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and research should be based on high-quality evidence. Since no decision should be made based on
a single study, secondary studies become essential in presenting the evidence. According to our search,
over 101 secondary studies have been published in the area of software testing since 1994. With this high

Keywords: number of secondary studies, it is important to conduct a review in this area to provide an overview of
Secondary studies the research landscape in this area.

Tertiary study Objective: The goal of this study is to systematically map (classify) the secondary studies in software
Software testing testing. We propose that tertiary studies can serve as summarizing indexes which facilitate finding the

Systematic mapping
Systematic literature reviews
Surveys

most relevant information from secondary studies and thus supporting evidence-based decision making
in any given area of software engineering. Our research questions (RQs) investigate: (1) Software-testing-
specific areas, (2) Types of RQs investigated, (3) Numbers and Trends, and (4) Citations of the secondary
studies.
Method: To conduct the tertiary study, we use the systematic-mapping approach. Additionally, we con-
trast the testing topics to the number of Google hits to address a general popularity of a testing topic
and study the most popular papers in terms of citations. We furthermore demonstrate the practicality
and usefulness of our results by mapping them to ISTQB foundation syllabus and to SWEBOK to provide
implications for practitioners, testing educators, and researchers.
Results: After a systematic search and voting process, our study pool included 101 secondary studies in
the area of software testing between 1994 and 2015. Among our results are the following: (1) In terms
of number of secondary studies, model-based approach is the most popular testing method, web services
are the most popular system under test (SUT), while regression testing is the most popular testing phase;
(2) The quality of secondary studies, as measured by a criteria set established in the community, is slowly
increasing as the years go by; and (3) Analysis of research questions, raised and studied in the pool of
secondary studies, showed that there is a lack of ‘causality’ and ‘relationship’ type of research questions,
a situation which needs to be improved if we, as a community, want to advance as a scientific field. (4)
Among secondary studies, we found that regular surveys receive significantly more citations than SMs
(p=0.009) and SLRs (p =0.014).
Conclusion: Despite the large number of secondary studies, we found that many important areas of soft-
ware testing currently lack secondary studies, e.g., test management, role of product risk in testing, hu-
man factors in software testing, beta-testing (A/B-testing), exploratory testing, testability, test stopping
criteria, and test-environment development. Having secondary studies in those areas is important for
satisfying industrial and educational needs in software testing. On the other hand, education material of
ISTQB foundation syllabus and SWEBOK could benefit from the inclusion of the latest research topics,
namely search-based testing, use of cloud-computing for testing and symbolic execution.
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1. Introduction

Secondary studies are common in software engineering (SE). A
secondary study is defined as a study of studies [1], i.e., a review
of individual (or, primary) studies. Example types of secondary
studies include: regular surveys, Systematic Literature Reviews
(SLR), and Systematic Mapping (SM) studies.

Software testing is an active area of SE. According to our
search, over 101 secondary studies have been published in the
area of software testing since 1994. With this high number of
secondary studies in this area, it is important to conduct a ter-
tiary review in this area to provide an overview of the research
landscape in this area. A tertiary review is a study of secondary

studies (or, a systematic review of systematic reviews) [2]. Ter-
tiary studies 'review the reviews' in a given area in order to
provide an overview of the state of evidence in that area. The
SE community as a whole believes that secondary and tertiary
studies are useful, e.g., [2-5]. There are relatively high number of
citations to secondary and tertiary studies in SE, and also there are
studies such as [4] which report the usefulness and value of these
studies.

There have been tertiary studies in various areas of SE (e.g.,
[6-15]), but none focusing on testing yet. As discussed above,
any newcomer researcher or industrial practitioner is likely to
experience difficulties in digesting large volumes of knowledge in
software testing. Also, in an ideal world, all knowledge used in
industry, education and research should be based on high-quality
evidence. Since no decision should be made based on a single
study, secondary studies become essential in presenting the evi-
dence. We propose that tertiary studies can serve as summarizing
indexes which would facilitate it to find the most relevant informa-
tion from secondary studies and thus supporting evidence-based
decision making in any given area of software engineering.

The authors believe that a tertiary studies should be like the
“index” of a book. Such a tertiary study will be useful in that it is
read first by the people (e.g., new PhD students and practitioners)
who want to know what is out there in a given area (software
testing, in our case). A complain often heard from practitioners is
that academic literature is impenetrable due to the sheer volume
of the literature. A tertiary study such as the current paper should
make it more penetrable. Also, such a tertiary study could be used
as an aid when constructing contents of research-intensive courses
on software testing. If a sub-field of software testing has a large
body of research literature, then a review of this literature (via
secondary studies) has most likely been performed or should be
performed.

Based on the above needs and motivations, in this work, we
systematically classify the body of knowledge in secondary studies
in software testing via a tertiary study [16]. Our study aims at
answering the following four research questions (RQs):

+ RQ1: What software-testing-specific areas have been investi-
gated in the secondary studies? Answering this RQ will enable
us to determine the software-testing-specific areas covered
and not covered by secondary studies. Knowing the areas
not covered will pinpoint the need for conducting secondary
studies in those areas.

RQ2: What types of RQs are being investigated? This allows
us to characterize the studies in software testing from the
viewpoint of philosophy of science. This can help us find gaps
and trends in type of secondary studies being conducted.

RQ3: What are the annual trends of types, quality, and number
of primary studies reviewed by the secondary studies? Answer-
ing this RQ will allow us to get a big picture of the landscape
in this area.

RQ4: What are the highest cited secondary studies and are
the secondary studies cited more often than primary studies?
Given the importance of citations to determine scientific merit,
we decided to investigate what secondary studies are the most
cited. For the same reason, we investigate whether secondary
studies receive more citations than primary studies.

As s part of this study, we define inclusion (selection) and
exclusion criteria of relevant secondary studies, and systematically
develop and refine a systematic map (classification schema) of all
the selected studies.

The remainder of study is organized as follows. Section 2 re-
views the related work. Section 3 describes our research method,
including the overall SM process, the goal and research questions
tackled in this study. Section 4 discusses the article selec-
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