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ABSTRACT

The Systematic Literature Review (SLR) is an approach for conducting literature reviews
that provides less bias and more reliability than the more typical ad hoc approach. One of the
first phases of the SLR process is to conduct a comprehensive search for current literature.
Conducting this search on different sources of literature (i.e., digital libraries) is a manual
and exhausting task that results in an SLR process that is more costly than necessary.

Therefore, the goals of this dissertation are to: (1) find empirical evidence about the
SLR search problem and the current status of tool support; (2) understand the barriers and
the tooling requirements to support the SLR search phase; and (3) develop and evaluate a
solution to help reduce the barriers. To address these goals, this dissertation consist of three
articles.

Article 1 describes the results from three empirical studies that produce a list of tooling
requirements across the entire SLR process. The results of these studies identify numerous
gaps between needs of SLR authors during the search phase and the current tool support.

Article 2 consists of an SLR and a survey, to identify the specific tool requirements to
support the SLR search phase. The SLR produced a list of SLR search barriers that were
reported in the literature. The survey of SLR authors confirmed the results of the SLR and
expanded the list to include issues and requirements from the community beyond what is
reported in the literature.

Article 3 describes the development and evaluation of the Searching Systematic Reviews
Tool (SSRT) tool to address the problems identified in Articles 1 and 2. SSRT provides one
interface to search multiple digital libraries at once, store the results, and remove duplicates.
The article also describes the evaluation of SSRT and the future extensions of SSRT.

No dedication body text.
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CHAPTER 1

INTRODUCTION

The starting point of any research endeavor is identifying what work has already been
done and identifies the gaps. No one should begin new research without first reviewing
previous related work. Gaining this insight from the literature should be a structured process
that produces reliable answers. To increase the reliability of the results, researchers began
demanding evidence when answering research questions. In the 1970s the evidence-based
movement began in the medical field [9]. Then in 1992, Sackett defined the systematic
literature review (SLR) process in medicine [49]. This process is the one currently followed
in the medical field.

The SLR process follows strict rules and guidelines. It is driven by the definition of spe-
cific, detailed research questions rather than broad questions. These questions are answered
based on evidence published in the literature [35]. Researchers must identify and review all
related information to answer the research questions in a systematic way. The rules and
guidelines of the process reduce bias while conducting a systematic review [5], BT, [35].

More recently, in 2004, software engineering (SE) researchers have begun using the SLR
approach. The increase in evidence-based SE studies suggests that such a process would
be applicable to follow while conducting a literature review [31]. Since its introduction, the
SLR approach has been widely accepted and adopted by members of the SE community.
There has been an increasing number of published SLRs. A report in 2013 identified more
than 116 published SLRs in SE venues [2§].

Even with the increased adaptation of the SLR process for the SE community, it still
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suffers from a number of barriers [24], 25| 32]. While those barriers occur in multiple phases
of the SLR process, most of them are related to the search phase. Even though there are
multiple tools that claim to support the entire SLR process [4] 6l 20, 27], the search phase is

still largely unsupported by automated tools [42]. Those barriers lead to increase effort for

conducting SLRs [24], 25, [41].

Therefore, the primary goal of this dissertation is to understand and document the
barriers related to the SLR search phase and build and evaluate a solution to

overcome those barriers.

1.1 Related Work

This section provides information on the SLR process, the barriers the SLR process faces,

and the search phase barriers.
1.1.1 Systematic Literature Review

Based on Kitchenham’s guidelines for conducting SLRs in SE [35], the process of SLR
goes into multiple stages. As shown in Figure above, it is broken down into three major

phases: Planning, Execution, and Documentation, with sub-phases in each major phase.

e Planning Phase: In this phase, a group of researchers would define the SLR protocol

2



that guides them to the completion of the SLR. The researchers build the protocol
in iterative approach and should be reviewed by an external researcher to ensure its
validity. For example, the protocol would include information on

— The motivation of conducting the SLR.

— Research questions.

— Search strategy and search sources.

— Inclusion/exclusion criteria.

— Quality assessment checklist.

— Data extraction forms.

e Execution Phase: The researchers follow the protocol and the plan they defined in
the previous phase. Team members conduct the tasks individually then compare their
work together and discuss any conflicts in their results. Some of the tasks in this phase
are:

— Identifying relevant research based on their defined search strategy.
— Selecting primary studies to be included in the SLR.
— Evaluate the primary studies.
— Extract the required information to answer the research questions.
— Synthesize their findings.
e Documentation Phase: The final phase of the process is documenting and writing the

report. The researchers work together to report their results and format the SLR

document.

1.1.2 SLR Barriers

There are a number of barriers in the SLR process. A recent mapping study on SLR in

SE identified a large number of barriers in multiple stages in the SLR process [32]. Some

3



barriers are related to the unstructured nature of the literature and to the SLR methodology
itself. However, most of the barriers are related to the lack of tool support for the SLR
process in SE. The searching phase is especially problematic. A survey of SLR authors to
identify the barriers they face in the SLR process showed the three most time consuming
phases of the SLR process are: searching of the digital libraries, study selection, and data
extraction. These phases were also the ones most in need of tool support [§].

Hassler et al. conducted a community workshop where SLR authors identified and ranked
barriers in the SLR process. The literature searching process was the top barriers that
emerged in the workshop [25]. In a follow-up workshop, SLR authors identified and priori-
tized the functional requirements needed in an SLR tool support. The most required features
were again related to the SLR searching phase [24].

A 2007 study [12] described the differences between the medical field and the SE field
related to SLR. One of the differences identified in the paper is how medical researchers and
SE researchers look for papers. As the medical field is more mature and has been using
the SLR process for a long time, they have developed more infrastructure to support SLRs.
However, there are not yet any resources dedicated to the SLR process in SE, for example a

centralized information source for evidence.
1.1.3 SLR Search Process

Very few studies have been dedicated specifically to the SLR searching problem in SE.
However, the studies that did examine the search phase, reported more problems, including:
issues with the digital libraries, no standardized way to search all the resources, limitations
on query building and inconsistency, irrelevant results, and the inability to obtain the results
automatically [14} 34, [57].

The current SLR support tools for SE lack the ability to conduct automated searches.
There are some studies that have identified tools in the SLR process of SE and evaluated
those tools. The evaluations showed that none were able to conduct automated search, some

did not even support search, and those that did support search require researchers to perform



the search manually and import their findings in the tool[41], 42].

There are two studies that proposed automated SLR tools. Molleri proposed an auto-
mated approach to support the entire SLR process [44]; however, it is only a proposal and
does not address the searching phase. Kamdar also proposed an automated tool that helps
in the searching phase of the SLR [30]; however, it is a very short proposal published recently
in 2015. Therefore, there has not been any actual work or details on how to address the
problem with a concrete solution.

The need for automated tool support for the entire SLR process is essential. However,
previous work has shown that the search phase is one of the most problematic. Therefore,
in this dissertation I focus on the search problem to understand it, evaluate it, design and
implement a solution, and evaluate the solution to reduce the barriers. Reducing the barriers
to the SLR search will reduce the effort needed to conduct SLRs, increase the number of

published SLRs in SE, and increase the quality of those SLRs.

1.2 Research Objectives

First, the SLR process is very important for producing high quality research. As de-
scribed previously, searching is one of the most important barriers that stands in the way
of conducting SLRs. One of the highest barriers is the manual work to search and obtain
the documents from digital libraries. Therefore, the first objective of this dissertation is to
identify empirical evidence to confirm the existence of the searching problems and the current
status of tool support in the SLR process in SE (RO1).

Second, very few studies have focused on the barriers and the requirements in the SLR
search phase. All of the barriers in the SLR search phase result in a large amount of manual
work to complete this phase. The increased cost resulting from manual work make the
searching phase important to study. Therefore, the second objective of this dissertation is
to understand the barriers and tool requirements for the SLR search phase (RO2).

Finally, based on the outcomes of RO1 and RO2, we can propose a solution to reduce



barriers in the search phase. Therefore, the third objective of this dissertation is to build
and evaluate a solution to reduce the barriers in the SLR search phase (ROS3).

The primary goal of this dissertation is to understand the barriers that are related to
the searching phase of the SLR process. Since this phase is still a manual work that takes
a lot of time and effort, and the current tools still lack the support of automated search
for literature. This dissertation’s secondary goal is studying the possibility of solution that
automate parts of the searching phase and an evaluation of the solution affect on the SLR

process in SE.

1.3 Plan of Action

This dissertation consists of three articles that build upon each other.
1.3.1 Article 1: Develop A Vision for SLR Tooling Infrastructure

Article 1 describes the results of three empirical studies focused on identifying SLR
process barriers and tool requirements throughout the SLR process. This article addresses

the following goals:

e To develop and document online a prioritized list of functional requirements for SLR
tools based on input from SLR authors within the SE community that can serve as a

reference for SLR tool developers who wish to build or enhance SLR tools.

e To perform and document online our own analysis of how the current SLR tools address

these requirements and have that analysis validated by the tool authors.

I plan to keep both online lists up to date as community needs change and as tool authors
update existing tools or develop new tools.

The findings of this paper showed that the authors still face a lot of problems during the
SLR search phase. Current tools do not provide much (if any) support specifically for the
SLR search phase. Therefore, there is a need for more work to address the barriers faced by

authors during the SLR search phase and to reduce the overall cost of conducting SLRs.



1.3.2 Article 2: Identification of SLR Search Requirements

Article 2 provides empirical evidence about barriers in the SLR search phase and require-
ments for tools to reduce those barriers. Because there are not a lot of studies that focus
specifically on the SLR search phase, among the most problematic phases for SLR authors,
it is important to understand the SLR search phase in more detail. This article consists of
two studies, an SLR on the SLR search phase to identify barriers reported in the literature
and a survey of SLR authors to identify barriers faced in practice. The combination of these
results produced a list of tool requirements for the SLR search phase. The study achieved

the following goals:

e Understand the SLR search barriers from the literature and researcher’s point of view.

e Provide a list of SLR search barriers while conducting SLR.

e Encourage SLR authors, researchers, and developers to provide solutions to reduce the

barriers in the SLR search phase.

This study resulted in a list of tool requirements for the SLR search phase based on the
literature and on the survey of 131 SLR authors. The study also describes the tools used
in the SLR search phase, along with their advantages and disadvantages. This information
helps researchers and tool developers understand how they can take advantage of existing
tools, where appropriate, and identify points of potential collaboration and integration.
1.3.3 Article 3: Development and Evaluation of an SLR Search Support Tool

Article 3 describes the construction and evaluation of a tool to reduce the barriers iden-
tified in Articles 1 and 2. The SLR search barriers are primarily caused by limitations in the
digital libraries, inadequate search interfaces, poor automated tool support, and the lack of
a standardized way to search multiple sources. All those barriers can be addressed through

appropriate tool support. This study achieved the following goals:

e Build a tool to address the SLR search phase barriers.



e Evaluate the proposed solution and measure its ability to reduce the SLR search phase

barriers.

e Improve the SLR process and reduce the effort needed for the SLR search phase.

The results of this article is the Searching Systematic Reviews Tool (SSRT), a tool to
support the SLR search phase. The tool enables researchers to use one interface to search
multiple databases using standardized queries, download the results in batch mode, and
automatically eliminate duplicates. Authors must currently perform these tasks manually,
resulting in a lot of expended effort. The article also provides an informal evaluation of
the tool that we have conducted and it shows the tool does reduce the manual work that is
required in the SLR search phase.

Figure illustrates how the articles fit together to address the research objectives.

1.4 Contributions

The main contributions of this dissertations are:

Provides empirical evidence about the existence of and the importance of problems in

the SLR search phase.

A list of requirements to be used as a reference for SLR authors, researchers, and

developers who want to build tools.

Enables SLR authors to be more efficient by automating some of the manual work

required during the search phase.

Improves the quality of SLR by improving the quality of the search process through

automation.
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CHAPTER 2

VISION FOR SLR TOOLING INFRASTRUCTURE: PRIORITIZING
VALUE-ADDED FEATURES

2.1 Introduction

Systematic literature review (SLR) is a formal, structured process to conduct literature
reviews. SLRs are goal-driven activities that result in unbiased, repeatable, comprehensive
literature reviews that evaluate and synthesize results of multiple primary studies [35]. Medi-
cal researchers have long depended on SLRs to synthesize study results and draw conclusions
about medical interventions. Similarly, the prevalence of empirical research in software en-
gineering (SE) has led to the same benefits. Increasingly, SE researchers are performing
SLRs [31, B8]. There are more than 174 published SLRs in software engineering as have
been reported in the literature [11], 28] [33] [37].

Unfortunately, the benefits of SLRs require a significant investment of time and effort [1]
8,125, /48]. In addition, the SLR process has a number of barriers that limit the extent to which
it can be used more broadly by the SE community. Many of these barriers span multiple
SLR phases or results from inadequate tool support. Examples of barriers reported in the
literature include: (1) difficulty planning search strings to accommodate the requirements
of each digital library [35], 45] 47]; (2) difficulty identifying relevant papers and constructing
search strings during the search and selection phases [7, [33]; (3) difficulty extracting data
from papers due to inconsistent formatting [7]; (4) SE digital libraries and infrastructure
do not adequately support SLRs compared with the medical field [12| 15 47]; and (5) the

overall amount of manual work required to complete the SLR process [7, 12} [33], 35]
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Many of these barriers result from the fact that much of the SLR process requires time-
consuming, manual tasks. Thus, proper tool support can reduce or eliminate many of these
barriers and increase the number and quality of published SLRs. Previous studies have
identified and examined various aspects of eleven exiting SLR tools [24] [33, [41]. Of these, only
four support the entire SLR process, StArt [27], SLuRP [6], SLR-Tool [20], and SLRTOOL
[4]. The remainder of these tools mainly assist with text mining, which is useful in the
selection phase of the SLR process. A recent evaluation of these tools against a set of
features derived from the SLR process structure by Marsahall et al. [42] found that they
still lack a number of important features, especially related to automation of the search
process.

The goal of the research results represented in this paper was to work with the SLR
community to identify and prioritize a set of SLR tool requirements to address the exist-
ing barriers. To that end, we have conducted a sequence of three studies of the SE SLR

community to elicit SLR barriers and the consequent SLR requirements.

e S1: A survey of SLR researchers to identify the barriers faced when performing SLRs

(especially by novice researchers) [§].

e S2: A community workshop to identify and prioritize the most important barriers in

the SLR process [25].

e S3: A community workshop to identify and prioritize the most important tool features

that would aid in the conduct of SLRs in SE [24].

Section provides a brief overview of each study along with the results that are important
to the overall goal of the work. The details of each study can be found in their respective
publications.

The primary differences between our current study and the previous study by Marshall
et al. [42] are (1) we include tools not evaluated by Marshall et al. (Parsifal [21] and SESRA

[43]), (2) we include an updated version of StArt [18] in our evaluation that was not released
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in time to be evaluated by Marshall et al., and (3) we analyze the tools against a different
set of criteria, one generated based on input from the SLR community.

The primary contributions of this work are:

e A prioritized list of functional requirements for SLR tools based on input from SLR
authors within the SE community. This list, which we will maintain online, will serve

as a reference for SLR tool developers who wish to build or enhance SLR tools.

e An analysis of how the current SLR tools cover these requirements. We will continually
update the results of this analysis online as developers create or evolve SLR support

tools.

The remainder of this work is structured as follow. Section gives an overview of
the three studies used in this analysis. Section reports the functional requirements. Sec-
tion [2.4|reports the analysis of how the current SLR tools cover the requirements. Section
discusses our observations of the results. Section describes the limitations of this study.

Section [2.7] provides the summary and plans for future work.

2.2 Requirements Sources

We draw upon the results from three prior studies to identify the requirements for the
envisioned SLR tooling infrastructure. This section provides an overview of each of those
studies. For each study, the section describes: the goals, the participants, the process, the
results, and the contribution towards the overall tool vision. The full details of each study

have already been published elsewhere [8 24 25].
2.2.1 S1: Initial Identification of SLR Barriers

This study focused on identifying the most difficult and time-consuming phases of the
SLR process. The full results appeared in the 7" International Symposium on Empirical

Software Engineering and Measurement [g].
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The Study Goal: The goal of this study was to use experiences (both ours and members
of the SLR community) to identify barriers that researchers, especially novice researchers,
face when performing an SLR. This study provided a starting point for our work on the
barriers in the SLR methodology. We sought to identify both the type of barriers and the
SLR phases in which they occur.

The Participants: This study contained two types of participants: 1) Eight PhD stu-
dents who attended an Advanced Empirical Software Engineering course and were conducting
an SLR as part of that course, and 2) Fifty-two respondents to a survey sent to authors who
had published an SLR in a SE venue.

The Process: We asked the graduate students and the survey participants to describe
the SLR process they followed, the difficulties they faced, the time they spent during the
process, and the phases of the SLR that most needed tool support. We collected data

differently from each participant type.

e PhD Students — wrote a report at the conclusion of their SLR describing their experi-

ences, including the barriers faced while conducting the SLR.

e Survey respondents — completed an online survey to describe their SLR process in

terms of: barriers faced, time spent, and phases most in need of tool support.

The Results: This study identified barriers in the SLR process in SE, especially those
that are faced by novice researchers. The first result is the identification of the SLR phases
that are most difficult, most time consuming, and most in need of tool support (Table [2.1)).

The other key results are:
e The paper identification process is mostly manual and requires a large amount of effort.
e (Collaborative SLRs are not well-supported by tools.

e SLRs cannot evolve over time as a ”living” document.
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Table 2.1: The Most Costly SLR Phases

Paper Data Quality Database
Selection Extraction Assurance Searching
Difficult 1 2 3
Time 2 1 3 3
Consuming™*
Tool 2 1 3
Support

*Note that there was a tie for the third most time consuming phase

The Contribution: This study identified the general barriers faced by SLR researchers
in SE. Many of the barriers result from the lack of tool support, which causes authors to
spend more effort conducting an SLR. Other barriers result from non-conformance to the
SLR process. However, even these non-conformance issues can result from the lack of tool
support. The outcome of this study motivated the need to understand the SLR process

barriers in more detail.
2.2.2 S2: Community Workshop on SLR Barriers

This study focused on identifying and ranking the barriers faced by SLR authors in SE.
The full results appeared in the 18" International Conference on Evaluation and Assessment
in Software Engineering [25].

The Study Goal: The results of S1 provided some high-level insight into the level of
difficulty and effort required for the SLR phases. To provide a more detailed understanding
of these barriers and an idea of their relative importance, we needed to conduct a more
detailed study. The goal of this study was to identify the barriers deemed most important by
the members of the SE research community who conduct SLRs.

The Participants: We conducted a workshop during the 2018 ACM/IEEE Interna-
tional Symposium on Empirical Software Engineering. The workshop participants had all
conducted one or more SLRs, including eleven faculty members and two PhD students.
Other than one faculty member who was a PhD./MD. researcher in a medical school, all

participants were from a computer science or software engineering department.
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Table 2.2: S2: Results - Top Ten Composite Barriers
No. | Composite Barrier

Lack of Tool Support

Assessing Articles Quality

Synthesizing Primary Studies

Handling Data

Inadequate Search Engines

Connections with Industry Needs
Keywords and Terminologies

Reliability Measurements

Differences of SLR and Mapping Studies
Process Efficiency Assurance

O 0| O O = W[ N~

—_
()

The Process: We used the Nominal Group Technique [13] to identify and prioritize
the SLR barriers. First, participants individually brainstormed the barriers they faced in
the SLR process. The participants recorded each barrier on a separate sticky note. Next,
the participants announced their barriers to the group and affixed them to a poster board
corresponding to the SLR phase in which they occurred. Then, participants analyzed the
barriers assigned to each phase to consolidate similar barriers and identify a set of composite
barriers. Finally, the participants voted on the importance of each composite barrier.

The Results: The participants identified 100 barriers and grouped them into 37 com-
posite barriers. The barriers related to search and selection were the highest rated barriers.
Table [2.2| shows the top ten composite barriers. The table is sorted by the highest voted
composite barriers.

After the workshop was completed, we performed a secondary qualitative analysis of the
composite barriers. That analysis resulted in identification of four key themes among the

barriers.
e SLR Process Barriers
— The SLR protocol prescribes a sequential process rather than an iterative process
— Meta-analysis is difficult
— Researchers lack methods for result interpretation, generalization and framing
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e Primary Study Barriers

— Titles and abstracts are often misleading or irrelevant

— Terminology and its use are not standardized
e Practitioner Community Barriers

— Researchers have difficulty relating to industry needs

— Researchers have difficulty conveying the value of a structured process
e Tooling Barriers

— Electronic databases lack adequate search and retrieval facilities

— Tools to support data extraction and management are inadequate or nonexistent

The Contribution: This study builds on the results of S1 by providing more detailed
insight into the barriers based on the face-to-face interactions of the workshop participants.
The workshop participants identified a large list of detailed barriers, which they grouped into
higher-level composite barriers. These results show that the barriers occur across the entire
SLR process, indicating a great need for tool support. Additionally, this study provided a
rank ordering of the composite barriers that indicates the relative importance of each barrier.
The outcome of this study motivated the need to understand the types of tool features or

requirements necessary to address these barriers, which led to S3.
2.2.3 S3: Community Workshop on SLR Tool Needs

This study sought to expand on the previous studies to specifically identify the tool
infrastructure that community members desired. The full results appeared in Information
and Software Technology [24]. The group of participants were different in each of these
studies. Thus, in this work we match these studies to each other to: A) Validate the needs
covers the barriers, and B) Based on the three studies, provide a comprehensive list of

requirements that SE researchers needs in SLR tool support.
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The Goal of the Study: The results of S1 and S2 provided valuable insight into
the barriers faced by SLR authors. To complement that information, we needed to better
understand what gaps in tooling SLR authors would find most beneficial to close. Thus, the
goal of this study was to identify and prioritize tool features that would be beneficial when
conducting an SLR in SFE.

The Participants: This workshop took place during the 18" International Conference
on Fvaluation and Assessment in Software Engineering. The sixteen workshop participants
included ten experience SLR authors (i.e, had completed at least three SLRs) and six novice
SLR authors (i.e. had completed one or two SLRs). All attendees were interested in im-
proving the SLR process by upgrading the available tool support infrastructure.

The Process: We again used the Nominal Group Technique [13] to identify and priori-
tize the SLR tool requirements. First, participants individually brainstormed ideas for tool
requirements and recorded them on individual sticky notes. These requirements included
new features, features that exist but need improvement, or features that exist and are well
done. Then, as a group, the participants grouped the requirements into composite require-
ments around the different phases of the SLR process. Finally, the participants voted on
which requirements were the most important.

The Results: The participants generated 97 primary requirements and grouped them
into 28 composites requirements. Table shows the top ten composite requirements, sorted
by number of votes.

Analyzing the information from the workshop, the primary results of the workshop were:

e The highest ranked tool feature is integrated search, which enable the researchers to

search multiple databases without having to perform separate searches.
e The highest ranked tool features cross SLR phases or focus on Search and Selection.

e The concept of collaboration appears in four tool features across four SLR phases,

making collaboration the most desired feature.
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Table 2.3: S3: Results - Top Ten Composite Requirements (Note: a tie for tenth place)

No. | Composite Requirement Abbreviation (for Table [2.4)
1 | Integrated Search Int. Search
2 | Collaboration Support Collb. Support
3 | Traceability Traceability
4 | Support Inclusion and Exclusion | Support Inc. & Exc.
5 | Data Maintenance Data Maint.
6 | Automated Analysis Auto. Analysis
7 | Support Quality Assessment Support Qual. Asmt.
8 | Support Text Mining Support Text Mining
9 | Visualization Viz.
10 | Coding of Methods and Data Coding Methods & Data
10 | Storage of Studies Study Storage

Comparing the results from the novices and the experts, we found:
e no overlap in top ranked tool features between the novice and expert SLR authors.
e expert researchers gave a much higher priority to Collaboration than novice researchers.

e novice researchers found task execution features (i.e., analyzing, tracing, time esti-
mating, and collaboration on data extraction) to be of higher priority than expert

researchers.

e expert researchers found tactical features (i.e., collaboration, protocol development and

validation, and sharing) to be of higher priority than novice researchers.
Finally, evaluation of the current tool support indicated that:

e The two highest ranked tool features, Integrated Search and Collaboration, are not

well supported by current tools.

e The third highest ranked tool feature, Traceability, is partially supported in current

tools.

e The remaining five highest ranked tool features were either missing or needed improve-

ment, with the exception of Data Maintenance.
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The Contribution: This study is complementary to the results of S1 and S2 in that it
provides detailed insights into the types of tool features desired by workshop participants.
Similar to S2, the workshop participants identified a large list of detailed tool requirements,

which they grouped into higher-level composite requirements.

2.3 Functional Requirements

This section describes the process of deriving a set of detailed requirements for an SLR
tooling infrastructure. First, it maps the barriers identified in S1 to those identified in S2.
Then it maps that list of barriers to the requirements identified in S3. The goal of these
mappings is to provide validation and traceability from the barriers to the requirements.
Finally, we provide the community with a list of detailed requirements that SE researchers

would like to see in future tools to reduce the cost of conducting SLRs.
2.3.1 Mapping S1 Barriers to S2 Barriers

When gathering subjective, qualitative data, it is important to triangulate the results
using different sources. The goal of this mapping is to ensure that the results gathered in
S1 (from the survey and PhD students) is consistent with the results from S2 (the in-person
workshop). If the results of S1 can be mapped to the results of S2, we have more confidence
that they describe real barriers, rather than indiscriminate statements.

By analyzing the S1 results, we generated a list of barriers faced by the SE community

when conducting SLRs. We grouped these barriers into three main themes.

1. Digital Libraries Issues — including issues such as: coverage of digital libraries,
duplicate of references, inconsistent data in digital libraries, indexing issues, retrieving

and managing papers, limited access, and filtering capabilities.

2. Quality Assessment Issues — including issues such as: difficulty assessing quality,
insufficient resources, difficulty defining scope, and reusing existing assessments by

others.
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3. Issues caused by not following the SLR protocol - including issues such as:
deviating from protocol, iterating in the process until reaching satisfied set of results,
incomplete protocol descriptions, difficulties in resolving discrepancies, and difficulties

of measuring agreement between researchers.

From the S2 results, we ranked the composite barriers based on the number of times
the survey respondents mentioned them, we extracted the ten most important composite

barriers (based on voting results), as follows.

1. Lack of Tool Support (across all SLR phases) — including barriers such as: lack
of support for data extraction and analysis, lack of tools to help in traceability, lack
of tools to help manage the data and documents, and lack of integration with other

tools.

2. Assessing Articles Quality — including barriers such as: abstracts lack relevant
information, misleading titles, and poorly structured primary studies (note that even

though it focuses mostly on the quality of the articles, tool support can still help).

3. Synthesizing Primary Studies — including barriers such as: difficulties of mixing
evidence from multiple studies, difficulties for synthesizing evidence across studies, and

the lack of metrics to compare the similarity of studies.

4. Handling Data — including barriers such as: difficulties of summarizing and aggre-

gating data, especially qualitative data.

5. Inadequate Search Engines — including barriers such as: finding duplicate stud-
ies in the digital libraries, search facilities not well-suited for SLR, and search string

incompatibility across digital libraries.

6. Connecting with Industry — including barriers such as: the difficulty of mapping
results between industry and academia, and the difficulty of producing SLRs that are

valuable to industry.
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7. Keywords and Terminologies — including barriers such as: the lack of unified,
consistent SE terminology for key concepts, which make it difficult to evaluate the

quality of search strings.

8. Reliability Measurements — including barriers such as: the difficulty of validating
and measuring the quality of the studies, lack of quality assessment criteria, and the

difficulty to have consistent assessment.

9. Differences of SLR and Mapping Studies — including barriers such as: the differ-
ences in the protocols and selection activities between SLRs and Systematic Mapping

Studies.

10. Process Efficiency Assurance — including barriers such as: difficulty of process
validation, lack of training on the SLR process, and the lack of reliability measures of

validity.

As described in Section [2.2] each composite barrier was the result of combining a number
of detailed barriers. To perform the mapping between S1 and S2, we returned to the detailed
barriers (rather than the composite barriers). For each detailed barrier mentioned in S2,
we looked for a corresponding detailed barrier in S1. After performing this mapping, we
aggregated the results at the composite barrier level. In other words, if a detailed barrier
from composite barrier A in S2 mapped to a detailed barrier from composite barrier B in
S1, then we determined that barrier A maps to barrier B.

The results of the mapping, displayed in Figure 2.1] shows that each of the top ten
composite barriers from S2 mapped back to at least one composite barrier from S1. In most
cases the composite barriers in S2 provided more insight and details regarding the composite

barriers identified in S1.
2.3.2 Mapping S2 Barriers to S3 Requirements

To ensure that the requirements produced during S3 were correct, we mapped those

requirements to the barriers from S2. The goal of the mapping was to determine whether
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Figure 2.1: Matching of S1 and S2 Barriers

the S3 requirements were valid and covered all of the key barriers. Because the attendees

of S2 and S3 were disjoint, if we can show congruence between the results, then we have

additional evidence of the validity of the resulting set of requirements.

We performed this mapping similar to the mapping between S1 and S2. Each composite
requirement consists of a number of detailed requirements.
requirements, we matched each detailed requirement with any detailed barriers that the
requirement addressed. In other words, if a detailed requirement in composite requirement
A matched a detailed barrier in composite barrier B, we said that composite requirement A

addressed composite barrier B. Two researchers performed this matching independently and

met to resolve any discrepancies. Table displays the results.
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Table 2.4: Matching of Barriers (S2) to Requirements (S3)
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2.3.3 Prioritized List of Requirements

The ranking in the previous section was based only on the votes during S3. Using
information about the priority of the barriers (S2) and the requirements (S3), we reranked the
top requirements from S3 taking into account the importance of the barriers the requirements

addressed. We calculated the new ranking as follows:

e We assigned each composite barrier and each composite requirement a value from
1-10, based on its rank within its individual workshop (i.e, the top barrier and top
requirement each received 10 points, the second barrier and requirement each received

9, and so on).

e In cases where a barrier was addressed by more than one requirement, we divided the
barrier’s points evenly among those requirements. This practice gave more importance
to a requirement than if it was the only one that addressed a particular barrier. For
example, if requirement 3 and 4 both addressed barrier 1, then requirement 3 and 4
each received half, or 5, of the 10 points belonging to barrier 1. In the case where
only one requirement addressed a barrier, that requirement received all of the barrier’s

points.

e Finally, to get the final score for each requirement, we summed the points given to the
requirement based on its ranking and the points given to the requirement based on the

barriers it addressed.

For example, the Data Maintenance requirement is ranked as number 5 in S3 (giving
it 5 points). It addresses barriers Lack of Tool Support ranked as number 1 in S2 (worth
10 points), Synthesizing Primary Studies ranked as number 3 in S2 (worth 8 points), and
Handling Data ranked as number 4 in S2 (worth 7 points). Lack of Tool Support is addressed
by 10 requirements, so its 10 points are divided among those ten requirements, leaving 1
point for Data Maintenance. Likewise, Synthesizing Primary Studies is addressed by 7

requirements, giving each one 1.1 points and Handling Data is addressed by 7 requirements,
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Table 2.5: Composites Re-Ranking

Ranking | Requirement Final Score
1 Collaboration Support 24
2 Integrated Search 13
3 Traceability 12.4
4 Support Text Mining 11.1
5 Support Inclusion and Exclusion 10.6
6 Support Quality Assessment 10.1
7 Data Maintenance 9.1
8 Automated Analysis 8.1
9 Visualization 5.1
10 Coding of Methods and Data 4.7
11 Storage of Studies 3.2
*Note that there was a tie for the tenth and eleventh most voted composite requirements in the
workshop

giving each one 1 point. Therefore, the total score for Data Maintenance is its original 6
points plus the points from its barriers (1 + 1.1 + 1) totaling 9.1. After performing this
computation for all requirements, Data Maintenance moved down to requirement number 7.
Table shows the ranking of the composite requirements based on this approach.

The results of the combination of the results from S1, S2 and S3 provide researchers and
tool builders with a prioritized list of SLR tool requirements desired by the community. The
list of requirements contains 112 requirements across all phases of the SLR process.

Table provides a list of the top 11 composite requirements (along with the detailed re-
quirements that comprise them). The full list of requirements is available on an online repos-
itory (http://carver.cs.ua.edu/Studies/SLR-Requirements/). We will maintain this reposi-

tory as future research is done in this area.

Table 2.6: Detailed Requirements

Consolidated .
# Requirement

Requirements

Support for distributed review teams

1 | Collaboration Support | Support for collaborative SLR
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Consolidated

Requirements

Requirement

Support for conflict resolution

Integrated Search

Search and storage of data other than PDFs

Portal to search stored literature

Integration with databases services

Automated search in digital libraries

Support for collaborative search

Automated search and storage of studies in digital libraries

Importing search results from different databases

Unified portal to search literature in common digital li-

braries

Cross search of digital libraries

Support for search iterations

Support piloting search string

Traceability

Map relationships between papers

The ability to take snapshots and roll back features

Consistent documentation of results across the process

Support for tracing extracted data back to source study

Support Text Mining

Natural language processor for included studies

Automated search of similar studies based on defined key-

words

Textual analysis support

Keywords definition support

Automated keyword/phrases extraction, topic analysis in

primary studies

Support search automation for evidence in study
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Consolidated

Requirements

Requirement

Support Inclusion and

Exclusion

Semi-Automated inclusion/exclusion of studies

Automated support to map snowballing of references

Support pilot of inclusion/exclusion

Semi-Automated to conduct snowballing

Support for inclusion/exclusion criteria management

Support Quality

Assessment

Support quality assessment of studies, protocol, and pro-

cess activities.

Data Maintenance

Reference management

Document management

Data management

Support backup and maintenance of data for longterm evo-

lution of research

Automated Analysis

Coding Support

Automated analysis and summary of coding

Automated classification based on coding

Automated reports generation of studies meta-data

Automated reports generation of statistical data, list of

included /excluded stuides, and criteria

Support graph generation

Visualization

Visualization support of cluster of papers

Visualization support of qualitative findings

Generate presentations using LaTex

10

Coding of
Methods and Data

Support encode study methodology

Support categories management

Quantitative data capture
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Consolidated .
# Requirement

Requirements

Support codes management and results

Qualitative data capture

Support pilot of data extraction

Support PDF annotation

Automated storage of PDFs

Storage
11 Management of stored studies
of Studies

Ability to import external studies not from digital libraries

2.4 Current Tool Support

Researchers have developed a number of tools to support various aspects of the SLR
process. In order to determine whether there is a need for additional tool support, we
analyzed these tools using the requirements identified in the previous section. This section

describes our tool analysis methodology, the tools analyzed, and the results of the analysis.
2.4.1 Tool Analysis Methodology

The goal of this analysis is not to judge the usefulness or value of the various tools, nor
to rank the tools. We realize that tool developers have chosen which aspects of the process
to support based on various factors. Conversely, the goal of this analysis is to determine
whether there are any tools (or combinations of tools) that provide complete coverage of the
SLR tool requirements provided by the members of the SLR community. For the sake of
space, the paper describes the analysis results only for the eleven requirements included in
Section 2.3} The analysis results for the complete requirements set can be found in our online
repository (http://carver.cs.ua.edu/Studies/SLR-Requirements/), where we will continually
update the results as new tools and new tool versions are released.

To perform this analysis, we chose the feature analysis method [39]. This method is
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one of the evaluation defined in the DESMET methodology used for evaluating tools and
methods [36]. We chose this methodology because its goal is to report information about the
suitability of a tool within a specific context, rather than trying to rank the tools. In addition,
this method is a well-established evaluation method in software engineering [23], 20], [42]

For each tool analyzed (see Section , we attempted to perform the tasks described
by each composite requirement (including all of the detailed requirements contained within
the composite requirements). In each case, we determined whether the tool supported the
detailed requirement fully, partially, or not all. Then we generated a total coverage score for

each tool as follows:

e We gave each of the composite requirements (from Table a score from 10 - 1 (based

on the ordering).

e We then divided the composite requirement’s score evenly among its detailed require-
ments (i.e., Detailed requirement weight = Composite weight /the number of detailed

requirements).
e We assigned a coverage score to each detailed requirement of fully, partially, or none.

e For each tool, we then computed a composite score as the sum of the scores of the

detailed requirements.

e Finally, we computed a coverage percentage for each composite requirement, and av-

eraged the composites percentages to compute the total coverage score for each tool.

Table shows an example of how the calculation was done for tool X for the collabo-

ration requirement composites.
2.4.2 Tools Analyzed

Based on a search of the literature, we identified twelve tools that provide some type of
support for the SLR process. Because our goal in this work is to analyze how well tools

support the entire SLR process, we excluded those tools that focused on one phase only.
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Table 2.7: Tools Analysis Example

+# Corfr?f)((l).site Req. Req. | Composite Tool Tool Tool | %
Weight| Weight X X X
Fea- Fea- Com-
ture ture | posite
Score | Score
Support for
Collaboration di§tributed 3.3 Full 3.3
1 Support review teams 10 4.9 49%
Support for
collaborative| 3.3 Partial 1.6
SLR
Support
for conflict 3.3 None 0
resolution

This exclusion left six tools which provide support for the entire SLR process: StArt [27],
SLuRP [6], SLR-Tool [20], SLRTOOL [4], SESRA [43], and Parsfial [21]. Our analysis differs

from a previous tool evaluation by Marshall et. al [42]

e [t uses a different list of features, which is based upon the results of the community

studies described earlier,
e [t analyzes a newer version of the StArt tool released since the initial study, and
e [t adds two tools: Parsfial and SESRA.

The evaluation of the tools at first was done by the first author. However, to ensure valid-
ity of the evaluation we sent the evaluation results for the tools authors. The tools authors
confirmed the validity of our evaluation and modified the items that we have misjudged.

Then all the authors discussed the evaluation and ensured its validity.
2.4.3 Tool Analysis Results

Table shows the coverage score for each tool on each composite requirement. The
columns are sorted by the overall coverage of the tools. The coverage percentage for each tool

for each composite requirement is calculated based how much of the detailed requirements
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the tool covers. The final row of the table provides a weighted average of the coverage
percentage of the individual requirements in the top 11 composite requirements. The detailed
results of each tool are in the online repository at (http://carver.cs.ua.edu/Studies/SLR-
Requirements/). This analysis represents the current state of the tools. We will keep this
analysis updated on the webpage as tools change.

Based on the data in the table, we can make a few interesting observations. First, the
coverage of the composite requirements varies greatly. For example, Collaboration Support
and Data Maintenance are well-supported in multiple tools, while Coding of Methods and
Data is either unsupported or only very partially supported. For most of the other require-
ments, the results are mixed. Second, the coverage of the tools varies greatly. For example,
the newer tools (StArt, Parsifal, and SESRA) have a higher overall coverage score than the
other tools. Third, there is no one tool that is always best. While StArT, Parsifal, and
SESRA have generally the best coverage, they are not always the best for any individual
requirement. For example, Automated Analysis and Visualization are supported better by
SLuRP. Therefore, there is currently no one tool (or combination of tools) that provide
support for all the functionality desired by the SLR community. The next section provides

additional discussion of the results.

2.5 Discussion

This section first describes a series of observations from our the analysis of the study
results. Then, it provides a vision for an integrated framework that will support the needs

of the SLR community.

2.5.1 Observations
As we conducted the underlying research, we made seven general observations.
Requirements are everywhere We have conducted three studies on the SLR barriers

and requirements. In this work we have integrated the results of these three studies and

built one list of functional requirements that SE community needs in tools to support the
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Table 2.8: Tools Analysis Results

# | Consolidated | StArt| Parsifall SESRA| SLuRP | SLRTOOL | SLR-Tool
Requirements

1 | Collaboration 100% | 100% 100% 100% 66% 0%
Support

2 | Integrated 26% | 62% 53% 17% 17% 17%
Search

3 | Traceability 100% | 75% 5% 25% 50% 50%

4 | Support 23% | 30% ™% 14% 14% 14%
Text Mining

5 | Support 60% 30% 30% 20% 30% 30%
Inclusion and
Exclusion

6 | Support 100% | 50% 50% 50% 50% 50%
Quality
Assessment

7 | Data 100% | 100% 100% 100% 100% 100%
Maintenance

8 | Automated 50% | 50% 50% 66% 33% 33%
Analysis

9 | Visualization 60% 60% 60% 90% 60% 60%

10| Coding of 14% 0% 0% 14% 14% 0%
Methods and
Data

11| Storage of 66% 66% 66% 66% 66% 66%
Studies

Total 68% 63% 59% 48% 44% 32%

SLR process. These requirements are spread over the all phases of the SLR process which
means there are still barriers that need to be addressed in all the phases of the SLR process.
Some SLR phases have a higher number of detailed requirements than others. For example,
while the Search phase contains the most detailed requirements (45), all other phases contain
at least 9 detailed requirements. In addition, the requirements focus on different types of
issues. For example, some address limitations in the current infrastructure while others
address limitations in current tool support. We believe addressing these requirements will
increase the ability of the SE researchers to perform more and faster SLRs.

Gaps in current tools The results of the tool analysis shown in Table indicates

that each tool has different strengths. None of the existing SLR tools cover all the im-
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portant requirements elicited from the SLR community. The six tools we analyzed each
cover 32-68% of the most important requirements. To better understand the coverage,
we examined how well each tool covers all of the detailed requirements within the com-
posite requirements. Due to space, we posted the results of this analysis on a webpage
(http://carver.cs.ua.edu/Studies/SLR-Requirements/). That analysis showed that most of
the composites requirements cannot be fully covered by a single tool. For example, to cover
all of the detailed requirements inside the Integrated Search composite requirement, an au-
thor must use both StArt and SESRA. While SESRA has a higher overall coverage for
Integrated Search, StArt covers some of the requirements that SESRA misses. Also, some of
the detailed requirements are partially covered by multiple tools. For example, Parsifal only
searches some online article databases, while SESRA searches different databases. StArt
observation emphasizes the need for a mechanism to integrate the functionality provided by
multiple tools. While the current tools perform their functionality well, the overall benefit
would be greater if they could easily work together.

Collaboration is needed The SLR process by its very nature is collaborative. To
reduce the effects of single-researcher bias, multiple researchers must collaboratively execute
the SLR process by reviewing and synthesizing research from the published literature. Our
work identified requirements highlighting the need for collaboration across all phases of
the SLR process, including: protocol development, search, selection, conflict resolution,
data extractions, synthesis, and report writing. Therefore, there is a need to facilitate
collaboration both among co-located teams (e.g., PhD students and their advisor) and among
distributed teams (e.g., researchers from different countries).

Automation is missing The SLR process is time consuming due to the large number
of manual steps. While existing tools support various aspects of the SLR process, they do
not eliminate the need for manual effort. Automating aspects of the SLR process will reduce
the amount of manual work SLR authors must perform. The SE community needs tools to

automate the process. Most of the identified requirements describe the automation of SLR
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steps across the entire SLR process. Specifically, the requirements include automation for:
building protocols, planning the SLR, search execution, study selection, data extraction, and
generating graphs and reports.

Reuse and evolution With the increasing number of SLRs performed by SE researchers,
it is likely that the same paper will be relevant to multiple SLRs. Because there is no
central repository for storage of extracted data, each team of researchers must repeat the
data extraction process. Persistent data storage of extracted information would both reduce
effort, by enabling a researcher to extract only the additional data relevant to the new
research question(s), and facilitate collaboration, by allowing researchers to identify others
working on similar topics. In addition, storage of data in a central repository will facilitate
the goal of making SLRs into living documents that can evolve as new research is published.
Researchers could more easily integrate new findings with the existing results by taking
advantage of the access to stored data.

Integration of current tools As mentioned in the discussion of the tool analysis, each
tool has its own strengths. However, data integration among these tools so that the the
results of one can be easily used as input to another is missing. To fully benefit from the
strengths of each tool, researchers should be able to move data among them with little
manual "translation” effort. Because this ability is current lacking, researchers are either
locked-in to a particular tool and the functionality provides or avoid using a tool because of
the lack of portability of the data.

Newer tools The analysis in Table [2.§| shows that the new tools (SESRA and Parsifal)
and the updated version of StArt do a more thorough job of addressing community needs
by covering more requirements. These three tools have the highest overall coverage of the
community requirements. The updated version of StArt has made it highest ranked tool in
terms of requirements coverage. This result indicates that tool authors are building more
robust tools that can provide support to SLR authors. Even with these advances, there is

still work work to be done to fully cover all of the important SLR requirements.
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2.5.2 Suggestion for Infrastructure Developers

Based on the studies described in this paper and the observations across studies, we
believe the community will benefit from an enhanced SLR infrastructure. By infrastructure
we do not mean a single tool, it is a combination of existing and new tools that all work
together to support the SLR process. Where all the tools exchange input/output with each
other using the main infrastructure. We believe the open infrastructure should address the

following based on the observation of the study:

e Automation: To reduce the cost of the SLR, there is a need to reduce the amount of

manual work and automate or semi-automate tasks in the SLR process.

— Provides support to automate the SLR process and reduce the manual tasks across
all the SLR phases.

— Support automated guidance.

— Support cross-phase coordination and revised planning as well as iteration within

and among SLR Phases.
— Maintain queries, protocols, article links, and meta-data.
e Collaboration: To reduce bias, one of the key goals of an SLR, there is a need for

multiple researchers to work together. Functionality to support collaboration should

address the needs of multiple researchers working on SLRs.

Support project collaboration and coordination of work teams(comprised of mul-

tiple researchers, geographically dispersed, and working asynchronously).
— Support monitoring of progress and quality.
— Support revised planning.

— Reduces the effects of single-researcher bias in the SLR process by providing

conflict resolution tools.
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e Reuse and Evolution: To keep the results of SLRs relevant, there is a need for the
ability to update them as new research emerges. In addition, researchers should be

able to reuse the work done on previous SLRs when performing a new SLR.

— Support future extensions through persistence of SLR templates and data.

Support data interchange across all SLR phases.

— It should provides persistent storage of extracted data to reduce effort, and en-
abling researchers to extract only the additional data relevant to the new research
question(s), as well as facilitating collaboration by allowing researchers to identify

others working on similar topics.

— Provide central storage of data that will facilitate the goal of making SLRs into
"living” documents that can evolve as new research is published. In addition,
Researchers can more easily integrate new findings with the existing results by

taking advantage of the access to stored data.

e Integration and Openness: There are a number of existing tools that support
aspects of the SLR process well. However, it is not easy to move data from one tool

to another. Therefore, integration of existing tools is important.

— Support existing tools through workflow integration and data interchange wrap-

pers.

— Support new tools through both wrappers and add-in integration.

2.6 Threats to Validity

The first threat to validity relates to our methodology for mapping the results of S1,
S2, and S3. It is possible that we interpreted a barrier or requirement differently than
the participant intended. To reduce the effect if this threat, two researchers performed the

analysis independently and met to resolve any discrepancies and produce the final mapping.
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The second threat to validity is that the final requirements list could omit some impor-
tant requirements. There could be additional requirements desired by members of the SLR
community who did not participate in our studies. To mitigate this threat, we sent the
survey to all published SLR authors. In addition, the participants in S2 and S3 were almost
completely disjoint, lending additional validity to the obtained results.

Finally, our selection of tools to analyze could pose a validity threat. While we examined
all published literature and talked with SLR authors to identify all existing SLR tools for
SE, it is possible that tools exist which have not been published or are not known within the
SLR community. We think that this situation is highly unlikely because of the number of
SLR authors involved in our studies. In fact, we did identify one tool from our discussions

with authors that was not published in the literature, Parsifal (included in our study).

2.7 Summary and Future Work

The SLR process, which is widely used in SE; still suffers from a number of barriers that
result in time-consuming, manual work. Most of these barriers are due to the lack of tool
support. In this paper, we worked with the SLR community to develop a list of SLR tool
requirements by combining the results of three empirical studies: a community survey, a
community workshop on barriers, and a community workshop on requirements. We then
analyzed the existing SLR tools to see how well they covered this list of requirements.

The results of this work show that, while there are good tools that support SLR tasks,
there is still a gap in the functionality provided by these tools. The current level of function-
ality provided is less than what is desired by the SLR community. The list of requirements
identified in this paper can serve as reference for SLR tools developers and researchers to
produce solutions that address the most important requirements. Because most SLRs are
collaborative, collaboration support is one of the most required features, across all phases
of the SLR process. Adding support for collaboration to existing tools would be of great

benefit to the SLR community:.
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As future work, we will explore these requirements in more detail and begin building
them into our own tool set. We will also continue to analyze SLR tools as they are released

to update our online community resource.
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CHAPTER 3

IDENTIFICATION OF REQUIREMENTS FOR TOOL SUPPORT FOR SLR
SEARCH: SLR AND A SURVEY OF SLR RESEARCHERS

3.1 Introduction

Literature reviews are foundational for scientific endeavors because they enable researchers
to synthesize the current knowledge about a topic, assess the feasibility of new research,
and ground new research in existing literature. The Systematic Literature Review (SLR)
method, originally developed for medical research, provides specific rules and guidelines to
identify, assess, and synthesize literature [31]. By following the SLR process, a researcher
can produce a literature review that is formal, repeatable, and most importantly, unbiased.
Seeing these benefits in medical research, software engineering (SE) researchers adopted the
practice of SLRs in 2004 [38]. SLRs are beneficial to researchers, by providing clear mo-
tivation for new work, and to practitioners, by providing comprehensive evidence to guide
decision-making [B], 46].

However, most researchers do not find the task of performing an to be simple. SLRs
are time- and effort-intensive due to the large amount of required manual work [I], 17, 48].
In addition, researchers face a number of barriers when performing SLRs. These barriers
result from limitations in digital library search facilities, lack of complete tool support, and
limited infrastructure to support SLRs in SE [24] 25] 33, [55]. As the popularity of SLRs in
SE increases, it becomes increasingly important to overcome or reduce these barriers [3].

One of the critical barriers and most time-consuming phases of the SLR process is search-

ing the digital libraries to select the most appropriate studies (papers) for inclusion in the
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review [8, 24, 25, [37]. The presence of these barriers often leads researchers to conduct
SLRs in non-systematic manner, which goes against a key reason for performing the SLR
and reduces the overall quality of the review. Therefore, the goal of this paper is to to aid
researchers in performing SLRs by understanding how researchers currently perform the SLR
search phase, the barriers they encounter during the search phase, and their tooling needs.

To address this objective, we performed two studies focused on the SLR search phase. In
both studies, we gathered information about search problems, solutions employed, and use
of tools. In the first study, we conducted our own SLR of SLRs published between 2005 and
2015. In the second study, to validate the literature findings and ensure that we captured the
voice of the larger SLR community, we conducted a survey of published SLR authors. After
reporting on the results of each study, we compare the results to draw overall conclusions
about the SLR search phase.

The primary contributions of this paper are:

e A concrete list of problems in the SLR search phase;
e A list of requirements from which researchers and tool builders can draw; and

e An analysis of the strengths and weaknesses of the tools used by SLR authors.

In Section |3.2, we provide background information to motivate the research questions.
In Section [3.3], we discuss the methodology we followed to conduct the SLR on searching.
In Section |3.4] we present the results of the SLR on searching. In Section [3.5] we discuss
the survey methodology. In Section [3.6] we describe the survey results. In Section [3.7] we
discuss the study findings and the current tools support. In Section [3.8, we enumerate the

threats to validity. Finally, in Section [3.9] we explain the conclusions and our future work.

3.2 Research Questions

This section describes the research questions that drove the design of the SLR and the

survey. For each research question, we provide a motivation based upon relevant published
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literature. We identify three sets of research questions: (1) questions related to the barriers
faced by SLR authors during the search phase; (2) questions related to the current practice
of SLR authors when searching for papers; and (3) questions related to SLR search tools,

both those SLR authors currently use and those SLR authors would like to see developed.
3.2.1 Barriers in the SLR Search Phase

Even though the SLR process is valuable to the SE community, authors still face a number
of barriers, especially during the search phase. A comprehensive SLR published in 2013 found
a number of papers that discuss barriers caused by the digital libraries themselves and by
the lack of a fully-automated search capability [33]. Similarly, in Carver et al.’s survey of
SLR authors to identify and rank the SLR barriers, they found that the SLR search phase
was one of the most time consuming, most in need for tool support, and most difficult to
conduct [8]. Other studies that address SLR search barriers find that the issues are caused

by various factors, including:

e Digital libraries have limited support for the SLR process and the infrastructure is not

suited for SLRs in SE [7, 12| 14 16}, 56, 57];

e Digital libraries return a large number of results, many of which are irrelevant, resulting

in a large amount of manual effort to identify relevant studies [17];

e Researchers have difficulty defining keywords and terms when building search strings

due to the lack of formality and consistent terminology in SE [, 50, 54]; and

e The chances of multiple researchers using the same terminology is less than 20% [19, 52];

In addition to these findings from the literature, we have conducted surveys [8] and com-
munity workshops [24) 25] to identify barriers and tool needs directly from members of the
SLR community. In the workshops, we gathered SLR experts attending the ESEM and the
EASE conferences to identify and prioritize SLR barriers and SLR tool requirements. During
the first community workshop, the attendees rated the lack of automated support for search-

ing the literature and identifying relevant studies as one of the top barriers. Overall, the
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workshop attendees indicated that the SLR process suffers from the lack of appropriate tool
support across all phases. During the second workshop, the attendees identified, classified,
and prioritized the requirements for SLR tool support. Of the 91 requirements identified,
the cluster related to searching was the largest and received the second-highest priority. Ta-
ble lists the specific SLR search requirements along with the overall percentage of votes

received across all requirements.

Table 3.1: Search and Selection Stage Requirements

Requirements Number of Votes | Percentage
Integrated Search 16 11%
Study Selection 9 6%
Semantic Search 6 4%
Study Storage 5 3%
Collaboration 4 3%
Export of References 0 0%

As a result of the perceived importance of SLR search and the barriers researchers face
during this process, we pose the following research questions, to be answered by both the

SLR and the survey:

RQ1: What barriers do SLR authors face during the SLR search phase?

RQ2: What solutions do researchers employ to overcome the barriers described in RQ17

3.2.2 Current SLR Search Practice

Due, at least in part, to the difficulties with the SLR search process, researchers have
investigated other ways of performing the search. One common approach is snowballing,
that is following the citations of included papers to identify additional relevant papers.
Interestingly, while the snowballing approach results in a different set of papers than the
traditional database search approach, the overall SLR conclusion are similar using either
approach [29, [51].

Conversely, other studies have found differences between searching and snowballing. For

example, database searching has higher recall but lower precision than snowballing [19].
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Snowballing led to a larger and richer set of papers than the traditional database search [2].
The benefits of snowballing are strong enough that one author even published guidelines for
using snowballing in the SLR search phase [53].

Snowballing is an example of an alternate searching strategy researchers use to handle
the barriers. It is important to gather information that will help us better understand how
SLR authors currently perform SLR search and what other methods they use to handle the

barriers. Therefore, we pose the following research question to be answered by the survey:

RQ3: What are the most effective search strategies employed by researchers during the SLR

search phase?

3.2.3 Current and Desired Tools for SLR Search

Kitchenham et al. identified a list of tools that claim to support the SLR process.
However, they also report that current tool support is not sufficient and there is still a need
for better tool support [33]. Similarly, in the community workshops described earlier, SLR
authors the workshop attendees prioritized the barriers related to search as being among the
most important and most in need of tool support [24, 25]. Other researchers report similar
findings about the limited tool support for the SLR search phase [I, [7, 16, [4T], 42].

To better understand how SLR authors currently use tools, even those not directly de-
signed for SLRs, and to provide a list of requirements for tool builders, we pose the following

questions, to be answered by the survey:

RQ4: Which tools do SE researchers use in the SLR search phase? What are the advantages

and disadvantages of these tools?

RQ5: What functional requirements do SLR researchers desire in tools specifically in the

SLR search phase?
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3.2.4 Validation of Barriers in Literature

Finally, in order to triangulate the results and obtain the most consistent picture, we need
to compare the results from different data sources. As described earlier, this study consists
of a SLR as well as a survey of SLR authors. It is important to ensure that the barriers
captures in the literature truly reflect the barriers faced by SLR authors. Furthermore, it is
possible that SLR authors face barriers that they do not report in their SLR papers (since
the goal of the SLR paper is to report the results of the SLR rather than to report barriers
in the process) Therefore, we pose the final research question, to be answered by both the

SLR and the survey:

RQ6: Which of the results from RQ1 match the barriers we found in the results of our
SLR?

3.3 Methodology: SLR

We planned and conducted this SLR based on published guidelines in software engineer-
ing [31} 35, 38]. We designed the SLR to specifically address RQ1 and RQ2 (Section [3.2.1]).
The main goals of this SLR are (1) to identify specific problems faced by SLR authors during
the search phase, (2) to identify solutions authors employed to address those problems, and
(3) to identify any tools authors use to support the search phase.

To achieve these goals we searched for three types of papers. First, we searched for
published SLRs that contained a description of a problem encountered in the SLR search
phase. Second, we searched for meta-papers that studied the SLR process to understand its
strengths and weaknesses from the perspective of software engineering researchers. Third,
we searched for papers that described SLR tools, SLR tool features, experiences with SLR
tools, or evaluations of SLR tools. These papers are likely to describe barriers in the SLR
process that motivated the creation of the tool along with a description of how the tool
provides a solution to those barriers.

Accomplishing these goals will help us to establish the current state-of-the-practice re-
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Table 3.2: Search Strings
SQ# | Search String Motivation
SQ1 | (Systematic Literature Review OR System- | Identify problems
atic Review OR SLR OR Systematic Map- | with SLR search in
ping) AND (Software Engineering) AND | published SLR papers
(Searching OR, Automated Search OR Search | or SLR meta-papers
OR Digital Library) AND (Problem OR Bazr-
rier OR Issue OR Answer OR Solution)
SQ2 | (Systematic Literature Review OR System- | Identify tool support
atic Review OR SLR OR Systematic Map- | for SLR search
ping) AND (Software Engineering) AND
(Tool OR Tooling OR Tools)

lated to SLR search and to identify areas in need of additional research and/or tool-building

to help the software engineering community become more effective and efficient in conducting

SLRs.
3.3.1 Sources and Searching Strategy

To find the relevant papers to answer RQ1 and RQ2, we constructed two search strings
(Table . The goal of the first search string is to identify papers that describe problems
in the SLR search phase (either in SLR papers or in SLR meta-papers). The goal of the
second search string is to identify papers related to SLR tools.

We executed these queries on the set of digital libraries which are commonly used in
software engineering SLRs: the ACM Digital Library, IEEExplore, ScienceDirect, Scopus,
and Engineering Village [35, 40]. In addition to being the most commonly used, these digital
libraries index high quality journals and conferences. Each of these digital libraries has the
advanced search capabilities to properly execute the queries. In addition to the results of
the search, we included a paper identified in our previous work, which was not found during
the search process because it was not indexed by any of the digital libraries. Finally, we
used snowballing to include any relevant papers referenced by those found in our search.

Initially, we targeted SQ1 more narrowly so that it identified only the papers that de-

scribed problems with SLR searching. Unfortunately, this approach resulted in very few
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identified papers (as few as 0 papers in some digital libraries). Therefore, to ensure that
we found all relevant papers, we expanded the search string so that it found papers that
described any problems in the SLR process. From this larger set, we could identify those
that describe a problem specifically with search.

As this paper is about barriers in the searching process, we can report two barriers that
we faced ourselves. First, regarding SQ1, the word ssue is a reserved word in the Scopus
digital library. To make the search execute properly, we had to put quotation marks around
that word for the Scopus digital library. Second, in the ACM Digital Library, when we
removed keywords ”Answer OR Solution”, we obtained two additional papers that were
relevant to our search. The remainder of the ACM results remained unchanged regardless
of the presence of those two keywords.

3.3.2 Inclusion and Exclusion Criteria

Because we were looking for some relatively specific information in each paper, we pur-
posely made our search strings broad so as not to prematurely exclude relevant papers. As
a result, we expected a large number of search results. To properly cull these results, we
defined a good set of inclusion and exclusion criteria. We used these criteria to ensure all

included papers are related to the research questions and provide valuable information to

help answer those questions.

Inclusion Criteria

e Papers that report problems with the search phase of the SLR process in software

engineering.

e Papers that report tools or tool features that support SLRs in software engineering

and address one or more problems related to automated search and retrieval of results.

e Papers that report solutions or suggestions for solutions to problems faced during the

SLR search phase in software engineering.
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Exclusion Criteria
e Studies not related to the research questions.
e Papers that are not in English.
e Abstracts, proposals, posters, or short papers.
e Duplicated studies.

e Papers that are not peer-reviewed.

3.3.3 Paper Selection

After executing the searches, we used the following process to identify the primary stud-
ies for inclusion in the review. The initial search queries returned 1,385 papers. The de-
duplication phase reduced that number to 811 papers. During the title elimination phase we
reviewed the paper titles and removed papers that were clearly not related to the research
questions, i.e. papers from outside of software engineering and papers that did not reporting
systematic reviews or systematic mapping studies. This step reduced the number of papers
under consideration to 266. Because we were looking for specific information within the
reporting of an SLR (rather than the overall results of the published SLRs), the abstract
elimination phase was not very helpful. In reviewing the abstracts, we were only able to
eliminate 7 papers, bring the total down to 259 for full text review. In both the title elimina-
tion phase and the abstract elimination phase, we took a very conservative approach by only
eliminating papers that we were certain were not related to the research questions. The full
text reading phase eliminated 173 papers that did not provide any insight into the searching
problem, leaving 86 papers for inclusion in the SLR.

The first author performed the primary analysis. The second author validating a random
subset of 20% of the papers. Of those, the authors had minor disagreements on 7% of the
papers. We easily resolved these disagreements as they were the result of misreading not a
misunderstanding. The first author checked the remainder of the papers carefully to ensure

there were no other misreadings.
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Table 3.3: Included Papers Distributions

Venue Type # Publi- | %
cations
Information and Software Technology (IST) | Journal 37 42%
Journal of Software and Systems (JSS) Journal 8 9%
ACM / IEEE International Symposium on | Conference 6 6%

Empirical Software Engineering and Mea-
surement (ESEM)

Journal of Software: Evolution and Process | Journal 3 3%
(JSEP)

Empirical Software Engineering (EMSE) Journal 3 3%
International Conference on Evaluation and | Conference 2 2%
Assessment in Software Engineering (EASE)

Venues with single papers 28 35%
Total 86 100%

The resulting papers came from a relatively small number of venues. Table lists the
venues that provided two or more papers in the final set. Note that 35% of the papers came

from venues that contributed only one paper each.
3.3.4 Quality Assessment

For this paper, we did not conduct the type of quality assessment common in most SLRs.
Unlike the typical SLR which seeks to gather published evidence and synthesize it into
an overall conclusion, our goal was to find instances of methodological problems and their
solutions described by these papers. We primarily examined the methodology and lessons
learned sections to identify these problems. Therefore, we did not conduct a typical quality

assessment because we were not trying to weigh the reliability of different pieces of evidence.
3.3.5 Data Extraction and Synthesis

To ensure that we extracted the same information from each paper, we defined a Data
Extraction Form. Based on the research questions, we identified the items in Table|3.4] as be-

ing relevant to our research questions. After extracting data from all papers, we synthesized

it to answer each research question, as discussed in the next section.
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Table 3.4: Data Extraction Form - Specific to Research Questions

RQ Data Item Description
RQ1 Problem Description of the searching or storage problems
RQ1 Problem Cause The source of the searching problem, i.e. the digital
library, lack of tool support, or people.
RQ1 Relationship Be- | Whether the paper is focused on studying the searching
tween Study and | problem or just reporting it.
Problem
RQ2 Solution Description of solution(s) or suggested solution to over-
come the problems.
RQ2 Solution Does the solution affect the DB, a Tool, or People?
Effect
RQ2 Solution Evalua- | Whether the proposed solution was evaluated.
tion
RQ2 Tool Name If a tool is discussed.
RQ2 Tool Tool functionalities to overcome the stated problem. If
Functionality none, then a description of what was done to overcome
the problem.
RQ2 Relationship Be- | Whether the paper authors created the tool, just used
tween Tool and | the tool, or are evaluating the tool?
Author
RQ2 Tool Any limitations that prevent the researchers from per-
Limitation forming searching or storage as desired using the tool.
RQ2 Tool Whether tool is available and whether it is free.
Availability
RQ2 Tool Link Link to the tool if available.

3.4 Results: SLR

We executed our search queries in November 2015. This section presents the results
and findings from the literature search. The section is organized around the two research
questions defined in Section [3.2l Due to space limitations, we do not provide the list of
included papers here. The complete list, along with the corresponding papers IDs, can be

found here: http://http://carver.cs.ua.edu/Data/2016/SLR_Search/. The list is also

available in the appendix of the dissertation.
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3.4.1 RQ1: What barriers do SLR authors face during the SLR search phase?

We analyzed each of the included papers to extract the specific problem(s) identified
regarding the SLR search phase. Column 3 in Table lists each of the specific problems
identified in the literature. We grouped these problems into five higher-level problem cat-
egories. The number in parentheses after each problem category indicates the number of

specific problems that we grouped into that category.

e P1: Problems with building and manipulating the search string (2)

P2: Problems with digital library front-ends including interfaces, displaying results,

guidelines, and filters (9)

P3: Problems with the digital libraries back-ends including syntax, algorithms, rules,

and optimization (12)

P4: Problems with lack of tool support to automate the searching process (3)

P5: Problems related to researchers, including experience, skills, and limited access to

papers (3)

To further understand the problems and their importance, we examined the sources of
the problems in more detail. First, we analyzed whether each problem was identified during
the course of conducting an SLR or was identified through some type of deeper analysis of
the SLR process. If most problems are uncovered during the course of conducting SLRs, as
opposed to only being found via a deep analysis of the process, then solving these problems
will likely be of immediate benefit to SLR authors. For each problem, we categorized it as (1)
an experience or lesson learned from an SLR (SLR), (2) research on the SLR methodology
or process (MP), (3) research on SLR tool support (Tool), (4) research specifically on SLR
barriers (Barriers), or (5) research specifically about the SLR searching problem (Searching).

Table shows that the majority of the problems originated in the course of conducting
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Table 3.5: Problem Source: Study Types

Study Type # of Studies % Studies

SLR 62 72% S1, S3, S4, S5, S6, S8, S10, S11, S12,
S13, S15, S16, S19, S22, S23, S25,
26, S27, S28, S31, S32, S34, S35,
S36, S37, 38, S39, S40, S45, S46,
S47, S48, S49, S50, S51, S52, S53,
S54, S55, S56, S57, S59, S60, S61,
S62, S63, S64, S65, S66, S68, S69,
S70, S74, S75, S76, S77, S78, S8I,
82, S83, S84, S85

MP 10 11% S2, S9, S14, S24, S30, S33, S41, S42,
S67, S71

Tool 6 6% S43, S44, S72, S73, S79, S86

Searching 5 5% S7, 520, S21, S58, S80

Barriers 3 3% S17, S18, S29

SLRs. Therefore, addressing these problems should have direct benefit to a broad range of
researchers.

Second, we examined whether the searching problems originated in the existing infras-
tructure (i.e., digital libraries, lack of tool support, or unstructured literature) or from the
SLR researchers themselves. This information will guide researchers on how to best solve
the problems. Table 3.6 shows the origin of the searching problems. Please note that be-
cause some studies report multiple problems, they will appear in multiple table rows. This
information provides insight into the source of the problems, which guides the development
of appropriate solutions. People-related problems require better guidelines and education.
Other types of problems require solutions that provide automation or remove barriers.

Third, we examined the relationship between the paper author and the reported prob-
lem. We categorized each problem as either being reported by researchers in the course of
conducting an SLR (Report) or by researchers specifically studying the problem (Study).
Similar to the first analysis (Table this information helps determine the extent of the
potential impact of any solutions to the searching problems. The difference is that this anal-

ysis focuses on whether the paper was studying the searching problem or just reporting it,
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Table 3.6: Problem Source: Infrastructure vs. People

Problem Source # Studies Study

Digital Libraries 82 S1, S3, S4, S5, S6, S7, S8, S9, S10,
S11, S12, S13, S14, S15, S16, S17,
S18, S19, S20, S21, S22, S23, S24,
S25, 526, S27, S28, S29, S31, S32,
S33, S34, S35, S36, S37, S38, S39,
5S40, S41, S42, S43, S44, S45, S46,
S47, S48, S49, S50, S51, ShH2, S5H3,
S54, SH5, S56, SHT7, S5H8, SH9, S60,
S61, S62, S63, S64, S65, S66, S67,
S68, S69, S70, S71, S73, S74, S75,
S76, S77, S78, S79, S80, S81, S82,
583, S84, S85

Lack of Tool Support 6 S2, S17, S18, S19, S21, S29
People 4 S17, 529, S30, S58
Unstructured Literature 2 S17, S29

NA 2 S72, S86

whereas the previous analysis focused on the type of study that uncovered the problem. The
results of this analysis, shown in Table [3.7] indicates that most problems were discovered in
the course of conducting an SLR. The results also show a relatively small number of studies
conducted to specifically study the problems in the SLR process.

3.4.2 RQ2: What solutions do researchers employ to overcome the barriers
described in RQ1?

As shown in the response to RQ1, we identified a large number of problems related to the
SLR search phase. This question gathers information about how researchers have solved or
overcome those problems. Note that all of the identified solutions are not formalized, concrete
procedures. Some solutions are mere workarounds to allow the researchers to complete the
SLR, because the problems could not be easily solved. Based on our analysis, we grouped
the solutions into six categories. For each solution, we first describe the solution and then
discuss the potential weakness of it.

e Iterative Search: Repeatedly searching the digital library with different versions

of a search string until an adequate search string is identified. Problem: by non-
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Table 3.7: Problem Source: Author’s Relationships to Problem

Type of Study

# Studies

Study

Report

70

S1, S3, 54, S5, S6, S8, 59, S10, S11,

S12, S13, S14, S15, S16, S19, S22,
$23, S24, S25, $26, S27, S28, S30,
S31, S32, 33, S34, S35, S36, S37,
938, S39, S40, S41, S42, S45, S46,
S47, S48, S49, S50, S51, S52, S53,
S54, S55, S56, S57, S59, S60, S61,
S62, S63, S64, S65, S66, S68, S69,
S70, ST71, S74, S75, S76, ST7, ST78,
S81, S82, S83, S84, S85

Study 15 S2, S7, S17, S18, S20, S21, S29, S43,

S44, S58, S67, S72, S73, S79, S80

1 586

systematically adding or removing search terms, the resulting set of papers may either
be deficient, in that it is missing relevant papers, or overly large with many irrelevant

papers, increasing the time required to process them.

Alternative Sources: When a digital library had some type of limitation, researchers
used an alternate digital library. For example, researchers might search Google Scholar
instead of the preferred digital library assuming (incorrectly) that Google Scholar in-
dexes all literature. Problem: FEven though there is some overlap among digital li-
braries, the overlap is not always 100%. This approach may lead researchers to omit

papers that were in the original digital library.

Different Search Strings: To deal with the different interfaces and search rules of
each digital library, researchers often use different search string for each digital library.
Problem: This solution is non-systematic because each digital library is searched with

different search terms. The power of SLR is to be systematic in all the stages.

Tool: The researchers used a tool to help overcome some barriers. Problem: Papers do

not typically specify exactly how the tool is used or which barriers the tool addresses.
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e Other: Other solutions include:

Guideline for searching digital libraries to retrieve better results

— Using the QUASI searching approach to retrieve more relative papers

— Conducting manual search on the digital libraries

— Suggesting the use of information retrieval to overcome the limitations of digital

libraries algorithms

e None: The paper reported no solution to the identified problems.

Table provides additional information about each of these solutions. First, it shows
which problem source(s) the solution impacts, i.e. DB, Tool, or People. Second, it shows
the type of study from which the solution was drawn. This information is important to
understand whether the solution came directly from SLRs or from studies about SLRs.
Third, it shows which of the problems identified in RQ1 are addressed. Finally, it shows

which studies employed the solution.

Table 3.9: SLR Search Barriers in SE

# | Group Problem Solution Study
1 | P1 Limitation on the search string Iterative S1, S23, S31,
Search S41, S84

Iterative S25

Search
2 | P1 Limitation on complex strings in DL
Tool S43
Other S37, S80
None S48, S67, S79
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Table 3.9: SLR Search Barriers in SE

# | Group Problem Solution Study
3 | P2 Better approaches to display the results from | Iterative S24
DL are required Search, Al-
ternative
Sources
4 | P2 Inconsistent filters for results across DL Different S76
Search
Strings
Unable to conduct automated search Tool S2, S44
> | on the interfaces of the DL None S14, S21, S29
Other S7, S80
Alternative | 524
6 | P2 Better interfaces to search DL are required
Sources
Iterative S24
Search
None S12, S14, S21,
S79
Iterative S68
7 | P2 DL don’t search singular and plural of terms
Search
Other S7
8 | P2 Some DL searches are not user definable only | Other ST
pre-established fields allowed
9 | P2 The number of results is limited within the | Other S7

same page and limited to select all the re-

sults
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Table 3.9: SLR Search Barriers in SE

# | Group Problem Solution Study
10| P2 Inconsistent search of fields across DL Other ST
11| P2 Better guidelines are required for some DL | Other S7
to understand how to search them
Other S7
12| P3 Difficult to integrate with DL
None S17
13| P3 Incomplete article abstract or full text in | Other ST
some DL
14| P3 DL index small group of journals and con- | Other ST
ferences
15| P3 DL are not utilized for SLR and SM Alternative | S9
Sources
Other ST
16| P3 A lot of duplicated results
None S19
Iterative S3, S4, S5, S6,
Search S8, S10, S13,
Different syntax across DL
17 P3 S15, S24, S31,
(Need standards)
S32, S40, S42,
S45, S46, S47
Alternative | S9, S24, S55
Sources
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Table 3.9: SLR Search Barriers in SE

# | Group Problem Solution Study
Different S27, S28, 549,
Search S50, S51, S52,
Strings S53, SH4, ShH7,
559, S61, S62,
S63, S65, S69,
S70, S71, S74,
S75, S76, ST8,
S81, S82, S83,
S85
Other S80
None S14, S21, S36,
SH6, SH8, S67
18| P3 Special characters are not always allowed None S11
19| P3 DL backend issues Other S7, S20
20| P3 Some DL missing full text document Other S80
Iterative S42, Sh5, S57
21| P3 Some DL do not search full text Search
Alternative | S55, S57
Sources
None S34, S35, S56,
SH8, S66
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Table 3.9: SLR Search Barriers in SE

# | Group Problem Solution Study

Iterative S24
Same DL produce different results based on
22| P3 Search, Al-
the order of the words

ternative
Sources
Different S38
Search
Strings
None S60
Iterative S41

23| P3 DL return a lot of irreverent results Search, ,
Alternative | S26
Sources
None S58

24| P4 DL search is time consuming None S18, S17

25| P4 No support for collaborative search None S17
Alternative | S16
Sources

26| P4 Unable to download large batch of results
Iterative S64
Search
Other ST
None S21, S33, S73,

STT

Other, S20

27| P6 DL search require experiences in search
None SH8
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Table 3.9: SLR Search Barriers in SE

# | Group Problem Solution Study
Alternative | S26
28| P6 Limited access to papers
Sources
None S29
Unable to convert research questions Iterative S30
29| P6
to search strings Search
None S29

3.5 Methodology: Survey

In this section, we describe the methodology we employed to answer our research ques-
tions. To gather information about barriers, workarounds, and tool support in the SLR
search phase, we designed and executed a survey of SLR authors. In the following we
describe survey design, pilot testing of the survey, the participant selection process, data

collection, and the data analysis process.
3.5.1 Survey Design

Using the research questions, we designed a survey instrument that would allow respon-
dents to provide relevant information about problems and solutions in the SLR search phase.
We designed the survey questions around four major themes. The four major themes along

with their justification are:

e Faxperience: This demographic information allows us to measure and classify survey
respondents based upon their experience with performing SLRs. We measured experi-
ence as the number of SLRs conducted. We classified respondents who had published
only one SLR as novices. We classified respondents who had published more than one

SLR as experts. This theme address the demographic questions.
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Table 3.8: Reported Solutions

Solution Solution | Type of | Problems # Stud- | Study
Impact | Study Addressed ies
Iterative DB, Peo- | SLR, P1, P2, P3, |27 S1, S3, S4, S5, S6,
Search ple MP P4, P5 S8, S10, S13, S15, S22,
S23 524, 525, S30, S31,
S32, S39, S40, S41,
S42, S45, S46, S47,
555, SH7, 568, S84
Different DB SLR, P2, P3 25 S27, S28, S38, S49,
Search MP S50, Sh1, S5H2, S5H3,
Strings SH4, S59, S61, S62,
S63, S65, S69, S70,
ST1, S74, ST5, ST76,
S78, S81, S82, S83, S85
Alternative DB SLR, P2, P3, P4, |7 S7, S9, S16, S24, S26,
Sources MP, BS | P5 Sh5, S5H7
Tool Tool Tool, P1, P2 3 S2, S43, S44
MP
Other DB, Peo- | SLR, BS | P1, P2, P3, |5 S7, 520, S37, S80
ple, Tool P4, P5
NA NA SLR, P1, P2, P3, | 24 S11, S12, S14, S17,
MP, BG, | P4, P5 S18, S19, S21, S29,
BS, Tool S33, S34, S35, S36,
S48, SH6, SHS, S60,
S64, S66, S67, S72,

S73, 877, S79, S86

e Search Phase Barriers: The main goal of the study is to identify the barriers in the

search phase of the SLR process. The questions for this theme focus on identifying the

problems authors face during the SLR search phase. This information is also helpful for

identifying potential tool requirements. This theme address research questions RQ1.

e Search Phase Solutions: Due to the presence of barriers in the search phase, we wanted

to understand the solutions authors had applied to overcome those barriers during their

SLRs. This information is important because semi-systematic solutions could reduce

the quality of the resulting SLRs. The answers to these questions can also suggest

potential tool requirements to capture any best practices. This theme address research
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questions RQ2, RQ3.

e Search Phase Tool Support: Finally, to concretely identify specific requirements for
tool support, this them focused on two concerns. First, we wanted to gather the
SLR authors’ assessment of the tools they currently used for conducting SLR search.
Second, we wanted to gather specific requirements that SLR authors would like to see
embodied in the features provided by tools that support the SLR search phase. This

theme address research questions RQ4, RQ5.

In Table[3.10| we list the survey questions. For each question, we provide a mapping to the
Research Questions and a description of the possible answer choices. We designed the survey
with both closed-ended and open-ended questions to gather as much information as possible
about the barriers. We designed the survey to identify the problems in the search phase,
to provide a snapshot of SLR authors’ perceptions, and to discover relationships among the

barriers, solutions, and experience.
3.5.2 Pilot Tests

To ensure the survey was valid and comprehensive relative to our research questions, we
conducted two pilot tests. Using these pilot tests, we could refine any questions that were
unclear or irrelevant. In the first pilot test, we asked SLR experts to review the research
questions and resulting survey questions. We used their feedback to clarify the questions.
In the second pilot, we had software engineering PhD students, with experience conducting
SLRs, complete the survey based on their experiences. These student provided us with
feedback about the survey to help us ensure they were properly interpreting the survey
questions. The feedback resulted in minor changes including rephrasing few items in some

questions and rearranging some answer choices..
3.5.3 Participants Selection

To gather valid data, we needed to ensure that the survey respondents had some expe-

rience with performing SLRs, otherwise their feedback would be less valuable. We identi-
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Table 3.10: SLR Survey Questions

# RQ* Question Answer Choices
Q1 D How many software engineering SLRs have [#]
you Started (but not completed)
How many software engineering SLRs have [#]
you Completed (but not published)
How many software engineering SLRs have [#]
you Published
[Undergraduate Student
Q2 D For the SLRs you have conducted/what was ' Graduate Student
your status? (Please check all that apply) , Faculty
, Other]
Q3 D Which software engineering topic(s) were the focus of your SLR(s)?
Q4 RQ1 Have you faced any problems in the SLR [Yes, No
search phase?
Q5 RQ1 If yes, please describe these problems
Q6 RQ2 If you faced any problems, did you develop a [Yes, No]
solution or work-around?
Q7 RQ2 If yes, please describe the solution or work-
around
Q8 RQ2 If you solved them, did you evaluate your [Yes, No
solution?
Q9 RQ2 If yes, what method or approach did you use
to evaluate your solution(s)?
Q10 RQ4 Did you use any tool to help in the SLR [Yes, No
search phase?
Q11 RQ4 If yes, please provide the tool names?
If you used any tool(s), for each tool, please indicate why you choose
Q12 RQ4  the tool and which features were useful. (Note: If you used more than one
tool, please indicate the tool for each response)
If you used any tool(s), If you found any limitations in the tool(s), please
Q13 RQ4  describe them. (Note: If you used more than one tool, please indicate
the tool for each response)
Q14 RQ5 Do you think the SLR search phase needs [Yes, No]
better tool support?
Q15 RQ5 If yes, which features would you like to see
to better support the SLR search phase?
Q16 RQ3 What are your most effective strategies for

searching literature?

*Note ”"D” refers to demographic questions
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fied the subject pool by mining the papers from a set of SE conference and journals that
commonly publish SLRs. The venues we mined were: ESEM (Empirical Software Engineer-
ing and Measurement), FASE (Evaluation and Assessment in Software Engineering), ESE
(Empirical Software Engineering), IST (Information and Software Technology), and IEEE
Transactions on Software Engineering. We restricted our search to papers published after
2011 to ensure that we included only those authors who had published and SLR recently
enough that would be able to recall their experiences. After extracting all authors from the
identified papers, we used Excel to identify duplicates in the emails and the names of the
authors. After removing duplicates, we were left with a list of 638 SLR authors as our pool

of potential survey respondents.
3.5.4 Data Collection

Using an online survey tool, Qualtrics, which ensures the anonymity of the respondents,
we sent the link to the online survey to all 638 identified authors in September 2016. Of
those 638 authors, 72 emails bounced, leaving a pool of 566 potential respondents. We sent
a reminder to the list of 566 potential respondents two weeks after the original email. Once
the response rate slowed, we closed the survey (approximately a month later). From the
pool of 566 authors, 297 clicked on the survey link (52%), 191 began the survey (33%), and
131 completed the survey (23%).

We only analyzed the responses of those who completed the survey. Because some quali-
tative questions were optional, not all the participants answered all questions. We were still

able to analyze their responses to the questions they answered.
3.5.5 Data Analysis

We worked together to analyze the qualitative data from the open-ended questions. Be-
cause we did not have a predefined set of codes, we used an open coding process to reduce
any preconceived biases [10, 22]. Using NVivo, we coded the results in four batches (as
described below). After each batch of answers, we met to compare our results and ensure

consistency in the process.
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As an initial attempt to understand the data, each author independently coded all ques-
tions for the first 10 responses. Each of us created our own set of codes based upon our
interpretation of the responses. We then met to agree upon a consistent set of codes. Using
those codes, we each recoded the first 10 responses. We then met to discuss and resolve any
discrepancies. We repeated this process with the next 20 responses, adding new codes as
needed. After meeting to resolve discrepancies, we then coded the next 30 responses. After
meeting to resolve discrepancies, we coded the last 81 responses. Finally, we met to resolve

any discrepancies. In the end, we both agreed upon all of the codes assigned to all responses.
3.5.6 Demographics

This subsection provide information about the demographics of the survey respondents.
To get a sense of the participants experience in SLR we asked the participants to indicate
the number of SLRs they have started but not completed, completed but not published, and

published. As the number of SLR gives slight insight on the experience level in SLRs.

e The total number of SLRs published by the survey respondents is 370 (2.8 per author).
The total number of SLRs completed but not published by the survey respondents is
149 (1.1 per author). The total number of SLRs started but not completed by the

survey respondents is 149 (1.1 per author).

e All the respondents had worked on at least one SLR, with a number of respondents
having a high level of experience. Figure[3.1]shows the total number of SLRs for each of
the participants where: Total = Started but not completed + completed but published
+ published.

e Most of the survey respondents were faculty members. Figure [3.2] shows the partici-

pants status and the total number of SLRs worked on by each type of participant.
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3.6 Results: Survey

In this section, we present the survey results. In the next section, we discuss the impli-

cations of those results. We organize this section around each of the research questions.
3.6.1 RQ1: What barriers do SLR authors face during the SLR search phase?

To answer this research question we asked the participants if they faced problems during
the search phase. Out of the 131 participants, 99 indicated that there were problems in the
search phase. Of the remaining 32 who said they did not face problems in the search phase,
19 of them still indicated there was a need for better tool support for the searching phase.

The 99 participants who faced problems in the searching phase answered a follow-up
question to describe the specific problem(s) they faced. We coded, analyzed, and grouped
the 192 responses into 29 categories, as shown in Table |3.11} The most common problem
in the search phase is that digital libraries have inconsistent syntax requirements for the
search strings. This problem not only results in increased effort and time to build each
specific search string, but it also might lead to differences in the meanings of the search
string causing the quality of the SLR to drop. For example, as one respondent stated ” Some
of them [the digital libraries] were not consistent in handling logical operators such as AND
or OR, making it difficult to achieve an interesting precision in the outcome ... [and] ...
resulted in a lots of additional effort filtering the papers.” Another example is that something
as simple as capitalization of words can change how different digital libraries interpret the
queries. Note that the category “Not Related” contained responses that did not belong to
any other category and were not described clearly enough for us to meaningfully understand

them.

3.6.2 RQ2: What solutions do researchers employ to overcome the barriers
described in RQ17

Of the 99 participants who faced problems in the search phase, 50 indicated that they
had developed a solution or workaround to their problem(s). We grouped these solutions

into 16 categories. The most common solution was ” Splitting the search string into various
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Table 3.11: SLR Search Problems Identified by Researchers

# Problem # Reports
P1 Different syntax across libraries 31
P2 Choosing search strings 21
P3 Inconsistent terminology 15
P4 Search string limitations 13
P5 Filter limitations 10
P6 Downloading references 10
p7 Inconsistent results - within a search engine 8
P8 Limited access to full text 8
P9 Irrelevant results 8
P10  Choosing correct database 7
P11  Duplicated Papers 6
P12 Designing SLR )
P13 Inconsistent results - across search engines 4
P14  Difficult to combine results from different libraries 4
P15  Sorting results 4
P16 Different Interfaces Across Databases 4
P17  Evaluating quality of search string 3
P18 High Number of Returned Results 3
P29  Incomplete results 2
P20  Study organization 2
P21  Reproducing results 1
P22 Determining type of paper 1
P23 Database changes over time 1
P24 Choosing research questions 1
P25  Missing Abstracts 1
P26  Difficult to Find Replicate Results 1
P27  Different Export Format 1
P28  Limited Number of Requests to DB 1
P29  Not Related 16
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components and then performing various searches on the same database.” Table shows
the solutions that were reported by the authors, along with the how the authors evaluated
their solution (when provided). Similar to the previous item, we have a “Not Related”
category.

3.6.3 RQ3: What are the most effective search strategies employed by re-
searchers during the SLR search phase?

Most respondents answered this question (102/131). We grouped the 154 responses into
15 categories, as shown in Table Most of the researchers just use regular search in

digital libraries using keywords and search strings.

3.6.4 RQ4: Which tools do SE researchers use in the SLR search phase? What
are the advantages and disadvantages of these tools?

The respondents reported a large number of tools used to assist in the search process.
Out of the 131 participants, 53 of them said they used a tool to help in the SLR search
phase. Out of a total of 24 tools reported, only 4 are specific to the SLR process in SE:
StArt, SLuRP, SESRA, and SLR Tool. The most used tool is Spreadsheet software e.g.
Excel, Google Sheets, etc. Table shows the names of the tools reported in the survey
along with the number of times each tool was reported.

In addition to identifying the tools authors are using to support the SLR process, it is im-
portant to know why the authors chose these tools. We asked the respondents to identify the
purposes and the limitations of each tool. Table [3.15]shows the five most commonly reported
tools along with their advantages and disadvantages. Due to the length of the information
about each tool, the rest of the tools are available online at http://carver.cs.ua.edu/Data/2017/SLR-

Tools/. The list is also available in the appendix of the dissertation.

3.6.5 RQ5: What functional requirements do SLR researchers desire in tools
specifically in the SLR search phase?

The answer to this question provides the most important outcome of our work as it had
the goal of providing a list of tooling requirements that authors, software developers, and

researchers can take in consideration when building tools to support the SLR search phase.
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Table 3.12: SLR Search Solutions Identified by Researchers

# Solution Reported by Evaluation Reported by
S1  Iteratively  Manipu- 10 Check IRR, Com- 1,1
late Search String and pare to papers from
Multiple Searches trial and error
S2  Manual Work and 8 Expert  judgment, 1,1
Analysis Check IRR
S3  Obtain papers from 4 Manual 1
other sources
S4  Trial and error 3 Check if known pa- 2
pers are displayed
S5 Snowballing 2
S6  Read Documentation 2 Expert judgment 1
S7  Developed a tool 2 Controlled experi- 1
ment
S8  Google Drive 1
S9  Spreadsheet 1
S10 Pilot Search String 1
S11 Enrich the Paper 1
S12 Standardize format 1
S13 Restricting venues 1
that are searched
S14  Statistical random 1 Different samplings 1
sampling techniques
S15 Develop gold set 1
S16  Other 9 Expert checks the 1
results
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Table 3.13: Most Effective Search Strategies Identified by Researchers

#  Search Strategies Reported by
SS1  Keywords and DB search 42
SS2  Snowballing 42
SS3  Search specific venues 9
SS4  Manual search 7
SS5  Use known papers and previous SLRs 7
SS6  Trial and error 6
SS7  Pilot test search 5
SS8  Search iteration 4
SS9 Search specific authors 3
SS10  Search strings keywords iteration 3
SS11  Use lists and filters 3
SS12 Expert knowledge 3
SS13  Define good search string 3
SS14  Search by title 1
SS15  Other 16

When asked if they needed better tooling support for the SLR search process, 102 out of 131
respondents indicated the need for better tools. The participants identified 167 requirements,
that we grouped into 39 categories. Table [3.16| shows the requirements that were reported

by the authors along with the number of occurrence of each one.

3.6.6 RQG6: Which of the results from RQ1 match the barriers we found in the
results of our SLR?

We wanted to validate the SLR search phase problems that we found in the literature.
As we mentioned previously in this study, we conducted an SLR to identify the SLR search
problems in the literature. In the SLR we identified 29 problems reported in the literature
between 2005 and 2015. We are checking the problems that appeared in the literature if they
are reported by the researchers in the survey as well. This validation ensures the following:

e Understand which of the problems we found in the literature are still valid.
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Table 3.14: Tools Used in SLR Search Phase Identified by Researchers

# Tool # Reported
T1  Spreadsheet (Excel) 22

T2 DL search engines 10

T3  Jabref

T4 Mendeley

T5 Custom tool
T6  StArt*

T7 End Note

T8 RefWorks

T9 Text mining
T10 Google scholar
T11 REviewER
T12  Zotero

T13 SLR Tool*
T14  Sharelatex
T15 Google drive
T16 Dropbox

T17 MS Word

T18  Publish or perish
T19 Reseachr

)RR |FR|PRR[RFR[F]IPRPRRFRINDINDIND[ID|W|OI DY [J]|©|©

T20 SESRA*
T21 NVivo

T22 GSResearch
T23 SLuRP*
T24  Other

*Specific Tool for SLR in SE

e We wanted to know if the importance of the issues is the same in the literature and

researchers.
e Check if the survey revealed more issues that we did not catch in the literature.

To answer this question, we compare the top ten problems identified in the literature
to the top ten problems reported by the survey respondents. Table shows the top ten

problems reported in the literature. As we show in Figure |3.3| seven of the top ten problems
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Table 3.15: 5 Highest Tools Used in SLR Search Phase Identified by Researchers

# Tool Purposes Limitations
Organize,studies, Group data,
) . Not adapted for SLRs, Manual
Removing duplicates, Data .
. . analysis, Cannot store PDF's,
extraction, Analysis, Track process . L
T1| Spreadsheet ) o . Data extraction, Printing graphs,
(Excel) , visualization, Collaboration, . .
) , Integration with other tools,
Inclusion and exclusion support, .
] ) i ) Snowballing is not supported.
Classify data, Paper identification
Search string differences across
Retrieve studies, Other, Remove | tools, Other, Manual analysis,
T2| DL search | Duplicates, Searching, Accurate, | Difficult snowballing, Too many
CngIes Comprehensive. false positive, Search string
limitations, complex queries.
Organize studies, Availability,
Filtering capabilities, Removing | Difficult to customize, Defining
duplicates, Tailorable, Handle search string, Search feature
T3| Jabref differently formatted references, | does not work, Complex tailoring
Commonly used, Manage is difficult, No support for
references, Annotation, Ease defining search strings, Other.
of use, Organize notes.
No Customizable Ul to store
] ) ) information, Not adapted
Organize studies, Organize notes,
. for SLRs, No space to store paper
Generate bib file, Unknown, R e dulicates is difficult
emoving duplicates is difficult,
T4| Mendeley | Coding, Study classification, & p o
PDF annotation is independent,
Storage of results, Export _
Tracing papers throughout
references
SLR phases, Sync problems,
Paper organization
T5| Custom Data extraction, Summarization, | Other, Manual work, Obscure
tool Studies classification
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Table 3.16: SLR Search Phase Tool Requirements Identified by Researchers

# Requirement # Survey # Literature
R1  Search multiple databases in standardized query 9 10, 8
R2 Removing duplicates 8

R3  Filtering capabilities 7

R4  Merging results from DL 6 New
R5  Synonym recommendation 6 New
R6  Repository for papers 6

R7 Standardized export 6 New
R8 Download papers 6 7
R9 Automatic determination of relevance 5 New
R10 Support snowballing 5

R11 Automatic generation of search terms 5 New
R12 Support collaboration 4

R13 Papers categorization 4 New
R14 TIterative search 3

R15 Retrieve more relevant results 3 2
R16 Search string definition 3 D
R17 Support visualization and graphical analysis 3

R18 Papers summarization 2 New
R19 Managing notes 2 New
R20 Import search results to one tool 2 New
R21 Validation of data 2 New
R22 Archiving 2 New
R23 Tagging 2 New
R24 Support for searching process 2 4
R25 Aggregate data 2 New
R26 Extracting tables and figures 1 New
R27 Version control 1 New
R28 Automated analysis 1

R29 Reference management 1

R30 Meta data management 1 New
R31 Search papers based on similarity 1 New
R32 Directory for SE venues 1 New
R33 Semantic enrichment 1 New
R34 Import external resources 1

R35 Suggesting articles based on keywords 1 New
R36 Easy to use 1 New
R37 Tracing studies sources 1 New
R38 Notification of new papers 1 New
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Table 3.17: Top Ten SLR Search Problems Identified by the Literature
#  Problem
LP1 Different syntax across digital libraries
LP2 Some digital libraries do not search full text

LP3 Better interfaces to search digital libraries are required
(Inconsistent interfaces even within the same digital libraries)

LP4 Unable to download large batch of results automatically

LP5 Limitation on complex strings in digital libraries

LP6 Limitation on the search string
Unable to conduct automated search on the interfaces

LP7 . . :

of the digital libraries

Same digital library produce different results based

LPS8
on the order of the words

LP9 Digital libraries return a lot of irreverent results

LP10 Limited access to papers

identified in the SLR map to problems in the top ten reported by the survey respondents.
Of the other three, LP3 and LP7 match to lower ranked survey problems, while LP2 did not
match any survey problems, but did match a survey requirements. Of the three problems
identified in the survey that do not map to the top ten from the SLR, SP4 matches a lower
ranked requirements from the literature, while SP2, and SP3 are new requirements that did
not appear i the literature.

The ability to match the problems reported in the literature to those reported by survey
respondents confirms that the issues are still valid and need to be resolved. The matching
also reveals some problems reported by survey respondent that were not reported in the

literature. Taken together, these lists provide a comprehensive set of key requirements.

3.7 Discussion

In this section, we discuss the results described in the previous section to provide some
overall implications of our findings. We can make a number of general observations about
the SLR search process regarding the problems, the solutions, the requirements, and the tool

support.
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Figure 3.3: Problems in Literature Matched to Problems in Survey

3.7.1 Problems are Solvable

According to the literature and the survey results, 75% of the authors in the survey still
face issues in conducting the SLR search process. A closer examination of the issues indicates
that the problems are not inherent in the SLR methodology itself, but rather are the result
of factors external to the methodology. In the following discussion, we identify three types of
solutions to the problems, which all involve either better communication, better tool support,
or both. As a reminder, in this paper we focus only on the problems related to the SLR
search phase. Problems in other phases are outside the scope of this study and may have

different solutions.

Digital Libraries

These problems originate directly with the digital libraries themselves and cannot be solved

by a third-party tool. The solution to these problems is better communication with the
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digital library providers. For example, one of the most common problems was that search
engines provide inconsistent results, that is the same search query returns different results
each time. The only way to solve this problem and other that are beyond the control of third-
party tool developers is through better communication with the digital library problems.

The search process is critical to the success of an SLR because if the SLR authors do
not start with the correct set of papers, they will not achieve the correct results. Therefore,
problems that occur during the search phase have implications throughout the SLR process.
For example, when a digital library search returns a large number of irreverent results, the
authors must spend extra time examining these results to have confidence in the final set
of papers. This extra effort not only slows down the search phase, but it also affects the
selection and data extractions phases.

There are currently no real solutions to overcome most of these problems. In cases where
some problems could be address through tool support, the digital libraries often block (or
make extremely difficult) automation, which prevents developers from creating tools to mask
some of the issues. As respondents explained ”publishers limit the automatic download of
their paper likely because of ”... the detection of robot action by the search engines.” The
primary goal of the digital libraries is to provide researcher with easy access to its content.
While we understand that the sheer size of these libraries will make any changes difficult,

these changes are essential for higher-quality SLRs.

Automation Support

Another set of problems are those that increase the time required for the search phase due to
the necessity of manual work by the SLR authors. Unlike the previous set of problems, these
problem can be addressed through additional tool support to automate the corresponding
tasks. As one respondent stated ” Basically most of the problems is (sic) to automate the
process.” While some of the reported problems are more difficult to automate than others,

the SE SLR process still lacks automation for the small tasks like converting the search string
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syntax to the appropriate format(s) for each digital library, importing/exporting studies in
a standardized format, and recommending synonyms to create more comprehensive search
strings. While these issues vary in implementation difficulty, their benefits will outweigh the

cost of building them because they will reduce the overall cost of the SLR search phase.

SLR Authors

This category of problems are those that must be solved by the SLR authors themselves.
In some cases, rather than needing more tool support or improved digital libraries, the
authors need additional training or guidelines to help them overcome the barriers. Some of
examples of these problems include ” How do you define the search terms, which data bases
to include, how to search in the most efficient way”,” No standards for conducting a search
for studies. For erxample when to stop with sampling studies, etc.”, and ” Finding relevant
venues/journals for the specific domain”. The existing technical guidelines plus publications
about evidence-based software engineering and systematic reviews are a good resources for

these type of issues [35], [40]. In addition, novice authors can benefit by consulting with more

experienced SLR authors who can provide assistance in resolving many of these issues.
3.7.2 Existing Solutions and Workarounds

From the literature point of view 55% of the problems did not have a reported solu-
tion. As described in the answer to RQ2, even when a solution was proposed, it was often
non-systematic. The real value of an SLR is that it uses a systematic process, which is trans-
parent and repeatable by other researchers. The lack of systematic solutions to searching
is problematic because of the potential for inadvertently introducing some type of bias into
the SLR searching process, thereby reducing the value gained from using the SLR process
and making the resulting SLR non-repeatable (at least in an exact form). In fact, due to the
lack of systematic solutions to the searching problem, many SLRs may be semi-systematic
rather than truly systematic.

As from the survey point of view, one observation from the solutions and workarounds
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reported by SLR authors is that the most effective ones appear to be semi-systematic as
well. Only about half of the respondents reported solutions or workarounds, with less than
half of those actually evaluating the quality of their solution. For example, the problem of
digital libraries each requiring a different syntax leads authors to modify their search strings
multiple times until they are satisfied with the results. This ad hoc manipulation has the
potential to result in slightly different searches and results for each digital library. Another
example of a semi-systematic workaround results from the limits to search string length
imposed by some of the digital libraries. In this case, authors decompose the search into
multiple parts, which once again can result in different results than if the original search
string could be use in its entirety. One survey respondent expressed these problems as: ”We
spent a lot of time convincing ourselves that the results we got back were sane.” The primary
way that authors evaluated these semi-systematic approaches was through comparing with
a gold set of papers. As one respondent stated: ”The results were compared with the results
obtained from the trial search”.

When asked about the most effective overall search strategies, many respondents reported
that they used only one methodology, e.g. snowballing or searching specific venues. The goal
of the SLR is find all the related literature to a topic to answer the research question. There-
fore, a combination of methodologies is required to achieve good coverage and precession in
the search phase. Even though snowballing is an effective approach it is still does not find

all the papers related to a topic [19, 29].
3.7.3 Tool Support is Still Needed

Even the small number of participants who said they did not face problems in the SLR
search phase still indicated that there was a need for better tool support. Among the tools
respondents used to conduct their SLRs, only four were designed specifically to support the
SLR process in SE: StArt, SLuRP, SESRA, and SLR-Tool. Interestingly, the respondents
did not report using these tools as often as they reported using other general purpose tools,

like spreadsheets. This result is not completely surprising because most of the SLR-specific
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tools do not provide much support for the search phase, which was the focus of this survey.

While the authors did use a number of tools to support the SLR, they did indicate that
these tools had a lot of limitations. The primary limitation was that, even when using the
tool, the author still had to perform a lot of manual work. Some examples from the survey
responses include: ” The snowballing effect is difficult and require manual work. The removal
of false positives require also lots of manual work”™, ” Lots of manual cleaning of references
was needed”, and ” We filtered manually the retrieved results”.

Another problem is that most of the tools are general purpose tools which are not not
well-adapted to the specific needs of the SLR search process. For example as one respondent
stated " excel: it is a general purpose tool that has to be adapted”. Even so, many of these
tools were still useful: ” Excel is not really design (sic) to support SLRs but works reasonable
well.”

Based on the responses, we presented a list of the most important requirements for tools
that support the SLR search phase. We invite SLR authors, researchers, and software de-
velopers to use this list as a reference for building improved tool support. We also provide
a list of all the tools currently used to support SLRs along with their benefits and limita-
tions at http://carver.cs.ua.edu/Data/SLR-Tools/. This list can be helpful for encouraging

integration and collaboration among various tools.

3.8 Threats to Validity

In this section we describe the primary threats to validity of our SLR and survey.
3.8.1 SLR

Related to the primary goal of this study, one of the limitations of our study relates to
the search process. As noted throughout this paper, there are a number of limitations with
the infrastructure available to support the search process. Therefore, our search string might
have missed some relevant papers if authors used terms different from the ones included in

our string. We made every effort to be thorough and to use a variety of synonyms for the
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key search terms, but there are still limitations.

Another limitation is our choice of digital libraries. We chose the digital libraries most
commonly used in published SLRs. However, it is possible that we omitted papers that
were not indexed in these digital libraries. All but one of the papers that we knew prior
to conducting the SLR were found in the digital libraries we chose, so the chance that we
missed important work is low. The paper that we did not find is not indexed by any digital
library.

If the search process missed any papers, as indicated by the previous two limitations,
then it is possible that there are additional problems or solutions not included in this report.
Furthermore, if there are problems or solutions reported in papers that were not in English
or not in peer-reviewed venues, they are also omitted from this report.

To help eliminate as much potential bias, we had the methodology reviewed indepen-
dently. Furthermore, the second author reviewed a random subset of the papers at each

phase of the SLR process to ensure that proper selections were being made.
3.8.2 Survey

The survey threats can be categorized in three groups.

Internal Validity

For the results to be valid, it is important that survey respondents have experience with
the SLR process. For that reason, we defined our pool of potential respondents to be those
who had published at least one SLRs in the software engineering literature. However, it is
possible that some of the recipients shared the survey with students or colleagues who did
not have the requisite experience. Based on the data about experience, we do not think
this threat materialized in our sample. The other threat to internal validity is that we had
no way of assessing the severity of each barrier or priority of each requirement. We used
frequency of report as a proxy for importance, but future studies should focus specifically

on identifying priorities.
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External Validity

The main threat to external validity is the representativeness of the sample. It is possible
that we missed SLR authors if they published their SLR in a venue other than the ones we
searched. Since we had a broad sample, this threat does not appear to be serious in this

survey.

Construct Validity

The most critical construct validity threat was that survey respondents may have misunder-
stood the survey questions and provided incorrect information. To reduce this threat, we
pilot tested the survey with experts and with software engineering students (who had per-
formed SLRs themselves) and updated the survey based on their feedback. Also our analysis
of the responses indicates that overall the participants understood the questions as we had

very few answers that were completely irrelevant.

3.9 Conclusion and Future Work

SLRs are widely used and continually increasing in popularity in SE venues. However,
the large number of barriers faced by SLR authors results in a high cost for conducting the
SLRs. The search phase is the phase with one the highest number of barriers throughout
the whole SLR process. Therefore, in this study we focused on identifying the barriers and
solutions specifically in the SLR search phase. We conducted an SLR and surveyed published
SLR authors in SE to understand the issues specific to SLR search and to understand their
needs for tool support.

We found that the search problems have been reported in different types of studies.
There are few studies that specifically focus on problems in the SLR search phase in software
engineering. Also, the SLR search phase still suffer from a lot of barriers, resulting in an SLR

process that is still costly in time and effort. There is still need for future work, especially in
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automating the tasks in the SLR search phase. The difficulty of implementing these solutions
varies, but the benefit of automation will reduce the barriers in the SLR search phase and
will reduce the cost of conducting SLRs in SE. There is also need for better communication
with digital libraries providers, because some of the issues cannot be solved by third-party
tools alone and require collaboration with the digital library providers.

The results of the analysis produced a list of requirements for SLR tool support to reduce
the problems faced and the manual work required to complete the SLR search phase. The
list of requirements can be used a reference for authors, researchers, and developers when
developing tools for the SLR community in SE. The results also provide information about
the current tools authors use along with the advantages and disadvantages of those tools.

The primary contributions of this work are:

e A list of requirements for tooling to support the SLR search phase; and

e A prioritization of those requirements based on input from the SLR community.

e An analysis of the strengths and weaknesses of the tools used by SLR authors.
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CHAPTER 4

SSRT - A TOOL FOR SYSTEMATIC REVIEWS SEARCHING PHASE

4.1 Introduction

Literature review is the core of the beginning of any research. As it provides a snapshot
of the status of the literature and helps motivates new research ideas. The lack of rules for
conducting literature review leads to bias and difficulty for replication. Medical researchers
have introduced the systematic literature review (SLR) approach to overcome those issues.
The SLR process follows specific rules and guidelines resulting in a process that is clear from
bias, repeatable, and well documented [35, [3§].

Due to the benefits seen in medical field, the SLR approach was adapted for software
engineering (SE) in 2004 [31], 38]. The SLR approach has been widely accepted and used
in the SE community. The number of publish SE SLRs has increased to over 174 published
between 2004 to 2013 [111, 28| 33|, B7].

However, the SLR process still suffers from a lot of problems. The process still requires
a lot of manual effort, which increases the effort conducting SLRs. These barriers fall in
different aspects and stages in the SLR process and are caused by different factors [I, [8, 25,
48]. The top barriers in the SLR process are related to searching and obtaining the literature.
Based on a survey and two community workshops, SLR authors in SE identified the SLR
search phase as one of the most time consuming phases in need of tool support [8, 24} 25].
Our previous studies identified 29 problems in the SLR search phase (Article 2 - citation for

the paper will be added once it is published). Also identified a list of tooling requirements
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for the SLR search to overcome those barriers. The problems in the SLR search phase are
also faced by other researchers based on multiple studies [1I [7, 12} 16}, 56, 57].

The current tool support does not cover the searching process. Based on a study that
evaluated SLR tools, only four cover all the stages of the SLR process, SLuRP [6], StArt
[27], SLR-Tool [20], SLRTool [4]) and none support automated search [41], [42]. Also based
on our previous working of analyzing the status of the current tool support, the tools are
lacking the support for the SLR search phase. (Article 1 will be citied once it is published).
Therefore, there is a need to automate the searching process to reduce the manual effort
required in the SLR searching phase.

This paper presents SSRT (Searching Systematic Reviews Tool), a tool that we have
developed to reduce the manual work required for the SLR search phase. SSRT helps auto-
mate most of the search tasks from building the search queries, to downloading the results,
removing duplicates, and storing them in a database. We designed SSRT based on the find-
ings from the SLR and the survey studies about the SLR search phase barriers that we have
conducted (article 2 will be cited once it is published). In addition to describing the tool
this paper will describe our evaluation of the tool.

This paper is organized as follow. Section 2 provides background and previous work.
Section 3 presents the requirements, design, features, and limitations of SSRT. Section 4
contains the tool evaluation that we have conducted. Section 5 describes threats to validity

in out study. Finally, section 6, conclude the paper and discuss future work.

4.2 Background and Previous Work

This section provides information on the SLR process, the barriers and tool support that

have been identified in the SLR search phase and our own previous work.
4.2.1 SLR Search Phase Barriers and Tool Support
The SLR search barriers are the most difficult, most time consuming, and most in need

for tool support [8, 24, 25]. The SLR search phase barriers are caused by different factors.
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In a study comparing the SLR process in medicine to the SLR process in SE, researchers
found that the digital libraries and search process are not optimized for SE as they are for
medicine [12]. Other studies also support the lack of adequate infrastructure as they discuss
the limitations of automation search in the SLR process and the effort needed to search and
obtain the literature [I], [7, 12} 16} B33 56, 57].

Tool support is important to reduce the manual work in the SLR search phase in SE. A
mapping study identifies multiple tools [33]. Based on studies that evaluate tool support,
only four tools cover all stages of the SLR process. The rest support only a subset of the
SLR stages [41]. However, none of the tools focused specifically on the SLR search phase.
The four tools that support all stages of the SLR process in SE (SLuRP [6], StArt [27],
SLR-Tool [20] have been evaluated, however the outcomes of the evaluation studies stated

the tools lack the automated search support in the SLR process [42].
4.2.2 Our Previous Motivating Work

To better understand the search phase barriers, we have conducted two studies. First,
we have combined three studies that have been done focusing on the barriers and the re-
quirements in the SLR process (Article 1 will be cited once it is published). The input of
the three studies we combined have came directly from the SLR community in SE, through
survey and two community workshops. The combination of the study provided a list of
functional requirements for all the SLR process. We identified the SLR tools in SE, and
evaluated these tools against the list of requirements that we have created. The results of
the work showed that the searching part in the SLR process is very problematic. Also the
tools that we have evaluated none of them have provided the appropriate tool support for
the SLR search phase.

The second study that we have conducted consisted of two parts (Article 2 will be cited
once it is published). The first part, we conducted an SLR to identify the search phase
barriers reported in the literature. Because many studies identify barriers in the SLR process

and because the search phase was one of the top sources of barriers, it was important to
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better understand the search phase barriers. We reviewed the literature between 2005 and
2015 and identified 29 problems in the search phase of the SLR process reported in 86 studies.
Those barriers were caused by different factors: (A) digital libraries, (B) lack of tool support,
and (C) researcher experiences. For all these barriers, the researchers did not report the use
of tools to address them. The solutions they followed were semi-systematic, thereby reducing
the quality of the SLR and causing the SLR to be more difficult to replicate.

The second part, of the study, we have conducted a survey of SE researchers who publish
SLRs to confirm the results of the SLR and ensure that we captured all barriers. 131
researchers have completed the survey. The results generated lists of issues, requirements,
and tools being used by the researchers in the SLR search phase. We combined the survey
results and the SLR results and produced a final list of tooling requirements specific to the
SLR search phase.

Based on the analysis of the results of those two studies, and the analysis of current tool
support, there is still need for better tool support in the SLR search phase. This motivated
us to design and build SSRT, a tool to reduce the manual work in the SLR search phase in
SE that researchers face.

Table [4.1] shows the top ten requirements from the survey of the researchers and their
rank in the survey and the literature review as well. Please note that 1 is the lowest. The

ones without SLR ranking mean they link to ones not in the top ten.

4.3 SSRT Tool

This section provides details on how we constructed SSRT. It includes the requirements
we considered while building SSRT, the design of SSRT, and the features of SSRT.

To ensure that SSRT contains the most appropriate tool features, we chose the require-
ments based on input directly from the SLR community in SE. Thus, we conducted two
studies to identify the requirements in the SLR search phase. In the first study, we com-

bined three empirical studies on the barriers present in the SLR process to generate a list
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Table 4.1: Top Ten Requirements

# Requirement # Survey # Literature
R1  Search multiple databases in standardized query 9 10, 8
R2 Removing duplicates 8

R3  Filtering capabilities 7

R4  Merging results from DL 6 New
R5  Synonym recommendation 6 New
R6  Repository for papers 6

R7 Standardized export 6 New
R8 Download papers 6 7
R9 Automatic determination of relevance 5 New
R10 Support snowballing 5

R11 Automatic generation of search terms 5 New
R12 Support collaboration 4

R13 Papers categorization 4 New
R14 TIterative search 3

R15 Retrieve more relevant results 3 2
R16 Search string definition 3 D
R17 Support visualization and graphical analysis 3

R18 Papers summarization 2 New
R19 Managing notes 2 New
R20 Import search results to one tool 2 New
R21 Validation of data 2 New
R22 Archiving 2 New
R23 Tagging 2 New
R24 Support for searching process 2 4
R25 Aggregate data 2 New
R26 Extracting tables and figures 1 New
R27 Version control 1 New
R28 Automated analysis 1

R29 Reference management 1

R30 Meta data management 1 New
R31 Search papers based on similarity 1 New
R32 Directory for SE venues 1 New
R33 Semantic enrichment 1 New
R34 Import external resources 1

R35 Suggesting articles based on keywords 1 New
R36 Easy to use 1 New
R37 Tracing studies sources 1 New
R38 Notification of new papers 1 New
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of tooling requirements for the entire SLR process (Article 1). The second study consisted
of two parts that focused on the SLR search phase. In part one, we conducted an SLR
to identify the problems the SE community have reported in the search phase of the SLR
process. In part two, we surveyed SLR authors in SE to identify barriers and requirements
present in the SLR search phase. We combined the results from these two parts to generate
a final list tooling requirements for the SLR search process to remove the most important
barriers faced by SLR authors in SE (Article 2).

The goal of SSRT is to to help automate the all or part of the SLR searching phase for SE
SLRs. The initial version of SSRT runs on Windows. We plan to port it to other operating
systems in the future. In building SSRT, we followed the design shown in Figure 4.2] This
figure illustrates how the main components of SSRT work together to achieve the overall
functionality. We used an object oriented development approach to allow for easier upgrades.

Figure 4.1 shows the initial screen of the SSRT user interface. From this screen, the user
can search for literature, download the results, and store them in a separate database for
extra screening and processing later. In choosing the specific features to implement in SSRT,
we also considered the feasibility of implementation. We plan to add more features in later
versions of SSRT.

The following subsections describe each of the main features in SSRT. For each feature we
indicate why we chose to implement the feature and provide a table to map the requirements
addressed by the feature to those listed in Table[4.1l These requirements come directly from
our previous work (Article 1 and Article 2). There are a small number of requirements that
do not map back to the table. Those requirements originated in the community workshops we
conducted (Article 1). We chose not to implement all of the requirements. Some requirements
could not be addressed by a third-party tool as they relate directly to features of the digital

libraries. Other requirements we reserved for future versions of SSRT.
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Figure 4.1: SSRT Main Screen
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Figure 4.2: SSRT Design

4.3.1 Query Converter (QC)

This feature addresses the highest priority requirements given by the community. This

issue has appeared in all of our previous work regarding SLR barriers (Article 1, Article
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2). Table shows the requirements and the sources of the requirements addressed by this

feature.
Table 4.2: QC Addressed Requirements

Requirement Requirement Source

R1 Search multiple databases in standardized | Community
query Workshop, SLR,

Survey

Same digital library produce different results | Community
based on the order of the words Workshop, SLR
Limitation on the search string SLR

The query converter helps users develop better search queries. Because databases have
different formats and syntax, it is difficult to design a query that can run similarly on
all databases. This feature allows the user to enter search query one time. SSRT then
automatically adapts the syntax of the query to meet the rules of each target database.
SSRT will also help the user construct more accurate queries by alerting the user of illegal
characters and search string length limitation in each of the database. SSRT will also suggest
how to divide the query into multiple queries when the length of the query exceeds the
limit of the digital libraries. In future versions of SSRT, we will implement a “search term
suggestion” feature to help users improve their queries.

Some databases provide different results depending upon the order of the search terms.
The query converter will generate queries with all permutations of the search terms to ensure
it obtains all the results from the digital libraries. Figure [4.3|shows the home screen of the
query converter and how it would enhance an example query (Software Engineering and
(" Quality” OR " Testing”) Not ”Validation”). The output of the query converter is a list of

search queries that are ready to be executed to have the maximum coverage of results.
4.3.2 Query Search (QS)

This feature addresses the top rated requirement. In addition, this feature complements
the QC feature. This feature addresses multiple requirements. Table shows the require-

ments and the sources of the requirements addressed by this feature.
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Query Converter

File Tools

Search Query: |Software Engineering and ("Quality” OR "Testing") Not "Validation"|

IEEE Xplore and Springer Link:
Software Engineering and ("Quality” OR "Testing") Not "Validation”

Scopus and Science Direct:
TITLE-ABS-KEY(Software Engineering and ({Quality} OR {Testing)) Not {Validation})

Engineering Village:
(Software Engineering and ({Quality} OR {Testing)) Not {Validation} WN KY)

ACM Digttal Library:

Software Engineering AND ("Quality” | "Testing”) AND NOT "Validation™
("Quality” | "Testing”) NOT "Validation™ AND Software Engineering
NOT "Validation" AND Software Engineering AND ("Quality” | "Testing")

Figure 4.3: Query Converter Home Screen

Query search differs from the QC. While QC helps the user build the query, QS allows
the user to execute a query that they have already formulated, that does not need any
manipulation, or that was formulated by the QC. QS can can be performed on one database
or across all the databases. The query search display the results in a built-in grid inside

SSRT. This table or grid shows the results from the digital libraries as they appear. The
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Table 4.3: QS Addressed Requirements

Requirement Requirement Source
Support the ability pause/resume the search | Community
process Workshop

R1 Search multiple databases in standardized | Community
query Workshop, SLR,

Survey
Unified portal to search literature in common | Community
DL Workshop, SLR
Cross search of digital libraries Community
Workshop
Support for search iterations Community
Workshop
Support piloting search string Community
Workshop
Better approaches to display the results from | SLR
DL
R24 Support for searching process Survey

current version supports the following databases: IEEFEXplore, ACM Digital Library, and

SpringerLink. We will add support for more databases in later versions of SSRT. Figure[4.3.2

illustrates how SSRT displays the results of the query to the user.

4.3.3 Downloading Results (DR)

This feature addresses another of the top requirements and complements the QC and
QS features. Without the ability to automatically download the results, the QC and QS
features would be less valuable. It also complements the feature of searching the digital

libraries. Table [4.4] shows the requirements and the sources of the requirements addressed

by this feature.

Table 4.4: DR Addressed Requirements

Requirement Requirement Source
RS Download papers Community
Workshop, SLR,
Survey
Difficult to integrate with digital libraries | Community

Workshop, SLR
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File Tools Help

Search Query: |Software Engineering AND ("Quality"” | "Testing"”) NOT "Mobile”

Custom URL Downlaoder

URL: |Enter URL to Download...

Title First Author Year Venue

» Margaret Bumett November 2010 FoSER '10: Proceedings of the FSE/SDP...
Using a real world project in a software tes... | Daniel E. Knitz, [ March 2014 [ SIGCSE "14: Proceedings of the 45th AC...
. Improving evolutionary realdime testing - Marouane Tiill, -Ju)y 2006 -GECCO '06: Proceedings of the 8th annu...
dcsupsth</sup> intemational workshop o | Judith Bishop. May 2015 ICSE "15: Proceedings of the 37 Intema
.Cowboys. ankle sprains, and keepers of g... -Enerson Murphy-Hill, -May 2014 -ICSE 2014: Proceedings of the 36th Inter...
Peer testing in Software Engineering Proje VNlc.uIe Clark [ December 2003 VACE '04: Proceedings of the Sixth Austral.
.Composﬂion and tradeoff of nonfunctional... - Pasqualina Potena [ September 2007 [ ESEC-FSE companion '07: The 6th Joint ...
Simulation software engineering: experien. . VSlefm Wagner, [ November 2015 [ SE-HPCCSE "15: Proceedings of the 3d |...
.Eaiy estimation of software quality using i... -Nachiappan Nagappan, [ May 2005 -ACM SIGSOFT Software Engineering Not...
Compostion and tradeoff of non4uncional... | Pasqualina Potena [ september 2007 | ESEC-FSE 07 Proceedings of the the &
.Irlmduc'ng students to professional softw... -Guy Tremblay, -June 2007 [ ITICSE '07: Proceedings of the 12th annu...

Sesrch completed) The total number of results Tound i 25,965 ] -

Figure 4.4: Results of Query Search

SSRT provides two options to download the results from the search of the digital libraries.
Note that the results include only the citation information and not the actual PDFs, due to

copyright issues. Figure [4.3.3 shows the interface to access the options described below:

e Standard Query: For this option, the user uses the regular query option n SSRT,
searches for the results first, and then downloads all results. This option helps the user
edit their search query as necessary before downloading the results from the digital
libraries. The user can download from one database at a time or from all the databases
together. Note that if the users chooses to download from all databases, they do not

have the option to preview the results before downloading.

e Custom URL: To use this option, the users must already have a specific URL from
one of the supported digital libraries and would like to obtain the results of this exact

URL without any manipulation. The user can develop the URL via the interface of
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the digital library to design the query, set filters, or any other options then copy/paste
the URL in SSRT. This option is useful when the user wants to download the results
from a digital library that does not allow batch downloading. The user does not need
to go through the whole search process in SSRT. Instead, the user provides only the

URL for that page and SSRT automatically downloads the results.

The download process for either option runs in multi-threaded manner which allows the

user to search and download at the same time, as well as launching multiple downloads

simultaneously.
Search Query: ‘Enter query to search... ZSeleﬂ DB v
Custom URL Downlaoder
URL: |Enter URL to Download | Download

Figure 4.5: Download Options

4.3.4 Back-end Storage (BS)

We did not want to store the the individual .bib files directly on the user’s local machine.
Instead we store the citations and results in more advance approach to enable integration and
standardization We wanted to build a backbone that will support both the current features
of SSRT as well as future enhancements. Table shows the requirements and the sources
of the requirements addressed by this feature.

After downloading the results from the digital libraries, the citations are converted and
stored in a MySQL database. SSRT stores results in a database to enable the capability
to collaborate on the search between multiple users in different places. This database case
reside either locally on the user’s machine or on a remote server. SSRT has a connection
setting file that provides information about the location of the database, which the user can
easily update. The user can choose to use the default database setup on the SSRT server

or use their own database. The users’ own database can be on their local machine or on
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Table 4.5: BS Addressed Requirements

Requirement Requirement Source
R12 Support for collaborative search Community
Workshop, SLR,
Survey
R22 Archive search queries and search process Community
Workshop,
Survey
Better approaches to display the results from | SLR
DL
R4 Merging results from DL Survey
R6 Repository for papers Survey
R20 Import search results to one tool Survey
R37 Tracing studies sources Survey
R38 Notification of new papers Survey

a remote server for which the user has proper connection information, i.e. database name,

server, username, and password.

Figure 4.6 shows the database design that sits behind the current version of SSRT. We

will modify the database as needed when we add new features.

information about the users, to enable collaboration and privacy for each search for each

user.

4.3.5 Removing Duplicates (RD)

Beside being the second highest requirement on the list of requirements, this feature also
showed up in the limitations of the current tools. Therefore, we chose to address it in this

version of SSRT. Table [4.6] shows the requirements and the sources of the requirements

addressed by this feature.

Table 4.6: RD Addressed Requirements

The database also has

Requirement

Requirement

Source

R2

Removing duplicates

Community
Workshop, SLR,
Survey

Duplicate results from digital libraries is an important problem faced by SLR users. By
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_] queryconverter v —] publication hd

qcld INT{11) publicationID INT({11)
> gelnputQuery VARCH AR(500) <2 publicationQueryID INT(11)
qcOutputQuery TEXT T Bl—— — — — — — — — | type VARCHAR(100)
> gclser VARCHAR{100) author TEXT
qcDate VARCHAR(45) editor TEXT
> title TEXT
booktife TEXT

year Y ARCHAR (45)

publisher TEXT
m query v 1 user v address TEXT
quendd INT(XZLY | ________ | userName Y ARCHAR(100) — — —l=] *~ pages VARCHAR(45)
» queryQuery Y ARCHAR{500) I userEmail ¥ARCHAR(100) ishn V ARCHAR(45)
» queryDE VARCHAR(45) - —l——————————————i -#1{ »userPassword VARCHAR (100) doi VARCHAR({45)
& queryUser VARCHAR(100) | > url VARCHAR(100)
> queryDownload INT{11) I journal TEXT
> queryDate VARCHAR(45) S | volume TEXT
queryT otaResults Y ARCHAR({45) abstract TEXT
queryURL TEXT imn VARCHAR(45)
> lecation TEXT
keywords TEXT

month VARCHAR{45)

Figure 4.6: Database Design

default, SSRT eliminates duplicate results. After downloading the results from the digital
library, SSRT stores the citation information into a MySQL database. The SSRT database
is designed to automatically reject any citation that is already stored in the database. This
step will reduce the work required for users to manually remove duplicates. SSRT provides
the total number of results found and the number of results downloaded after removing
duplicates, which makes it easy for the user to determine the percentage of duplicates from
each digital library. This information will be very useful to the user while documenting their
findings.
4.3.6 Import/Export (IE)

In order to enable SSRT to interact with existing tools that implement portions of the SLR
process, SSRT needs to provide a way to import and export data. This features addresses

the issue of being locked-in to using particular tools that cannot interact with others. Table

[4.7] shows the requirements and the sources of the requirements addressed by this feature.
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Table 4.7: IE Addressed Requirements

Requirement Requirement Source
Export search results Community
Workshop
R7 Standardized Export Community
Workshop,
Survey
Ability to import external studies not from | Community
digital libraries Workshop
Importing search results from different | Community
databases Workshop
R4 Merging results from DL Survey
R20 Import search results to one tool Survey
R34 Import external resources Survey

Integration with other tool was a major aspect that we wanted to consider while designing
SSRT. Thus, SSRT provides the ability to export and import results from other tools or
digital libraries. For example, the user can import any citation in Bibtex format and still
take advantage of the other features in SSRT, like removing duplicates automatically.

The results can be exported in a plain text format or in Bibtex format. Since SSRT
stores all results in a MySQL database, it is very easy to add more export formats in future

versions. Figure [4.7 shows the options for export results.

File | Tools | Help

Query Converter
View & Manage Citations ]

Query Archive
Import Citations

Export Citations » | Export to BibTex Format
Export to Plain Text Format

URL: |Enter URL to Dowrioea=

Figure 4.7: Export Options
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4.3.7 Archive (AR)

Because the information is stored in a MySQL database, it makes developing an archive
very easy. In addition, the SE community desired this capability. Therefore, we choose to
implement this feature. Table[4.8shows the requirements and the sources of the requirements

addressed by this feature.

Table 4.8: AR Addressed Requirements

Requirement Requirement Source

R22 Archive search queries and search process Community
Workshop,
Survey

SSRT provides archive features across all the tool components. It tracks the queries that
have been executed, the queries that have been downloaded, the number of results, and more
information that can be useful for users while conducting SLRs. The query archive logs (1)
the queries inserted and converted using QC, (2) the queries searched using SSRT, and (3)
the external URL downloads. This feature makes it easier to identify the source of each
citation, not only the digital library but also the specific query. The archive also keeps a log
of the imported citations to enable the users to differentiate which citations originated from
the search and which were imported from external sources. Figure shows the screen

shot of the archive component.

QueryArchive

Query Converter Query Search and
Archive Download Archive

Query ID: [For mutiple. seperate with comma i 1.2.3 || Delete Delete Selected

D Query ~ DB Downloaded Date Total Results

> Software Engineering and ("Quali
3 Software Engineering and ("Quali... | SpringerLink
2 Software Engineering AND ("Qua... | ACM
3 Software Engineering AND ("Qua... | ACM

2017/04/24 19:01:23

2017/04/24 19:01:50 107.574
2017/04/2419:02:10 18,903
2017/04/24 19:02:35 25965

o o o o o o kK

28 Software Engineering AND "Mobi... | ACM 2017/04/09 13:26:28 10.1%6
16 (Systematic Literature Review 0... |ACM 2017/03/02 09:24:01 3635
17 (Systematic Literature Review O... |IEEEXplore 2017/03/02 09:24.08 6

18 (Systematic Literature Review O... | SpringerLink 2017/03/02 09:24:15 5.385

Figure 4.8: Archive Home Screen
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Abstract DB A

Figure 4.9: Citations Management Home Screen

4.3.8 Citations Management (CM)

Even though citation management tools exist, there were still requirements from the

community for this feature. It is helpful for SSRT to allow the user to view and manage the

citations before exporting them to other tools. Table 4.9 shows the requirements and the

sources of the requirements addressed by this feature.

Table 4.9: CM Addressed Requirements

Requirement Requirement Source
Better approaches to display the results from | SLR
DL

R6 Repository for papers Survey

R29 Reference management Survey

R37 Tracing studies sources Survey

To be able to use the information stored by SSRT, users must have a way to view that

information. Therefore, we added a simple citation management module. This feature

enables the user to view and/or the citations they downloaded or imported. The user can

filter the view by the source of the citations, e.g. from one digital library or from all sources.

Figure shows the screen of citations management.
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4.4 Evaluation

This section describes the three internal evaluations of SSRT. For each evaluation, I
explain why I chose that evaluation, what benefits the evaluation provides, and the results

of the evaluation.
4.4.1 Feature Analysis

Evaluating the tool using feature analysis provides an objective evaluation and reduce
bias in the evaluation. It ensures that the tool is evaluated against concrete requirements
which ensures the scope of the evaluation is fixed. Since it follows defined steps and process,
it makes it easier to replicate as well.

The goal of this analysis is to determine whether our tool provides complete coverage of
the SLR tool requirements provided by the SLR community in SE. The requirements that we
are evaluating the tool against are the ones show in table from our study on identifying
requirements for the SLR search phase (article 2 will be cited once it is completed).

To perform such analysis, we chose the feature analysis method [39], which is one of
the evaluation methods defined in the DESMET methodology used for evaluating tools and
methods [36]. We chose DESMET because its goal is to report information about the suit-
ability of a tool within a specific context rather than trying to rank the tool. DESMET
identifies nine methods of evaluation and a set of criteria in order to help researchers select
the appropriate method for their evaluation. The DESMET method provides detailed guide-
lines for each evaluation. In addition, DESMET is a well-established evaluation method in
software engineering [23], 20}, [42].

We attempted to perform the tasks described by each requirement for SSRT. In each
case, we determined whether SSRT supported the requirement fully, partially, or not all.

Then we generated a total coverage score for SSRT as follows:

e We weighted each requirements (from table from 1-9 (based on the ordering).

Requirements that are not tool requirements (e.g. requirements for the digital libraries)
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have a weight of 0, because we did not evaluate them.
e We rated the level of coverage for each requirement as fully, partially, or none.

e Finally, for each rating we gave a score (fully - 100%, partially - 50%, none - 0%). We
then computed total of the scores and divided by the total points available, and we

gave a final score for the tool.

Table shows the results of the analysis. Overall SSRT covers 48% of the requirements
desired by the community. Among these requirements, SSRT addresses most of the highly
rated requirements. And, of those requirements it addresses, SSRT fully addresses most of
them. As we add more functionality to SSRT in later versions, we will continue to address
additional requirements.

As a point of comparison, we evaluated all of the other SLR tools that have support for
the SLR search phase using the same requirements. Table shows the scores for all the
other tools. Focusing only on those requirements for the SLR search phase, SSRT has a
higher score than any of the other tools. This result is expected because these tools were
built prior to the publication of our list of requirements. Some of the tools got zero score in
visualization even though it is supported, however that is because the visualization support
they have is not in the search phase it is in the data extraction part.

The results of this evaluation are encouraging in the fact that SSRT is the most compre-
hensive of the existing tools. Conversely, SSRT only covers about half of the requirements.
In the first version of the tool, we focused on the requirements that were the most feasible for
implementation. Based on the results of the feature analysis, we will increase the coverage
of requirements by focusing on collaboration, visualization, and reporting in future versions

of the tool.
4.4.2 Replicating an SLR
For this evaluation, we replicated the search phase of a previously conducted SLR. We

chose to replicate our own SLR because we were familiar with the effort required to perform
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Table 4.10: SSRT Feature Analysis Score

# Requirement Weight | Supported | Score
R1 | Search multiple databases in standardized query 9 P 4.5
R2 | Removing duplicates 8 F 8
R3 | Filtering capabilities 7

R4 | Merging results from DL 6 F 6
R5 | Synonym recommendation 6

R6 | Repository for papers 6 F 6
R7 | Standardized export 6 F 6
R8 | Download papers 6 F 6
R9 | Automatic determination of relevance 5
R10 | Support snowballing 5
R11 | Automatic generation of search terms 5
R12 | Support collaboration 4 P 2
R13 | Papers categorization 4
R14 | Iterative search 3 F 3
R15 | Retrieve more relevant results 0 NA
R16 | Search string definition 0 NA
R17 | Support visualization and graphical analysis 3
R18 | Papers summarization 2
R19 | Managing notes 2
R20 | Import search results to one tool 2 F 2
R21 | Validation of data 0 NA
R22 | Archiving 2 F 2
R23 | Tagging 2
R24 | Support for searching process 2 P 1
R25 | Aggregate data 2 F 2
R26 | Extracting tables and figures 1
R27 | Version control 1 P 0.5
R28 | Automated analysis 1
R29 | Reference management 1 F 1
R30 | Meta data management 1
R31 | Search papers based on similarity 1
R32 | Directory for SE venues 1
R33 | Semantic enrichment 1
R34 | Import external resources 1 F 1
R35 | Suggesting articles based on keywords 1
R36 | Easy to use 1 F 1
R37 | Tracing studies sources 1 F 1
R38 | Notification of new papers 1 F 1
R39 | Other 0 NA

Total 110 54 - 50%
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Table 4.11: SLR Tools Feature Analysis Scores

#

Weight
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StArt
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Tool
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4.5

4.5
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2.5

2.5

2.5

2.5
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R10
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Total

110

41

41

37

28

23
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Percentage

100

38

38

33

25

20

15
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the search manually. This knowledge gave us a basis for comparing SSRT’s performance.
This evaluation is more informal in that it helps us understand how SSRT performs in a real
SLR setting. It should reveal any deficiencies apparent from running the tool in a practical
scenario that may not have been evident during the development process.

We evaluated SSRT’s performance on the following dimensions:

e Time: The amount of time required to search, download, and remove duplicates from

results.
e Ease of Use: The number of steps taken or the amount of manual work.

e Coverage: The ratio of relevant results found using SSRT to those found using the

manual process.

e Duplicates: The number of duplicates in the results after download.

We chose the SLR to identify the SLR search barriers (Article 2 in this dissertation) as

the SLR for replication. The search process for that article included the following steps:

e We constructed the two search strings shown in Table[4.12] The goal of the first search
string was to identify papers that describe problems in the SLR search phase (either in
SLR papers or in SLR meta-papers). The goal of the second search string is to identify

papers related to SLR tools.

o We executed these queries on the set of digital libraries which are commonly used
across SLRs, including: ACM Digital Library, IEEExplore, ScienceDirect, Scopus, and
Engineering Village. We chose this set of digital libraries, because they are the ones
most commonly used in SLRs and they index high quality journals and conferences.
Also each of these digital libraries has the advanced search capabilities to properly

execute the queries.

We had to manually covert each search string into the proper format for each digital

library, a time-consuming process that required reading the documentation for each library.
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Table 4.12: Search Strings
SQ# | Search String Motivation
SQ1 | (Systematic Literature Review OR System- | Searching problems in
atic Review OR SLR OR Systematic Map- | published SLR papers
ping) AND (Software Engineering) AND | or SLR meta-papers
(Searching OR, Automated Search OR Search
OR Digital Library) AND (Problem OR Bazr-
rier OR Issue OR Answer OR Solution)
SQ2 | (Systematic Literature Review OR System- | SLR tool papers
atic Review OR SLR OR Systematic Map-
ping) AND (Software Engineering) AND
(Tool OR Tooling OR Tools)

The we manually executed each search string on each digital library. The process of retrieving
the citations required a number of manual steps because some digital libraries do not allow
for batch downloading or the use of tools like Zotero. We also noticed that not all digital
libraries exported the citations in BibTeX format. Finally, we manually removed duplicate
results by using Excel and EndNotes.

We replicated this process using SSRT. Using the same search strings (Table [4.12)), we
repeated the process of converting the string for each library, searching the libraries, down-
loading the results, and removing duplicate entries. The current version of SSRT only
supports three digital libraries (ACM, IEEExplore, and SpringerLink). Therefore, we only
executed the search on those libraries.

Our comparison of SSRT and the manual process showed the following results for each

of the evaluation factors defined above:

e Time: The manual search process took two days, including reading the library docu-
mentations and converting the queries for each digital library. Conversely, the Query
Converter feature of SSRT required only a few seconds to perform this task. Note that
Query Converter does not convert the “near” operation because it is not supported by
all digital libraries. In addition, the download time was faster using SSRT. Using the

manual process, we had to download the results either page-by-page or one-by-one,
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which took approximately 3 days to get the list of citations. Using SSRT required just
one click. We provided the link for the results and the results were downloaded within

10 minutes automatically.

e Fase of Use: While interacting directly with the digital libraries is not difficult, it
does require a large amount of manual work. It is much easier to use SSRT’s auto-
matic features, which require only logging in and providing the URL to download the

references.

e (Coverage: Because SSRT uses the same digital library interface as the manual process,
the number of results return for each query is identical. However, when SSRT generates
the search strings, it generates additional permutations of the search terms. Because
ACM gives different results based on the order of the search terms, SSRT provided more
results in ACM digital library. While, manually entering all of the queries generated
by SSRT would produce the same results, the fact that SSRT performed this task
manually means that it may result in additional papers that could be missed if the

author does not perform all permutations manually.

e Duplicates: The number of results returned using SSRT is the same number of results
the digital libraries return. However, when we downloaded the results from SSRT, the
results were already cleaned from duplicates. When we downloaded 220 citations, there
were only 4 duplicates that SSRT missed. SSRT eliminates duplicates that matches on
“authors”, “year”, and “title”. If there is any variation, then SSRT does not eliminate
the duplicate. While SSRT could enforce stronger rules for removing duplicates, we
think it is safer to err towards leaving a small number of duplicates compared with
accidentally excluding a relevant paper that is not a duplicate. SSRT cut down the
manual work and the time required to find the duplicates and remove them, as the

tool automatically reject duplicates from digital libraries when they are downloaded.

This evaluation reveled some issues with SSRT that we will address in future versions.
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First, because SSRT is multi-threaded, it does not always clearly report overall progress of
the task. The user really only knows when the task is finished. In addition, in some cases
SSRT does not kill all threads when the user closes the tool. Second, because SSRT missed
some duplicates, we will further investigate how to improve this process without accidentally
removing non-duplicates. Finally, there is some delay in deletion citations from the database
when it is in remote mode and not local database, and we plan to tackle this issue in the

future.
4.4.3 Evaluation by Other Users

The third evaluation was to have people other than the tool developers who were familiar
with the SLR process use the tool and provide feedback. By having additional people evaluate
the tool, we hoped to eliminate any bias that was present from our own evaluations. This
external perspective was useful for identifying deficiencies in SSRT as well as suggestions for
improvement. In addition, we gathered information about the time they took, the number
of results found, the number of duplicates, and the number of errors encountered.

Based on our previous evaluations, we pose the following hypotheses about the use of

SSRT:
e Authors will spend less time to perform the SLR search phase activities.
e SSRT will reduce the manual effort required to perform the SLR search phase activities.
e Thes results provided by SSRT will have fewer duplicates.

The participants provided their informal feedback after they tested out the tool in sim-
ulating an SLR search phase. We had one PhD student and two researchers who were all
conducting SLRs at the time. The feedback primarily highlighted desired enhancements for
SSRT and typos in the user interface. One of the participants indicated that the application
froze and stopped working while he was working on exporting citations but then he indicated

there was a message box that he did not notice it required his input.
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The participants indicated that SSRT helped them download multiple batches of results
together and combine results from different databases easily. One participant who down-
loaded 39000 citations from the ACM Digital Library indicated that it took between an hour
to and hour and half to download that amount of results. However the export feature was
very slow for the 39000 especially since he was using a remote database and not a local one.

Based on this evaluation, the users encountered a few issues that we did not consider. But
overall, we received positive feedback from the participants especially for enabling multiple
downloads from different digital libraries. We plan to fix these issues in the next version of
SSRT. For example, due to the physical location of messages, the users might have missed
them, resulting in the user running another operation and causing the tool to crash for
missing user input. The users also desired to have progress bars during the download process.

Finally, the users would like to have support for more digital libraries.

4.5 Threats to Validity

There are limitations and threats in the design of SSRT. We might have interpreted some
of the requirements differently from how the community intended them. However, because
two researchers worked together to analyze and extract the meanings of the requirements,
the risk of misinterpretation is reduced. In addition, while we tested all of the features of
SSRT, we have not done a 100% coverage test suite yet. Thus, even though I tested out all
the functionalities, the coverage of line of codes might have not been 100%. There could be
additional defects that we have yet to uncover. We depend on the feedback of the users from
using the tool, and if there are things that did not look right, the users have reported these
issues to the developers, and they have been logged, and fixed.

There are also threats to validity of the SSRT evaluation. We performed all evaluations
internally. The lack of external validation introduces the following threats: A) Because we
both developed and evaluated SSRT, there is the potential for bias in the evaluation. To

reduce the bias, we used the feature analysis methodology to provide some level of objectivity.
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B) We have not yet performed a formal, external validation of SSRT. We plan to do this

validation in our future work.

4.6 Conclusion and Future Work

SLRs are beneficial for the SE community. They help researchers produce higher quality
results and enable readers to get information on issues and topics faster and with more
confidence. However, the SLR process is a difficult and time-consuming task. Specifically,
the searching phase of the SLR process is one of the most difficult and time-consuming.
Proper tool support can address most of the issues that arise the SLR search phase.

In our previous work, we developed a set of requirements for SLR tool support. Based
on those requirements, we built SSRT, a tool to help SE researchers in the SLR search
phase. SSRT automates multiple tasks in the SLR search phase and reduces the manual
work for the author. Some of those tasks includes converting the query to match each
digital library’s requirements, searching different digital libraries, downloading results, and
eliminating duplicates in the results.

We have also conducted informal evaluations of SSRT. Based on our evaluations, we can
conclude that SSRT solves some of the problems the SE community reported. It also reduced
the time and manual work in the search phase of conducting SLRs.

In our future work, we plan to enhance SSRT to address more of the requirements.
Based on the evaluations, there are a number of features still needed. We built SSRT so
that it would be easy to add new features. We will specifically focus on features related to
collaboration and graphic visualization. We also plan to conduct a more formal evaluation
of SSRT, by having external authors use it to perform their SLRs.

Finally, we plan to release SSRT as an open-source tool. This release will allow other
developers to enhance it based either upon the requirements that we have defined in our
studies or upon other requirements specifically interesting to the developers. However, the

main goal of the tool will stay the same that is enhancing the SLR search phase.
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CHAPTER 5

DISSERTATION CONCLUSION AND PUBLICATIONS

SLRs are very useful to the SE community as evidenced by the increasing number published
in SE venues. Even with this increase, the SLR process is difficult and time-consuming due
to a number of barriers and to the large amount of manual work required. One of the most
difficulty and costly stages in the SLR process is the search phase in which authors identify
and retrieve the papers required to conduct the review.

The issues faced by authors during the SLR search phase result from multiple factors.
Some of these factors could be improved by tool support, while others are the result of
problems with the digital libraries or with the authors themselves. Therefore, the goal of
this dissertation is to understand and document the barriers related to the SLR
search phase and build and evaluate a solution to overcome those barriers. The
dissertation consists of three articles that achieve the dissertation goal.

Article 1 describes the results of three empirical studies focused on identifying SLR
process barriers and tool requirements. This article provided a prioritized list of functional
requirements for SLR tools based on input from SLR authors within the SE community.
This list of requirements covers all phases of the SLR process, not just the search phase.
Using this list of requirements, the article also provides a snapshot of the current status
of tool support for the SLR process. This list of requirements and the results of the tool
evaluations can be used as reference for SLR authors, researchers, and developers who wish
to build SLR tools.

Based on the gaps between the current tools and the requirements for SLR searching,
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Article 2 sought to better understand the specific needs for SLR search. This article describes
two studies: an SLR to identify the search phase barriers in the SLR and a survey of SLR
authors to identify barriers faced in practice. The results of these studies provide: (1) an
understanding of the barriers in the SLR search phase, (2) a list of tooling requirements for
SLR search based on the community input, and (3) a summary of the tools authors currently
use for searching, along with the advantages and disadvantages of each tool.

Finally, Article 3 describes the construction and evaluation of SSRT, a tool to support
SLR search, based upon the output of the first and the second articles. SSRT enables authors
to use one interface to search multiple databases using standardized queries, download the
results in batch mode, and automatically eliminate duplicates. This article also describes an
informal evaluation of SSRT. The results of the evaluation show that SSRT does reduce the
manual work required in the SLR search phase. The tool is still in its first version and we
will make enhancements in the future versions.

Once again, the overall and main contributions of this dissertation are:

Provides empirical evidence about the existence of and the importance of problems in

the SLR search phase.

e A list of requirements to be used as a reference for SLR authors, researchers, and

developers who want to build tools.

e Enables SLR authors to be more efficient by automating some of the manual work

required during the search phase.

e Improves the quality of SLR by improving the quality of the search process through

automation.
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APPENDIX A

INCLUDED PAPERS IN THE SLR

List of papers included in the SLR shown in Table [A.1]
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APPENDIX B

TOOLS USED IN SLR SEARCH PHASE

List of tools that were used in the SLR search phase along with their advantages and disad-

vantages of each tool as reported by the researchers in the survey.

B.1 Spreadsheet(Excel)

Table B.1: Spreadsheet(Excel) - Purpose
Item Reported By
Organize studies 7
Group data
Removing Duplicates
Data Extraction
Analysis
Track process
Visualization
Collaboration
Inclusion and Exclusion Support
Classify data
Paper identification

=== = NN DN oW
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Table B.2: Spreadsheet(Excel) - Limitations

Item Reported By

Not adapted for SLRs 4

Manual analysis

Cannot Store PDF

Data extraction

Printing Graphs

Integration with other tools

I e Rl e Rl B )

Snowballing not supported

Table B.3: Digital Libraries and Search Engines - Purpose

Item Reported By
Retrieve studies 1
Other 1
Remove Duplicates 1
Searching 1

Table B.4: Digital Libraries and Search Engines - Limitations

Item Reported By
Search string differences across tools 2
Other 2
Manual analysis 1
Difficult Snowballing 1
Too Many False Positive 1

Table B.5: Jabref - Purpose

Item Reported By

Organize studies 2

Availability

Filtering Capabilities

Removing Duplicates

Tailorable

Handle differently formatted references

Commonly used

Manage references

[ Y = Sy Qary Iy Y )

Annotation
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Table B.6: Jabref - Limitations

Item Reported By
Difficult to Customize 1
Defining Search String 1
Search feature does not work 1

Table B.7: Mendeley - Purpose

Item

Reported By

Organize studies

5

Organize notes

Generate bib file

Unknown

Coding

Study Classification

Storage of results

Export references

il e e i

Table B.8: Mendeley - Limitations

Item

Reported By

No Customizable UI To Store Information

2

Not adapted for SLRs

No Space To Store Paper

Removing Duplicates is Difficult

PDF Annotation is Independent

Tracing Papers throughout SLR Phases

Sync problems

Paper organization

el e i i )

Table B.9: Custom tool - Purpose

Item Reported By
Data extraction 1
Summarization 1
Studies Classification 1

Table B.10: Custom tool - Limitations

Item Reported By
Other 1
Manual Work 1
Obscure 1
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B.2 Digital Libraries and Search Engines

B.3 Jabref

B.4 Mendeley

B.5 Custom tool

B.6 StArt

Table B.11: StArt - Purpose

Item

Reported By

Organizing Studies

2

Protocol Guidelines

Removing Duplicates

Importing external resources

Step-by-step guide

Track search process

1
1
1
1
1

Table B.12: StArt - Limitations

Item

Reported By

Defining Search String 2
Downloading References is Not Automated 1
Snowballing not supported 1

B.7 End Note

Table B.13: End Note - Purpose

Item Reported By
Organize bibliographic data 3
Download references 2
Collaboration 1
Extract bibliographic data 1
Validate search process 1
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Table B.14: End Note - Limitations

Item

Reported By

Difficult to Collaborate

2

Incomplete Records

Lack of set-based operations

Manual Work

Difficult to Customize

Difficult to Import and Export

1
1
1
1
1

Table B.15: RefWorks - Purpose

Item

Reported By

Exporting References 1
Aggregate papers in common format 1
Storage of results 1

Table B.16: RefWorks - Limitations

Item

Reported By

Removing Duplicates is Difficult 1
No Customizable Ul To Store Information 1
PDF Annotation is Independent 1
Tracing Papers throughout SLR Phases 1

B.8 RefWorks

B.9 Text Mining

Table B.17: RefWorks - Purpose

Item

Reported By

Identify keywords

1

Table B.18: RefWorks - Limitations

Item

Reported By

Results,made no sense

1

B.10 Google scholar

Purpose - None Reported

Limitations - None Reported

141




B.11 REviewER

Table B.19: RefWorks - Purpose

Item Reported By
Downloading Papers Automatically 1
Automated and Aggregated Search 1

Table B.20: REviewER - Limitations

Item

Reported By

It does not download from all sources

1

B.12 Zotero

Table B.21: Zotero - Purpose

Item

Reported By

Cross Platform 1
Retrieve References 1
Detect duplicates 1

Table B.22: Zotero - Limitations

Item Reported By
Slow 1
Managing duplicates 1

B.13 SLR Tool

Purpose - None Reported

Limitations - None Reported

B.14 Sharelatex

Limitations - None Reported
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Table B.23: Sharelatex - Purpose

Item Reported By

Writing Paper 1

B.15 Unknown Tool

Purpose - None Reported

Limitations - None Reported

B.16 Google drive

Table B.24: Google drive - Purpose

Item Reported By
Organize studies 1
Version control 1
Storage of information 1

Table B.25: Google drive - Limitations

Item Reported By
Disorganized 1
Desktop synchronization 1
No batch copy 1
Shared repositories confusing 1

B.17 Dropbox

Purpose - None Reported

Limitations - None Reported

B.18 MS Word

Purpose - None Reported

Limitations - None Reported
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B.19 Publish or perish

Table B.26: Publish or perish - Purpose

Item Reported By

Organize notes 1

Limitations - None Reported

B.20 Reseachr

Purpose - None Reported

Table B.27: Reseachr - Limitations

Item Reported By
No Space To Store Paper 1
No Customizable UI To Store Information 1

B.21 SESRA

Table B.28: SESRA - Purpose

Item Reported By
Process Management 1
Follow-up 1

Table B.29: SESRA - Limitations

Item Reported By
Needs additional support 1
B.22 NVivo

Limitations - None Reported
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Table B.30: NVivo - Purpose

Item Reported By
Study Storage 1
Paper identification 1

Table B.31: GSResearch - Purpose

Item Reported By
Customizability 1
Automation 1

B.23 GSResearch

Limitations - None Reported

B.24 SLuRP
Table B.32: SLuRP - Purpose
Item Reported By
Automatic Download of Papers 1
Inclusion and Exclusion Support 1

Table B.33: SLuRP - Limitations

Item

Reported By

Difficult to use without training

1
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