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Context: Systematic Literature Reviews (SLRs) are an important component to identify and aggregate
research evidence from different empirical studies. Despite its relevance, most of the process is con-
ducted manually, implying additional effort when the Selection Review task is performed and leading
to reading all studies under analysis more than once.
Objective: We propose an approach based on Visual Text Mining (VTM) techniques to assist the Selection
Review task in SLR. It is implemented into a VTM tool (Revis), which is freely available for use.
Method: We have selected and implemented appropriate visualization techniques into our approach and
validated and demonstrated its usefulness in performing real SLRs.
Results: The results have shown that employment of VTM techniques can successfully assist in the
Selection Review task, speeding up the entire SLR process in comparison to the conventional approach.
Conclusions: VTM techniques are valuable tools to be used in the context of selecting studies in the SLR
process, prone to speed up some stages of SLRs.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

In general, Evidence-Based Software Engineering (EBSE) is re-
lated to research methods used to build a body of knowledge about
when, how, and in what context methods or tools are more appro-
priate to be used for Software Engineering (SE) practices. In this
context, Systematic Literature Reviews (SLRs), which have been
attracting the attention of the SE community, provide a compre-
hensive and methodical evaluation of research using a predefined
strategy of search, extraction and aggregation aiming to maximize
coverage and minimize bias [22,25].

The process of conducting an SLR, adapted for SE, was suggested
by Kitchenham [22] and involves three phases: Planning, Execution
and Result Analysis. These phases and their respective stages and
tasks are summarized in Fig. 1.

In the Planning phase, the need for a new SLR is identified, the
research objectives are defined and the protocol is created, includ-
ing items such as sources selection, search methods and keywords,
inclusion, exclusion and quality criteria of primary studies [22].
Controlled experiments, case studies and surveys are examples of
primary studies which compound the information source of SLRs.
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These empirical studies are then grouped and summarized by SLRs,
composing the secondary studies [22,36].

The Execution phase is divided into two stages:

1. The Selection Execution is the acquisition and analysis of pri-
mary studies and involves three tasks: (i) in the Initial Selec-
tion the studies are identified, collected and organized in a
list; (ii) in the Studies Evaluation, studies are marked as
included or excluded in two steps, first by reading the title,
abstract and conclusions, and then by reading the full text. If
necessary, reviewers perform a third step based on a quality
criterion; (iii) in the Selection Review, focus of this work, the
studies list should be reviewed to ensure that relevant stud-
ies are not initially eliminated.

2. During the Information Extraction stage relevant information
is extracted from the studies identified as included.

Finally, in the Result Analysis phase the results of the primary
studies that meet the SLR purpose are summarized. This synthesis
can be descriptive, but a quantitative summary obtained through a
statistical calculation can complement the description [22].

As previously mentioned, the Selection Review task seeks to pre-
vent the exclusion of relevant studies; it may also reset a particular
study as excluded. This step is very important, since excluding
information that should be evaluated and synthesized in the Result
Analysis phase may impair the whole SLR process.
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Fig. 1. SLR Process. Adapted from [22], highlighting the Selection Review task, which is the focus of this work.
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When the selection is performed by two or more reviewers,
uncertainties about the inclusion or exclusion should be investi-
gated by sensitivity analysis, which involves repeating the Evalua-
tion task in the studies divergently classified by reviewers [25].
When the selection is performed by an individual, the researcher
should consider discussing his or her decisions with other research-
ers or, alternatively, the researcher can re-evaluate a random sam-
ple of primary studies to determine the consistency of his or her
decisions [25]. Consequently, it implies additional effort to re-read
the studies, mainly if more than one reviewer is considered. The
task is time-consuming and currently performed with minimal sup-
port of text analysis tools. The need to find mechanisms to assist
and speed up this task of the SLR process is therefore evident.

A highly successful approach to support tasks involving inter-
pretation of a large amount of textual data suitable to be applied
to the Selection Review stage is known as Visual Text Mining
(VTM) [21,27]. VTM is the integration of Text Mining, which is
the process of extracting patterns and non-trivial knowledge from
textual documents [38], and Information Visualization techniques,
which enable a user to visually interact in the knowledge acquisi-
tion process [31].

We believe that the use of VTM can assist the Selection Review of
primary studies not only speeding up the SLR process, but also
improving the reliability of the results. In this sense, the main con-
tribution of this paper is the definition of an approach which em-
ploys VTM techniques in the SLR process, specially in the
Selection Review stage. This approach gives support to resolve
divergences more consistently when an SLR is conducted by more
than one reviewer. When conducted by only one reviewer, the ap-
proach offers clues about what studies should be doubly reviewed
for inclusion or exclusion, replacing the random choice strategy.
Our results offer evidences of these claims.

The remainder of this paper is organized as follows: Section 2
presents the background and related work on VTM inside and out-
side of the domain of SLR; Section 3 describes our approach and
gives examples to demonstrate its use; Section 4 shows a complete
pilot case study, using the approach in a real SLR, and its validation
through users’ tests; finally, Section 5 draws the conclusions of our
work and suggests future developments.
2. Background and related work

This section describes relevant background knowledge and re-
lated work for readers to easily understand the proposed approach
to be presented and discussed in Section 3. In the first subsection,
we will present an overview on the use of SLRs in SE and the sec-
ond subsection we will discuss the visualization techniques and
the SLR process.
2.1. Use of SLRs in software engineering

Three studies [23,26,9] have assessed the impact of SLRs as an
EBSE method for aggregating evidence in SE. In 2009, Kitchenham
et al. [23] concluded that the topic areas covered by SLRs were lim-
ited and that EBSE was principally supported by European-based
researchers. The majority of topics were concerned with technical
issues rather than research methods. They also found that the qual-
ity of SLRs was improving, but that many researchers still preferred
to undertake informal literature reviews. In 2010, Kitchenham
et al. [26] repeated their assessment and the results of this study
indicated that the number of SLRs published and the topic areas
covered by these SLRs appeared to be increasing. The quality of
these SLRs also appeared to be improving; however, relatively
few SLRs evaluated the quality of the primary studies included.
The findings also suggested that researchers based in the USA,
which is the leading country in SE research, had conducted few
SLRs. The purpose of EBSE is to inform researchers about empirical
evidence that can be used to improve SE practice, however, Kitch-
enham et al. [26] found out that relatively few SLRs provided ad-
vice oriented to practitioners.

The results of an independent assessment study conducted by
da Silva et al. [9] showed that the main limitation constraining
the use of SLRs in SE is that a large number of SLRs do not assess
the quality of the underlying primary studies, confirming the pre-
vious findings of Kitchenham et al. [23,26]. In addition, they sup-
port the findings from the Kitchenham et al. studies, showing
that the number of SLRs providing guidelines to practitioners is
small. Their findings also showed that the number of SLRs being
conducted was increasing along with the number of researchers
and organizations performing them.

In relation to the integration/synthesis of results from primary
studies, da Silva et al. [9] found that they were poorly conducted
in many SRLs. In this same context, Cruzes and Dyba�[8] performed
a tertiary review to assess the types and methods of research syn-
thesis evident in SLRs in SE. They included 31 studies in their re-
view and found that almost half of those studies (13 of the 31
considered) did not contain any synthesis. This suggests that cur-
rently the attention given to research synthesis in SE is limited.
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They reported that just half of the analyzed studies employ tables
(i.e., the simplest type of graphic presentation) to show their find-
ings, and that these tend to contain a lot of data from individual
studies (e.g., title, authors, year, outline, strengths, amongst oth-
ers). Other forms of visual representation were used in fewer than
20% of the studies. The adoption of approaches to aggregating re-
search outcomes to provide a balanced, objective and more readily
understood summary of research evidence appears to be an ongo-
ing challenge on SLRs [4,8].

While the number of SLRs on various topics within the SE
discipline is increasing, related studies have also been carried out
to report researcher experiences and consider the challenges
encountered by those conducting SLRs. For a summary of the
problems and experiences reported by various researchers, refer
to Riaz et al. [34]. Due to the necessarily comprehensive and
rigorous nature of an SLR, exhaustive searches for relevant primary
studies are required. One particular issue involves the selection of
primary studies, especially when many search results are
returned. Consequently, this leads to difficulties in reading and
evaluating the state of the art of a current topic of interest [34].
Recent studies provide evidence that unstructured and poorly
written abstracts can complicate the study selection process
[4,12,24,11]. Riaz et al. [34] suggest that one of the causes of selec-
tion bias is that titles and unstructured abstracts may not be suffi-
cient as a basis for the initial selection of primary studies in SLRs. It
appears that one of the sources of difficulty in determining whether
a study is relevant to be included in the SLR is the lack of clarity and
incomplete information contained in unstructured abstracts; more-
over, not only unstructured abstracts often omit key information
(e.g., background, aim, method, results and conclusions), but also
they have been found to include irrelevant information [24]. One
solution to minimize the difficulties encountered in SE SLR study
selection is to promote the use of structured abstracts [24].

2.2. Visualization and the SLR process

The process used to extract high-level knowledge from low-le-
vel data is known as Knowledge Discovery in Databases (KDDs)
[21]. Data Mining (DM) is a part of the KDD process responsible
for extracting patterns or models from data. Visual data mining
(VDM) is a combination of visualization and traditional DM tech-
niques to explore large datasets [21,31]. The visual feedback allows
users to have control of the mining task. A specific application of
VDM, which is of interest for our work, is the joining of text pro-
cessing algorithms with interactive visualizations in order to sup-
port users to make sense of text collections. In this case, a new
area, called Visual Text Mining (VTM) emerges [21,27]. There are
several different approaches to handle VTM. Here we employ the
most common one, called document map [5]. A document map is
a visual representation which aims at supporting the analysis of
a number of documents either by similarity of content or through
their relationships, such as citation and co-citation referencing,
term co-occurrence and many others [5]. The use of document
maps exploring text data has been the target of different tech-
niques, as HiPP [33], and commercial systems, such as In-Spire
[32] and Infosky [3], showing that it can really speed up the pro-
cess of interpreting and extracting useful information from docu-
ment collections of variable sizes.

Several studies have investigated the potential benefits of visu-
alization in supporting the conduct of an SLR. El Emam et al. [15]
investigated the use of Electronic Data Capture (EDC) tools to sup-
port the identification of primary studies during an SLR process;
however, their study selection activity was in general still manu-
ally conducted. Ananiadou et al. [1] employed text mining tools
to support three different activities of the SLR process: (i) search,
(ii) study selection – using document classification and document
clustering techniques – and (iii) syntheses of the data; however
their focus was in the social sciences field, and it is unclear
whether their findings would apply readily to SE, particularly given
the relative immaturity of study reporting in this field [24]. Garcia
et al. [18] analyzed how graphical representations, such as parallel
coordinates, may complement statistical data analysis, helping
users to understand and treat data from empirical studies. This re-
search was the first initiative towards introducing graphical repre-
sentations in the analysis of data from empirical studies in SE;
however, the data analyzed came from only one experiment repli-
cation conducted in a specific scope (i.e., the application of several
reading techniques, aimed at evaluating and comparing their effi-
cacy and efficiency).

Three previous studies [16,17,29] have specifically investigated
the use of VTM within the context of EBSE. Felizardo et al. [16] have
conducted a systematic mapping on the use of VTM to support the
conduct of SLRs. The authors reviewed 20 papers and their results
indicated a scarcity of research on the use of VTM to help with con-
ducting SLRs in the SE domain. However, most of the studies (16 of
the 20 studies included in their mapping) have been conducted in
the field of medicine and they revealed that the information extrac-
tion stage has more VTM support than other stages. In contrast, pre-
vious studies using VTM techniques with SLRs have not employed
such techniques during the SLR’s planning and analysis of results
stages. Felizardo et al. [17] employed VTM to support categoriza-
tion and classification of studies when carrying out systematic
mapping studies; and Malheiros et al. [29] investigated the use of
content-based VTM techniques to help with the selection of pri-
mary studies, using a feasibility study. The authors compared the
reviewers’ performances in carrying out the selection of studies
reading abstracts or using a VTM tool based on similarity and
concluded that VTM techniques can support a more precise selec-
tion of relevant studies, speeding up the selection process and also
improving its quality. Similarly to the work proposed by Malheiros
et al., the approach presented here also makes use of VTM tech-
niques to support the process of SLR. Our proposal focuses on
extending that approach to supporting the review of the selection
task. Additionally, our expansion of the VTM approach for SLR sup-
ports both content-based analysis of documents, as in the work of
Malheiros et al., and metadata, as citation maps. Therefore, our ap-
proach supports a more complete and detailed analysis of the data
under investigation. No other paper which employs VTM tech-
niques in the SLRs context has been identified in the literature.
3. Approach to use VTM in the Selection Review task

We propose an approach to supporting the Selection Review task
of primary studies in the SLR process (see Fig. 2). Our approach in-
volves three phases, and phases 1 and 3 are exactly the same pre-
viously defined by Kitchenham (2004) and explained in Section 1.
We have modified phase 2 (gray boxes in the Fig. 2) incorporating
two different VTM approaches to supporting the Selection Review
task: (i) content map; and (ii) citation map visualizations. In the
content map, we seek to give insights on how similar or dissimilar
documents are to each other based on their contents. We propose
two strategies to explore the content map: (i) exclusion history;
and (ii) classification of study quality. In citation map, we aim at
showing how documents are related to each other through direct
citations or cross-citations. The maps (i.e. content and citation
maps) can be analyzed together using the identity coordination
mapping strategy. In this section, we described an overview of
the approach that we have undertaken in our study and details fol-
low in the next subsections.

The proposed approach is presented in the context of the guide-
lines suggested by Kitchenham [22], however, the VTM approaches



Fig. 2. SLR Process using VTM to support the Selection Review task. Adapted from [22].
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suggested in our work can be applied isolated or together to SLRs
in other computer science fields or even in other scientific disci-
plines as an activity to validate the selection of primary studies
in SLRs. There is not any peculiarity of application of the proposed
VTM approaches only to SE field.

In order to create the content maps we used the Revis,1 which is
a visualization and interaction tool that offers a framework of differ-
ent projection techniques and methods to create data maps in gen-
eral and document maps in particular based on the similarity
between pairs of data points, supporting VTM exploration of docu-
ment collections. In this work, we extended Revis to include features
to generate and interact with citation maps, enabling tasks based on
citation and co-citation relationships amongst documents. From
now on, when we refer to Revis, in fact, we are referring to this
extension.

The following sections present our strategies to apply docu-
ment-maps (content and citation maps) to support the Selection Re-
view task. The examples are given using 4 different real SLRs,
numbered 1, 2, 3 and 4, containing papers (primary studies) of
the software testing domain:

1. SLR1: 49 papers on Testing Distributed Software (38 excluded
and 11 included);

2. SLR2: 34 papers on Agile Testing (16 excluded and 18
included);

3. SLR3: 37 papers on Software Component Testing (14 excluded
and 23 included) and;

4. SLR4: 100 papers on Model-Based Testing (51 excluded and 49
included).

To present a general view of our approach, we decided to use
different SLRs (i.e. several sizes and topics) to better illustrate the
benefits and applicability of such approach, exploring the best
aspects of VTM techniques in each example. A real and single
example will be used in Section 4 from the begin to the end to
exemplify the different strategies in a unique context.

3.1. Content map strategies

It is necessary to execute three different steps to create the sim-
ilarity-based document maps: (1) text preprocessing; (2) similarity
calculation; and (3) projection.

The text preprocessing step is responsible for structuring and
cleaning data. It receives the set of primary studies selected in
1 Revis is freely available at http://ccsl.icmc.usp.br/redmine/projects/revis/files/
the previous stage as input. In our case, we employ only title, ab-
stract and keywords of an article’s content for two reasons: (i)
there are many challenges to manipulate full-text articles, for
example, the recognition and clean-up of embedded tags, non-AS-
CII characters, tables and figures, and even the need to convert
from PDF into textual format. These issues are not found in title,
abstract and keywords [7]; and (ii) Dieste and Padua [10] con-
ducted an experiment to analyze if the strategy of searching titles
and abstracts is appropriate for use in SLRs. Their results confirmed
that searching titles and abstracts rather than the full text is a bet-
ter strategy. The preprocessing step converts each document into a
vector representation in which the dimensions represent the rele-
vant terms present in the primary studies (known as bag of words
[35]) and the coordinates are the frequencies of each term in each
study weighted according to the term frequency-inverse document
frequency measurement [19]. This measurement makes the impor-
tance (weight) of a word directly proportional to its frequency in
each document, and inversely proportional to its frequency in the
collection.

After the vector representation is built, the dissimilarity be-
tween documents is calculated as the distances between the vec-
tors representing them. Although it is possible to employ any
kind of vector-based distance function, it is known that the Min-
kowsky family of functions, which includes the well-known Euclid-
ean formulation, fails to correctly capture the dissimilarities. In this
scenario, a better choice is a function based on the cosine between
these vectors [39]. Here we use the common formulation d(xi,
xj) = 1 � cos(xi, xj), where xi and xj are the vectors representing
the ith and jth documents, respectively.

The final step to obtain the similarity-based document map is the
projection, which maps each document as a point in a 2D or 3D
space. This is achieved through point placement or multidimen-
sional projection techniques [33]. Considering that the vector
representation X = {x1, x2, . . . , xn} is embedded into an Rm space, a
multidimensional projection technique, or simply projection tech-
nique, can be viewed as a function that maps each m-dimensional
instance into a p-dimensional instance, with p = {2, 3}, preserving
as much as possible the reduced visual space similarity relation-
ships defined in Rm. In other words, it is a function f : Rm ! Rp,
which seeks to make jdðxi;xjÞ � d̂ðf ðxiÞ; f ðxjÞÞj � 0;8xi;xj 2 X, where
d̂ is the distance function in the p-dimensional visual space.

The outcome of a projection technique is a two-dimensional or
three-dimensional visual representation, which we name content
map, where each m-dimensional instance – in our case, a
document (primary study) – is mapped on the screen as a graphic
element, normally a circle (see Fig. 3a). Documents with similar
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(a) Content map. (b) Citation map.

Fig. 3. Examples of maps, whose visual attributes (color) were changed to represent the status of the document (i.e., blue circles represent documents included in an SLR and
red the excluded ones, gray circles are cited references). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this
article.)
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content are meant to be mapped close to each other and dissimilar
ones are positioned far apart. Using the content map representa-
tion, a user can interactively browse the map, locating groups of
similar documents checking the frontiers between different
groups, and extracting information that is very difficult to attain
by only reading the documents.

Additionally to content-based visualizations, metadata can be
used to generate document maps that support other types of asso-
ciation. Examples of these relationship-based visualizations are
citation (see Fig. 3b), co-citation and co-authoring [6]. A citation
map is built by extracting papers and their references from a bibtex
file, i.e., citation and co-citation relationships are extracted straight
from the primary studies references. The reference extraction
activity can be done manually but it is a very tedious and time-
consuming task. Databases available online (e.g. ACM or Springer-
Link) contain information on publications usually focusing on a
certain field, such as the references. There are also reference man-
agers (e.g. Mendeley), useful to read articles and export their refer-
ences. The graph is displayed using a force-based strategy [13].
This means that studies attract or repel one another depending
on how strong their connections (references to each other) are.
Through this visualization, it is possible to see citations between
papers and common references to other papers (references
shared). Papers that do not share references are disconnected from
the others in the map. Fig. 4a2 presents a content map generated
using Revis, composed of primary studies of the SLR1 dataset ob-
tained using the traditional strategy to select papers reading ab-
stracts or full texts. The colors identify the two possible classes of
studies (included or excluded). Red points are studies excluded from
the review and blue points represent the included ones. It takes Re-
vis only a few seconds to create and present a map with a few hun-
dred documents.

The strategy suggested here to review the studies selection
from that map can be summarized into two main steps: (1) first,
a clustering algorithm is applied to the content map, creating
groups of highly related (similar) documents using the k-means
algorithm [28] (the number of clusters is automatically detected
based on the number of documents); (2) then, the resulting clus-
ters are analyzed in terms of included and excluded documents
in order to find inconsistencies. In this analysis, the possible situa-
2 In general, visualization techniques employ color in order to add extra informa-
tion on a visual representation. Therefore we suggest the reading of a color printing
version of this paper for fully understanding the pictures.
tions a cluster can achieve and the possible consequences for the
review process are:

� Situation (a): Pure Clusters – all documents belonging to a clus-
ter have the same classification (all included or excluded). Nor-
mally, such cases do not need to be reviewed.
� Situation (b): Mixed Clusters – there are documents with dif-

ferent classifications in the same cluster. These cases are hints
to the reviewer that there are similar documents with different
classifications. The studies grouped there should be reviewed
following the traditional method.
� Situation (c): Isolated Points – there are documents that are

not similar to others. These cases are also hints to the reviewer,
and the isolated study, if classified as included, must be
reviewed.

It is important to be clear that finding papers that are similar
with respect to keywords, title and abstract with some included
and excluded studies (i.e., mixed clusters) is not necessarily a sign
of a problematic selection. It can occur if authors write several dif-
ferent papers about the same study (e.g. a conference paper and a
journal paper) and decide to include only the most recent ones.
Based on this justification, we can assume that similar papers with
divergent classifications should be reviewed only if we guarantee
that in the content map there is only the most recent versions of
papers about each study. Examples of pure clusters are identified
in Fig. 4a as p. Mixed clusters are identified as m. The evaluation
of these clusters can be refined with the help of content-based
strategies, which are described in the following section.

3.1.1. Exclusion history
The first strategy to review the selection activity considers the

creation of content maps containing the studies collected and ana-
lyzed in an SLR and highlighting them using different colors in or-
der to differentiate in which of the first two steps of the Evaluation
task a study was removed from the review. In Fig. 4b the same con-
tent map of SLR1 shown in Fig. 4a is represented, but colored with
the history of the inclusions and exclusions. The 16 red points rep-
resent studies excluded from the review in the first step (reading
only the abstract); the 22 green points represent the documents in-
cluded in the first step of selection, but excluded in the second
(reading the full article); and the 11 blue points represent the in-
cluded ones. Thus, green and red points, 38 in total, represent ex-
cluded documents and the blue points are the documents included
in the final process. Considering the color as history, there are four



Fig. 5. Content map of SLR2. Red points are excluded studies and the other colors
indicate the classification of the included studies according to the quality assigned
by a reviewer. Q1 is the highest quality and Q7 the lowest. The highlighted brown

(a) Without history. (b) With history.

Fig. 4. Content maps related to SLR1. (a) Each point represents a primary study and the color indicates if a study has been included (blue points) or excluded (red points). The
squares represent regions (clusters) where the content of the studies (i.e. title, abstracts and keywords) are similar; (b) the color indicates the history of the selection activity,
red points are studies excluded in the first step (reading abstracts), green points are studies excluded in the second step (reading full text) and blue points are included
studies. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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distinct possibilities for mixed clusters: (i) green and red; (ii) blue
and green; (iii) blue and red; and (iv) blue, green and red. Clusters
containing green and red studies, although mixed using the history
representation, are equivalent to pure clusters (all excluded) and
therefore do not need to be reviewed. Clusters containing blue (in-
cluded) and green or red (excluded) studies represent mixed clus-
ters in both representations, with or without the use of the history
information. However, since blue and green points were evaluated
in the second step by reading the whole study, only clusters that
present blue and red points need to be reviewed. They represent
studies excluded in the first step only by reading the abstract,
but are similar to included studies entirely read. Finally, clusters
containing the three colors should also be reviewed, since they
configure the same situation previously mentioned, that is, red
points similar to blue points.

It is worth mentioning that without using history information
all mixed clusters should be reviewed. In the opinion of experts,
the history information is a valuable mechanism to help analyze
and support the initial decision on including or excluding a partic-
ular primary study. In the specific case of SLR1, the authors provide
history information, which did not occur with the other studies
used in this paper. These were obtained from publications in the
literature.
point (included study) is a candidate to be reviewed since it is similar (content) to
the excluded study and its quality is low. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)
3.1.2. Classification of study quality

When necessary, researchers perform a third step of selection,
based on the quality criteria defined in the protocol. To support
this task, we devised a strategy similar to the previous one. How-
ever, instead of coloring the studies based on their history, they
are now colored according to the quality defined and assigned by
the reviewers. Fig. 5 shows the content map of SLR2 colored using
this strategy. In this review, the quality assigned by the reviewers
seems to be very consistent and can be observed in the group com-
posed of high-quality studies (Q1–Q3) at the top of the content
map, which are all classified as included. In this example, an inter-
esting situation is also presented in Fig. 5. An excluded paper (red
point) is similar to an included paper of low quality (Q7 – brown
point), situation highlighted with a black box. In this case, two sce-
narios are possible and should be analyzed: (i) the study of low-
quality (Q7) omitted details and therefore more information
should be obtained from the authors of such a study to ensure its
inclusion; (ii) the study has enough information and therefore its
inclusion is questionable. This example shows that the strategy
of coloring the content map based on quality criteria can support
the review when combined to the inclusion and exclusion history.

3.2. Citation map strategy

The use of search strings to find relevant primary studies is not
sufficient and it must be complemented by scanning reference lists
[37]. Skoglund and Runeson [37] described and evaluated a search
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strategy for SLRs based on reference lists (i.e. references between
papers that are used to find relevant papers). The authors believe
that the semantic information in references between papers can
be used to more efficiently identify the set of primary studies for
the SLR.

The use of reference lists to identify relevant papers has been
used in information science for several years [37] and it was sug-
gested by Kitchenham’s et al. guideline [22] for performing SLRs
in SE. Practitioners of EBSE have used reference lists as a part of
a search strategy, see e.g. [20].

In our approach, we use references to construct a different type
of visualization, called citation map, providing additional support
to the analysis of other properties for inclusion or exclusion for pri-
mary studies. The citation maps are important in our approach
since only the content may not reflect the quality of a study pre-
cisely [25].

The most common way to represent citation maps visually is by
means of graphs, which are composed of a set of vertices and edges
representing objects and the relationships between them, respec-
tively [2]. Here, vertices are studies and an edge indicates if a study
cites another one. By employing this representation it is possible to
identify, for instance, studies that are not connected to any other,
that is, studies that do not share citations. These studies, which
are isolated in terms of references, deserve attention from experts
(reviewers) if they are included in the review. Another scenario
which requires attention occurs when a highly connected study,
sharing citations with included studies, is not selected for
inclusion. In this case, important studies may be missing
since co-citation is also a valid criterion. In summary, papers
that share references with a relevant paper could be more
appropriate for inclusion in the SLR. On the other hand, primary
studies that are not connected to any other studies (i.e., do not
share citations or references, referred to as isolated primary
studies) are more likely to be irrelevant documents in terms of a
research question, and may therefore be more readily excluded
from the SLR.

Fig. 6a and b shows the citation maps of SLRs 3 and 4, respec-
tively. These citation maps were also generated using Revis. The
(a) Systematic review 3.

Fig. 6. Citation maps of reviews 3 and 4. The color indicates if a document has been inclu
but not included in the review (gray points). Edges reflect the citations between the prim
reader is referred to the web version of this article.)
red points represent the excluded studies, the blue points the in-
cluded ones, and the gray points are referenced papers, which
are not part of the initial set of documents considered. Edges reflect
the citations between documents.

The citation map visualization presented in Fig. 6a shows that
most included papers (located in the middle of the map) share
the same references. The same is valid for the excluded ones (lo-
cated on the top-left). The isolated studies (not sharing references)
are all classified as excluded. The ‘‘blue point’’ located on the bot-
tom right, if analyzed in detail, is not a single isolated document,
but two documents sharing the same references not cited in any
other study; it is therefore a candidate to be re-examined in the
reviewing process.

A critical situation that should be reviewed is identified in the
citation map of SLR4, presented in Fig. 6b. There are some included
studies completely isolated from the others. These are the 11 blue
points connected only with their own respective references, indi-
cating that, for any reason, they are not really related to any other
study under analysis. This scenario should be carefully verified.
3.3. Identity coordination mapping: coordinating content map and
citation map

A Revis feature which can be used to support the analysis of
content maps and citation maps together is the coordination be-
tween them. Links are created between the same documents in dif-
ferent visual representations. When a primary study, or a set of
studies, is selected in a visual representation, the same studies
are highlighted in the other representation.

Fig. 7 illustrates the coordination of the content map (Fig. 7a)
and the citation map (Fig. 7b) of SLR3. Same documents selected
in the content map (on the left, above) are highlighted in the cita-
tion map (center). Selected documents (points) maintain their ori-
ginal opacity and the other non-selected documents become semi-
transparent. It is possible to see that the included studies located in
the same cluster are both similar in content and have citations be-
tween themselves. This property supports their inclusions.
(b) Systematic review 4.

ded (blue points), excluded (red points) or cited by at least one of these documents,
ary studies. (For interpretation of the references to color in this figure legend, the



(a) Content map. (b) Citation map.

Fig. 7. Coordination between the content map (a) and the citation map (b) of SLR3. The same documents are highlighted on both maps, showing documents which are similar
in content and also share citations between themselves and strongly indicating they have been properly included.

(a) Content map. (b) Citation map. Arrows indicate the same docu-
ments selected on the content map (a).

Fig. 8. Coordination between the content map (a) and the citation map (b) of SLR4. The included study (blue point) is similar in content to other excluded studies and isolated
in terms of references, indicating that its inclusion should be reviewed. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)
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Using coordination it was possible to identify that the paper
with no references included in SLR4 (blue point at the bottom of
Fig. 6b) is similar to several other studies initially excluded from
the review. This scenario is shown in Fig. 8. When selecting the
group of studies highlighted in Fig. 8a, which displays the content
map of that review, the same studies are highlighted in the citation
map, as shown in Fig. 8b. This coordination suggests that the in-
cluded study should be checked to verify why it has been included,
or why similar studies have been excluded.

Fig. 9 presents another example of content-citation coordina-
tion in SLR4. This coordination reveals that an included study,
which appears very isolated in the content map and is therefore
different from any other study (see Fig. 9a, blue point on the right),
actually shares many references with another included study (see
Fig. 9a, blue point in the middle), suggesting that, although not
really similar in content, both documents probably deal with sim-
ilar issues. These two studies are highlighted on the citation map of
Fig. 9b.
4. Case studies: investigating the use of VTM techniques to
support the selection review activity

The examples used in Section 3 (i.e. SRLs 1–4) contain a rather
small number of primary studies (dozens of articles), however, in
real SRLs a large number of candidate studies are considered –
hundreds and even thousands. The Revis and VTM approach sug-
gested in our work can be used in SRLs with more articles. In this
section, we present a case and a user study to confirm our hypoth-
eses on real datasets.



(a) Content map. (b) Citation map.

Fig. 9. Another coordination between the content map (a) and the citation map (b) of SLR4. Although the included studies do not have similar contents, they share many
references, supporting their inclusion in the review.

(a) Content map of SLR5 – Without history. (b) Content map of SLR5 – With history.

Fig. 10. Content maps of the pilot case study SLR. (a) The primary studies in blue are the included ones, and in red the excluded ones. (b) The color indicates the history of the
selection activity. Only the red points (studies excluded in the first step – reading abstracts) placed in clusters containing blue points (included studies) need to be reviewed,
speeding up the entire process by reducing the number of documents that need to be re-validated. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)
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4.1. Case study 1: Demonstrating the use of the approach in a real
systematic review

In order to demonstrate the use of our approach considering a
larger quantity of primary studies, a complete case study, which
is an additional SLR on Software Testing of Concurrent Program man-
ually conducted by a collaborator (named SLR5) is used. SLR5 con-
tains 261 primary studies, 14 included and 247 excluded. Among
the excluded ones, 220 were excluded in the first step, that is, only
by reading the title, abstract and conclusions, and 27 were ex-
cluded in the second step, by reading the full text. Fig. 10a shows
the content map of SLR5. In Fig. 10b the same content map is col-
ored with the history of the inclusions and exclusions. Clusters
containing blue and red points are highlighted, helping the selec-
tion of the documents that should be reviewed (red points in
Fig. 10b). In this case, only 31 primary studies are indicated for re-
view, representing 11.8% of the total documents and potentially
speeding up the entire process of selection review.

Fig. 11 shows the content map of SLR5 colored according to the
quality of the documents assigned by the reviewers. Blue points
represent high-quality studies (nine points), cyan points represent
medium-quality studies (three points), green points represent low-
quality studies (two points), and red points represent excluded
studies. In this example, the quality assigned to the papers do



Fig. 11. Content map of the pilot case study SLR. The colors indicate the
classification of the studies according to their quality. Two low-quality studies
(green points) are similar in content to high-quality studies (blue points), indicating
that the quality classification should be re-evaluated. This visual representation
gives reviewers support to validate their quality classification, increasing the
reliability of the entire process. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
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not contribute to supporting the inclusion and exclusion decisions.
For instance, there are two low-quality studies, indicated in the fig-
ure, which are very similar to two other high-quality studies, sug-
gesting further analysis by the reviewer. This visual representation
can help reviewers to make the subjective process of assigning
more reliable quality rates.

Fig. 12a shows the citation map of SLR5. All the included papers
are located in the middle of the map, therefore most of the in-
cluded studies have references in common, or cite one another.
(a) Complete citation map.

Fig. 12. Citation maps of the pilot case study SLR. Blue points are included studies, red ar
initial set of considered documents. Some included studies have excluded studies as refer
the references to color in this figure legend, the reader is referred to the web version of
In the presence of many documents, as in Fig. 12a, the visual rep-
resentation can be cluttered. There exist several techniques to re-
duce this clutter [14]. Here we simply create a new citation map
(see Fig. 12b) containing only the included studies and their refer-
ences. It can be observed that there are several references to ex-
cluded studies, closer examination shows that some inclusions or
exclusions are questionable and should be reviewed.

Fig. 13 shows the coordination of the content and citation maps
of this SLR. In the citation map, an included study has two excluded
references. In addition, these three documents are similar in con-
tent, suggesting that they should be reviewed for inclusion and
exclusion since it is not possible to determine if the reviewer has
properly included or excluded them from the review. Considering
the clues given by the examples we can infer that the studies in-
cluded and excluded in this SLR should be re-evaluated. The visual
representations provide several indications that there are mis-
matches between the choice of including or excluding the studies
and their relevance in the field under analysis. This conclusion is
very difficult and much harder to draw using the usual approach
to assist the selection review, that is, reading the documents twice.

An SLR commonly involves a large set of data to be analyzed and
interpreted. In the SLR tasks, the review of selection of primary
studies is one of the most important activities that could impact
the quality of the SLR’s results. This work contributes with a new
VTM approach and a tool (Revis) to support the review of study
selection activity of the SLR process. Based on demonstration of
our approach using the pilot case study, we found that the applica-
tion of the VTM techniques in the Selection Review task has pro-
vided the following benefits; in particular, giving clues of
relevant primary studies that should be included and inclusions
done that should be reviewed. This is because the visualization
supports user interaction with the mining algorithm and directs
it towards a suitable solution to a given task. Moreover, VTM can
be used to enhance user interpretation of mining tasks [31]. The
(b) Citation map of included studies.

e excluded studies and gray points are references, documents that are not part of the
ences, then the inclusions and exclusions should be inspected. (For interpretation of
this article.)



(a) Content map. (b) Citation map.

Fig. 13. Coordination between the content map (a) and the citation map (b) of the pilot case study SLR. An included study (blue point) is similar in content to two other
excluded studies and cites only excluded papers, a clue indicating that its inclusion should be reviewed. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)
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results of our pilot case study lend support to this view since the
VTM techniques facilitates exploration, interpretation, and deci-
sion-making in regard to the review of inclusion or exclusion of
primary studies.

The next section presents a users’ case study that assesses the
utility of the Revis tool and our proposed VTM techniques.

4.2. Case study 2: Validating the use of the approach through a users’
test

In order to validate our approach we conducted a case study
involving four PhD students. In this paper, we argue that VTM tech-
niques can support the selection review activity. Hence, our re-
search questions (RQ) are:

1. RQ1: Do VTM techniques (content and citation maps) improve
the performance (time taken) of the selection review activity
in the SLR process?

2. RQ2: Do VTM techniques improve the accuracy (the agreement
between systematic reviews as to which primary studies they
include) of the selection review activity in the SLR process?

The subjects, datasets, users’ task, metrics and case study con-
duction below and are followed by the results.

� Subjects and datasets

A call for volunteers was sent via email to PhD and Master’s stu-
dents in the Computing Systems Department at ICMC (Institute of
Mathematics and Computer Sciences) at the USP (University of São
Paulo), Brazil. We received responses from 5 PhD students. How-
ever, to validate the comparisons, we selected only four students
who had prior experience in conducting SLRs.

The case study was organized in two sessions: (i) training; and
(ii) execution. For training purposes, we used a small set of 20 pri-
mary studies (dataset 1). For execution purposes, the datasets used
were the inclusion and exclusion criteria and studies from the SLR5
that had been previously conducted by one master student and her
supervisor, the latter a collaborator from our research group and an
expert in SLR (dataset 2). However, only 41 studies of a total of 261
were chosen to compose dataset 2. The studies chosen were only
those selected by the reviewers (researchers that conducted the
SLR5) reading the full text – 27 studies, and the included ones
(14 studies). The studies excluded by reading the title, abstract
and keywords (220) were discarded. We made this choice on the
assumption that adding too many studies to our case study affect
the motivation and performance of the participants in carrying
out the assigned tasks.

� Definition of users’ task and metrics

The users’ task was to review the 41 studies from SLR5, to con-
firm their previous classification or to change it, that is, to ensure
that the studies marked as included were in accordance to the
inclusion criteria and that studies marked as excluded were in
accordance to the exclusion criteria.

Subjects were required to record the time they took to execute
the task. The performance of the subjects was calculated as
chosen and relevant articles

review time . We considered relevant the articles marked

as included by two or more subjects who participated in the case
study. These articles were taken as the oracle. The accuracy was
calculated as the number of included studies that belonged to
the oracle.

� Case study conduction

The four subjects were split randomly into two groups of two
students, one to conduct the selection review activity manually
(group 1) and another to conduct it using the VTM approach (group
2). The case study comprised two sessions, i.e., training and execu-
tion (see Table 1).

Naturally only participants involved in the VTM based task
(group 2) participated in the in training. During the training ses-
sion one of the authors provided all subjects with an overview of
the study and an explanation on the users’ task. Subjects from
group 2 were trained for approximately 30 min on how to use
the Revis tool. During the training, subjects’ doubts about the tool
and the VTM techniques were clarified. For training purposes, data-
set 1 was used.



Table 1
Groups and tasks.

Group Subjects Training
(30 min)

Execution (no-limit time)

Reading papers
(Group 1)

2 No training Manual selection
review (dataset 2)

VTM techniques
(Group 2)

2 Revis tool (dataset 1) VTM selection
review (dataset 2)

Table 2
Summary of results.

Approach Subject Performance
(time spend)

Accuracy (studies
included as oracle)

Reading papers (Group 1) #1 10.95 articles/h 9
Reading papers (Group 1) #2 08.67 articles/h 8
VTM techniques (Group 2) #3 14.83 articles/h 10
VTM techniques (Group 2) #4 18.40 articles/h 9
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In the execution session, the users’ task was carried out using
dataset 2. Group 1 was given the list of the papers to be reviewed
and the previous classification of these papers (included or ex-
cluded). Subjects from group 2 received the visualizations (content
and citation maps) containing the same papers used by group 1
(included papers were colored in blue and excluded papers in
red). Both groups obtained the inclusion and exclusion criteria
and a form to summarize their decisions.

No time limit was imposed to the subjects to execute the selec-
tion review and they were not allowed to communicate with each
other. Table 1 shows a summary of the test setup.
4.2.1. Data analysis
This section presents the results of our users’ case study

addressing our specific research questions (RQ1 and RQ2). A sum-
mary of the results is presented in Table 2.

To answer our first research question (RQ1), we measured the
subjects’ performance (see third column on Table 2). Considering
the performance, our results have shown that: (i) subject 1 re-
viewed 10.95 articles/h using manual review; (ii) subject 2 re-
viewed 8.67 articles/h using manual review; (iii) subjects 3 and 4
reviewed 14.83 articles/h and 18.40 articles/h respectively, apply-
ing VTM. The time taken by subjects 1 and 2 to perform the selec-
tion review activity by reading the papers was 402000 and 503000 min
respectively, and the time taken by students 3 and 4 to perform the
same activity using the VTM approach was 301000 and 205000 min
respectively. The results allowed concluding that the answer to
RQ1 is ‘‘Yes’’ – the results suggest that the performance of the sub-
jects using the VTM is higher than that of the subjects using the
manual method.

The 12 articles marked as ‘‘included’’ by at least two subjects
were considered as the oracle. Considering accuracy (see fourth
column of Table 2) our results have shown that: (i) subject 1 chose
nine articles from the oracle, using manual review, that is, subject
1 chose 75% of the articles included in the oracle; (ii) subject 2
chose eight articles from the oracle, using manual review, that is,
66.66% of the articles included in the oracle; (iii) subject 3 chose
nine articles from the oracle, applying VTM, that is, 83.3% of the in-
cluded articles. In a similar manner, subject 4 chose 75% of the in-
cluded articles (nine studies). The number of studies included
correctly using the manual reading approach was similar to the
VTM approach. Based on the results, it can be concluded that the
answer to RQ2 is that there is no difference in accuracy using
VTM or reading the papers.

The data of the examples and case studies are available for rep-
lications upon request.
4.2.2. Discussions
The results have suggested that there is a positive relationship

between the use of VTM techniques and the time to conduct the
selection review activity. The use of the VTM approach can help
to improve the performance of the selection review activity in
the SLR when compared to a manual reading method. Therefore
the application of the VTM techniques is promising as it improved
the performance of the selection review of primary studies. A
broader case study is necessary to confirm that studies are most
rapidly reviewed by the participants using VTM techniques,
although our results are encouraging.

Kitchenham’s guidelines for conducting SLRs [25] in SE
emphasize the importance of properly conducting the primary
study selection activity. It can be implicitly deduced that the
quality of the primary study selection step impacts on the overall
quality of the SLR. Therefore, in order to ensure better quality out-
comes of the SLRs, it is important to conduct the primary study
selection step as completely and reliably as possible, including
the selection review activity. The results of this research suggest
that the accuracy of the primary study selection activity carried
out in SLRs by reading the papers is likely to be as good as that
using VTM.

It is still to be determined what would happen with users
performance if the number of studies were higher. Since VTM
approach speeds up the process, it is likely that also supports
keeping attention higher for longer. It is also likely that looking
into the forms of visual representation will be useful in this
context.

As in all research studies, this research also has certain limita-
tions. The size of the subject set in the user study is very small
as there were only two participants for each group. However we
believe that the results have provided reasonable insight and indi-
cation as to how much the VTM techniques can support and speed
up the selection review activity. As the case study was conducted
with the same number of participants for each group to allow
better comparisons, it was possible to obtain two voluntary partic-
ipants for each group. In our view, a larger sample size of diverse
SLR practitioners would help increase the reliability of the findings.
However, as a first-cut assessment of the techniques, we believe
our users’ case study met its goal.

A second limitation is related to the fact that usually there is no
agreement between reviewers on their selection of primary studies
and it might be the case that the original reviewers would have
made different choices for the basis SLR Today. For the purpose
of this research, our assumption was not that the researchers
who originally conducted the subject SLR made 100% correct deci-
sions on the inclusion and exclusion of studies. On the other hand,
we considered the articles marked as ‘‘included’’ by two or more
participants relevant to be included in the SLR.

Another current limitation of the Tool is that the documents un-
der analysis (papers) have to be in text format to be loaded into Re-
vis. Thereby, if the studies are in any other format (e.g. PDF), it is
necessary to convert them prior to the analysis. Some research is
currently being conducted to make this process as automatic as
possible.
5. Conclusions and future work

We have proposed a novel interactive visual approach to help
reviewers to comprehend primary studies analyzed in SLRs. Differ-
ent VTM techniques are combined to support reviewers in the
Selection Review task, aiming at defining a framework of tools that
gives support to evaluate the decisions of including or excluding
primary studies from an SLR and, mainly, to help reviewers to
guarantee that important studies are not removed. The examples
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given and the users’ case study conducted show that this approach
speeds up the Selection Review task.

In the special case of an SLR executed by only one reviewer, the
suggested approach eliminates the need for random choices of pa-
pers to be re-evaluated. Instead, such a selection is based on simi-
larities and citations criteria revealed by the content and citation-
based layouts. In addition, the manual approach implies additional
effort to select studies for review. Using our approach, the visual
representations can give solid clues about which studies should
be checked, reducing the amount of documents that need to be
re-evaluated and the time spent in the whole process.

In a scenario of a group of reviewers conducting an SLR, the re-
sults have shown that VTM techniques are valuable tools to reach
to a conclusion on what should and should not be included. The
employed visual representations can be used to compare and ana-
lyze the decisions made by the different reviewers, giving support
to guide the group to a common sense about the inclusions and
exclusions.

As a future work we will investigate measurements of citation
maps, such as degree centrality, closeness centrality, or between-
ness centrality [30] in order to verify if they can give additional
support to reviewers in the process of selecting and reviewing pri-
mary studies. We also believe that interesting directions for future
research are the exploration of other additional views, e.g. the tex-
tual difference between the referenced papers and shared refer-
ences on a secondary level, i.e. references to referenced papers;
and replication of our users’ case study to compare the accuracy
of the Revis tool against a manual selection with a larger number
of users and a set of motivated users to handle a larger quantity
of papers.
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