and executed, empirical find-
ings from individual studies are limited in the extent to which they may be generalized [18].

1 EBSE is a movement in the software engineering research that aims to provide the means by which current best evidence from research can be integrated
with practical experience [22].



e Systematic Mapping Studies which use the same basic methodology as SLRs but aim to identify and
classify all research related to a broad software engineering topic rather than answering questions about
the relative merits of competing technologies that conventional SLRs address. They are intended to pro-
vide an overview of a topic area and identify whether there are sub-topics with sufficient primary studies
to conduct conventional SLRs and also to identify sub-topics where more primary studies are needed
[21].

The strength of evidence produced by ESE research depends largely on the use of systematic, rigorous guide-
lines on how to conduct, and report empirical results (see e.g., for experiments [47], for SLRs [18], for map-
ping studies [34], for surveys [36], and for case studies [38]). One of the most crucial parts of conducting an
empirical study is the management of threats to validity, i.e., possible aspects of the research design that in
some way compromise the credibility of results. Despite this crucial role, we currently lack guidelines on how
to identify, mitigate, and categorize threats to validity in secondary studies; this is in contrast to experiments,
case studies and surveys, where mature guidelines exist. Due to this reason, researchers either do not report
threats to validity for secondary studies, or report them in an ad hoc way (see Section 5). Specifically, the
most common issues found in practice, concern threats to validity being:

e Completely missing from certain studies. Thus, such studies do not provide any mitigation actions for
them;

¢ Incorrectly categorized. The same threat is classified in different categories by different researchers
(e.g., study selection bias is categorized in some studies as threat to infernal and in others as a threat to
conclusion validity. Also, in some cases threats are inefficiently categorized based on guidelines for
other types of empirical research (e.g., for experiments [45], or for case studies [38]), or under a custom
categorization, which is not uniform. One possible reason for this problem is the fact that threat catego-
ries are not orthogonal, especially in cases where they stem from different schools of thought or guide-
lines (see Section 2.1). For example, reliability examines if the results of a study depend highly on the
involved researchers. In turn, this relates to conclusion validity, in the sense that people are prone to bi-
ases (e.g. due to previous experiences, preferences on research, etc.);

¢ Inconsistently named. The same threat is reported with a different name by different researchers (e.g.,
the terms publication bias and researcher bias are used for describing the same threats);
¢ Inconsistently mitigated. The same threat is mitigated differently by different researchers. Although this
provides a variety of available mitigation actions, some mitigation actions are ineffective and cause con-
fusion to readers who consider following them.
These issues, in turn lead to a difficulty in evaluating the validity of the reported results and hinder a uniform
comparison between secondary studies. In addition, the lack of guidance for mitigating threats to validity,
which could serve as a reference point, makes it more difficult to reuse mitigation strategies, as well as to con-
sistently identify and categorize both threats and mitigation actions.
To address this problem, we conducted a tertiary study (i.e., an SLR on secondary studies), so as to retrieve
and analyze how software engineering secondary studies identify, categorize and mitigate threats to validity.
The objective of this tertiary study is: “to summarize secondary studies that report threats to validity, with the
aim of identifying: (a) the frequency of reporting threats to validity over the years, (b) the most common
threats to validity and (c) the corresponding mitigation actions, and (d) a possible classification schema of
threats to validity”. The main outcomes of the study are a classification schema for threats to validity and a
checklist that can be used while conducting/evaluating secondary studies. The outcomes are expected to con-
tribute towards establishing a standard and consistent way of identifying, categorizing and mitigating
threats to validity of secondary studies. In addition to that, in order to enrich the outcomes of this work we
explored existing literature in two related research sub-fields: (a) secondary studies in medical science (i.e.,



the area from where the Evidence-Based paradigm has emerged from), and (b) guidelines for conducting sec-
ondary studies. Related studies from medical science and the guidelines for performing secondary studies has
led to the identification of best practices in secondary studies that can be applied as mitigation actions for
minimizing of effects of a validity threat, enriching the provided checklist that has been derived from the clas-
sification schema. Finally, acknowledging the subjectivity in the qualitative nature of this work, we validated
the outcomes through a Delphi method based on the opinion of experts in secondary studies and empirical
studies in general. The Delphi method was iterated in three rounds and provided preliminary evidence for the
merits of the classification schema and checklist.

We note that literature reviews have been performed long before the advent of the terms ‘Systematic Mapping
Study’ and ‘Systematic Literature Review’ and corresponding guidelines. We also acknowledge that secondary
studies can be performed without following the guidelines of SMSs and SLRs (especially before the two terms
become popular). However, such non-systematic literature reviews have not reported (in the vast majority of
the cases) threats to their conclusions. Reporting of threats became popular once specific guidelines were pro-
posed and adopted in the context of the EBSE paradigm. Thus, for a study aiming at systematically analyzing
the reported threats, we consider it proper to focus on the studies that have adopted the corresponding guide-
lines. For the rest of the study, when we refer to secondary studies, we refer to Systematic Mapping Studies
and Systematic Literature Reviews.

The rest of the paper is organized as follows: Section 2 presents related work, i.e., categories of threats to va-
lidity in other empirical methods; Section 3 presents our tertiary study protocol; Section 4 reports on the re-
sults; and Section 5 discusses the proposed guidelines for identifying, categorizing and mitigating threats to
validity for secondary studies in software engineering. In Section 6, we present the design and results of our
validation study, whereas in Sections 7 and 8 we present threats to validity and conclude the paper.

2 RELATED WORK

The empirical software engineering literature points out the relevance and importance of identifying and re-
cording validity threats, as an aspect of research quality [12], [32] and [35]. According to Perry et al. [32] the
structure of an empirical study in SE should include a section of threats to validity. This section should discuss
the influences that may limit the authors’ and readers’ ability to interpret or draw conclusions from the study's
data. In addition, Jedlitschka et al. [17] suggest that each controlled experiment in SE should have a subsec-
tion named “Limitation of the study” where all threats that may have an impact on the validity of results
should be mentioned. Furthermore, Kitchenham [22] has also underlined the importance of threats to validity,
by highlighting that the implications of a validity threat should be addressed and thoroughly discussed. Fi-
nally, Sjoberg et al. [42] emphasize the scope of validity of the results of a SE study; the term ‘scope of valid-
ity’ is interpreted as the population of actors, technologies, activities, software systems for which the results of
a study are valid. The scope of validity is considered to be crucial for producing general knowledge synthe-
sized by comparing and integrating results from different studies.

In this section we present related work, under three perspectives. First, we present how threats to validity are
categorized in the empirical software engineering field (see Section 2.1). Second, in Section 2.2, we present
studies that are related to the identification and reporting of threats to validity in medical science. This can
provide valuable input for our work, since medical research is considered a more mature field in secondary
study design and execution and has already inspired the guidelines for conducting secondary studies in soft-
ware engineering. Finally, in Section 2.3, we present the most common guidelines for performing secondary
studies in the software engineering domain, as they can also provide input for our work.



2.1 Threats to Validity in Empirical Software Engineering

Threats to validity have been often categorized in the literature of general research methods in different types.
Initially, Cook and Campbell [8]* recorded four types of validity threats in quantitative experimental analysis:
statistical conclusion validity, internal validity, construct validity of putative causes and effects and external
validity. Concerning qualitative research, Maxwell [29] provided a general categorization of threats that can
be mapped to Cook and Campbell’s categorization as follows: theoretical validity (construct validity), gener-
alizability (internal, external validity), and interpretive validity (statistical conclusion validity). An additional
threat category, mentioned by Maxwell [29], is descriptive validity, which is relevant only for qualitative stud-
ies. Descriptive validity reflects the accuracy and objectivity of the information gathered. For example, when
researchers collect statements from participants, threats to validity can be related to the way that researchers
recorded or transcribed the statements. Other types of validity threats that are found in literature are: reliabil-
ity [38], [51], transferability, credibility and confirmability [27], uncontrollability, and contingency [14].

In the empirical SE community there are two main schools on reporting threats to validity: (a) Wohlin et al.
[47] who adopted Cook and Campbell’s [8] categorization of validity threats and presented four main types of
threats to validity for quantitative research within software engineering: conclusion, internal, construct, and
external validity; and (b) Runeson et al. [38] who discussed four main types of validity threats for case studies
within software engineering: reliability, internal, construct, and external validity. The threats of Runeson et
al. [38] are similar to those of Wohlin et al. [47] with the exception of reliability replacing conclusion validity.

Biffl et al. [4] argue that researchers should also consolidate actual experimental research on a specific topic to
complement existing generic threats and guidelines when performing their research. The tradeoff between
internal and external validity has been addressed by Siegmund et al. [40], where the authors performed a sur-
vey and concluded that externally valid papers are of greater practicality while internally valid studies seem to
be unrealistic. Additionally, the study examined the impact of replication studies and found that although re-
searchers realize the necessity of such studies they are reluctant to conduct or review them mainly due to the
fact that there are no guidelines for performing them [40]. A list of definitions of the union of the aforemen-
tioned categories of threats to validity (i.e. from [38] and [47]) are presented in Table L.

TABLE I: CATEGORIES OF THREATS TO VALIDITY IN ESE RESEARCH

Conclusion validity: Originally called “statistical conclusion validity”, this aspect deals with the degree to which con-
clusions reached (e.g. about relationships between factors) are reasonable within the data collected. Researcher bias, for
example, can greatly impact conclusions reached and can be considered to be a threat to conclusion validity. Similarly,
statistical analysis may lead to weak results that can be interpreted in different ways according to the bias of the re-
searcher. In either case the researcher may reach the wrong conclusion [47].

Reliability: This aspect is concerned with to what extent the data and the analysis are dependent on the specific re-
searchers. Example of this type of threat is the unclear coding of collected data. If a researcher produces certain results,
then, other researchers should be able to reproduce identical results following the same methodology of the study [38].
Internal validity: This aspect relates to the examination of causal relations. Internal validity examines whether an ex-
perimental treatment/condition makes a difference or not, and whether there is evidence to support the claim [47].
Construct validity: Defines how effectively a test or experiment measures up to its claims. This aspect deals with
whether or not the researcher measures what is intended to be measured [47].

External validity: The concern of this aspect is whether the results can be generalized. During the analysis of this va-

lidity, the researcher attempts to see if findings of the study are of relevance for others. In the case of quantitative re-

2 Before publishing this paper (i.e., [8]), Cook and Campbell had published an online chapter focused on Conclusion and Internal validity threats.




search (experiments), this primarily relies on the chosen sample size. In contrast, case studies have normally a low

sample size, so the researcher has to try and analyze to what extent the findings can be related to other cases [47].

Petersen et al., [35] based on the categorizations of threats to validity suggested by Maxwell, suggested a
check list that can help researchers identify the threats applicable to the type of research performed by report-
ing first their world-view and then the research method applied. A secondary study attempting to assess the
practices in reporting validity threats in ESE [12] concluded that more than 20% of the studied papers contain
no discussion of validity threats and the ones that do discuss validity threats on average contain 5.44 threats.

Regarding threats to validity for secondary studies in software engineering, we have been able to identify only
one related work. In particular, Zhou et al. [53] have performed a tertiary study on more than 300 secondary
studies until 2015. The authors have identified 23 threats to validity for secondary studies, and organize the
consequences of these studies into four categories: internal, external, conclusion, and construct validity. To
alleviate these threats the authors maps the threats and possible consequences to 24 mitigation strategies. This
paper shares common goals with our study, however, ours is broader in the sense that: (a) it covers a wider
timeframe (until 2017 instead of middle of 2015); (b) it focuses only on top-quality venues, which are ex-
pected to pay special attention in the proper application of methodological guidelines, such as the proper re-
porting of threats to validity, a fact that increases the quality of the obtained data; and most importantly (c) our
study answers two additional RQs, providing a classification schema and a checklist for identifying, mitigat-
ing, and reporting threats to validity. In addition to this, as indirect related work (especially in terms of mitiga-
tion actions), in Section 2.3 we present a review of guidelines on secondary studies in software engineering.

2.2 Threats to Validity in Medical Science

In this section we report on quality assessment strategies for systematic reviews from medical science litera-
ture. While there is no classification of threats to validity for secondary studies or corresponding mitigation
actions in medical research, these quality assessment strategies can provide useful input for deriving such out-
comes in the software engineering domain. Particularly we identify a number of quality assessment criteria
based on the guidelines, the checklists and protocols found in medical research literature. These quality as-
sessment criteria are subsequently classified into five categories, presented in Table II, based on the aspect that
they address: (a) primary study selection process, (b) validity of primary studies (c) data reliability, (d) re-
search design and (e) reporting process. An additional factor that affects the quality of secondary studies is the
level of detail and completeness of reporting. The criteria in Table II will be exploited after the development
of the proposed classification schema. In particular, we check if the criteria in Table II are included in the list
of mitigation actions; if not we incorporate them in the proposed checklist, as best practices (see Section 5).

The methodological quality of experiments and reviews performed in the medical domain was assessed by
Downs et al. [10] who formed a checklist consisting of 26 items/ questions for assessing the quality of ran-
domized and non-randomized healthcare studies. The main quality aspects captured in this checklist involved
the Reporting stage, the External Validity, the Internal Validity and the Selection Bias. Furthermore, the
Prisma-P meta-analysis protocol for systematic reviews has been proposed by Moher et al. [31] consisting of a
checklist of 17 items categorized into three main sections: Administrative information, Introduction and
Methods. The Administrative section represents mainly initial information on the authors, the funding and the
title of the study, the Introduction section includes details on the rationale and the objectives of the study while
the Methods section specifies the information sources, the study selection criteria, the search string and the
data analysis methods employed within the scope of the meta-analysis study. Moreover, the medical domain
uses the Cohraine database’ (including the Database of Abstracts of Reviews of Effects) [7] that contains more

3 http://community.cochrane.org /editorial-and-publishing-policy-resource /overview-cochrane-library-and-related-content /databases-included-
cochrane-library /database-abstracts-reviews-effects-dare




than 15,000 abstracts of high quality reviews that are independently appraised by two reviewers according to
the following six criteria: reporting of inclusion/exclusion criteria, adequacy of search, data synthesis, validity
assessment of primary studies included and detailed presentation of individual studies referenced.

Shea et al. [39] developed an instrument to assess the methodological quality of systematic reviews building
upon previous tools, empirical evidence and expert consensus. The tool was based on 11 components that
summarized and synthesized evidence from the initial quality checklist that included 37 items. These items
were subjected to principal component analysis, and Varimax rotations. The validity of systematic reviews is
also assessed by Slocum et al. [43] who advise the researchers of review studies to carefully define research
questions and focus on them, and to systematically search the literature, validate primary studies and docu-
ment the search process so as to enable reproducibility. Furthermore, publication bias is acknowledged as a
significant problem by Dwan et al. [11] as it produces outcome reporting bias, due to the fact that positive re-
sults are easier to publish. In that case the authors advise the researchers to improve the reporting of trials
(primary studies). Publication bias is also addressed by Rothstein [37] who suggests the use of funnel plots to
detect it and the use of cumulative meta-analysis to assess its impact.

Verhaegen et al. [45] adopted the Delphi technique, as a consensus method, to identify quality criteria for se-
lecting the primary studies (referred to as Medical Clinical Trials) that participate in healthcare literature re-
views. A three-round Delphi was performed where each participant answered questions in the form of “Should
this item be included into the criteria list?” utilizing a 5-point Likert scale. The quality criteria derived from
the final Delphi round are included in Table II. We note that we isolated the criteria that are not specialized in
medical research. In this context, blind assessment of clinical trial studies, treated as primary studies in medi-
cal reviews, was proposed in [16]. The findings of [16] suggest that blind assessments are reliable producing
more consistent scores compared to open assessments. Furthermore, a data collection instrument for perform-
ing systematic reviews for disease preventions was proposed by Zaza et al. [52]. The authors concluded in a
six point assessment form. The content of the form was developed by reviewing methodologies from other
systematic reviews; reporting standards established by major health and social science journals; the evalua-
tion, statistical and meta-analytic literature; and by soliciting expert opinion. Avellar et al. [1] scanned 19 re-
views in the medical field in order to examine the level to which external validity is addressed. The results
revealed that most studies lack statistical representativeness in terms of the generalizability threat and focus
only on factors likely to increase the heterogeneity of primary studies and context [1]. With respect to these
results Avellar et al. [1] split external validity into three aspects: generalizability (related to the number of
studies reporting the same result and the settings required to achieve a certain result), applicability (demo-
graphics of the population in which a certain result is achieved) and feasibility (description of an intervention
required to be performed, in medical studies it is related to the dosage, the staff training, the cost).

TABLE II: QUALITY ASSESSMENT CRITERIA IN MEDICAL STUDIES

Primary study selection:
Was there duplicate study selection and data extraction? [31], [39]
Was a comprehensive literature search performed? [7], [30], [31], [39], [43]
Was the status of publication (i.e. grey literature) used as an inclusion criterion? [39]
Have additional studies been identified? [52]
Assessing Validity of Primary Studies:
Were the eligibility criteria specified? [45]
Were statistical results and measures of variability presented for the primary outcome measures? [1], [10], [30], [45]
Was the quality of the included studies assessed? [16], [31], [39], [45], [52]




Data reliability:
Was the likelihood of publication bias assessed? [11], [37], [39]
Were methods for data extraction and analysis evaluated? [10], [30], [31], [39] , [52]
Was there any conflict of interest stated? [39]
Research Design:
Was an 'a priori' design provided? [31], [39], [43]
Was the scientific quality of the included studies used appropriately in formulating conclusions? [39], [43]
Is a database, containing the relevant data, available as a resource for intervention planners and researchers? [52]
Was other pertinent information identified to ensure study intervention’s applicability in settings and populations
other than that studied by the investigators? [52]
Reporting Process:
Was a list of studies (included and excluded) provided? [31], [39]
Were the characteristics of the included studies provided? [39], [52]
Was the scientific quality of the included studies documented? [7], [39]

2.3 Overview of Guidelines for Conducting Secondary Studies in Software Engineering

In this section we present the most common guidelines for performing secondary studies in the software engi-
neering domain, in an attempt to consider relevant methodological problems and gain insights from the re-
ported advice and lessons learned. A summary of the guidelines provided for conducting secondary studies in
the software engineering field is presented in Fig.1. Similarly to the case of the quality assessment criteria in
medical studies, we intend to use these guidelines after the development of the proposed classification
schema. In particular, we check if the practices reported in Figure 1 are included in the list of mitigation ac-
tions of the classification schema. Those that are not, will be incorporated in the proposed checklist, as best
practices.

The guidelines of Kitchenham et al. [18] are considered seminal for performing Systematic Literature Re-
views (SLRs) in software engineering. Three major stages for performing SLRs are suggested: Planning,
Conducting and Reporting, each of which including several mandatory activities. A detailed and updated
guide on performing systematic reviews can be found in the study by Kitchenham et al. [25] where all the
stages and the corresponding activities are further analyzed. Similarly, Petersen et al. [33] provided guidelines
for performing SMSs in software engineering, following a five-stage process that includes, research question
identification, conducting the search, screening of papers, keywording using abstracts, and data extraction and
mapping. This process of performing SMSs was updated by Petersen et al. [34].

According to Budgen et al. [5] the reporting process of secondary studies is very crucial and should provide
details about the inclusion/exclusion criteria of primary studies, the search process adopted for the retrieval of
primary studies, the quality assessment of the review process, the data synthesis methodology and the clear
reporting of outcomes. Similarly, Cruzes and Dyba [9] emphasized the data analysis stage, during the execu-
tion of secondary studies, providing a list of data synthesis methods with the corresponding description. They
reached the conclusion that only 50% of the examined secondary studies performed data synthesis. Regarding
the searching stage, Wohlin explored the snowballing approach as an alternative method for the primary study
identification stage [49].



Define the need ———— Motivate the need and relevance [18], [24], [34]
Define objectives and questions [18],[24], [34]
— Planning Define the review protocol «[ Consult target audience to define questions [34]
Follow guidelines, advices [24]

Independent experts review protocol [24], [34]
. Experienced researchers review protocol [18]
Protocol review

Do pilot review [24] Trial searches [18]
I Review of results [18]
Generate Search Strategy [18], [34] Expert Consultation [18]
Identification Known Database search [15], [34]
r of Bibliography Management [18] Snowballing [34], [49]
PICO [34] Manual/ automatic search [15], [34
Research Consult experts [34] (el 54
Document the Search [18] Iterative search [34]/2 phase search [15]
Keywords from papers [15], [34]
Develop the Search [34] Use standards [34]

Snowbealling[49]
Pilot search [15]
Search in abstract/title/keywords [15]

Test Set [34]
Expert evaluation [34]
Evaluate search [34] Authors’ web pages [34]

L. . Scan grey literature [15], [18]
| Publication Bias [18] Include conference proc. [18]
Search for unpublished work [18]

Systematic — Study Selection Criteria [18]
review [—
process

Avoid language based exclusion [18]
Blind review [18]
Study Define criteria [34]

selection | Study Selection Maintain lists [18] Resolve disagreements [34]
Process [18] Multi-stage process [18] _Decision rules[34]

L Sensititivity analysis [18]
| Reliability of Discuss disagreements [18], [34]
. Inclusion Criteria [18] Assess Kappa statistic [18]
Conducting —
gs:ﬁ:'y Quality thresholds [18],[41] GO qidlnes (71118
e guidelines [7],
Assessment Q,ua,hty, instruments [18], [41] Internal/ external bias assessment [18]
Limitations of assessment [18]
. Use topic- independent schemas [34]
Data Extraction forms [18] Use topic-specific schemas [34]
Identify objective criteria [34]
Data Data Collection forms [18] Involve > 2 researchers [18], [24]
- ] Check inconsistencies[18]
Extraction _ Resolve disagreements[18], [34]
Extraction procedure [18] Remove obscuring information [34]
Keywording using abstracts [33]
Handle publications on same data [18] — Remove duplicates
L. Include quality information [18]
Handle missing data [18] Sensitivity analysis for data further manipulated [18]
Narrative synthesis [9], [18] , Meta-
— Synthesis method [18], [41] ethnography [9]. Grounded theory [9],
Cross-case analysis [9], Thematic
. analysis/synthesis [9], Content analysis
Data Presentation of Results [18] [9], Case survey [9], Qualitative analysis
— — [9], Aggregated synthesis [9], Realist
Synthesis Sensitivity Analysis [18] synthesis [9], Qualitative, metasummary
[9], Qualitative metasynthesis [9]. [18],
Meta-study
| Publication bias [18] Funnel plots [18]
Report Structure —— Use specific structure [18]
eport rules [5]
r Inclusion/ exclusion criteria [5] Report rules application [5]
Reporting Report # of remaining papers [5]

Search process [5] Report search mechanism [5]
Report time period of search [5]

Quality assessment [5] ———— Report threats [34]

. Report checklist [5]
Report Synthesis method [5] 4‘: Report disagreements resolved [5]
Provide guidelines [41]

Report strength of evidence [5]
L Oucomes [5] Use diagrams [34]

Peer Review ——

Fig. 1 — Overview of guidelines for performing secondary studies.



Among the most common problems related to secondary study research, as identified by Kitchenham et al.
[24], is the difficulty to perform complex automated searches in the digital libraries, the time and effort re-
quired to complete the study, the definition of the research protocol and the quality assessment of the primary
studies. Kitchenham et al. [24] advise the authors of secondary studies to follow reported guidelines (such as
those discussed in Figure 1), clearly define research questions, validate externally the research protocol and
work in pairs so that one author extracts data and the other one performs checks. The results of Wholin et al.
[49] point out that snowballing can complement traditional database search method. Another problem regard-
ing the process of conducting secondary studies is that the majority of the SLRs does not address the quality
of primary studies and fail to provide guidelines for practitioners [41]. Imtiaz et al. [15] analyzed the findings
of 116 secondary studies performed in the field of software engineering and reported that the Search Strategy,
the Online Databases and the Planning and Data Extraction are among the most challenging phases of SLRs.

3. METHODOLOGY

This section outlines the protocol used to perform this tertiary study. The protocol consists of five activities
[22], namely defining the research objectives and questions, the search process (terms and resources), inclu-
sion/exclusion criteria, data extraction strategy, and synthesis of the extracted data.

3.1 Research objectives and research questions
To accomplish the goal of this study (see Section 1), we formulate four research questions as listed below:

RQq: Does the number of secondary studies explicitly reporting the threats to validity increase over the years,
in the software engineering domain?

By answering this research question, we can find out if there is an increasing awareness of software engineer-
ing researchers in reporting the threats to validity of secondary studies. We expect that as the secondary stud-
ies community becomes more mature, the frequency of reporting threats to validity is increasing.

RQ,: What are the most common threats to validity reported by secondary studies ?

RQ; is related to threats to validity themselves. Specifically, we aim at gathering the most common threats to
validity and compile a list of distinct threats to validity. Currently threats to validity are not uniformly reported
(i.e., the same threat to validity is reported with a different name by different researchers). Thus, such a list of
threats to validity can act as a checklist for authors while designing and conducting secondary studies.

RQ3: What are the mitigation actions for the most common threats to validity?

Answering this research question will extend the aforementioned list with the most common ways of mitigat-
ing each threat. By browsing this list, researchers will be able to select and apply one or more mitigation ac-
tions that will ensure the validity of the planned secondary study. Eventually, this will lead in an increase in
the quality of the corpus of secondary studies in the software engineering domain.

RQy: What are the most common categorizations (e.g., internal, external, reliability, construct, etc.) of threats
to validity for secondary studies?

RQy is related with understanding the nature and types of threats to validity and enhance their reporting. We
expect that the comprehensive investigation of threats to validity that will be provided by this study can lead
to the development of a schema that can be reused in future secondary studies. Eventually, this is expected to
lead to a deeper understanding of the nature of each threat and their effect on the validity of the results.

3.2 Search process

The search process aimed at identifying secondary studies that will be considered as candidates for inclusion
in our tertiary study. The procedure consisted of an automated search into well-known digital libraries for pub-
lications in specific well-established journals and conferences. The decision to proceed with investigating spe-



cific publication venues rather than complete digital libraries means that the coverage of this tertiary study
will decrease. However, we preferred to restrict our searching space to well-known journals and conferences
so as to obtain a representative sample as suggested by Wohlin et al. [48] and to ensure a higher quality of the
/included studies. This is also suggested by Kitchenham et al.: targeted searches at carefully selected venues
are justified to omit low quality papers [23]. The proposed research approach, i.e., selecting specific publica-
tion venues has been applied in other systematic secondary studies in the field of software engineering (e.g.,
[6], [13], [19], etc.), including other tertiary studies (e.g., [20] and [41]).

In addition to selecting only high-quality venues of software engineering research, we have selected to explore
only general software engineering venues, and not venues related to software engineering phases (architecture,
maintenance, validation and verification, etc.) or application domains (embedded systems, multimedia appli-
cations, etc.), so as to reduce bias by the possible maturity of specific communities. Overall, the criteria that
were considered while selecting the publication venues are the following:

e We only included venues which are classified “Computer Software” by the Australian Research Coun-
cil and evaluated higher than or equal to level “B” (for journals) and “A” (for conferences). We con-
sider “Computer Software” because this category includes, among others, the publication venues related
to software engineering. Regarding journals, we included “B” because rankings of scientific venues are
usually not conclusive and vary between ranking systems. The decision to not include “B” level confer-
ences was taken for two reasons: (a) the number of venues would increase substantially by including “B”
class conferences as well and (b) in principal journal publications undergo a more rigorous review proc-
ess than non-top conferences. Therefore, we opted for the inclusion of only “B” class journals and not
conferences.

e Searched venues had to be strictly from the software engineering (SE) domain. The category “Computer
Software” also contains venues that do not focus on software engineering. Other venues of very high
quality and with a high ranking and a large field rating (such as Communications of the ACM) are ex-
cluded since we are only interested in software engineering research; practices from other disciplines
might not be applicable in SE.

e We used the Field Rating of venues provided by Microsoft Academic Research® as the final criterion for
venue quality. More specifically, we exclude venues that do not have a field rating value. Field rating is
similar to h-index, since it considers the number of publications and the distribution of citations to them.
Field rating only calculates publications and citations within a specific field and shows the impact of the
scholar or journal within that specific field. Field rating is to the best of our knowledge the only source
where you can extract the same venue quality measures for both journals and conferences’. Other meas-
ures, such as impact factor or acceptance rates have not been taken into account since they are not uni-
form across journals and conferences. Furthermore, impact factors and acceptance rates are not available
from one common source for all venues but would need to be gathered from different sources, causing
threats to the reliability of the study.

The outcome of this process led to the inclusion of the publication venues presented in Appendix C. The re-
sults of this selection process, in terms of journals are identical to those of Wong et al. who use the same seven
journals for assessing top software engineering scholars and institutions [50]. Concerning conferences, the
results are in general in accordance to those of Cai and Card [6], by taking into account that we have excluded
conferences specific to development phases. The difference is on the substitution of the Annual Computer
Software and Application Conference (COMPSAC) with the International Conference on Software Process
(ICSP). COMPSAC is not rated from the Australian Research Council, with an “A” ranking and therefore it

4 http:/ /academic.research.microsoft.com

5 Google Scholar also provides some related data, but only for 20 venues of the Software Systems category. Therefore, we were not able to extract
the data for all candidate venues.



was not included in the considered publication venue set. In addition to these publication venues, we have up-
dated our venue selection strategy so as not to only target venues that pass the aforementioned criteria, but
also well-established venues that relate to the context of the study (i.e., empirical software engineering). The
employed search strategy is already adopted by several secondary studies in software engineering (see [S165].
Thus, we have included Evaluation and Assessment in Software Engineering (EASE) in our searching scope
although it failed one criterion (the Field Rating), since we deem it very important in empirical software engi-
neering research. We note that since the focus of the search process is on high-quality studies, all our finding
primarily refer and are applicable to high-quality research.

Finally, we only considered the title of the articles, since we aimed at identifying studies that are explicitly
aware of the terms literature review and mapping study and categorize themselves as such. Therefore, we que-
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ried the digital libraries search engines using the following terms: “survey”, “literature review”, “mapping
study”, “mapping studies”, “systematic review”, “systematic mapping”, and “meta-analysis”. The term “sur-
vey” has been included in the search strategy, since it was the most established unofficial term for literature
reviews, before the introduction of the specific terminology. In the secondary literature one can identify search
strategies that either target papers’ full-text/abstracts [S1], [5], or just the titles of studies [S2], [9]. In the most
common case searches that target full-text or abstract are used for narrower research areas that are content-
specific, whereas broader topics, similar to our study are more targeted. Additionally, although we acknowl-
edge the fact that some high-quality studies might omit the research method (i.e., literature review or mapping
study) from the title of the publication, we believe that this number is rather limited. By manually cross-
checking the reference list of a recent tertiary study, we have identified that only 5.5% of studies is missing
the research methodology from the title. Furthermore, according to the most common guidelines for perform-
ing secondary studies, it is highly recommended to use this terminology in the study’s title [18]. Finally, we
note that our search string is in complete accordance with a similar tertiary study with a similar objective [5].
As a gold standard for validating our search process we manually cross-checked the reference list of a recent
tertiary study (Budgen et al. [5]) and concluded that only 5.5% of studies is missing the research methodol-
ogy from the title. Additionally we examined the set of secondary studies identified in previous tertiary stud-
ies, that were published prior to 2014, in the domain of software engineering [2], [9], [15], [19], [20], [28]
and [41]. In particular, we went through all the secondary studies of the aforementioned tertiary studies, and
for those that have been published in the selected venues, we checked if they are part of our secondary study
dataset. By following this process, we validated our search process since all papers analyzed in the eight terti-
ary studies, have been retrieved. We note that this cross-checking included only papers published in journals
and conferences that were included in our search process. The article searching process has been performed so
as to include all papers published (not accepted for publication) until the end of 2016, i.e., all conferences un-
til the 2016 edition and all journals until December 2016.

3.3 Article Filtering Phases

The candidate articles that were identified, through the search process described in Section 3.2, underwent an
initial exclusion phase, in which we only inspected the abstract. In this phase, all articles that have not been
confirmed as Systematic Mapping Studies (SMSs) or Systematic Literature Reviews (SLRs) were excluded.
The most common reason for exclusion during this stage was the double meaning of the term “survey” in
software engineering bibliography, e.g., “surveying a population through questionnaires” [36] instead of “sur-
veying the literature” [18].

During the second inclusion/exclusion iteration, we scanned the full-text of the remaining articles and com-
pared them against the following pre-determined criteria:

e Inclusion criteria:



o Study explicitly discusses threats to validity, in a dedicated paragraph that may appear either in a

separate section, or as part of discussion, methodology, etc.
e Exclusion criteria:

o Study is not a Systematic Mapping Study or Systematic Literature Review. This criterion excluded
from the analysis exploratory field studies that have been retrieved through the term “survey”
within their title, but refer to the measurement of subjects through questionnaires. Therefore these
studies do not include any meta-analysis of primary studies and cannot be considered literature re-
views or mapping studies.

o Study does not describe its own threats to validity, but only of the primary studies.

The set of studies included through this selection process constitute the list of secondary studies investigated
in this tertiary study. The list of these references is presented in Appendix A, by providing each study with a
unique identifier, used for the rest of the study. A summary of the total and final number of secondary studies
retrieved from each venue is provided in Table III. The article filtering process was performed by the first and
the second author independently, and the few disagreements that emerged (namely in 12 studies) were settled
rather easily, by considering the inclusion/exclusion criteria. The most common reason for these disagree-
ments was that threats to validity were discussed in a section termed “Limitations”, which in some cases refer
to “Threats to Validity” and in others to more generic limitations of the study. In the case of a paper reporting
two studies (i.e., a secondary and a primary one), the threats to validity section needed to be inspected so as to
identify if threats correspond to the secondary or the primary study. An interesting finding from Table III is
that in only a limited number of publication venues threats to validity tent to be presented in a separate Sec-
tion.
TABLE III: SECONDARY STUDIES ON SOFTWARE ENGINEERING

Publication Venue Initial Search  Final Inclusion

Information and Software Technology 173 73
Journal of Systems and Software 94 30
IEEE Transactions on Software Engineering 41 14
Empirical Software Engineering 63 10
Empirical Software Engineering and Measurement 21

Software: Practice and Experience 23

International Conference on Software Engineering 16 1
Evaluation and Assessment in Software Engineering 75 27
Other 38 0
Total 540 165

3.4 Data Collection & Analysis

On the completion of the study selection phase, we proceeded in building a dataset in order to answer our re-
search questions. During this phase, for each secondary study we collected the following data points:

[A;] Secondary study title
[A;] Year published
[A;] Threats to validity
[A4] Mitigation actions
[As] Explicit categories of threats to validity
The data were independently collected by the first, second and the fourth author. In case of a disagreement,

discussions took place until a consensus was reached. The discussion in most of the cases was on the wording
used in the retrieved information: in many cases, different wording has been used for the same threat to valid-



ity or mitigation action. Therefore, in a large number of cases a disagreement was initially noted, but it was
subsequently resolved during the discussion. In the limited number of cases when the disagreement did not
stem from textual mismatch, the other two authors were involved so as to resolve the conflict. Data were syn-
thesized using the content analysis method for synthesizing qualitative data [9]. Content analysis is a system-
atic way of categorizing and coding terms (in our case threats to validity and mitigation actions) by counting
and tabulating data. Specifically for our study an iterative process was adopted: when the name of a threat (or
mitigation action) was updated, all previous studies that referred to the same threat with the old name were
updated to map to the new one. In the end of the data collection process an individual check for synonyms and
related threats and mitigation actions that could be further merged was performed by the four senior authors.
Similarly as before, the very limited number of conflicts has been resolved in two separate discussion groups
among all authors. In Table IV we provide a mapping of research questions, variables, and the corresponding
analysis methods that we used for answering each research question. In this listing [A,] is not included, as it
was not used to answer a specific question, but only for identification reasons. After synthesizing the answers
to the individual research questions, we will develop a classification tree that can be considered as the final
outcome of this study. The first level of the tree will include the identified categories, the second level will
map specific threats to categories, whereas the last level, will list the mitigation actions for a specific threat.
Since we acknowledge the subjectivity involved in the aforementioned synthesis process, we: (a) performed a
Delphi study with experts on secondary studies and empirical methods, so as to validate the accuracy of our
results (see Section 6), and (b) further discuss it as a threat to validity.

TABLE IV: DATA ANALYSIS METHODS

Research Question Variables used Analysis method
RQ1—Frequency of reporting threats to [A] - Frequency table [A,]
validity per year [As] - Line chart [A,]

- Linear Regression [A;]
RQ2—Most common threats to validity [As] - Frequency tables for [Aj]
RQ3—Mitigation actions [As], [A4] - Crosstabs for [Asz], [A4]
RQ4—Categorization of threats to validity [As], [As] - Frequency table [As]

- Crosstabs for [A;], [As]

4 RESULTS

This section presents the results of this tertiary study, aiming at providing an overview of how threats to valid-
ity are identified, categorized and mitigated in secondary studies. The rest of the sub-sections are organized by
research question: Section 4.1 presents the frequency with which secondary studies report on threats to valid-
ity; Section 4.2, reports the most common threats to validity; Section 4.3 lists the most common mitigation
actions for the most threats identified in the previous section; finally, Section 4.4 lists the most common, ex-
plicitly mentioned categories for threats to validity, and the specific threats that are mapped to each category.
We note that throughout this entire Section 4, the threats are reported exactly in the way that they are pre-
sented in the original study, without any synthesis process.

4.1 Awareness on threats to validity (RQy)

In order to graphically depict the frequency with which threats to validity are explicitly reported in software
engineering secondary studies, we plotted a line chart as presented in Figure 2. In Figure 2, the x-axis repre-
sents the year, whereas the y-axis the number of published papers. In particular, the dashed line represents the



total number of secondary studies that we have identified in our search (i.e., all software engineering secon-
dary studies) whereas the continuous line represents the number of studies that explicitly report threats to va-
lidity. The relevant descriptive statistics (i.e., frequency table) are presented in Table V. We note that although
the studies that do not report threats to validity have been excluded from our dataset, we have recorded the
number of studies that have been identified per year. We also note that, although the terms Systematic Litera-
ture Review (SLR) and Systematic Mapping Study (SMS) were not introduced before 2004, reviews of the
literature existed in the research corpus, usually mentioned as “surveys” (see Section 3.1).
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Fig. 2 - Studies Reporting Threats to Validity

From Table V, we omitted results prior to 2006, because none of the secondary studies published before then,
had a dedicated paragraph on threats to validity. In Table V, we present periods of two years, so as to provide a
more generic trend without getting influenced by possible outliers. In the last row, we present aggregated val-
ues only for the period in which threats have started to be reported (i.e., 2007- 2016).

TABLE V. SECONDARY STUDIES IN LITERATURE

Total Studies with
Year Studies Threats to Validity Percentage
2007-2008 41 6 14,63%
2009-2010 49 16 32,65%
2011-2012 83 31 37,35%
2013-2014 101 38 37,62%
2015-2016 175 74 41,71%
Total 2007-2016 449 165 36,53%

By observing both the Figure and the last column of Table V, we can recognize an increase in the percentage
of secondary studies that report threats to validity. To further explore the frequency of reporting threats to va-
lidity, we have tried to identify a trend in the aforementioned data series. For years 2007-2016, with respect to
the percentage of studies containing threats to validity with linear regression we have observed the existence
of a linear function with slope 7.94% or 0.0794 (p-value < 0.05). Additionally, by performing a One-Sample
x” test we can observe that the percentage of studies that report threats to validity (from 2003 and on) cannot
be captured by a random variability (p < 0.05).

The awareness of software engineering researchers on reporting threats to validity for secondary studies is
increasing over the years. However, there is still lot of room for improvement, until the community reaches

the levels of other, more established empirical research methods.
4.2 Threats to Validity (RQ>)

This section aims at presenting the most common threats to validity, as mentioned in the secondary studies. In



Table VI we present threats to validity with a frequency higher than 10 studies.

TABLE VI. MOST COMMON THREATS TO VALIDITY

Threats to validity Count Percentage
Study inclusion/exclusion bias 100 17,4%
Construction of the search string 92 16,0%
Data extraction bias 91 15,8%
Selection of DLs 70 12,2%
Researcher bias 40 7,0%
Robustness of initial classification 35 6,1%
Generalizability 27 4,7%
Publication bias 24 4,2%
Repeatability 23 4,0%
Validity of primary studies 13 2,3%
Quality assessment subjectivity 13 2,3%
Coverage of research questions 13 2,3%
Results not applicable to other organizations/domains 12 2,1%
Selection of publication venues 12 2,1%
Search engine inefficiencies 10 1,7%

In order to discuss the threats reported in Table VI, some synthesis activities have been performed. Namely,

we merged threats to validity, in a way that they are as specific as possible, while keeping them consistent to

the corresponding study. The threats to validity are described as follows (some threats are discussed together):

Study inclusion/exclusion bias (100 studies) refers to problems that might occur in the study filtering
phase, i.e., when applying the inclusion/exclusion criteria. Such threats are usually found in studies, in
which there are conflicting inclusion/exclusion criteria, or very generic ones.

Construction of the search string (92 studies) refers to problems that might occur when the research-
ers are building the search string. As a consequence, the search might return a large number of primary
studies (including many irrelevant ones) or miss some relevant studies.

Data extraction bias (91 studies) refers to problems that can arise in the data extraction phase. Such
problems might be caused from the use of open questions in the collected variables, whose handling is
not explicitly discussed in the protocol. A special type of data extraction bias is the Quality assessment
subjectivity (13 studies), i.e., the process during which the quality of the primary studies is evaluated
by the authors of the secondary study. This threat is relevant only for SLRs that report the evaluation of
primary studies’ quality.

Selection of Digital Libraries (DL) (70 studies) refers to problems that can arise from using very spe-
cific, too broad, or not credible search engines. The consequence of this threat can be either the return
of a lot irrelevant or the miss of relevant studies. In addition to that Search Engine Inefficiencies (10
studies) pointed out cases when the search engine interface cannot accommodate complex queries.

Researcher bias (40 studies) refers to potential bias the authors of the secondary studies may have,
while interpreting or synthesizing the extracted results. This can be a bias towards a certain topic, or be-
cause only one author worked on data synthesis.

Publication bias (24 studies) refers to cases where the majority of primary studies are identified in a
specific publication venue. For example, if the majority of primary studies stem from a single work-



shop, the likelihood of biasing the results, based on the beliefs of a certain community, is rather high.
Another type of publication bias is the Validity of the primary studies (13 studies), which suggest that
the results of the secondary study might be biased from inaccurate results reported in the primary stud-
ies. A common reason for this is that studies with negative results are less probable to get accepted for
publication.

¢ Robustness of initial classification (35 studies) is applicable to secondary studies, whose data collec-
tion relies upon a classification schema. A common practice while performing such an activity is to
identify an existing classification schema that (if needed) is tailored to fit the needs of the secondary
study. The selection of this initial classification schema poses a threat to validity, since it might not be
fitting for the domain, and its tailoring is not efficient.

¢ Generalizability (27 studies) refers to the possibility of not being able to generalize the results of the
secondary study (for example due to the identification of only a portion of existing primary studies). A
special case of this threat that is quite frequently reported is Results not applicable to other organiza-
tions or domains (12 studies).

¢ Repeatability (20 studies) refers to threats that deal with the replication of a secondary study. The most
common reason for the existence of such threats is the lack of a detailed protocol, or the existence of re-
searcher and data extraction bias.

¢ Coverage of Research Questions (13 studies) refers to the set of research questions not adequately ful-
filling the goal of the secondary study. Possible reasons are setting a very generic goal, or the improper
decomposition of the goal into questions.

¢ Selection of publication venues (12 studies) refers to the problem that might occur, when the research
team selects to explore specific venues rather than using broad search engines. The most common ra-
tionale for this decision is either the fact that a topic is too broad, or if the research aims at high quality
studies only. The consequence of this threat is the miss of relevant studies.

By analyzing the aforementioned dataset from the perspective of the total count of reported threats to validity,
we have observed that in secondary studies, on average, 4.36 threats to validity are reported. The outcomes
show that the minimum number of threats recorded is 1 (since studies without threats have been excluded from
our analysis), the maximum number is 9, the median value is 4 threats, the mode value is 3 threats and the std.
deviation is 1.59. We have identified only one study as an outlier (reporting 9 threats to validity), but its influ-
ence on the average value is very limited and therefore we have not removed the study from the analysis.

4.3 Mitigation Actions (RQ3)

In this section we report the most common mitigation actions for the most common threats to validity, namely
threats that have been reported in more than 15 studies (see Table VI). We note that in some cases the same
mitigation action is connected to more than one threat. The mapping of mitigation actions to threats to validity
is presented in Table VII. In particular for every threat to validity we present a list of mitigation actions, and
the number of studies in which they are applied (in parenthesis). The full list of mitigation actions (more than
500 distinct actions) for all threats to validity has been omitted from this manuscript, due to page limitations,
but is available in the accompanying technical report.

TABLE VII. MOST COMMON MITIGATION ACTIONS

Threat to Validity: Study inclusion/exclusion bias Threat to Validity: Construction of the search string

6 http://se.uom.gr/wp-content/uploads/IST material.zip




Discussion of marginal cases (44, 6.9%)

Definition of inclusion / exclusion criteria in a protocol (22, 3.5%)
Revision of inclusion / exclusion criteria (16, 2.5%)

Employment of a third opinion for marginal cases (10, 1.6%)
Employment of a systematic voting approach (8, 1.3%)
Cross-checking of paper selection (6, 0.9%)

No mitigation (8, 1.3%)7

Use of random paper screening (5, 0.8% )

Execution of a consensus meetings (2, 0.3% )

32 other actions encountered once (5%)

Employment of snowballing (27, 4.3%)

Inclusion of synonyms/roots (20, 3.2%)

Use of a gold standard (11, 1.7%)

Systematic search string construction (13, 2.1%)
Constant search string refinement (10, 1.6%)
Extension of search scope / Broad terms (10, 1.6%)
Execution of pilot searches (9, 1.4%)

No mitigation (9, 1.4%)

Use from previous studies (4, 0.6%)

Use of author and citation analysis (3, 0.5%)

Threat to Validity: Data extraction bias

Threat to Validity: Selection of DLs

Discussion among authors (30, 4.7%)

Involvement of more researchers / Work in pairs (15, 2.4%)
Use of a data extraction form (12, 1.9%)

Cross-checking of data extraction (11, 1.7%)

Use of random paper screening (11, 1.7%)

Execution of pilot data extraction (10, 1.6%)

No mitigation (9, 1.4%)

Employment of a third opinion for conflicting data items (8, 1.3%)

Definition of a review protocol (5, 0.8%)
Use of Codes (3, 0.5%)

Ensure the conformance to guidelines (3, 0.5%)

Inclusion of most known DLs (35, 5.5%)

Use search engines and indexes (14, 2.2%)
Employment of snowballing (13, 2.1%)
Inclusion of specific venues (10, 1.6%)

No mitigation (7, 1.1%)

Use of expert opinion (2, 0.3%)
Consideration of a large time period (2, 0.3%)
Inclusion of grey literature (2, 0.3%)

Ensure the conformance to guidelines (2, 0.3%)

Threat to Validity: Robustness of initial classification

Threat to Validity: Researcher bias

Use an existing classification scheme (15, 2.4%)

Discussion among authors (7, 1.1%)

Employment of a third opinion for the classification (5, 0.8%)
No mitigation (4, 0.6%)

Application of keywording of abstracts (4, 0.6%)

Discussion among authors (16, 2.5%)

No mitigation (13, 2.1%)

Execution of pilot data analysis (6, 0.9%)
Use of reliability checks (4, 0.6%)
Development protocol (3, 0.5%)

Comparison with existing studies (3, 0.5%)

Threat to Validity: Repeatability

Threat to Validity: Publication bias

Development of a review protocol (8, 1.3%)

Ensure the conformance to well-established guidelines (7, 1.1%)
Documentation of the search process (5, 0.8%)

Involvement of more than one researcher in the process (3, 0.5%
Documentation of inclusion/exclusion criteria (2, 0.3%)
Documentation of the review process (3, 0.5%)

Ensure the public availability of data (2, 0.3%)

No mitigation (2, 0.3%)

No mitigation (14, 2.2%)

Inclusion of grey literature (5, 0.8%)

Use of broad time and publication coverage (3,
0.5%)

Scanning of selected venues (2, 0.3%)

Use of expert opinion (2, 0.3%)

5 other actions encountered once (0.8%)

Threat to Validity: Generalizability

No mitigation (14, 2.2%)

7 This refers to cases when a threat to validity is reported in a secondary study, but no mitigation action is referenced to resolve it.



Use of broad time and publication coverage (4, 0.6%)

Comparison to other studies (3, 0.5%)

Use both academic and industrial papers (2, 0.3%)

Due to space limitations the discussion of all mitigation actions is not possible. Thus, for every threat pre-
sented in Table VII, we discuss the top-3 most frequently occurring mitigation actions:

Study inclusion/exclusion bias is mitigated by discussion among the authors and by employing an ex-
ternal opinion for resolving disagreements. In addition, the inclusion and exclusion criteria should be
clearly defined in a protocol, which is updated along the whole process.

In order to mitigate threats related to construction of the search string usually snowballing is executed.
Snowballing is a technique that is attempting to identify missed studies, based on the reference list of
already obtained papers. A detailed guidance on how to apply the snowballing technique has been pro-
vided by Wohlin [49]. As an alternative, authors consider synonyms and continuously refine their
search process.

Data extraction bias is mitigated by discussing the data during the recording process, or by introducing
a cross-check of the extracted data from a more senior researcher. The cross-check process implies that
a senior researcher that was not involved in the original data extraction, validates the initially extracted
data. This cross-check should be performed on a portion of the dataset. During this process the role of
the additional researchers is to cross-check results, or resolve conflicts.

Selection of digital libraries is mitigated through the inclusion of the most well-known digital libraries.
This process involves the selection of venues or digital libraries that are the most established in the field
of research. According to Kitchenham et al. [23], both generic-scope and domain-specific venues
should be considered. The most commonly used databases are: ACM, IEEE, ScienceDirect, Springer,
Scopus, Web of Science, and Wiley [23]. In case the research team is investigating a very broad topic,
or is interested in including only top quality venues, venue selection processes are described in [6],
[13], and [19]. To avoid this threat, some authors select to explore specific venues, or others to use
broad search engines and indexes (e.g., Google Scholar, Scopus, etc.)

To mitigate Researchers’ bias secondary studies’ authors discuss the interpretation of the results, and
perform pilot data analysis. Also reliability analysis and cross checks have to be performed.

Concerning publication bias, authors use snowballing, scan selected venues, or include grey literature.
Also, expert opinion can be used to assess the extent to which the study is subject to publication bias.

Regarding the robustness of initial classification, existing studies suggest its extensive discus-
sion/cross-checking between the researchers, or the use of existing/well-defined classification schemas.

To mitigate lack of generalizability, use of broad searches and comparison to results of other studies.

Secondary studies repeatability is assured with the development of a protocol that reports the use of a
systematic process that can be followed, or the clear definition of search terms and procedures. The
process should follow well-defined guidelines.

The average number of mitigation actions per study is 6.27, the minimum number is 0, the maximum number
is 17, the median and the mode value is 6 mitigation actions and the std. deviation is 2.9. The average number
of mitigation actions per identified threat to validity is 1.54, the median and the mode value is 1 mitigation
action per thread and the std. deviation is 1.13.From the aforementioned results we can observe that: (a) some

actions (e.g., Inclusion of most known digital libraries and manual search of publication venues) can be used

to mitigate two threats—inadequacy of initial publications identification and lack of generalizability; (b) the
threats to validity that were least often mitigated are publication bias, and generalizability; and (c) the mitiga-



tion actions discuss and cross-check are very generic and fit almost every threat to validity, e.g., discuss the
extracted data, or cross-check the data selection.

Another interesting observation that stems from the answer to this research question is the cost of applying a
mitigation action. For example a mitigation action that can be performed early in the review process (e.g., set-
ting concrete inclusion/exclusion criteria) is less expensive (in terms of effort) than discussions among authors
in data extraction. To this end, we propose that researchers prioritize mitigation actions that are applicable to
early review phases, rather than postponing validity assessment for later stages. In any case, according to vari-
ous guidelines for empirical software engineering validity management is part of the empirical study protocol
and should be assessed before conducting the study.

4.4 Threats to Validity Categories (RQy)

In Table VIII, we report the most commonly used categories for classifying threats to validity (as reported by
the authors of the secondary studies). In this table, we have omitted categories of validity that are found in
only one study. From the results, we can observe that the majority of the reported threats, i.e., 61.4%, are not
classified into any category; whereas, 28.8% of the studies reported the corresponding threats to validity based
on the guidelines of Wohlin et al. (i.e., conclusion, internal, construct, and external validity) [47]. Further-
more, we observe the existence of categories that are specific for secondary studies (i.e., data extraction, pri-
mary studies identification, and publication bias); such categories have not been used in the past to report
threats to validity in empirical software engineering (see Section 2.1). We note that objectivity appears to be a
superset of data extraction, data interpretation, and any other activity that may introduce bias. We emphasize
again that these categories are listed here as reported in the secondary studies, even though they could possi-
bly be classified into the categories of Table I (for example generalization is similar to external, while data
extraction belongs to reliability). Finally, all of these categories have already been reported as specific threats
to validity by other studies (see overlap with Table VI); this suggests that the threshold of granularity between
a single threat and a category of threats is not clear.

TABLE VIII - EXPLICIT CATEGORIES OF THREATS TO VALIDITY

Publication bias

Explicit Categories Count

Not defined 329
Construct 54
Internal 51
External 37
Reliability 24
Conclusion 23
Primary study identification 9
Generalization 7
Data extraction 7
Theoretical 5
Objectivity 5

5

3

Interpretive Validity

Another observation that further unveils the confusion in the community, while reporting threats to the valid-
ity of secondary studies, is the overlap that exists in the classification of the most common threats. In Table
IX, we present the cross-tabulation of threats to validity and their categories, again as reported by the authors
of the corresponding secondary studies. The dominant category where each threat is classified is highlighted



in bold font.

TABLE IX
CLASSIFICATION OF THREATS TO CATEGORIES

$ 2 = , g - g
© 2 EE 2 s 5 28 8 £ 285%8

Threats g &£3 & A E & & S JE =
Generalizability 1 0 0 0 0 1 20 1 0 87,0%
Search string 0 7 0 2 5 0 1 23 0 605%
Selection of DLs 0 1 0 0 4 0 1 10 0 62,5%
Publication bias 0 0 0 0 2 0 1 1 0 50,0%
Publication venues 0 0 0 0 1 0 0 2 0 66,7%
Data extraction 2 0 1 2 12 1 1 2 4 48,0%
Researcher bias 1 0 0 2 3 1 0 2 6 40,0%
Repeatability 11 0 0 1 0 0 1 0 5 61,1%
Quality assessment 0 2 1 0 2 0 0 0 1 33,3%
Research questions 0 0 0 0 0 0 1 5 0 833%
Primary studies 2 0 0 1 3 0 0 0 0 50,0%
Study selection 4 6 2 0 13 0 0 6 2 394%
Initial classification 1 0 1 1 3 0 0 7 2 46,7%

From the results of Table IX, we can observe that there is no threat to validity that is always classified under
one category by all researchers. For example (a rather uniform case), the construction of the search string is in
86% of the cases characterized as a threat to construct validity; however there are other studies that classify it
as either internal threat or primary study identification threat. On the other hand (a rather conflicting case), the
study selection bias is classified as an threat to infernal validity in 38% of the studies, and as reliability, pri-
mary study identification, objectivity, construct, or conclusion validity threat by the rest of the studies. On av-
erage, 59% of the cases are classified in the dominant category (see last column of Table IX).

5 DISCUSSION

The identification, categorization and mitigation of threats to validity is an important part for secondary stud-
ies. During the last decade, the ratio of secondary studies managing threats to validity has continuously in-
creased. However, our results suggest that a considerable confusion still exists in terms of terminology, miti-
gation strategies, and classification. We further focus on the classification of threats to validity and consider
the example of the study selection bias threat, which is classified under internal validity almost as often as
under reliability. Arguably, problems in study selection can threaten both aspects of validity. On the one hand,
if some studies are falsely included / excluded, the examined dataset will not be accurate (internal validity).
Therefore, the investigation of any relationship will be prone to erroneous results. On the other hand, failing to
include some studies in the final selection can greatly reduce the possibility that an independent replication
reaches the same results (reliability). While one can argue about the correctness of both classifications, having
more than one classification can be confusing and does not allow for a uniform comparison of the threats. We
therefore argue that a new uniform classification schema is required.

The rest of the section is organized as follows: In Section 5.1, we present and discuss the proposed classifica-
tion schema for threats to validity of secondary studies. In order to facilitate the usability of the classification



schema, in Section 5.2 we compile a checklist that can be used by authors of secondary studies, so as to assess
the validity of their study. We note that the threats to validity and mitigation actions reported in this Section
are produced as a result of a synthesis process and therefore slightly deviate from those presented in Section 4.

5.1 Classification Schema

Our aim is to construct a classification schema for threats to validity that is tailored for secondary studies. Ac-
cording to Nickerson et al., the most common method for building classification schemas for information sys-
tems is the three-level indicators model, which is based on both empirical and deductive approaches [30]. We
apply this model by: (a) examining the objects (i.e. studies), (b) identifying general distinguishing characteris-
tics of the objects (see results presented in Section 4), and (c) grouping their characteristics so as to create our
classification schema. Specifically, in step (b) we identified three characteristics that will constitute the three
levels of the proposed schema: the first one depicting threat categories, the second, threats per se, whereas the
third one, mitigation actions.

In order to derive the threat categories (first level of the schema) we used the planning phases of the secondary
studies (i.e., search process, study filtering, data extraction, and data analysis — see Fig. 3), instead of using the
aspects of validity that are threatened (e.g., internal / external / construct validity, etc.). In addition to this, we
have added an additional category (i.e., a horizontal one) that corresponds to threats that cover the complete
lifecycle of the secondary study. Thus, the threat categories for our schema are the following:

e Study Selection Validity. This category involves threats that can be identified in the first two phases of
secondary studies planning (i.e., search process and study filtering phase). Issues classified in this cate-
gory threaten the validity of searching and including primary studies in the examined set. This involves
threats like the selection of digital libraries, search string construction, and study selection bias, etc.

o Data Validity. This category includes threats that can be identified in the last two phases of secondary
studies (i.e., data extraction and analysis) and threaten the validity of the extracted dataset and its analy-
sis. Examples of threats in this category are data collection bias, publication bias, etc.

o Research Validity. Threats that can be identified in all four phases and concern the overall research de-
sign are classified into this category. Examples of threats falling in this category are: generalizability,

coverage of research questions, etc.
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Fig. 3 — Secondary Studies Phases and Corresponding Threats

Although we believe that the current classification schema improves the orthogonality among threat catego-
ries: (a) there are still some grey-zone threats (see bullet list in page 20), (b) there are some cause-effect rela-



tionships between threats. First, using the proposed classification schema, we address the problem of classify-
ing a single threat to two categories (e.g., as mentioned at the beginning of Section 5): every threat is classi-
fied within one category, based on the phase of the study design where it was identified and the set of artifacts
whose validity is threatened. We identified only five cases that seem to be on a “grey zone” between two cate-
gories:

o Quality Assessment Subjectivity—Quality Assessment in some cases (based on the secondary study de-
sign) can act as a means for study selection (i.e., in cases when a specific level of quality needs to be as-
sured for included primary studies); in others it acts as part of data extraction (i.e., in cases when the as-
sessment of quality of the primary studies is part of the research questions of the study). Thus, Quality
Assessment Subjectivity can be classified in both Study Selection Validity and Data Validity, based on
the role of the quality assessment. Thus, for SLRs, this threat is normally classified as a threat to Study
Selection Validity, whereas for Systematic Mapping Studies, it can be classified as a threat to Data Va-
lidity. To ease the readability of this section, Quality Assessment Subjectivity will be presented only as
part of Data Validity.

o Publication Bias and Validity of Primary Studies —Although Publication Bias and Validity of Primary
Studies stem from the study selection phase, they threaten the validity of the extracted data, their analy-
sis, and the subsequent interpretation. In particular publication bias may result in an extracted dataset
that does not represent a wide research community, but only reflects the opinions of a limited number of
researchers. Furthermore, low validity of primary studies threatens the validity of the extracted dataset,
since they may offer low-quality evidence. Thus, we have classified both threats in the Data Validity
category.

o Robustness of initial classification and Construction of attribute framework. These two threats are
highly related to data validity in the sense that if a ‘wrong’ classification schema is selected the com-
plete data collection will be misguided due to the use of inaccurate classification classes and terminol-
ogy. Thus, the correctness of the final dataset is threatened. Although these threats first appear in the
study selection phase their impact is mainly observed in the Data analysis phase.

Additionally, one can suggest that a cause-effect relation exists between some threats to validity. For exam-
ple, if a search process is based upon specific search terms and some are overlooked (study selection validity),
the results may not be generalizable in a wider population (research validity). Thus, the first two categories
(study selection and data validity) correspond to the phase when a threat is introduced (e.g., search string con-
struction), whereas some research validity threats concern the actual impact of that threat. In such cause-effect
relations the impact is mostly on generalizing the results. For example, by introducing an error in the search
process (study selection validity) we cannot generalize to the population of the studies (research validity).

Next, each category of threats is discussed in detail, based on the findings reported in Section 4 (i.e., purely
based on the extracted data). We note that due to space limitations, only the most frequent mitigation actions
for every threat are presented in Fig. 4a-c. The full list of mitigation actions is available online, in the accom-
panying technical report. The three categories of validity threats along with the proposed mitigation actions
are presented in Figures 4a to 4c. The light blue rounded rectangles represent threats to validity, whereas pink
rounded rectangles correspond to mitigation actions. Dotted lines are used to depict threats that can be
grouped together under a more generic threat. Also dotted lines are used to group together mitigation actions
that all are used to minimize a possible threat.

The study selection validity category involves 11 specific threats (see Fig. 4a). Five threats to validity (see top
part of Fig. 4a) can be grouped in a more generic one, i.e., Adequacy of initial relevant publication identifica-



tion, whereas the rest are ungrouped. From the threats of this category, some are mutually exclusive, whereas
others are complementary. For example, if selection of digital libraries is performed, the threat selection of
publication venues is excluded since, normally only one of the two search strategies is selected (except if a
quasi-gold standard from specific venues is used for study selection validation; then both strategies are used).
The construction of the search string threat exists both when DLs or specific publication venues are selected.
After the initial set of publications is derived, other aspects threaten the validity of the study: how have the
authors handled the duplicate articles or the grey literature, what languages have the authors explored, were
all papers accessible by the authors, were there enough journals and conferences for the authors to search,
and is the selection of inclusion/exclusion criteria accurate? Threats that appear in Fig. 4a and have not been
discussed in Section 4.2, are outlined in Appendix A.
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Fig. 4a — Study Selection Validity Threats

The data validity category includes 15 specific threats (see Figure 4b), that are organized into three groups and
five ungrouped threats to validity. The first group (middle part of Figure 4b) includes any kind of bias that can
be introduced while collecting data, namely: data extraction bias, data extraction inaccuracies, quality as-
sessment subjectivity, unverified data extraction, and misclassification of primary studies (mostly relevant for
mapping studies). The second group (see top part of Figure 4b) includes limitations of the dataset that are due
to the nature of the subject and not due to researchers’ bias (i.e., small sample size and heterogeneous primary
studies). The third group (see bottom part of Figure 3b) represents threats that are relevant for mapping studies
and have been posed by the use of inadequate classification schemas or attributes frameworks. Furthermore,
other aspects such as the validity of primary studies, the potential lack of relationships in the dataset, the pub-



lication bias, and the choice of extracted variables are classified in this category since they are prone to dam-
aging the quality of the dataset. Other individual threats that are mapped to this category are: the researchers’
bias while interpreting the results and the lack of statistical analysis. The threats to validity that appear in Fig-
ure 3b and have not been discussed in Section 4.2 are outlined in Appendix A).
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Fig. 4b — Data Validity Threats

Finally, the research validity category includes 8 specific threats (see Fig. 4c) that are forming two groups and
include four ungrouped threats. The first group (see top part of Fig. 4c) represents threats that have to do with
the followed process. First, there is a possibility that the selected research method (i.e., mapping study vs. lit-
erature review) does not fit the goal of the study. Second, sometimes researchers deviate from the established
review process. The second group (see bottom of Fig. 4c) involves threats to generalizability. The individual
threats that are mapped to this category are the lack of comparable studies, the coverage of research questions,
and the unfamiliarity of researchers with the application domain. Finally, repeatability has been classified in
this category since although it is threatened by data unavailability; it is also threatened by any undocumented
parts of the reviewing process. Therefore, it is considered more as a horizontal threat (that pertains to the
whole research process), rather than a specific threat for the data extraction or analysis phase. The threats to



validity that appear in Fig. 4c and have not been discussed in Section 4.2 are outlined in Appendix A.
Concerning the mapping of mitigation actions to specific threats to validity, our classification has revealed
an interesting relationship. The threats that are grouped together can be mitigated with similar actions. For
example, Snowballing is used as a mitigation action for three threats to validity of the Study Selection cate-
gory: construction of the search string, selection of DLs, and selection of inclusion/exclusion criteria. In addi-
tion, we can observe that some mitigation actions (e.g., develop a protocol) are more generic, in the sense that
they alleviate a number of different validity threats (e.g., mitigating the majority of Research Validity threats).
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Fig. 4c — Research Validity Threats

By comparing the findings reported in Figure 4 to the quality assessment criteria derived from the medical
science and the guidelines for conducting secondary studies in software engineering, we have identified that
some best practices are currently not (or at least not frequently) applied. Nevertheless, we need to note that the
majority of mitigation actions reported in the software engineering guidelines and the medical quality assess-
ment instruments are being followed already (e.g., snowballing, handling of duplicate papers, involvement of
more than one researchers in data extraction, development of a protocol, etc.). The overlooked best practices
are summarized below:

Study Selection Validity

e Adequacy of initial relevant publications identification: The search process should be reviewed by inde-
pendent experts [24], [34]before it is conducted. After the retrieval of the candidate primary studies
dataset, it is highly advised to evaluate the search results [34]. An example of such a process is the
gold standard comparison, which is included in Figure 4a. Nevertheless, we need to note that additional
ways to check the fulfillment of this objective can be used. Furthermore, the search process can become
more sophisticated by using dedicated tools for bibliography management [18] (e.g., JabRef, Zotero,
etc.) and by continuously documenting the search process (all stages) [5],[18], designating which pa-
pers are being excluded and based on which exclusion criterion.

o Study inclusion / exclusion bias: In addition to all mitigation actions reported in Figure 4a, a more for-



mal inclusion / exclusion process can be supported by using pre-defined set of decision rules [34]. A
subset of such rules could dictate how conflicts are being resolved, what is the tolerance in level of dis-
agreement, etc. In this context the most common measure for capturing disagreement is the assessment
of the kappa statistic [18], which is used in the large majority of secondary studies. In addition, in cases
when primary study quality is an inclusion/exclusion criterion, secondary studies/ guidelines suggest
the definition of a clear threshold for study inclusion [18], [41]. Furthermore, it highly advisable that
before executing the study inclusion/exclusion process, an independent researcher reviews the corre-
sponding part of the protocol (i.e., inclusion / exclusion process) [24], [34]. Finally, to measure the vari-
ability of the results caused by missing studies, sensitivity analysis can be performed [18].

Data Validity

o Validity of Primary Studies: Based on the medical quality assessment instrument, the validity of the
primary studies included in the analysis, along with their impact, should be assessed with the use of sta-
tistical methods, [1], [10], [30], [45] i.e., cumulative meta-analysis, funnel plots, etc.

o Data Extraction Bias: Similarly to inclusion /exclusion bias, the use of the kappa-statistic [18], [24] is
highlighted as important for identifying cases, in which researchers’ opinions differ. In addition to that,
in the special case of performing a mapping study it is advisable to use keywording of abstract [33] as a
means for more efficient data extraction.

e Researcher Bias: Regarding researcher bias introduced during the data synthesis stage, it is recom-
mended to adopt formal research synthesis methods® (e.g., grounded theory, meta-ethnography, narra-
tive synthesis, etc.). Additionally, the medical research guidelines suggest using the scientific quality of
primary studies [39], [43] appropriately, while formulating conclusions. Finally, sensitivity analysis
[18] can be used for measuring the impact of researchers’ bias in the extracted conclusions.

Research Validity

e Repeatability: To enhance repeatability it is important to precisely report the complete process of the
review [5], [18], [41], not focusing only on the protocol, but also documenting aspects of the “conduct-
ing the review” phase. In particular, it is important to document all the attributes reported in Figure 1,
representing the “reporting” phase.

e Coverage of Research Questions: The correct identification of research questions is of paramount im-
portance for a successful secondary study. In particular, it is suggested to motivate the need and rele-
vance of the review, as well as each research question independently [18], [24], [34]. To achieve this,
apart from having a deep knowledge of the corresponding literature, it is advised to consult the target
audience [34].

The aforementioned best practices, along with the outcomes of the tertiary study (see Figure 4) are compiled
in a checklist which is the final outcome of this work, presented in Section 5.2.

5.2 Checklist for Threats to Validity Identification and Mitigation

In this section, and based on the classification schema of Fig. 3, we present a checklist (as a series of ques-
tions) that authors of secondary studies should answer when performing secondary studies, so as to assess the
validity of their studies. This instrument can aid both in the identification of threats (since not all threats apply
in all studies) and the suggestion of mitigation actions (what the authors can do if they identify any threat in
their study design). We note that this checklist does not provide additional information compared to the classi-
fication schema of Section 5.1, but only acts as a different view of the obtained results. We offer this checklist
as a more usable view that can be directly exploited by authors of secondary studies.

8 Research synthesis is “a collective term for a family of methods that are used to summarize, integrate, combine, and compare the findings of different studies
on a specific topic” [9].



The structure of the checklist is quite simple: First a question is asked to understand if a specific threat exists
(TV,), and then a series of sub-questions are asked to check if a proper mitigation action MA,, has been per-
formed. The numbering of mitigation actions is restarted for every threat to validity. Each of the three boxes
below corresponds to one category of threats: study selection, data and research validity. For example, TV, —
TV, correspond to the seven threats that are reported in Fig. 4a (study selection validity). The mapping be-
tween questions and threats reported in Fig. 4 is one-to-one, by considering the groups discussed in Section
5.1. In addition, in a parenthesis following each mitigation action we denote if the action is preventive (P) or
corrective (C), i.e., if the action prevents the occurrence of the threat, or corrects / evaluates its importance
after its identification.

Study Selection Validity

TV;: Has your search process adequately identified all relevant primary studies?
MA: Have you used snowballing? (P)
MA,: Have you performed pilot searches to train your search string? (P)
MA;: Have you selected the most-known DLs or have you made a selection of specific publication
venues or used broad search engines or indices (based on the goal of your study)? (P)
MA,: Have you compared your list of primary studies to a gold standard or to other secondary studies?
©
MA;: Have you used a broad search process in generic search engines or indices (e.g., Google
Scholar) so that you ensure the identification of all relevant publication venues? (P)
MAg: Have you used a specific strategy for systematic search string construction? (P)
MA,: Has an independent expert reviewed the search process? (P)
MAg: Have you used tools to facilitate the search process? (P)
MA,: Have you evaluated the search results and documented the search outcomes? (P)
TV,: Were primary studies relevant to the topic of the review published in several different journals and
conferences?
MA,: Have you used a broad search process in generic search engines or indices (e.g., Google
Scholar) so that you ensure the identification of all relevant publication venues? (P)
TV;: Have you identified primary studies in multiple languages?
MA;: Is the number of such studies expected to be high compared to the population? (C)
TV, Were the full texts of all identified primary studies accessible from the researchers?
MA;: Is the number of studies with missing full texts expected to be high compared to the population?
©
TVs: Have you managed duplicate articles?
MA,: Have you developed a consistent strategy (e.g., keep the newer one or keep the journal version)
for selecting which study should be retained in the list of primary studies? (P)
MA,: Have you used summaries of candidate primary studies to guarantee the correct identification of
all duplicate articles? (P)
TV, Have you included/excluded grey literature?
MA: Does your decision to include or exclude the grey literature comply with the goals of the study
and the availability of sources on the subject? (C)
TV;: Have you adequately performed study inclusion/exclusion?
MA: Have you used systematic voting? (P)
MA,: Have you performed a random screening of articles among all authors? (P)
MA;: Have researchers discussed the inclusion or exclusion of selected articles in case of conflict? (P)
MA,: Have the inclusion exclusion criteria been documented explicitly in the protocol? (P)




MA;: Have the authors discussed the inclusion/exclusion criteria and revised them after pilot itera-
tions, or by experts’ suggestions after review? (P)

MAg: Have you prescribed a set of decision rules for study inclusion/exclusion? (P)

MA,: Have you defined quality thresholds for inclusion/exclusion? (P)

MAg: Have you performed sensitivity analysis? (P)

MA,: Have you identified experts’ disagreement level with the kappa statistic? (P)

Data Validity

TV;g: Is your sample size large enough so that the obtained results can be considered valid?
MA,: Have you tried to draw conclusions based on trends? (C)
MA,: Have you used a broad search process in generic search engines or indices (e.g., Google Scholar)
so that you ensure the identification of all relevant publication venues? (P)
TV,: Have you chosen the correct variables to extract?
MA: Has the choice of variables been discussed among authors, so as to guarantee that the set of re-
search questions can be answered by analyzing them? (P)
TVio: Are the primary studies in your dataset published in a limited set of venues?
MA;: Have you used snowballing? (P)
MA,: Have you included grey literature (if this does not affect TV,)? (P)
MA;: Have you manually scanned selected venues to check if they publish articles related to your
secondary study? (P)
TVi1: Do you expect to identify relationships in your dataset?
MA: Have you performed pilot data extraction to test the existence of relationships? (P)
TVi,: Does the quality of primary studies guarantee the validity of extracted data?
MA: Have you focused your search process on quality venues only? (P)
MA,: Have you used article quality assessment as an inclusion criterion? (C)
MA;: Have you assessed the validity of primary studies and their impact using statistics? (C)
TV;3: Is there data extraction bias in your study?
MA: Have you involved more than one researcher? (P)
MA,: Have you identified experts’ disagreement level with the kappa statistic? (P)
MA;: Have you performed pilot data extraction to test agreement between researchers? (Not applica-
ble if MA,; is no) (P)
MA,: Have you used experts or external reviewers’ opinion in case of conflicts? (Not applicable if
MA, is no) (C)
MA;: Have you performed paper screening to cross-check data extraction? (P)
MAg: Have you used a keywording of abstracts? (Applicable only in mapping studies) (P)
TVi4: Have you performed statistical analysis?
MA;: Does your data extraction plan record quantitative data and if yes, does answering your re-
search questions imply the use of statistics? (C)
TV;5: Have you selected a robust initial classification schema?
MA: Have you selected an existing initial classification schema? (P)
MA,: Have you continuously updated the schema, until it becomes stable and classifies all primary
studies in one or more classes? (C)
TVi6: Is your interpretation of the results subject to bias or is it as objective as possible?
MA: Have you performed pilot data analysis and interpretation? (P)
MA,: Have you conducted reliability checks (e.g., post-SLR surveys with experts)? (C)
MA;: Have you used a formal data synthesis method? (P)




MA,: Have you performed sensitivity analysis? (P)
MA;: Have you used the scientific quality of primary studies when drawing conclusions? (P)

Research Validity

TV17:

TV19:

TVZ():

TVZIZ

Tszi

Is your process reliable/repeatable?

MA : Have more than one researcher been involved in the review process? (P)

MA,: Have you made all gathered data publicly available? (C)

MA;: Have you documented in detail the review process in a protocol? (P)

MA,: Have you appropriately documented the details of conducting the review? (P)TVs:

Have you chosen the correct research method?

MA: Have the authors discussed if the selected research method (SLR or SMS) fits the
goals/research questions of the study, by advocating the purpose and scope of the methods? (C)

MA,: Have you developed a protocol, monitored the process for deviations, and accurately reported
any (if existed)? (P)

Do the answers to your research questions guarantee the accomplishment of your study goal?

MA,: Have the authors discussed and brainstormed on if the research questions holistically cover the
goal of the study? (P)

MA,: Is your study and research questions well-motivated? (P)

MA;: Have you consulted target audience for setting your research goals? (P)

Does your study have substantial related work, so that you can compare and discuss findings?

MA;: Have the authors discussed and brainstormed to reach possible interpretations of the findings,
due to the absence of related studies? (P)

Were you familiar with the research field before performing the review?

MA : Have the authors exhaustively searched related work so as to: (a) familiarize with the field, (b)
identify comparable studies, and (c) identify relevant publication venues and influential pa-
pers? (P)

Are the results of your study generalizable?

MA: Do your findings comply with those of existing studies? (C)

MA,: Have you used a broad search process without an initial starting date? (P)

As mentioned before, the main stakeholders of the checklist are the authors of a secondary study and the

evaluator / reader of the study. For both stakeholder types, a possible use case scenario for the checklist is as

follows:

[STEP1] The user is interested in evaluating the validity of a secondary study
[STEP2] The user asks the TV question, and if the answer suggest the existence of a threat (e.g., posi-

tive answer in TV, and negative in TV ), then checks if there are any precautionary action (P)
that can be taken. A threat to validity has been identified and needs to be reported.

[STEP3] The user judges the effort required to perform the action (an estimate can be found in Section

6.2). If he/she decides to perform the action, the user checks if the threat is mitigated (an esti-
mate of the fitness of each mitigation action is provided in Section 6.2). A mitigation action
needs to be reported. If the threat is resolved, the user moves to the 2™ step and continues
with the next TV question. The assessment of the outcome of the mitigation action needs to
be reported.

[STEP4] After the study is conducted, the corrective mitigation actions (C) for each TV question are

visited. Step 3 is executed for each mitigation action.

[STEP5] The user goes through all the threats to validity questions and checks if at least one mitigation

action has been performed.




6 VALIDATION OF CLASSIFICATION SCHEMA AND CHECKLIST

In this section, we present the validation of the proposed classification list and checklist, by applying the Del-
phi technique, with secondary study experts. This validation is necessary due to the nature of this study (i.e.,
the synthesized results provide guidelines for conducting future secondary studies); thus we want to make ex-
plicit the potential limitations and strengths of the classification schema and checklist, as identified by experts.
In Section 6.1, we present the design of our empirical study, based on the guidelines provided by Runeson et
al. [38], in Section 6.2 we report the results of the validation, and in Section 6.3 we discuss implications of
this study to authors and readers of secondary studies.

6.1 Study Design

Objectives and Research Questions: The goal of this study is: evaluate the proposed classification schema of
threats to validity and the derived checklist, with respect to (a) the fitness of the threats to validity within their
proposed categories, (b) the fitness of mitigation actions as a means of alleviating the corresponding threats,
and (c) the effort required to apply each mitigation action, from the point of view of researchers in the context
of empirical software engineering research. Based on this goal, we have formulated three research questions:

RQ;: Are threats to validity correctly classified to the categories of the proposed schema?
RQ,: Is the mapping between threats to validity and mitigation actions correct?
RQ3: What is the effort required to apply each mitigation action?

RQ, aims at validating the first level of the classification schema depicted in Figures 3a-3c (classifying threats
into categories). Similarly, RQ, aims at validating the relations at the second level of the schema (mapping
threats to mitigation actions). Given the fact that some threats are mapped to several mitigation actions, RQ3
investigates the effort required to apply each mitigation action (RQs); this would be an interesting parameter
when selecting among mitigation strategies for a particular threat. We note that the goal of this study is not to
try to identify additional threats to validity but to validate the proposed classification schema and checklist.

TABLE X — Delphi Participants
Year of First Study #Secondary #Primary

ID (in general) Studies Empirical Studies
P1 1986 4 31

p2 2006 4 13

P3 2002 4 9

P4 2001 8 1

P5 2010 11 0

P6 2012 2 2

P7 2009 2 1

Data Collection: To answer the aforementioned questions we decided to use experts’ opinion by adopting a
consensus method that is typically designed to combine the knowledge and experience of experts (e.g., [10],
[16], [39], and [45]). We chose the Delphi technique [45] among the consensus methods because of the num-
ber of the participants we wanted to involve, and the time available to conduct the study. The Delphi technique
is an iterative process that captures the opinions of different evaluators and at the same time records their lev-
els of agreement [45]. As experts, we have selected a set of researchers with experience in secondary studies
and empirical studies in general. The evaluators have been anonymized, but some demographics on their re-



search experience are provided in Table X (based on the experts’ pages in DBLP). The criteria that we have
used in the participants selection process are the following: (a) all participants should be co-authors of at least
2 secondary studies, (b) all participants have published in the same high-quality venues, which we have in our
sample, (c) all participants are senior academics—i.e., at least assistant professors; and (d) all participants
work in different institutions.

The Delphi method was applied with seven participants, which according to Verhaegen et al. [45] is an ade-
quate number of experts. The number of iterations that we have performed is three (as also suggested in [45]).
In the first round, the participants were given three questionnaires?® :

¢ In the first questionnaire the participants were provided with the mapping between threat categories and
specific threats. Each participant was asked to assign a Likert-scale value (1-Strongly Disagree, 2-
Disagree, 3-Neutral, 4-Agree, and 5-Strongly Agree) that represents the fitness of the threat in the specific
category. To guarantee the common understanding of categories and threats the participants were provided
with the definitions described in this manuscript. Additionally, participants were asked to not take into con-
sideration the perceived importance of the threat itself, but only its fitness to the category. As an alternative
to this study setup one could argue in favor of questions that have to do with the extent to which the expert
has used this threat, or if he/she would be willing to use it in future secondary studies. However, this setup
was not considered, since such information could have easily been retrieved by exploring the threats to va-
lidity already reported in the approximately 40 secondary studies that the selected experts have published.

e The second questionnaire was similar to the first, with the difference that it mapped mitigation actions to
specific threats to validity. The rest of the questionnaire setup was the same as in the first questionnaire.

e The third questionnaire listed all mitigation actions and asked the participants to assess the effort required
to apply the mitigation action. The scale in this questionnaire ranged from 1-Very Low Effort to 5-Very
High Effort.

During the 2nd and the 3rd iteration the participants were provided the mode score for each question from the
previous round. Then, the participants were given the opportunity to revisit their answers, by considering the
results of the previous round and changing their assessment for questions that they had second thoughts.

Data Analysis: Within each iteration (for each question), we calculated the mode score from all participants’
responses and the frequencies of each value. As an acceptable level of agreement we have set frequencies
higher than 40%. The results for each research question are visualized through bar charts and tables. Addition-
ally, since the Likert scale allows only integer values, the mode value is also calculated so as to present the
most popular answer among the participants.

6.2 Results of Validation

The classification of threats to validity to specific categories (RQ1), and the results are summarized in Table
XI. The first column of the figure denotes the categories introduced in Figure 2, whereas the 2nd column the
specific threats classified in these categories (see Section 5.1). The next six columns represent the frequencies
of the answers in the Likert scale (i.e., the percentage that each range, from 1 to 5, received, compared the
whole population), as obtained after the 3rd Delphi round. The green-shaded cells correspond to threats that
the majority of experts at least Agree with their classification, whereas pink-shaded correspond to threats that
most evaluators agree (or strongly agree) with their classification, but there was one/two objections (usually
scored as neutral). The validity threats ratings range that receive the greater percentage are denoted with bold.

9 http://se.uom.gr/wp-content/uploads/IST. material.zip




TABLE XI — Validity of Classifying Threats to Categories

1 2 3 4 5 N/A
Inadequacy of initial relevant publications identification 0% | 0% | 0% 42.9% | 42.9% | 14.3%
_§ Limited number of journals and conferences 0% | 0% | 0% 28,6% | 57,1% | 14.3%
;‘3 Missing non-English papers 0% | 0% | 28.6% | 42.9% | 14.3% | 14.3%
% Paper not accessible in a digital library 0% | 0% | 0% 28,6% | 57,1% | 14.3%
'g Inefficient handling of duplicate articles 0% | 0% | 28,6% | 28,6% | 28,6% | 14.3%
® Inclusion / exclusion of grey literature 0% | 0% | 0% 42.9% | 42.9% | 14.3%
Insufficient study inclusion / exclusion criteria 0% | 0% | 0% 28.6% | 71.4% 0%
Small sample size or heterogeneous primary studies 0% | 0% | 0% 28.6% | 57,1% | 14.3%
The chosen variables to be extracted cannot answer the RQs | 0% | 0% | 0% 0% 100% 0%
> Primary studies are published in a limited number of venues | 0% | 0% | 28.6% | 42.9% | 14.3% | 14.3%
E The obtained dataset lacks relationships 0% | 0% | 14.3% | 71.4% | 0% 14.3%
§ Low validity of primary studies 0% | 0% | 0% 42.9% | 57.1% 0%
‘3 Data extraction is biased 0% | 0% | 0% 28.6% | 71.4% 0%
a No statistical analysis of the dataset 0% | 0% | 0% 42.9% | 42.9% | 14.3%
The selection of classification schema is biased 0% | 0% | 0% 42.9% | 57.1% 0%
The interpretation of results is not objective 0% | 0% | 0% 14.3% | 85.7% 0%
2 Lack of repeatability 0% | 0% | 0% 14.3% | 85.7% 0%
E A not fitting research method has been selected 0% | 0% | 0% 14.3% | 85.7% 0%
f Answering the RQs cannot fulfill the goal 0% | 0% | 0% 14.3% | 85.7% 0%
% Lack of comparable studies 0% | 0% | 14.3% | 14.3% | 57.1% | 14.3%
% Researchers are not familiar with the research field 0% | 0% | 0% 28.6% | 57.1% | 14.3%
= Lack of generalizability 0% | 0% | 0% 28.6% | 71.4% 0%

Regarding RQ2 and RQ3 (i.e., the fitness of mitigation actions to resolve specific threats to validity, and the
effort required for their application), the results are graphically summarized in Figures 5a — 5c. Each figure
corresponds to one category of threats to validity (study selection, data validity, and research validity respec-
tively). The height of the bar denotes the mode fitness (most popular score) of each mitigation action to allevi-
ate the corresponding threat to validity, whereas the average effort is represented by the line. Optimally, a high
bar with a low line denotes a suitable mitigation action that requires little effort. The threats to validity that
each mitigation action resolves are denoted with the red boxes, labelled after the threat to validity. Based on
Fig. 5a (regarding Study Selection validity), we can observe that the only mitigation action that is ranked as
Neutral is “Systematic Voting” as a way to mitigate the issue of “Inefficient Selection of Inclusion / Exclusion
Criteria”. Nevertheless, for every threat of the Study Selection category there is at least one threat that is
ranked with Strongly Agree. Among them, the least effort-intensive are “Comparison to a Gold Standard” for
the Inadequacy of initial relevant publications identification and “Use of Summaries of Articles” for mitigat-
ing the “Inefficient handling of duplicate articles”.
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Fig. 5a — Mitigation Actions for Study Selection Threats to Validi

Effort for applying the mitigation action

Mode fitness for mitigation action

5,00

4,50

4,00

3,50

3,00

2,50

2,00

1,50

1,00

0,50

$MpaYd Ajigerjal 1npuo)

sishjeue ejep 10)1d
selq yoieasay

sajepdn snonunuo)

sewayds Sulisixa asn

BWBYIS UONBIYISSE|D JO Selg

ejep annejnuenb Joy yaay)

sisAjeue |eanysne}s Jo yoe

Suiuaauds Jaded wopuey

uoluido padxa asn

uonoeIIXa e1ep 10)1d

SJ9ydJeasal auo ueyl aiow aA|oAU]

selq uonoeXa ejeq

e113)UD UOISNUI Se JuaWssasse Axjend

sanuan Ayjenb Aup

saipn)s Arewnd jo Aypijep

sishjeue pue uonaeIxa erep 10|id

sdiysuone|ai jo yoe| [eluajod

A |euonyippe I |

aamesay) Asud apnju

Suljjeqmous
Selq uonpesdliiqnd

sioyyne Suowe ssnasj
£ a pajoesxa

a( 0} Sa|qeleA Jo sadloy)

sayaeas peodq asn

SpuaJ4} UO paseq suoisnjduod meuq
suonejwi| azis ajdwes

0,00

Fig. 5b — Mitigation Actions for Data Validity Threats



Finally, the findings of Fig. 5c, suggest that the mitigation actions for Research Validity threats are efficient in
terms of fitness to resolve the problem, but on the other hand they are (even marginally) the most effort-
intensive. This finding is intuitive since any corrective action at the process level is expected to be more time
consuming, compared to activities focusing on the handling of particular primary studies.

Mode fitness for mitigation action Effort for applying the mitigation action
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Fig. 5¢ — Mitigation Actions for Research Validity Threats

6.3 Implications to Authors & Readers of Secondary Studies

We argue that the use of the provided classification schema (see Section 5.1) and checklist (see Section 5.2),
in future secondary studies is expected to lead to the following benefits concerning both the readers and the
authors of secondary studies:

e The authors of secondary studies can use the findings reported in this work to comprehensively identify
potential threats to the validity of their studies and reuse mitigation actions. This will allow the transfer
of knowledge among researchers and hinder the “reinvention” of threats to validity and mitigation ac-
tions for every secondary study.

e The reporting of threats to validity will be enhanced. In particular, the reporting of secondary studies
threats to validity can be structured based on the categorization that is provided in our classification
schema.

e The readers of the secondary studies will be able to uniformly interpret the results of the studies, and
will be able to compare the quality and credibility of secondary studies.

e The readers (or potential reviewers of the studies, prior to their publication) can use the proposed classi-
fication schema and checklist to assess the validity of the study.



As an interesting future work direction we note that since the effort of applying the mitigation action and its
benefit (i.e., fitness for resolving the threat) have been assessed in this study, it they can be used in a version
of a cost-benefit analysis for trade-off management.

7 THREATS TO VALIDITY

In this section we present the threats to validity that we have identified for this tertiary study. In order for this
section to act as a proof of concept for the classification proposed in this work, we structure this section, based
on the checklist provided in Section 5.2. Specifically, in Section 7.1, we report threats to validity related to
study selection (TV;-TV;), in Section 7.2, we report threats related to data validity (TVs-TVy4), and in Section
7.3, we report threats related to research validity (TV5-TVy,).

7.1 Study Selection Validity

Study selection validity is recognized as the major threat in secondary studies during the early phases of the
research. In this case, in order to ensure that our searching process has adequately identified all relevant stud-
ies (TV;), the secondary studies that have been selected for inclusion have been carefully chosen following a
well-defined protocol based on strict guidelines [18]. The identification procedure consisted of an automated
search through the search engines of the most-known DLs for articles published in well-established journals

LT3 LEINT3 LEINT3

and conferences. The search strings (“survey”, “literature review”, “mapping study”, “mapping studies”, “sys-
tematic review”, “systematic mapping”) that were used are quite broad, since we only included the name of
the investigated research method, aiming to retrieve the maximum number of relevant studies. However, stud-
ies that adopted different terminology than the most established one might have been excluded. Nevertheless,
we note that our study focused only on research efforts that are aware of the processes for conducting secon-
dary studies and use established guidelines for this reason. To mitigate the risk of losing relevant studies we
validated our set of secondary studies by cross-checking them against papers in other tertiary studies (serving
as a gold standard). The results of this process suggested that we have been able to obtain approximately 95%

of secondary studies that are referenced in other tertiary studies.

After the set of secondary studies has been obtained, we proceeded to the article inclusion/exclusion phase,
which is threatened by the possibility to exclude some relevant articles (TV;). To mitigate this threat, two re-
searchers have been involved in this process, discussing any possible conflicts. On the completion of this
process, a third researcher was randomly screening the selection of articles for inclusion. Also, the inclu-
sion/exclusion criteria have been extensively discussed among the authors, so as to guarantee their clarity and
prohibit misinterpretations. Furthermore, from our searching space we have excluded grey literature (TVy),
since the goal of the study was imposing the use of only a limited number of journals and conferences that
would guarantee the quality of the obtained papers.

Additionally, although we have not identified any duplicate articles (TVs), our research protocol dictated that
we check for duplicated articles, based on the abstract. Upon identification, the most extensive study would be
retained. Also, our study is not suffering from the missing non-English papers (TV;) and the papers published
in a limited number of journals and conferences (TV,), since our search process was aiming to a large number
of publication venues all publishing papers only in English. Finally, we have been able to access all publica-
tions (TV,) that we were interested in, since our research institutes provide us access to the used DLs.

7.2 Data Validity

Regarding data validity, the main threat is related to data extraction bias (TV,;). In this phase, all relevant data
were extracted and recorded manually by the second author. Obviously, and since this procedure inserted
some subjectivity we mitigated this threat since two researchers that worked in-pair further inspected and re-
fined the collected data, re-validating them. After this procedure the results were discussed among all re-



searchers and any conflicts have been resolved.

Additionally, publication bias (TV ) is present in our results since most of the secondary studies explored
come from two dominating journals in the area of SE (IST, JSS). Since the quality of the results would be
jeopardized if “grey literature” or non-indexed publication titles were included there was no option but to in-
clude only the venues presented in Table III. Nevertheless, we believe that the obtained data points are not
influenced by a small group of people, but from the software engineering community as a whole, since they
stand among the first selections of publication venues for high-quality research in the world-wide community.
One of the aims of the proposed classification schema (apart from the provision of a common vocabulary to
authors and readers) is to alleviate the aforementioned problem. Although we believe that the current classifi-
cation schema improves the orthogonality among threat categories: (a) there are still some grey-zone threats,
and (b) there is a cause-effect relationship between threats (see Section 5.1). Although we have not used an
initial classification schema (TV;s) for our review (since existing ones were not matching—see Section 5.1),
we have continuously iterated on developing a new one. Nevertheless, we need to note that as a starting point,
we have used the phases of the systematic literature review process, see Kitchenham et al. [11].

Finally, our tertiary study is not threatened by the following threats: (a) small sample size (TVs)—we have
been able to retrieve approx. 100 articles, (b) lack of relationships (TV,;;)—our study was not aiming to iden-
tify any relationships among data, but only to classify and synthesize, (c) low quality of primary studies
(TV;;)—since the involved studies have been published only in top software engineering venues, and (d) se-
lection of variables to be extracted (TVy)—the straightforward research questions of our study have not raised
any conflicts in the discussions among authors on which variables should be extracted. Finally, the study does
not lack the use of statistical analysis (TV,,), since x° testing and linear regression have been performed to
answer RQ,. The nature of RQ, and RQ; led us to the decision to only perform some basic statistical analysis
(descriptive), since no hypothesis testing was necessary. Finally, to mitigate the researchers’ bias in data in-
terpretation and analysis the authors have discussed the threats to validity’s classification and clustering
(TVi6)-

7.3 Research Validity

Concerning research validity, we have been able to exclude two possible threats to validity due, to the nature
of our study. First, the authors are highly familiar with secondary studies (TV;), since they have been in-
volved in a large number as authors and reviewers. Therefore, no mitigation actions were necessary. Further-
more, we believe that the followed review process ensures the reliability (TV;;) and safe replication of our
study. First, all important decisions in our review planning have been thoroughly documented in this manu-
script (see Section 3) are can be easily reproduced by other researchers. Second, the fact that the data extrac-
tion was based on the opinion of three researchers can to some extent guarantee the elimination of bias, mak-
ing the dataset reliable. Third, all extracted data have been made publicly available, so as to enable compari-
son of results’. Nevertheless, some threats to research validity have been identified and mitigated. First,
through discussion among the authors we have set four research questions that accurately and holistically
map to the set goal (TV,g). This is clearly depicted by the mapping of each research question to the research
sub-goals/objectives (see Section 3.1). Second, in the literature we have been able to identify a substantial
amount of related works that can be used for comparison (TV) to our results. In particular, for this reason we
used related studies from software engineering and medical literature. Third, the selection of the research
method (TV,s) is adequate for the goal of this study (since plenty of synthesis was required) and no deviations
from the guidelines have been performed.

Concerning generalizability (TV,;), we can claim that our results comply both with existing literature and with
common sense (i.e., secondary studies are less mature than surveys, case studies, and experiments). To ensure
the generalizability of our results we have examined a wide range of studies, from all subfields of software



engineering, without any focus on some specific activity (e.g., maintenance, architecture, etc.). Therefore, we
believe that our results are generalizable to good quality papers in the software engineering domain, but not
necessarily to grey literature, other venues, and other disciplines.

8. CONCLUSION

In the last decade, secondary studies (i.e., systematic literature reviews and mapping studies) have emerged as
a popular research methodology for summarizing existing literature. Despite their popularity and the thorough
guidelines for conducting them, the research state-of-the-art lacks support on how to identify, report and miti-
gate threats to validity for secondary studies. To alleviate this problem we have conducted a tertiary study on
software engineering research corpus, i.e., a literature review of literature reviews. The final goal of this terti-
ary study was to develop a classification schema with three levels: (a) threats categories, (b) specific threats,
and (c) mitigation actions.

The results of the study suggested that there are three main categories of threats: (a) threats to study selection,
(b) threats to data collection, and (c) threats to research validity. Each category includes approximately ten
specific threats to validity, which can be mitigated with at least one action. To facilitate the easy application of
this classification schema, a checklist with questions that can guide the authors and readers of secondary stud-
ies in assessing study validity has been provided. In particular, on the one hand, authors of secondary studies
can use the checklist for identifying threats to validity and get access to a list of possible mitigation actions.
On the other hand, the readers of secondary studies can use the checklist to evaluate the validity of the ob-
tained results. To validate the obtained results, we empirical assessed them by employing the Delphi method
with experts evaluating the fitness of mitigation actions as a means of alleviating the corresponding threats
and provided an estimate of the effort required to apply each mitigation action.
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APPENDIX A — THREATS TO VALIDITY DESCRIPTION

THREATS TO STUDY SELECTION VALIDITY

Name

Description

Selection of arbitrary starting year

Search engine inefficiencies

Limited number of journals & conferences

Missing non-English papers

Papers inaccessibility

Handling of duplicate articles

Inclusion/Exclusion of Grey literature

The selection of a specific year as a starting point for performing the search
process can lead to missing studies prior to that date.

Problems of the DLs search engines (e.g., SpringerLink cannot perform a
search based only on the abstract of manuscripts). This can lead to missing
studies, or deriving a large corpus of papers for filtering.

A limited number of publication venues in which primary studies can be pub-
lished suggest a narrow scope of the secondary study. This will probably lead
to obtaining a low number of primary studies.

Exploring studies written in a specific language can lead to the omission of
important studies (or number of studies) written in other languages.

Papers whose full-text is not available cannot be processed. If this number is
large, the set of studies might be limited / not representative.

Some early versions of a study may be published in a conference, and an ex-
tended one in a journal. Duplicate studies should be identified and handled, so
that the study set, does not contain duplicate information.

Based on the goal of the study, including or excluding grey literature can pose
a threat. For example, grey literature should be considered in Multi-Vocal Lit-

erature Reviews (MLRs), in which practitioners’ view should be examined.

THREATS TO DATA VALIDITY

Name

Description

Small sample size

Heterogeneity of primary studies

Choices of variables to be extracted

Potential lack of relationships

Data extraction inaccuracies

Unverified data extraction

Miss-classification of primary studies

Lack of statistical analysis

Construction of attribute framework

A small sample threatens the validity of the dataset, since results may be: (a)
prone to bias (data might come from a small community), (b) not statistically
significant, and (c) not safe to generalize.

Data that are highly heterogeneous are not easy / safe to synthesize, since such
a process is prone to involve a high degree of subjectivity.

The variables that have been chosen to be extracted might threaten the validity
of the results, since they might not fit for answering the research questions.
Additionally, they are prone to researchers’ bias.

Examining data that lack relations might hinder reaching a conclusion.

Data analysis might not be carefully performed, or might not follow strict
guidelines. For example, the same concept might be inconsistently classified
into two primary studies. This leads to inaccuracies in the dataset.

Data extraction items that are not verified by external reviewers, or have not
been subject to internal review.

This threat is valid for secondary studies that aim at developing a classification
schema (usually mapping studies). This threat can occur if primary studies are
incorrectly or inconsistently classified in a specific class.

In some designs it is not possible to perform statistical analysis. For example,
in cases that all extracted data items are categorical.

When we define a set of possible values for the attributes (i.e., variables) that
are used to characterize each primary study, we construct an attribute frame-
work. If the selected values are not discriminative and comprehensive then the

data extraction can result to an insufficient dataset




THREATS TO RESEARCH PROCESS VALIDITY

Name Description

Chosen research method Mapping studies and literature reviews are designed to serve different goals and

scopes. The selection of a specific research method might not fit the goals, the

scope, or the context of the performed secondary study.

Review process deviations In some cases researchers choose to deviate from the guidelines offered by the

research method. Such deviations (e.g., not performing the keywording of ab-
stracts step in a mapping study, although the guidelines of Petersen [22] are used)
threaten the validity of the study, since some important aspects might be com-

promised.

Lack of comparable studies Some secondary studies lack comparable related work (i.e., other secondary stud-

ies or primary studies). In this case there is no possibility of comparing the results

to existing literature, or intuitively validate them.

Unfamiliarity to the research field In some cases secondary studies are performed by non-expert researchers. The

lack of knowledge in the domain can lead to undesired consequences, such as:

omission of well-known studies in the field, limited synthesis capacity, etc.
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