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ABSTRACT 
 
Systematic Literature Review (SLR) is an information-based process throughout which each stage must be 
carefully and systematically designed in planning phase. Important decisions need to be made about the various 
choices involved in the SLR planning phase. However, due to the necessarily comprehensive and rigorous 
nature of SLR, many researchers have difficulties in planning SLRs sufficiently and effectively. In recent 
decades, the use of text mining (TM) techniques has been introduced to facilitate SLR process, especially at 
conducting review phase to support the searching and selection of studies. However, so far, TM techniques have 
not been applied to support any activities during SLR planning phase. In this research, we proposed a method 
that apply Suffix Tree Clustering (STC) method to support decision-making activities within the SLR planning 
phase. This method also known as SLR Planning Based on Suffix Tree Clustering (SLRP-STC) method. It aims 
to help reviewers in three ways: 1) to extract research topics easily; 2) to better interpret extracted information; 
and 3) to quickly realize and refine a proposed search string that is poorly formulated or inappropriate. A case 
study was conducted by comparing the proposed method with manual approach. It is observed that the use of 
SLRP-STC method can improve the planning of SLR. 
 
Keywords: Systematic Literature Review (SLR), planning phase; decision-making, Suffix Tree Clustering 
(STC), text mining (TM) 
 
 
1.0 INTRODUCTION 
 
Systematic Literature Review (SLR), or Systematic Review (SR), provides a fair and reliable approach to 
identify, evaluate, and synthesize all primary studies, in attempt to address specific research questions [1]. SLR 
differs from ordinary review process in term of formal planning. Staples and Niazi [2] define a well-planned 
SLR as “independently replicable and of greater scientific value than ordinary literature reviews”. For another, 
creating a comprehensive review plan is the key to the success of SLR as it drives the entire review 
methodology. Effective SLR planning takes into consideration all aspects of planning including identification of 
review need, specification of research questions, development, and validation of the review protocol.  
 
Performing SLR comprises three main phases: 1) planning the review, 2) conducting the review, and 3) 
reporting the review [5]. Particularly, planning phase is important to ensure the overall quality of SLR process. 
During the planning phase, reviewers are required to have adequate knowledge of the proposed topic area so 
they are likely to make a strategic plan for the SLR. For example, reviewers should confirm that there are likely 
to be sufficient relevant studies to make their SLRs worthwhile. They should also obtain the necessary 
information relevant to the studies, such as the number of independent studies that make review worthwhile, the 
research topics, the commonly used terms, and keywords. In this case, effective knowledge acquisition and 
discovery process can be useful and necessary in supporting informed decisions for SLR planning. The 
emergence of text mining (TM) techniques offers one possible way to facilitate the SLR process and thus reduce 
the workload of performing SLRs [3]. The primary goal of TM is to support the data exploratory and data 
analysis by extracting useful information from unstructured textual documents and presenting the distilled 
knowledge in a concise form [4].  
 
In practice, many SLRs need to be iterative because review plans keep changing when researchers obtain better 
idea of the literature, such practice is extremely laborious and inefficient [6]. One way of addressing these 
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difficulties is to have extensive SLR planning activities before the conducting phase.  It is believed that adequate 
planning activities is likely to improve the overall performance of the SLR process [7]. Poor planning and 
inappropriate review strategy will affect the overall quality and efficiency of SLR process. From another 
perspective, there is a research gap lies in proposing specific TM techniques to support the SLR planning phase. 
To the best of our knowledge, the majority studies on supporting SLRs primarily focus on applying TM 
techniques in SLR conducting phases, especially at the stages of searching and selecting primary studies. None 
of them have ever employed such techniques in SLR planning phase.  Based on our findings from the SLR [15], 
TM techniques and tools used to support SLR process do not address the challenges faced by researchers during 
the SLR planning phase. Indexing of documents are important to present the content of the documents [16]. 
 
Given the above, the main goal of this work is to propose a new method, SLRP-STC (Systematic Literature 
Review Planning Based On Suffix Tree Clustering) method to support effective knowledge acquisition and 
knowledge discovery process involved in SLR planning phase. To evaluate our approach, we have conducted a 
case study to compare the use of SLRP-STC method with the traditional, manual approach in planning a SLR. 
Our main contributions are encouraging the adoption of SLR methodology in the software engineering (SE) 
field by facilitating the SLR planning process. In addition, SLRP-STC contributes to support the data 
exploratory and data analysis involved during the SLR planning phase by clustering and mining the Web 
retrieved documents automatically. This can help researchers and students to extract research topics easily, to 
better interpret extracted information and to quickly realize the proposed search string is poorly formulated or 
inappropriate, and refine the search strings.  
 
The remainder of this paper is organized as follows: Section 2 presents background and overview of related 
work. Section 3 explains the SLRP-STC method in details. Section 4 describes the case study used to evaluate 
our proposed method. Section 5 presents a brief discussion of our findings. Finally, conclusion and future work 
are presented in Section 6. 
 
 
2.0 BACKGROUND AND RELATED WORK 
 
This section presents brief background information on SLR planning phase, existing applications of TM 
techniques to support SLR process and an overview of STC method. 
 
2.1 SLR Planning Phase 
 
With the purpose to appropriately define the entire review strategy, the SLR planning phase is mainly concerned 
with integrating adequate knowledge of proposed topic area that enables reviewers to make thoughtful decisions 
involving planning phase. The decision-making activities with the planning phase are illustrated in Fig. 1. 
 
A SLR typically starts with justifying the genuine need of undertaking the review, such as the likely existence of 
a sufficient number of independent studies that have not been previously organized. The number of studies that 
makes SLR worthwhile depends on the topic area of interest and should be confirmed by review team. 
Reviewers should also determine whether SLR studies already exist in the topic of interest. If existing reviews 
do not cover the proposed topic of interest, or those that do exist are out of date, researchers are encouraged to 
continue planning the SLR. Otherwise, reviewers should carefully analyze these reviews and decide whether the 
review results can be directly adopted or need to be updated.  
 
In order to develop review protocol, research questions need to be well defined and agreed before executing 
SLR process. Specifying appropriate research questions is critical because the questions are used to derive the 
entire SLR methodology.  Reviewers should quickly identify a broad topic area and classify the specific topics 
studied in the broad topic area. Classification of topics is used to identify boundaries and context for the review. 
It also helps to interpret the identified studies and to narrow down the review scope.  
 
A protocol specifies the overall SLR approach that will be used to conduct and report the review phase. The 
major decision-making problem with protocol development is to devise an appropriate search strategy. The 
difficulty lies in searching for topics that are unlikely to be the main research topic of research papers.  
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Fig. 1: Decision making activities involved in SLR planning phase (adapted from [17]) 
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The reasons account for the problems are (1) the specific research approaches are seldom identified in the title, 
abstract and keywords of primary studies, and (2) SE researchers are extremely poor at correctly specifying the 
approaches they used. Thus, reviewers need to perform  relatively broad search to identify a known set of papers 
to assess the search strategy. This prepares the reviewers to manage a large number of candidate primary studies 
of the papers within the broad topic area. In this case, identification of commonly used terms covered by the 
studies can be used to devise automated search strings. Due to the decision-making activities in protocol 
validation highly rely on the expertise and domain knowledge of reviewers, the last stage of the SLR planning 
phase will not be supported by the proposed method in this research. 
 
 
2.2 Existing Applications of TM Techniques to Support SLR Process 
 
TM, also referred as intelligent text analytics, text data mining, and knowledge discovery in text, is the process 
of deriving useful information from text. The process often involves various techniques, including data mining, 
machine learning, natural language processing (NLP), and knowledge management [8]. TM techniques works 
by converting unstructured data into structured data. Typical TM applications includes document classification, 
document clustering, information extraction, information visualization, information retrieval, and document 
summarization [9]. Various studies [9-14] have discussed applications of TM techniques. 
 
In our previous study [15], four main applications of TM techniques have been identified through a review 
process: 1) visual text mining (VTM), 2) federated search strategy, 3) automated document/text classification 
using machine learning (ML) techniques, and 4) document summarization using ML techniques. Table 1 shows 
a list of eight studies in software engineering domain that have applied TM techniques, especially for 
information visualization and clustering techniques to support the SLR process. These studies are journal 
articles, symposium and conference papers, book sections, and workshop papers published in SE discipline. 
Majority of them focus on building machine learning classifiers for automatic study selection. As shown in 
Table 1, tools have been developed or used to support their proposed methods. 
 

Table 1: Selected primary studies that using TM techniques to support the SLR process 
 

ID Authors Year Ariticle Type TM Technique(s) used Tool(s) 

S01 Malheiros et al. [18] 2007 Symposium VTM PEx 

S02 Felizardo et al. [19] 2007 Conference VTM PEx 

S03 Fernández-Sáez et al. [20] 2010 Conference The authors did not specify 
which TM technique was 
used to cluster the documents 

SLR-Tool* 

S04 Tomassetti et al. [21] 2011 Conference Naïve Bayes Classifier DBPedia 

S05 Ghafari et al. [22] 2012 Journal Federated Search Model Federated 
Search tool*; 
Nvivo, Zotero 

S06 Fabrri et al. [23] 2012 Journal Vector Processing Model StArT* 

S07 Torres et al. [24] 2013 Workshop Rule-based and ML 
algorithm (Nearest Neighbor 
Heuristic) 

A tool based 
on Weka 
library* 

S08 Felizardo et al. [25] 2014 Conference VTM, KNN (K-Nearest 
Neighbor) Edges Connection 
Technique 

ReViS* 

   Note: * = Specific SLR Tool developed by the researchers 
 
 
 
 
 



Using Suffix Tree Clustering Method To Support The Planning Phase Of Systematic Literature Review.  pp 311-332 
 
 

 
315 

Malaysian Journal of Computer Science.  Vol. 30(4), 2017 
 

2.3 Overview of the STC Method 
 
In this research, we applied the STC Method to support the planning of SLRs. This method allows interactive 
data exploration of text documents in the Web environment [26]. It can be viewed as a dynamic VTM method 
that combines document clustering and information retrieval techniques. STC method was first proposed by 
Gusfield [26]. The author proposed a phrase-based method for automatic clustering search results based on STC 
method.  The STC method is designed to identify phrases that are common in the document set and uses these 
phrases as the basis for creating clusters [27]. One feature that distinguishes STC from other clustering methods, 
is it treats documents as a string, rather than bag of words. STC method uses a suffix tree to identify Web 
documents that share common phrases and automatically classify these documents in descriptive categories. 
STC method [27] has four logical steps: (1) Retrieve web documents, (2) Clean documents, (3) Construct Suffix 
Tree, and (4) Merge Clusters. The first two steps are about crawling and parsing document collections. In the 
third step, a suffix tree from all sentences of documents is built incrementally. In the final step, each base cluster 
is weighted and merged with high degree of overlap in their document collections. 
 
The differences between STC methods and typical VTM approaches are shown as follows. 

 VTM techniques cluster local, off-line documents collection that has standardized format, whereas STC 
techniques retrieve online documents and cluster Web search results. 

 VTM techniques calculate document similarity and use multidimensional projection techniques to place 
document on a 2D visual map, using hierarchy, model-based clustering algorithms (viz., k-means, 
kNN). And STC method applies incremental clustering algorithm. 

 
Considering the literature is frequently updated, it is easier to collect, cluster, and analyze documents in dynamic 
Web environment. In this case, STC method can be useful in supporting SLR planning phase in three ways: (a) 
to quickly identify research topics; (b) to help them better interpret extracted information; (c) to realize early 
that queries are poorly formulated (either too general or inappropriate) and hence refine them. 
 
 
3.0 SLRP-STC METHOD 
 
SLR is primarily an information-based process where each stage must be fairly and systematically designed 
during planning phase. Due to the comprehensive and rigorous nature of the SLR, exhaustive planning activities 
are required. In order to guarantee the effectiveness and robustness of SLR process, we propose the SLRP-STC 
method, to support informed decision-making in the SLR planning phase. The following sub-sections describe 
the proposed method. 
 
3.1 Overview of SLRP-STC Method 
 
As shown in Fig. 2, SLRP-STC method supports the three main stages of SLR planning: (1) justifying the need 
for a systematic review or mapping study, (2) specifying research questions, and (3) developing review protocol 
(i.e. focus on devising automated search strings). This method intends to address the problems faced in the three 
aforementioned stages by applying the STC method to retrieve and cluster the web documents. STC method 
consists of four main logical steps: (1) Retrieve web documents, (2) Clean documents, (3) Identify Phrase 
Clusters, and (4) Merge Clusters. In this work, we added an additional step, (5) Study Visualization to provide 
the visual representations of the relevant article information extracted and analyzed from the web documents. 
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Fig. 2: Overview of SLRP-STC Method 
 
 
3.1.1 Stage 1: Justifying the Need of Review 
 
The decision-making activities with this process are illustrated in Fig. 3. In order to help reviewers quickly 
justify the need of undertaking SLR, our method is designed to facilitate the knowledge acquisition process for 
planning phase. A federated search method is offered to help the reviewers to easily extract the necessary 
knowledge of a proposed topic, where it retrieves the relevant Web documents from different data sources. This 
method helps the reviewers to quickly obtain the knowledge about existing studies, including a list of relevant 
studies, and the number of all relevant studies regarding to the proposed topic. Reviewers can also specify the 
search options to seek for existing reviews within the topic of interest. Next, reviewers briefly construct the most 
relevant studies to have some background knowledge of the proposed topic area.  This enables them to 
determine whether they should proceed with the review in an objective and fair manner. 
 
Stage 1 (Justifying the need for a systematic review) consists of the following steps: 
 

1. Checking whether any systematic reviews or mapping studies already exist in the topic area. 
2. In the case of an outdated systematic review, identifying any limitations with the initial protocol and 

amend the process. A list of primary studies are identified from the existing reviews. The list will 
become the basis set of known papers that can be used to define and revise search strings for digital 
libraries. 

3. If there are no previous reviews, identifying a list of primary studies to make sure that there are likely 
to be sufficient relevant papers to make a systematic review worthwhile. Identify the number of 
independent studies by conducting a quick informal search using Google Scholar or a digital indexing 
system to look for relevant studies.  

4. Finally, justifying the need for a review based on the information collected in Steps 1, 2 and 3. 
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Fig. 3: Identifying the need of review in Stage 1 
 
 
3.1.2 Stage 2: Specifying Research Questions 
 
In this stage, the SLRP-STC method aims to support the reviewers to quickly identify the research context and 
specify the research questions. Fig. 4 shows the decision-making activities involved in Stage 2. For SLRs, 
research questions need to be well defined and agreed before the review protocol is developed. Specifying 
appropriate research questions is one of the most critical components of SLR protocol, because the research 
questions are used to devise other protocol elements, and to derive the entire SLR methodology. Reviewers 
should quickly identify a broad topic area and classify the specific topics studied in the broad topic area.  
 
Clustering techniques have been used to extract topics from Web documents by grouping similar documents. 
The classification of topics is useful and necessary in helping reviewers to identify review context and 
specifying research questions.  Moreover, clustering is important in data exploratory and data analysis.  In this 
research, we apply the STC algorithm to cluster retrieved Web documents and to generate classification of 
topics. In classical algorithms, similarity calculation is usually represented by numerical data, such as distance. 
The main problem with classical algorithms like HAC, and k-means, is that they are very sensitive to the halting 
criterion. This sensitivity often causes poor clustering performance in the Web environment where the query 
results could extremely vary. 
 
Stage 2 (Specifying research questions) comprises the following steps: 
 

1. Identifying a broad topic area and classifying the specific topics studied in the broad topic area.  
2. Classifying topics to identify boundaries and context for the review. 
3. Interpreting the identified studies and to narrow down the review scope.  
4. Defining question elements based on PICO criteria [29]:  

o Population (P): A question which may refer to very specific population groups (e.g. a specific 
SE role, a category of software engineer, an application area, or an industry group). 

o Intervention (I): The software engineering methodology, tool, technology or procedure that 
address a specific issue (e.g. technologies to perform specific tasks). 

o Comparison (C): The comparison of software engineering methodology, tool, technology or 
procedure Outcomes: prediction or estimate accuracy. 

o Outcomes (O): Factors of importance to practitioners (e.g. improved reliability, reduced 
production costs, and reduced time to market) 

5. Formulating research questions for SLR. 
 
 

 
 

Fig. 4: Specifying research questions in Stage 2 
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3.1.3 Stage 3: Developing Review Protocol 
 
Devising search strategy is of great importance because the rigor of the search process is one of the main factors 
that differentiates SLR from other literature review process. However, generating a good automated search 
strategy is a challenging task. Kitchenham and Brereton [30] suggest reviewers to use different combinations of 
search terms derived from the research questions. Such practice typically generates thousands, if not millions of 
search results (citations) that are irrelevant. Additionally, there would be lots of synonyms and abbreviations for 
specific topic keyword, as not all search terms that make up of the combination are necessary and useful. Using 
inappropriate search terms would significantly increase the review workload and distract reviewers from the 
most relevant studies. Fig. 5 shows the decision-making activities involved in Stage 3. The proposed method 
helps the reviewers to do a relatively broad search from different data sources (based on a federated search 
method) to identify a known set of papers to assess search strategy. Terms and phrases are identified and ranked 
according to their significance (weighted score). The core mining operation follows the procedure of STC 
method (see Section 3.2). Moreover, the identified keywords and subtopics can be used to help reviewers to 
justify the validity and the accuracy of the proposed automated search strategy. 
 

 

 
 

Fig. 5: Supporting knowledge discovery process to devise search strategy in Stage 3 
 
 
3.2 STC Method 
 
This section describes each step in STC method and how the method was applied to support the planning of 
SLRs. The use of SLRP-STC method requires tool support. A supporting tool named Systematic Literature 
Review Planning Supporting System (SLRPSS) was developed to implement the SLRP-STC method. SLRPSS 
is a web-based supporting tool that offers a framework to control various decision-making activities involved in 
SLR planning phase. It also helps to discover and analyze the necessary information to support SLR planning 
activities. In order to achieve these functionalities, an open source search results clustering engine, named 
Carrot2 [35], was integrated with our supporting tool.  Carrot2 provides functionality to automatically cluster 
document collections into thematic categories. In addition, a JavaScript library called D3.js [36] was used to 
enable the information visualization. 
 
Fig. 6 describes the workflow of SLRPSS which include the following main features: 1) it extracts relevant 
studies and displays them in organized manner; 2) it automatically groups documents into thematic clusters and 
identifies subtopics of retrieved documents; 3) it displays commonly used terms or phrases and spawns new 
ideas from visualization of search results; 4) it manages the decision-making activities involved in SLR planning 
phase. 
 
 



Using Suffix Tree Clustering Method To Support The Planning Phase Of Systematic Literature Review.  pp 311-332 
 
 

 
319 

Malaysian Journal of Computer Science.  Vol. 30(4), 2017 
 

 
 

Fig. 6: Workflow of SLRPSS 
 
 

3.2.1 Step 1: Retrieve Web Documents 
 
The STC method starts by providing access to federated search engine that retrieves documents from different 
data sources. The retrieved documents are added into a document collection in an ordered manner. We consulted 
SE researchers to provide a list of important digital libraries in the field of SE domain, and reached to a 
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consensus that the five main digital libraries for SE researchers are: IEEE Xplore, ACM Digital Library, Web of 
Science, Science Direct, Scopus, Google Scholar. Note that, online access to full text of documents in those 
database requires a valid copyrights and license. Due to the limited access to the full text of documents, we only 
crawl and scrap citation information, including title, keywords and abstract of documents.  The SLRPSS 
provides a unified search engine wrapper to these digital libraries. 
 
 
3.2.2 Step 2: Clean Documents 
 
This step starts from the document collection and each document is converted into an ordered string of words. 
Document processing includes the following sub-steps [27]: 
 

1. Tokenization:  Sentences are divided into tokens. 
2. Stop-word removal: It also known as non-word tokenization. There are many words in the document 

that are meaningless or useless in building suffix tree structure. Numbers, HTML tags, most 
punctuations and words occur in stop-list (Such as ``are'', ``no'', ``but'', ``however'') are stripped.  

3. Stemming: This step is also called dimensionality reduction. Text in document is replaced with their 
respective stem.  In order to reduce the processing cost without sacrificing processing performance, the 
system uses light Porter algorithm [31] which is an adapted Porter stemming algorithms [32].  

 
 
3.2.3 Step 3: Construct Suffix Tree 
 
This step aims to find all base clusters of every document sentences using a suffix tree. To do this, the first thing 
is to construct a suffix tree by applying the Ukkonen's algorithm [33]. The leaves of tree are marked with a 
unique sentence identifier that also indicates the corresponding documents. Having built the suffix tree, each 
internal node of the tree is identified as a base cluster. Second, each internal nodes is assigned with a score that 
represent the document's usefulness for clustering task.  A base cluster will become a maximal phrase cluster if 
and only if it exceeds a minimal base cluster score. The score function of base cluster  is derived by the 
formula [34] as: 
                                                        
 

                                                                                                            (1) 
 
where  is the score of candidate ;   is the number of not stop-words phrase terms;  is the 
phrase length adjustment;  is the term frequency adjustment. 
 
 
3.2.4 Step 4: Merge phrase cluster 
 
Documents are likely to share more than one common phrase. To avoid document overlapping and identical 
cluster, the fourth step of the STC method is to merge identical base clusters. Only the top scoring clusters will 
be merged, which is to prevent analysis of studies being influenced by low scoring and less informative clusters. 
Zamir and Etzioni [27, 28] defined a binary similarity measure between phrase clusters to conduct merging task 
as: 
 
 

                  (2) 

 
where  and  are base clusters;  and  are the numbers of documents in phrase clusters  and  
respectively;  is the number of documents common to  and ;  is the merge threshold. Two base 
clusters will be merged if and only if they have a similarity of 1. Each merged cluster contains the union of the 
documents of all its phrase clusters. 
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3.2.5 Step 5: Study Visualization 
 
In the final step, the system utilizes reviewers strong visual ability to support the knowledge discovery process 
involved in SLR planning phase. It creates visualization based on phrase clusters to display commonly used 
terms and phrases that are shared by documents.  The document visualization is implemented by using a 
JavaScript library, named D3.js [36], to combine powerful visualization components and data-driven approach 
to DOM manipulation. Two common types of visualization are foam tree visualization and circle visualization. 
Foam tree visualization uses a foam tree to present identified keywords and subtopics, and helps reviewers to 
efficiently identify the poorly formulated search strings. It is also useful in synonym and abbreviation 
recognition. On the other hand, circle visualization uses a pie chart to discover commonly used terms, where 
each sectors of the pie chart represents the identified terms and phrases. The size of each central angle is 
proportional to the frequency of use of the corresponding terms and phrases. 
 
 
3.3 An Illustrative Example 
 
This section illustrates an example of applying SLRP-STC method to plan a SLR. A research topic was selected 
for this example. The selected topic aims to review the existing automation technologies for supporting SLRs. 
Through the example, we demonstrated how the SLRP-STC method can be used to plan this SLR in various 
aspects. 
 
Firstly, general information such as title, project manager, review background, and project timetable were 
defined to create a new SLR project. An invitation was sent to other system users to conduct a team review on 
this project.  After creating a new project, we started the first stage of our SLR planning with justifying the need 
of review by checking whether there was sufficient number of primary studies that makes the review 
worthwhile. In doing this, we sent a query “systematic literature review automation” to seek for potential 
relevant studies. The SLRPSS tool provides a search engine wrapper to obtain clustering results from Carrot2. 
There were 70 potentially relevant studies retrieved (see Fig. 7). Among them, at least three review papers were 
identified. The tool also supports to control decision-making activities involved in SLR planning phase. By 
further analyzing these review papers, we had a basic understanding of the research in the proposed area and we 
found these review papers mainly focus on research in the field of clinical medicine. As a result, we conclude 
that there are sufficient primary studies that can be used for conducting a SLR. We found three secondary 
studies that review current approaches to automate specific SLR activities. Although there are three existing 
review papers, these papers are associated with medical domain. It is still necessary to conduct a SLR on “SLR 
automation technology” in the SE domain. 
 
The second stage of planning is to specify research question. This step appears to be sequential, but it is critical 
to recognize that many activities in this stage involve iteration. During this step, we observed that the retrieved 
documents were classified into 10 clusters, as shown in Fig. 8. The classification of topics was used to specify 
reserch questions by identifying review context and narrowing down the review scope. 
 
After specifying the research questions, we are required to define all protocol elements, including search 
strategy, selection criteria, quality assessment criteria, data extraction, and data synthesis strategy. The phrase 
clusters show the commonly used terms and phrases shared by these papers and these phrases were potential 
keywords or subtopics for this SLR. The visualization schema provides reviewers with a strong visual 
processing abilities to support the knowledge discovery process in SLR planning phase.  
 
The circle view and foam tree view (shown in Fig. 9) provide us a list of identified keywords and subtopics for 
retrieved documents. We can also use these views to help us devise and revise our search strings in the stage of 
developing review protocol. In this case, we found many keywords, including “machine learning”, “text 
mining”, and “visualization” that can be used as search strings because they are frequently used in the research 
papers. We can also use these keywords and subtopics to evaluate the suitability of the devised search strings. 
For example, when we used the search string: “systematic literature review automation technology” to search 
documents, the identified keywords and subtopics for retrieved documents were ‘system’, ‘health’, ‘support’. 
They are unlikely to describe the subtopics for retrieved documents. Therefore, we can conclude that the 
proposed search string was poorly formulated (either too broad or inappropriate) and need to be refined. 
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Fig. 7: Extracted list of relevant studies 
 
 

 
Fig. 8: Classification of relevant studies 
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Fig. 9: Identified keywords and subtopics for the example of SLR project 
 

 
4.0 CASE STUDY 
 
To evaluate the applicability of SLRP-STC method, we conducted a case study with four participants who are 
postgraduate students with prior experience in performing SLRs. Section 4.1 presents objectives of this case 
study. The objectives are outlined based on GQM (Goal, Question, Metric) paradigm. Section 4.2 describes 
preparation and detailed data collection procedures. The collected data are analyzed in Section 4.3. 
 
4.1 Objectives 
 
The main objective of this case study is to evaluate the applicability of SLRP-STC method to support SLR 
planning activities. Specifically, the goals of case study are defined as follows: 

 Goal 1: To validate the applicability of SLRP-STC method in supporting SLR planning process. 
 Goal 2: To assess participants’ perceptions of SLRP-STC. 

 
Based on the goals, we defined three questions (Q1, Q2 and Q3) for this case study:  

 Q1: Does SLRP-STC method improve efficiency of performing SLR planning process? (Goal 1) 
 Q2: Does SLRP-STC method improve quality of SLR planning results? (Goal 1) 
 Q3: What are the participants\textquotesingle  general perceptions of SLPR-STC method? (Goal 2) 

 
 

Table 2: Metrics defined for Q1 and Q2 
 

Question Metric Description 

Q1 M1 The total time taken by Group A to plan the SLR. 

M2 The total time taken by Group B to plan the SLR. 

M3 The average score of the quality of SLRP planning result for Group A. 

M4 The average score of the quality of SLRP planning result for Group B. 

Q2 M5 The average score of user acceptance for SLRP-STC method. 

 
In this case study, participants were divided into two groups (Group A and Group B). Group A was required to 
manually perform the SLR planning without using SLRP-STC method, while Group B was required to perform 
SLR planning using SLRP-STC method. Table 2 presents the metrics used in this case study to measure the 
applicability of SLRP-STC method. Table 3 explains the interpretation of comparing the values of two metrics. 
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Note that β is a constant value that represents the threshold for user acceptance. In this case study, we set β = 3 
because it indicates ‘neutral’ attitude in the survey. 
 

Table 3: Interpretation of metrics comparisons 
 

Metric 
Comparison 

Interpretation 

M1 ≤ M2 SLRP-STC is unlikely to improve the efficiency of performing SLR planning activities. 

M1 > M2 SLRP-STC is likely to improve the efficiency of performing SLR planning activities. 

M3 ≥ M4 SLRP-STC is unlikely to improve the quality of undertaking SLR planning activities. 

M3 < M4 SLRP-STC is likely to improve the quality of undertaking SLR planning activities. 

M5 > β SLRP-STC method is considered to be applicable. 

M5 ≤ β SLRP-STC method is considered to be inapplicable. 

 
 
4.2 Data Collection Procedures 
 
The participants selected for this case study were two Ph.D. and two Master’s students from the Department of 
Software Engineering, Faculty of Computer Science and Information Technology (FCSIT), University of 
Malaya (UM). These postgraduate students were carefully selected by considering their background, knowledge 
in the field of software engineering (SE), and prior experiences in conducting SLRs and writing SLR research 
papers. Four participants were divided into two groups: Group A and Group B. Participants from Group A were 
required to perform SLR planning manually without using the SLRP-STC method, whereas participants from 
Group B were required to perform SLR planning using the SLRP-STC method. Table 4 presents the background 
and SLR experience of participants from Group A and Group B. The case study was organized in three phases: 
1) Training 2) Execution and 3) Evaluation. 
 
 

Table 4: List of participants for Group A and Group B 
 

Group No. Particiapant Background Prior Experience in Publishing SLR papers 

A (Manual 
Approach) 

Respondent 1 PhD student Published 2 papers 

Respondent 2 Master’s student Published 1 paper 

B (SLRP-STC) Respondent 3 PhD student Published 1 paper 

Respondent 4 Master’s student Published 1 paper 

 
 
4.2.1 Training Phase 
 
During the training phase, all participants were invited to attend a workshop on SLRP-STC method. In order to 
compare general perceptions of SLRP-STC method between participants from Group A and participants from 
Group B, it is important to ensure that all participants know exactly what SLRP-STC method is and how to 
apply it in SLR planning activities. In doing so, the workshop started with a brief introduction of the SLRP-STC 
method and the case study. In the first session of workshop, a training guide was distributed to help all 
participants to learn the details of SLRP-STC method. Moreover, an exemplar was used to help participants 
understand how to apply SLR-STC method in real-world SLR planning projects. In the second session of 
workshop, participants from Group B were required to continue studying the supporting tool while participants 
of Group A were allowed to take a short break. A user manual was prepared to serve as a guide in assisting 
Group B’s participants in using the supporting tool for performing the SLR planning activities. During the 
training process, participants were encouraged to express their opinions and doubts in a free manner. 
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At the end of the training phase, a questionnaire survey was used to collect the perception of the proposed 
method from these four participants. The questionnaire survey used a Likert scale for ratings (5-Strongly Agree; 
4-Agree; 3-Neutral; 2-Disagree; 1-Strongly Disagree). The questionnaire consists of two open-ended questions 
that allow participants to express their additional comments and suggestions that will be used to improve the 
proposed method. The structure of the questionnaire is as follows: 
 

 Section 1 gathers personal information, including background, case study group, prior experience in 
publishing SLRs. 

 Section 2 assesses how participants accept SLRP-STC method. This section consists of 12 questions 
that helped us to collect general perception of the proposed method from the participants. 

 Section 3 consists of two open-ended questions that allow participants to expresses additional 
comments and suggestions for improving SLRP-STC method. 

 
 
4.2.2 Execution Phase 
 
During the execution phase, both groups were asked to plan a SLR project on the topic “cloud testing techniques 
for mobile applications”. The SLR planning template was provided to assist the participants to prepare a SLR 
planning report that include the SLR planning information and the justifications of the decisions made for their 
SLR projects during three planning stages. The participants were required to start planning the SLR 
simultaneously and to finish the SLR planning task in not more than two hours. The time taken for completing 
the SLR planning project by two groups was recorded. The planning results of two groups were also collected 
and organized for further evaluation. 
 
 
4.2.3 Evaluation Phase 
 
In order to evaluate the applicability of SLRP-STC method, data (i.e. SLR planning time) recorded during the 
execution phase are used for analyzing the efficiency of planning the SLR projects. Two SE researchers who are 
the experts in conducting SLRs were invited to evaluate the planning reports created by the two groups of 
participants. The evaluation form was distributed to the SLR experts to collect data to measure the quality of the 
SLR planning report. The likert scale (5-Strongly Agree; 4-Agree; 3-Neutral; 2-Disagree; 1-Strongly Disagree) 
was used in the evaluation form for ratings.   
 
The following six questions were asked in the evaluation form to allow the experts to assess the quality of the 
SLR protocols prepared by the two groups of participants: 
 

1. Q1. The reason for undertaking the review is clear. 
2. Q2. The review scope is well defined (neither too broad nor inappropriate). 
3. Q3. The review questions are appropriate and clearly formulated.   
4. Q4. The automated search strategy used appropriate synonyms, acronyms. 
5. Q5. The automated search strategy can be adapted for different databases. 
6. Q6. The automated search strings are appropriately formulated (strike a balance between striving for 

comprehensiveness and maintaining relevance). 
 
 
4.3 Data Analysis and Results 
 
The results collected during the three phases (i.e. Training, Execution and Evaluation) were analyzed based on 
the predefined evaluation metrics for the case study, including time taken for planning process to show the 
efficiency of planning SLR projects, quality of the planning results provided by the SLR experts, and the values 
of user acceptance for the proposed method provided by the participants of case study through questionnaires. 
 
 
4.3.1 General Perception of SLRP-STC Method 
 
Four participants (P1, P2, P3 and P4) were required to indicate the level of agreement for general perception of 
the SLRP-STC method. The questionnaire consists of two parts, first part evaluates the user’s acceptance of 
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SLRP-STC method, the second part records the suggestions for improving the method. Table 5 presents the 
ratings provided by the case study participants on the general perception of the proposed method. The survey 
used Likert-like scale of one to five to represents the level of agreement of participants’ perception on the 
applicability of SLRP-STC method. The table shows the result of participants’ level of agreement on the twelve 
questions related to the perception of the SLRP-STC method. The average score of user acceptance results is 
3.7. According to interpretation of metrics comparisons (see Table 3), SLRP-STC method is considered to be 
applicable because M5 > β. 
 

Table 5: Rating scores for general perception of SLRP-STC method 
 

Question P1 P2 P3 P4 Mean Standard 
Deviation 

Q1. This method is easy to understand. 3 4 2 3 3.00 0.816 

Q2. This method is useful for supporting SLR planning 
activities. 

4 5 3 4 4.00 0.816 

Q3. This method improves the efficiency of performing SLR 
planning process. 

2 3 4 4 3.25 0.957 

Q4. This method improves the accuracy of SLR planning 
results.  

4 5 3 4 4.00 0.816 

Q5. This method supports effective knowledge acquisition and 
allows me to quickly extract useful information of existing 
studies. 

4 3 5 4 4.00 0.816 

Q6. This method supports effective knowledge discovery 
process and allows interactive data exploration of existing 
studies.  

3 3 3 4 3.25 0.500 

Q7. This method can help me to better understand extracted 
information. 

4 4 5 4 4.25 0.500 

Q8. This extracted information supports me to easily justify 
the need of review. 

2 4 3 3 3.00 0.816 

Q9. This extracted information supports me to frame/ scope 
the research questions. 

3 4 5 4 4.00 0.816 

Q10. This extracted information supports me to devise/refine 
automated search strings in the stage of protocol development. 

4 4 4 5 4.25 0.500 

Q11. This method is applicable to the majority of the SLRs in 
SE domain. 

3 3 4 4 3.50 0.577 

Q12. This method is flexible to the adapt to different goals and 
methods between different SLRs. 

5 3 5 3 4.00 1.155 

 
 
4.3.2 Time Taken for Planning An SLR 
 
To determine whether the use of SLRP-STC method can improve the efficiency of the SLR planning process 
time taken to perform each stage of SLR planning is measured. The result is tabulated in Table 6. The total time 
spent on SLR planning process is 87 minutes (M1) for group A and 75 minutes (M2) for group B. Based on 
metrics comparisons in Table 3, it is conclusive to say that SLRP-STC is likely to improve the efficiency of 
performing SLR planning activities because M1 > M2. 
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4.3.3 Quality of SLR Planning Reports 
 
To determine whether the quality of planning results can be improved by using SLRP-STC method, the 
measurement collected from two SLR experts (E1 and E2)  using an evaluation survey form. The survey used 
Likert scale from one to five to represents the level of agreement of experts on the quality of planning results. 
The results are shown in Table 7. In general, the average score for Group A (Manual approach) is 17.5 (M3) and 
for Group B (SLRP-STC) is 25 (M4). Based on the interpretation of metrics comparisons (see Table 3), , it is 
conclusive to say that SLRP-STC is likely to improve the quality of undertaking SLR planning activities since 
M3 < M4.  
 
 

Table 6: Time taken to perform each stage of SLR planning (measured in minutes) 
 

SLR Planning Stage Group A  

(Manual Approach) 

Group B  

(SLRP-STC) 

Stage 1: Justifying the need of review 63 41 

Stage 2: Specifying research questions 9 25 

Stage 3: Devising automated search strategy 15 9 

Total time taken 87 75 

 
 

Table 7: Rating scores to assess quality of SLR planning protocols by expert 1 and Expert 2 
 

Evaluation Question Protocol 1 
(Group A) 

Mean 
Score 

(Protocol 
1) 

Protocol 2 
(Group B) 

Mean 
Score 

(Protocol 
2) E1 E2 E1 E2 

Q1. The reason for undertaking the review is clear. 3 3 3 4 5 4.5 

Q2. The review scope is well defined (neither too broad 
nor inappropriate) 

3 2 2.5 4 4 4 

Q3. The review questions are appropriate and clearly 
formulated. 

3 4 3.5 4 4 4 

Q4. The automated search strategy used appropriate 
synonyms, acronyms. 

3 4 3.5 4 5 4.5 

Q5. The automated search strategy adapted as needed for 
appropriate databases. 

2 3 2.5 4 5 4.5 

Q6. The automated search strings are appropriated 
formulated (strike a balance between striving for 
comprehensiveness and maintaining relevance). 

2 3 2.5 3 4 3.5 

Total Score 16 19 17.5 23 27 25 

 
 
 
5.0 DISCUSSION 
 
This case study aims to evaluate the applicability of the SLRP-STC method from three aspects, including the 
time taken for planning process, quality of planning results, and participants’ general perception on the proposed 
method. The results demonstrate that it is applicable for research students to apply the proposed method in SLR 
planning phase. This section discusses the case study results and how the results answer the three questions 
defined in Section 4.1. 
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5.1 Does SLRP-STC method improve efficiency of performing SLR planning process? 
 
Compared with the total time spent for planning process for Group A, Group B spent less time in SLR planning 
process, especially at stage 1 and stage 3. This shows that SLRP-STC method is likely to save time and efforts 
in justifying the need of review and devising automated search strategy. Group B took longer time in stage 2 of 
SLR planning phase specifying the research question. However, the quality of research question of Group B was 
better than Group A. The reason of using SLRP-STC method might takes longer time to specify research 
question is that SLRP-STC method helps reviewers to consider the research questions from four PICO aspects, 
namely, population, intervention, context, and outcome. Such practice is useful and necessary in helping 
reviewers to frame answerable research questions. On the one hand, it is of great importance to formulate the 
appropriate research questions during the SLR process because research questions are key element of the entire 
SLR methodology. On the other hand, well-defined research questions helps to reduce the workload of 
performing the overall SLR process. This prevents the reviewers from keep changing the research questions 
during SLR. 
 
 
5.2 Does SLRP-STC method improve quality of SLR planning results? 
 
The average score of Group A (manual) is less than Group B (SLRP-STC). More specifically, in Question 1, the 
mean score for Group A is higher than Group B. We can speculate that experts agreed that Group B, after 
applying SLRP-STC method, presented a clearer reason for undertaking the review. Likewise, in Question 2, we 
can learn that experts agreed the Group B has better defined research scope. For Question 3, the higher score of 
Group B suggests that SLR experts believed that Group B had produced better research questions. In Question 4 
and Question 5, experts agreed that the quality of automated search strategy for Group B was better than Group 
A. Hence, from the evaluation results, SLRP-STC method is likely to improve the quality of SLR planning 
results. 
 
 
5.3 What are the participants’ general perceptions of SLPR-STC method? 
 
The results show that participants agreed that SLRP-STC method was useful for supporting SLR planning 
activities. Additionally, the participants agree that SLRP-STC method can improve the efficiency of performing 
SLR planning process and improve the accuracy of the SLR planning. Furthermore, the participants agreed that 
SLRP-STC method supported effective knowledge acquisition process, especially in extracting information that 
can support to devise or refine automated search strings in the stage of protocol development. Also, the 
participants agreed that SLRP-STC method was applicable to planning SLRs in the SE domain. SLRP-STC 
method was flexible to be adapted to different goals and methods between different SLRs. As the average score 
of the participants is greater than β value, SLRP-STC method is applicable to support the planning of SLRs. 
 
There are a few recommendations suggested by participants. Their suggestions will be taken into consideration 
to improve and refine SLRP-STC method. One of the participants suggested that we should focus on support 
planning decision-making activities by defining a number of reasonable criteria. Another participant believed 
that it would be more interesting if additional text mining features can be added to support the SLR planning 
activities. 
 
5.4 Theoretical contributions 
 
Prior empirical software engineering (ESE) research had not explained enough how text mining techniques can 
fit into the planning of an SLR [18-25]. TM techniques enable effective knowledge acquisition and discovery 
process to support SLRs and reduce the workload in planning SLRs. This research provides an improved 
understanding about the relationship between SLR planning and quality of SLR through an informed decision-
making perspective based on TM techniques. The proposed method addresses the requirements of Web 
document clustering to present important information that contributes to the quality improvement of SLR review 
protocols. The research provides a new way of thinking about how the level of quality of a review can be 
improved, by reducing the decision-making problems that can arise during SLR planning, especially in the 
development of review protocols. This is because, the existing studies [18-25] have not considered applying TM 
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tecniques to retrieve information that can support the decision-making activities during SLR planning. Although 
Fernández-Sáez et al. [20] have developed a tool named SLR-Tool to capture the planning information of a 
project, they did not TM technique to support effective planning. Thus, the STC method applied in clustering 
web documents provides a new basis for understanding how automatic document clustering fit into the 
traditional SLR planning process. Additionally, this research explores how the visualization of document 
clustering information may improve the quality of a review by defining the correct review protocol elements, 
including search strategy, selection criteria, quality assessment criteria, data extraction, and data synthesis 
strategy during SLR planning stage. The SLRP-STC Method provides a basis to support future research in SLR 
planning, which warrants further investigation in developing a good review protocol during SLR planning, 
rather on a total focus of ESE research in conducting and reporting the SLR. 
 
6.0 CONCLUSION AND FUTURE WORK 
 
SLR is a research methodology used to review the relevant research studies and synthesize the best evidence to 
address specific research questions, and identify research gaps. It is primarily an information-based process, 
where each stage must be fairly and systematically designed in planning phase. Due to the comprehensive and 
rigorous process of conducting a SLR, exhaustive planning activities are required. Applying effective TM 
techniques is the best solution to facilitate the decision-making activities involved during the SLR planning 
phase.  
 
In this research, we proposed SLRP-STC method to support the effective knowledge acquisition and knowledge 
discovery process for large Web document collections. This method aims to support the researchers and students 
to make informed decision during the SLR planning phase. Next, a web-based supporting tool was developed to 
implement the proposed method. At the end of this research, a case study was conducted to evaluate the 
proposed method. The case study was conducted to measure the applicability aspects of the SLRP-STC method, 
including the time taken for SLR planning phase,  the quality of planning results, between SLRP-STC method 
manual method, and the participants’ general perception on SLRP-STC method. The experimental results show 
that the SLRP-STC method is useful in improving the performance of planning an SLR. Also, the participants’ 
feedback shows that it is applicable to use SLRP-STC method during SLR planning phase to make informed 
decision-making in planning a SLR.  
 
This research contributes to encourage the adoption of SLR methodology by facilitating the SLR planning 
process. In addition, this research applies a text mining method, STC that supports effective knowledge 
acquisition and knowledge discovery process involved in SLR planning phase. The proposed method, SLRP-
STC contributes to support the data exploratory and data analysis involved during the SLR planning phase by 
clustering and mining the Web retrieved documents automatically. This method contributes to help researchers 
and students in three ways: 1) to extract research topics easily; 2) to better interpret extracted information; and 
3) to quickly realize the proposed search term is poorly formulated or inappropriate, and refine the search 
strings. The use of SLRP-STC method can significantly improves the performance of planning SLRs. There are 
some limitations of the SLRP-STC method in some aspects. Firstly, the SLRP-STC method can only be used to 
partially support the SLR planning phase. Only the first three stages are facilitated by the proposed method. The 
fourth stage of planning phase is not considered in the scope of this research. In addition, the size of the 
participants set in the case studies is small. There were only two participants that act as reviewers for each group 
but the results show that is it applicable to more general case.  
 
For future work, there are many ways to enhance the proposed work. The possible enhancements for this 
research includes; 1) extending the research to cover the final stage of SLR planning phase and other aspects of 
developing review protocol, including defining selection strategy, data extraction and synthesis strategies; 2) 
extending the research to apply STC method to support other phases of the SLR process, in particular, to support 
search and selection activities; 3) extending the research to integrate our work with other TM techniques or tools 
for supporting SLR planning phase; 4) extending the research to add more visualization features, such as citation 
map and citation network; 5) comparing the proposed method with other text mining techniques in addition to 
manual method; and 6) extending the proposed method by integrating the method with other text mining 
techniques. It is expected that many useful and novel visualization techniques will emerge over times as 
researchers continue exploring the text mining applications. 
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