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Abstract

A systematic literature review is the mechanism of reviewing existing literature for
gaining information about a specific topic or research area and identifying the future
scope of research. The process of systematic literature review mainly relies on performing
the study selection effectively, and manually examining each document becomes time-
consuming, thus, machine learning has emerged as an effective methodology for text
extraction, screening of studies, and synthesis of data using visualization and summarising
tools. Though there are different machine learning technologies available, clustering
and classification methodologies are the most effective for textual documents. However
many researcher focused on different algorithms, but not many focused on comparing
between supervised and unsupervised techniques and finding the optimal one. Thus,
this study aims at comparing the clustering and classification algorithms for having
the study selection for systematic reviews. For this, we retrieve a data set from a
digital library using a search string. We create this data set of Portable Document
formats (PDFs) to be analyzed using machine learning algorithms, namely; K-means
clustering and random forest classification algorithm. The comparison of performance
for algorithms determined that the accuracy of random forest is 60% while K-means
performance metrics, i.e. Silhouette score, WCSS, and Calinski -Harabasz are much less.
As no direct comparison could be done between clustering and classification algorithms
due to different working methodology, the variation from the required level could only
determine the optimal algorithm. Herein, we conclude in our research that random
forest classifier is an effective algorithm for the study selection. Examination of studies’
quality using quality assessment questions and BM25 package revealed that 24 out of
100 documents are not effective with low quality score and hence are rejected while
only 16 documents with high quality scores are most suitable for the observed study.
Thus, a machine learning algorithm is a modern approach to evaluating the quality of
Systematic literature reviews (SLRs). However, we faced some issues and there are some
limitations with the data set we used, that must be investigated further.
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1. Introduction

A review of literature is a comprehensive view of the current knowledge about a specific
topic or phenomenon by summarizing key theoretical and methodological contributions.
It helps in enriching information, hence needs implementation of a systematic, transpar-
ent, and rigorous methodology in extracting the required data [9]. It is regarded as a
clearly formulated question to be answered, using explicit and systematic methods for
selection, identifying, and critically appraising relevant research along with collecting
and analyzing data from the studies included in the review [10].

SLR is a well defined research methodology used by evidence-based software engineers for
gathering and interpreting all the relevant information. It is a highly structured process
using explicit methods to limit biasness, drawing relevant and accurate conclusions,
reducing time delay in the implementation of research discoveries, easy delivery of
required information, generation of new hypothesis, increasing precision in results, and
improving the consistency and generalizability of results [11]. Furthermore, it maintains
consistency by assessing certain information using empirical methods or wide range of
settings. It provides evidence related to interchangeability and robustness of the data
related to the selected topic SLR. This increases the likelihood of detecting real effects
that individual smaller studies are unable to detect [2].

SLR has gained immense popularity in recent years. The selection of relevant studies
in SLR is a crucial and laborious step [12]. The process is time consuming and some-
times expensive. Complete reliance on secondary sources like pre-collected studies of
information sometimes makes the findings of study more error prone, difficult to update
as new evidence continues to appear, hard to manage, and a long time is required for
completion [13]. Low number of resources or absence of manual research could lead
to non-inclusion of critical studies in the analysis [14]. Thus, though the process is
relevant and is effective for synthesising knowledge about a certain topic, the challenge of
procuring required data, as well as the amount of time and effort involved and biasness
in the data collection could hamper the reliability and adequacy of SLR [14].
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1.1 Data collection in Machine Learning

Data collection has become a major bottleneck in Machine learning (ML), despite the
latter’s growing popularity in application in a wide range of fields and its ability to save
costs. A challenge in recent years has been to identify the right type of data, harness
it, and finding the most efficient means to process it. Practitioners are making use of
superior knowledge, ML technology, computer vision communities, and natural language
processing for more effective results. This section thus discusses the evolution of data
collection and ML projects along with a description of the relevance and complexities of
SLR.

Digital and industrial revolution has impacted our firms, life, jobs, and even society.
Bringing in the extensive changes in the working environment, firms around the world
have become highly interconnected wherein much better decision-making process could
be taken using generation technologies [15]. Today, as majority of world population has
access to different social media and internet, a huge amount of data is being produced
every minute [16]. These technologies support the automation of machine-to-machine
communication, hence enable the extraction of a continuous stream of data. Existing
statistical methods have no way of supporting the quantification and analysis of a wide
spectrum of data needed automation of the data collection and analysis processes [17].

1.2 Problem statement

SLR is regarded as one of the major methodologies of reviewing previous literature
about a concerned topic. It not only contributes in identifying research gap but also in
accumulation of major findings. Although SLR adds consistency, generalizability, and
accurate insights in the existing knowledge, the complexity of the process, requirement
of more time and effort, and the limited accessibility to the sources tend to reduce
the efficiency of the review and hence, leading to adding more biasness in the analysis
process. Due to its error prone nature in manual computing, there is a need to automate
the process and add more validity, efficiency, and reliability to results.

With the evolution of the concept of ML, many researchers have explored the possibility
of applying ML techniques to improve the efficiency of systematic reviews [7, 18]. Some
researchers have explored its application empirically. However, despite this prevalence,
most of these studies rely on meta-analysis wherein citation relationship, title, keywords,
or abstract of the studies is examined. Some studies using ML tools are not concerned
about the effectiveness of tools and instead only focus on applying a specific tool in the
analysis. Since the quality of SLR depends on the quality of selected empirical studies,
there is a need to use a well-defined strategy in the initial process of analysis. Hence,
this study will examine and compare the most popular ML tools in order to determine
the most efficient algorithm supporting the quality of a SLR.
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1.3 Aims and Objectives

The aims of this study is to develop and compare supervised learning algorithms for
identifying the most efficient ML approach for conducting a SLR. Thus, for fulfilling our
aim, the objectives of this study are:

• To understand the contribution of ML techniques in study selection for SLR.

– To determine the current ML techniques available for SLR.

– To understand the advantages of using ML techniques.

– To examine the role of ML techniques in study selection for SLR.

• To compare the efficiency of classification and clustering techniques in SLR.

– To determine the contribution of clustering and classification techniques in
identifying relevant papers for a SLR.

– To assess the efficiency of classification processes over other ML techniques
in systematic review of studies.

– To assess the efficiency of clustering processes over other ML technique in
systematic reviews.

• To propose the semi-automatic approach for having study selection activity using
classification and clustering techniques.

– To compare the study selection process in a SLR for the selected classification
and clustering methods.

1.4 Research Questions

With the proposed aim and objectives, the study focuses on answering the below stated
research questions:

• Research Question (RQ)1: What are the current ML techniques and how can
they help in study selection of SLR?

– What are the techniques currently available for supporting SLR?

– What is the role of ML processes in SLR?

– What are the advantages of using ML techniques in SLR?

• RQ2: How do classification and clustering techniques differ in their contribution
for study selection in SLR?
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– How clustering techniques could contribute in identification of relevant papers
and reduce time consumption?

– What is the relevance of classification techniques in systematic review of
studies?

• RQ3: How can the evaluation of Classification and Clustering algorithms be
performed?

– What are the different algorithms used for classification and clustering?

– Which stated classification and clustering method is more efficient in SLR?

1.5 Significance of Study

This thesis with its concentration on the development of algorithm for supporting the full
examination of the articles text, tends to contribute in improving the quality of SLR. The
most prevalent approach of SLR is metadata analysis, but the requirement of more time,
efforts, chance of error, lack of consistency, and limited information examination work
as a backdrop in providing efficient knowledge about existing studies. Thus, this study
would contribute in overcoming this issue by using ML techniques. Thus, this thesis
is an effective method of not just automating the process of SLR but also supporting
the previous studies in different fields for identifying the research gap, deriving more
accurate results, support the wider applicability of results, and gain knowledge about
the relevance of each paper.

1.6 Scope of Study

The scope of study is limited to the examination of the selected two techniques of
ML tools and having the comparison based on some selected SLR. Herein, having the
theoretical examination of all the relevant concepts, the analysis would be done to
understand the different ML tools that are available for automating the process of SLR.
But the study would only compare the quality of one clustering and one classification
method and would suggest a specific method which is more suitable based on their
performance. The examination of text would not be just limited to aim, keywords,
abstract, or citations but instead the entire text of introduction, methods, analysis, and
conclusion would be reviewed. Hence, adding more practical information, the study
would contribute in having the application of recent technology-based approach and
limit the biasness induced with manual examination. Further, having the comparison
between the clustering and classification methods, the proposed approach would also help
in determining the most efficient method thus, contributing the academic researchers,
students, and even the practical examiners to identify the quality of each algorithm.
Hence, though the study would overcome the existing difficulties with metadata analysis
method by studying the automated process but nevertheless due to the limitation of
tools the scope of relevancy will also be limited.
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1.7 Thesis Structure

• Chapter 2 Background: This section reviews the theoretical background of the
study by reviewing existing research studies. Herein, the concept of SLR and
ML are discussed along with their relevance. The role of ML in SLR is explored
and different available clustering and classification techniques and their relevance
is discussed. Lastly with the empirical review of the previous works on using
classification and clustering techniques, the basis of study is stated.

• Chapter 3 Literature Review (LR): This section focuses on providing empirical
review of the previous works on using classification and clustering techniques.
Through an examination of existing research studies, this chapter would identify
the current level of knowledge. The role of machine learning in SLR is explored
and different available clustering and classification techniques and their relevance
is discussed. Lastly with the empirical review of the previous works on using
classification and clustering techniques, the basis of study is stated.

• Chapter 4 Research Methodology: Methodology provides the study blueprint
by discussing about the processing of examining the selected data set using the
different algorithms and packages. Herein, with the statement of text retrieval
process, database, data pre-processing method, clustering algorithm, classification
algorithm, and topic modelling processes, the brief description of the entire analysis
process is presented.

• Chapter 5 Results and Evaluation: The chapter works on fulfilling the aim of
study by having the examination of the formulated data using text retrieval process,
data pre-processing and implementation of classification and Clustering algorithm.

• Chapter 6 Conclusion: This chapter present the major findings of study by result
description with respect to the questions of study and having the statement of the
study’s future scope.

• Chapter 7 Future work: Lastly, We try to frame a direction for the future work
in the space of our research area, which will further enhance or improve this
particular research area.
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2. Background

This chapter presents the theoretical background of the study through a detailed
examination of critical concepts which include machine learning tools, particularly those
available for supporting an SLR process. It also provides the conceptual background
of SLR, its usage in the existing changing environment. The role of machine learning
in systematic review is identified along with discussing about the different clustering
and classification techniques in machine learning for supporting SLR process. With a
description of the clustering and classification concepts, different available algorithms,
and their relevance in SLR is stated. Thus, this chapter provides the theoretical validation
to the proposed methods, description of the machine learning tools contributing towards
supporting SLR and the determination of the difference in clustering or classification
techniques.

2.1 Systematic Literature Review

Systematic literature review is the process of reviewing scientific literature on an area
for the determination of research questions and the statement of aspects requiring
future research [19]. It is a method that enables the identification, evaluation, and
summarization of the state of art for a specific theme. Allowing the collection of
literature information, this method permits a rigorous analysis of methodology leading
to a reduction in biasness compared to the traditional review [20]. Evidence based
software engineering has defined SLR to integrate best research evidence with the
practical experience along with considering the human values in the decision-making
process [21]. The aim of SLR is to present detailed examination of the empirical evidence
fulfilling the inclusion criteria to have the identification of the hypothesis and derive
results for answering the research questions of the study [22]. Thus, SLR is performed by
researchers for re-evaluating existing literature in a systematic form, in order to derive
meaningful results and contribute towards future research activities.
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According to [23], there are several features that differentiate a systematic review from
a conventional expert Literature Review (LR). For example:

• Firstly a review protocol is specified to address the define research questions,
including the methodology to be followed for the review.

• A well defined search strategy is used in SLR that will provide as much relevant
literature as possible.

• Explicit inclusion and exclusion criteria are defined to determine the relevance of
the study.

• Quality criteria are stated to evaluate the literature.

• A systematic review is considered a prerequisite for quantitative [23] meta-analysis.

Therefore, the likelihood of selection bias is reduced by carefully defining the review
protocol at the beginning of the SLR process [24]. The conclusions drawn from an SLR
are more reliable and clear compared to a narrative review but successful completion of
the SLR process can be challenging [23].

The SLR process is divided into three types i.e. planning phase, conducting phase, and
reporting phase as depicted in the Figure 2.2. The planning phase focuses on the need of
conducting SLR, identifying the review need, development of review protocol, specifying
the research questions, and evaluation of the review protocol. The second phase involves
identification of relevant research, primary studies selection, quality assessment of
primary studies, data extraction, and data synthesis. Further, the reporting phase
involves reviewing extracted information wherein major findings are derived. Thus, this
step consists of specifying dissemination mechanism, formatting of main report, and the
evaluation of report [25, 26].

2.1.1 Phases in Systematic Literature Review

We briefly explain the three phases of SLR in the following section:

2.1.1.1 Planning Phase:

One of the most important phase in the review is the planning phase wherein mainly
the review questions are defined, and the review protocol are created. It also includes
identification of review need and evaluation of review protocol [27]. The activities
included in the process are:

• Identification of review need: The first step of planning review is to align the
need of review by having preliminary research. It includes identification and review
of existing SLR by defining evaluation criteria with focus on the community or
individual interest, research impact and research gaps [27, 28].
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Figure 2.1: The three phases within an SLR process [1].

• Specifying research questions: The most important step of planning stage is
specification of review wherein specification of research questions is done to define
the studies which could be excluded or included in study. Questions are presented
in (understandable manner), focused (specifically written), concise (explained
briefly), complex (involve synthesis and analysis of ideas for solutions and not just
simple yes or no method), and arguable (questionable and debatable) manner [27].

• Developing review protocol: Here all the methods related to SLR implementation
are stated and intends to minimise bias in selection of studies. It includes a
background (summary of previous researches, motivation, and rationale), research
question (questions to be answered for successful SLR), search strategy, keywords
defining, Boolean search string defining, selecting data sources, statement of
inclusion and exclusion criteria, study quality check and its procedure, data
extraction strategy, and data synthesis mechanism is discussed [29].

• Evaluating review protocol: It helps improve the quality of review. For this
internally and externally the review is conducted via author’s review, supervisor-
based review, peer review, protocol execution test, and external experts review.
Usage of this is mainly dependent on financial construction [27, 29].
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Figure 2.2: Planning phase in Systematic Literature Review [2].

2.1.1.2 Conduction Phase in Systematic literature review

Review conduction phase consists of five obligatory stages for extraction, summarization,
and dissemination of data [27]. These sub-stages of conducting phase are as follows.

• Research identification: The identification step lists all reported publications that
are relevant for research questions and performing defined search strategy. The
search strategies could be automatic searching in digital or electronic databases,
hand searching conference proceedings or key journals, considering reference
list from relevant studies, citation searching, or contacting different authors or
researchers. Among these most popular approaches is breakdown of research
questions using sophisticated or advanced search strings via Boolean OR’s and
AND’s [27, 29].

• Primary studies selection: There is high possibility of having large number of
irrelevant papers included in the initial search. Thus, inclusion and exclusion
criteria must be defined in such a manner that the process should be objective,
explicit, and focus on minimization of judgement based errors [28, 29].

• Quality Assessment: In order to make sure results are unbiased and relevant, each
study must be examined to reduce the risk of bias, for the appropriateness of study
design, statistical issues, outcome choice, generalization, and reporting quality.
Thus, stating a standardized process for the quality assessment step of conducting
phase raise credence in recommendations and findings of SLR [27, 29].



2.1. Systematic Literature Review 11

Figure 2.3: Conduction phase in Systematic Literature Review [2].

• Data extraction and monitoring: Data extraction is the step wherein the inten-
tion is to accurately record information derived using elements like date of data
extraction, name of reviewer, additional notes space, title, author, journal and
publication details should be present in these forms of data extraction. Data ex-
traction process should be done by two or more researchers and even disagreements
should be settled by additional researches or consensus. Further, data monitoring
is also performed in this stage wherein missing of unpublished data should be
sought based on publication authors or multiple reports from same study should
be identified [29, 30].

• Data Synthesis: The last step of conducting phase is the data synthesis, summaris-
ing extracted data in quantitative or descriptive form. It depends on the type of
available studies, research questions, and quality of data. Mostly studies state
that SLR method using qualitative form of summarization by having integration
of natural language materials with significant possibility of different meaning for
same concepts [27, 29].

2.1.1.3 Reporting phase in Systematic literature review

The last phase of the systematic literature review process involves documenting the
results in the form which is suitable for the target audience and select dissemination
channels for precise information presentation with shreds of justifications and evidence.
It can be done in many forms i.e. conference paper, technical report, thesis chapter, or
journal paper. The detailed explanation of all steps under reporting phase is shown
below [27, 29].

• Specifying dissemination strategy and mechanisms: This step of reporting phase
is mainly performed during project commissioning activities or in case of no
commissioning step, this is stated under review protocol. It includes dissemination
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Figure 2.4: Reporting phase in Systematic Literature Review [2].

in conferences and academic journals, web page publishing, direct communication
with affected bodies, practitioner-oriented magazines or posters [27].

• Formatting main report: The structure of report is well defined with only slight
variations in the formatting as per the concerned study. Basic outline of study
consists of title, authorship, abstract, introduction, topic background, review
questions, research methodology, review plan execution, obtained results and
performed analysis, results discussion, conclusion, and acknowledgements [29].

• Evaluating main report: Finally, the last step of SLR process is to have evaluation
activities for report. Evaluation type is mainly influenced by the type of publication
i.e. for doctoral or scientific paper publications the evaluation consists of supervisor
review, doctoral committees review, or independent peer review while technical
review publication needs to be evaluated by field experts [27].

2.1.2 Characteristics of Systematic Literature Review process

Most research studies begin with a LR to form a theoretical understanding of the existing
work. However, one thing which make this process relevant and of some scientific value
is the thoroughness and fair information presence in the review. As SLR support the
extraction of the information from previous researches in fair manner with identification
of the methodology, purpose, findings, and the research gaps, the usage of SLR is more
relevant [2]. Further, following a systematic methodology, the SLR supports the analysis
of literatures in reproducible manner hence enabling the ranking of literatures based on
their quality and even exhibit knowledge in best possible way for answering the stated
research questions. Thus, SLR process helps in overcoming the scattered field issue
by synthesizing the field and mapping the existing knowledge along with creating a
common source of increasing awareness and showing current perspectives [31].

Apart from these aspects, the SLR process also contributes in informed decision making,
establishing policies, planning the future research agendas, supporting the possible use of
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comparative effectiveness research, and preventing the inclusion of unnecessary studies.
These contributions reduce the chances of error and enhance the effective information
addition to existing knowledge [32]. Being a systematic method, SLR process helps policy
makers in order to present findings to the audience by illuminating policy problems,
offering evidence about implementation or impact of different policy options, develop or
challenges the existing policy assumptions, and consider the diversity of contexts and
people [31]. Thus, supporting the derivation of all relevant information and assessment
of complete list of required published studies, SLR presents a systematic process of
extracting quality-based knowledge.

2.2 Machine Learning

Arthur Samuel in 1959 defined machine learning as the study field providing computers
with the ability to learn without any explicit programming. It is a computer science
discipline that evolved from computational learning theory and pattern recognition in
artificial intelligence. Machine learning explores algorithms and constructs for making
predictions through learning of data [33]. Machine learning has become an important
aspect in the organizational success for creating innovative ways to leverage data for
helping businesses and other fields to gain more understanding.

Machine learning is a branch of artificial intelligence that have the ability to constantly
predict changes [34]. Typically, a machine is capable of learning changes in data, program,
or structure. This ability can be used for improving its future performance, thus changes
like addition of record in database or adjustments in the existing disciplines are said to
be ‘learning’. Machine learning hence, refers to the change in the system based on the
tasks associated with the artificial intelligence. These tasks can be prediction, robot
control, diagnosis, recognition, or planning [35].

Machine learning in today’s scenario has profound presence for many purposes such as,
image/speech recognition, text analysis, genomics, and health care. It has emerged as
one of the most relevant concepts in the data analysis field [36]. In statistics, machine
learning is defined as an artificial intelligence application wherein available information is
used to assist and process the statistical data processing through algorithms. In machine
learning, computer systems learn to assess relevant data and recognise patterns through
different algorithms. Where machine learning is employed in projects, a significant
amount of time is required for data collection, in order to ensure that accurate and
relevant information is applied. Traditional applications relied on accumulation of
data and working on training data for information, but with the evolution of machine
learning tools, there is little or no requirement of training data. Machine learning
and deep learning tools promoted the use of more comprehensive data management
tools and supported decision making, classification, clustering, deep learning, SVM,
forecasting, genetic algorithm, or inductive logical programming to overcome the issues
with traditional approaches, i.e. not feasible and expensive [37]. There is a wide range of
algorithms available like majority classifier, Naive Bayes, random forest, decision trees,
or neural networks and each of them have associated merits and demerits. There is need
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to apply an effective intellectually picked algorithm for data analysis by examining the
pattern and requirements of projects [36].

Machine learning is a computer science aspect related to computational statistics and
mathematical optimization wherein hundreds of algorithms under machine learning
enables the representation, evaluation, and optimization [38]. Embodying each of the
above components, machine learning can be further divided into into five aspects, i.e.
supervised learning, unsupervised learning, reinforcement learning, deep learning, and
deep reinforcement learning.

Figure 2.5: Different types of learning in Machine Learning.

1. Supervised Learning: These machine learning algorithms are the one which map
the inputs to the desired output. Being the most popular source of supporting the
automated machine learning process even in academics, the supervised learning
works with regression and classification techniques [39].

2. Unsupervised Learning: Unsupervised algorithms are type of machine learning
techniques which can learn from unlabelled data. Databases like Twitter, Snapchat,
or Instagram are the ones wherein massive data is available but labelling of data
is not provided. Thus, these algorithms are the one which examine the pattern of
data for supporting clustering [33, 34].

3. Reinforcement Learning: These machine learning algorithms learn the policy of
acting in given world observation. As there is existence of dynamic environment,
this machine learning technique helps in the completion of certain goal without
requiring any specific explicit command for working. Herein, labelled details are
not required and focus in on maintaining balance between exploiting learned
solutions and new solutions. Mostly these techniques are used in games or robotics
[33, 34, 39].

4. Deep Learning: Deep learning is the model of machine learning based on artificial
neural networks specifically on convolutional neural networks. These techniques
incorporate neural networks in order to support data learning in iterative manner.
Mainly deep learning networks are applied for solving computer vision problems,
natural language processing, speech recognition, medical image analysis, games,
drug design, or bioinformatics. Supporting unstructured and unlabelled database
working makes deep learning popular in businesses [34].
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5. Deep Reinforcement Learning: This technique is a combination of reinforcement
and deep learning. Supporting flexible environment with action space and high
dimensional state, these algorithms can change the actions consequences based
on the rewards and interaction. DRL models helps in solving various unsolved
problems and thus these algorithms are used in video games, healthcare, robotics,
and finance [40]

However, among all 5 stated algorithms, supervised and unsupervised algorithms are
the popular concepts with wider applicability. Thus, based on the requirement of the
study, the machine learning algorithm is selected and used for the analysis.

2.2.1 Natural Language Processing

Natural Language Processing (NLP) is broadly used to deal with large number of text
documents. NLP helps in extracting the most accurate and precise information from
given documents. NLP is one such of a method that provides sophisticated text mining
features [41]. It is also referred to as a computational technique that is used for automatic
analysis and representation of human language [42] that helps primarily in analysing the
texts, based on both theories and set of technologies by transforming the unstructured
form of texts to a structured form. It has become an effective method that aims to
realize human language for a wide range of applications [43].

Text Pre-processing:

One of the important aspect of NLP is text pre-processing, it is a very crucial step in
structuring the text data for further analysis. The characters, words and sentences that
are identified in this stage are the most important units used in the whole process [44].
This step helps in eliminating all the noise in the data which helps in structuring the
data in such a way that machines could interact and perform analysis or operations on
it. The noisy data are the stop words such as “the”, “a”, “an” or special formats such
as, number formats and date formats which are of least importance and that which are
not useful for our tasks. Transforming text into meaningful information which can be
understood by the algorithm is a complicated process. The pre-processing is divided
into four different parts as discussed by [45]:

1. Cleaning: As the name suggests, this process is used to clean and remove the least
important words and phrases in a document i.e “the”, “a”, “an”, “and”, “but” etc.

2. Annotation: This comprises of application of a scheme to texts. Part-of-speech
tagging is an example which deals with text annotations.

3. Normalization: This process transforms the data in other forms that allows
processing data effectively.

4. Analysis: The analysis of features are done here by manipulating and generalising
the data set to yield better results.
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2.2.2 TF-IDF Weighting

Term Frequency-Inverse Document Frequency or TF-IDF is used to score relatively im-
portant words in a text or document when the goal is to build a model for understanding
text. In text classification, a text document may partially match many categories. We
need to find the best matching category for the text document. The TF-IDF approach
is commonly used to weigh each word in the text document according to how unique
it is. In other words, the TF-IDF approach captures the relevancy among words, text
documents and particular categories [46].

Term Frequency Term Frequency (TF) TF simply means Frequency of a Term in a
document. There are many different ways of calculating this frequency, most common
being the raw count of instances a word appears in a document. Then there are different
methods of adjusting the frequency, by total number of time the word appear in a
document or by the length of the document [47]. The equation ofr TF can be been in
Equation 2.1

TF (T ) = Freq(T )
q(t)

(2.1)

where:

Freq(T ) = Number of times T appears in a document.

q(T ) = Total number of words in the document.

Inverse Document Frequency (IDF) IDF calculates how common or rare a word is in
an entire document set. The closer the value of IDF is to 0, the more common it is. This
value can be derived by a simple metric, that is dividing the total number of documents
by the number of documents the word appears. Words like “is”, “a”, “the” occurs many
times in a document so it is important that these words should not be given importance
while since they do not give an meaning full information. To get rid of these words IDF
weighs down these words and rather give importance to exclusive words.The equation
for IDF can be seen in Equation 2.2

IDF (T ) = loge
N(D)
N(T )

(2.2)

where:

N(D) = Total number of documents.

N(T ) = Number of documents comprising the word T
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Hence, TF-IDF is a mixture of TF and IDF, the equation is given below:

tf − idf(t, d,D) = tf(t, d) ∗ idf(t,D) (2.3)

Where:

D = The set of documents.

d = Single document.

t = Term.

2.3 Machine Learning in Systematic Literature Review

Systematic review is vital for seeking information but with the expansion of available
evidence, the process has become more time consuming and complicated. Fortunately,
availability of various automation tasks has enabled full text sourcing, screening of
abstracts and titles, collection of meta-analysis results, and data extraction. Advance-
ment of text mining, machine learning, and natural language processing algorithms have
supported systematic review in cheap and faster manner [48].

SLR supports the review of existing literature in systematic form by providing up to date
information about a certain field along with sharing knowledge briefly on the subject.
Initially machine learning has proposed as alternative method for data analysis due
to the associated limitations of statistical analysis. However, as with time machine
learning has remained not just a mechanism of automating the process but also giving
computers the ability to learn patterns. Systematic review with manual process not just
requires lots of efforts and time but also in limited in their scope of making relevant
predictions.With the usage of machine learning algorithms in systematic review, the
search and selection procedure can be done with less error and efforts. Machine learning
also supports the examination of complex data leading to support various predictions
relevant for medical research or policy makers [49]. Use of machine learning algorithms
and text mining tools for systematic review are becoming more popular for reducing
monetary resource requirement, human burden, and time required. Although both tools
ease systematic review process, the benefit of examination based on entire test and the
quick procedure with machine learning tends to make it more suitable for systematic
review. Among all the relevant algorithms, the most effective application of machine
learning is at screening age wherein supervised algorithm support the classification
technique to answer the relevant research questions of review [50].

Systematic review has the unique problem of classification of selected papers based on
their relevance because textual analysis based on just abstract, title, and keywords tend
to not necessarily contain all information. These issues can be resolved using machine
learning classification methods wherein workload can be reduced by full text examination
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to reveal relevant papers only [51]. Machine learning tools in systematic review support
the search process wherein by filtering articles only relevant studies can be considered,
screening the studies based on their abstract and other in-text, data extraction wherein
through automated full text examination only relevant information can be collected,
and synthesis of data through visualization or automatic summarization. Thus, machine
learning is something that only supports text classification and data extraction but
through their role in entire SLR process tend to ease the working and reduce the time
and efforts required [52]. However, the main issue with the application of machine
learning in systematic review is that text need to be in format which can be examined by
the machine learning algorithms. For this, the initial data processing can be done which
enables the elimination of non-relevant information and presentation of in-text data in
adequate form. Although there are many concepts in machine learning, as supervised
and unsupervised algorithm supports examination of required information, they are
more efficient methods of classification[53].

2.3.1 Clustering in Machine learning

Unsupervised machine learning or clustering is used in situations where the purpose is
to build in the construct decision making boundaries based on unlabelled data in order
to find the clusters or natural groups in existing data set [54]. Clustering is often called
unsupervised machine learning as while grouping of the data sets, no class values are
given to denote the grouping of data instances [55].Data clustering is also regraded as
the process of identification of the clusters or natural grouping in multidimensional data
based on the similarity of elements. Data clustering is an important tool of machine
learning and pattern recognition. It therefore is considered as the central process in the
usage of artificial intelligence and used in many applications like colour image and vector
quantization, image segmentation, compression, or data mining [56]. With the focus
on classification of the textual data, clustering helps in dividing data intro groups with
useful and meaningful information [57]. Grouping of entire data into similar objects may
lead to missing out certain relevant information from the analysis but the process saves
complications arising in examination of the full text. Thus, clustering helps simplification
of analysis and visualization of information. However with these features clustering tend
to be outstanding in their application for various data mining activities like information
retrieval and text mining, data exploration, web analysis, database applications, medical
diagnostics, marketing, or even computational biology [58].

2.3.1.1 Clustering Algorithms

Clustering algorithms depend on the level of details in the data set that is being observed.
K-means clustering has been the popular machine learning algorithm for examination of
data set. On the whole, clustering algorithms can be mainly categorized into 2 groups
i.e. hierarchical algorithm form and partitioning method [59].

• Hierarchical Algorithms: These clustering algorithms are the ones wherein groups
are built in hierarchy. Each cluster node consists of child clusters wherein sibling
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clusters cover the common parent node. These methods can partition the data into
top-down fashion (divisive) or bottom-up fashion (agglomerative). Embedding
flexibility to the algorithm based on the level of granularity, applicability to
attribute types, and ease of handling similar or distance form of dataset, hierarchical
algorithms tends to be effective for clustering. However, the associated vagueness
with the termination criteria or the fact of non-revisiting constructed clusters
tend to limit their applicability in real world scenarios. These algorithms can be
linkage metrics (single link, complete link, and average link), hierarchical clusters of
arbitrary shapes, and binary divisive partitioning [56, 60]. Hierarchical clustering
is sub-divided in 2 parts:

Figure 2.6: Example of Hierarchical clustering explained by [3].

– Agglomerative Clustering: Each data point starts as clusters on its own and
these individual clusters get merged with the similar one at every stage. This
approach is also known as bottom-ups approach.

– Divisive Clustering: In this approach, all the data points starts as one big
clusters, and at every stage splits are performed untill one individual cluster
remains. This approach is also called top-down approach.

• Partitioning Method: Partitioning clustering methods are the one wherein reloca-
tion of the instances can be done by moving from one group (cluster) to another.
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These algorithms can be probabilistic clustering, k-medoids clustering, and k-
means methods. Probabilistic clustering is the method wherein sample is drawn
independently from the model mixture based on several probability distributions.
K-medoids method is much simpler process as it can cover any attribute types
and even medoids having embedded resistance against outliers. Lastly, K-mean
clustering method is among the most popular method of partitioning. This method
supports the classification of entire dataset into the groups based on the features
or attributes of ‘k’ groups hence making it easy to implement and adjusting the
time complexity makes the algorithm suitable for even large dataset [54, 56, 59].

Hierarchical clustering have some limitation like working with large datasets,
missing values and their quadratic time complexity. Whereas Partitioning clus-
tering (like k-means) have a linear time complexity and are also good with large
datasets.Partitioning clustering also have also have more run-time efficiency [61].
Concerning the clustering process, k-means is faster in creating the clusters from
a random set of documents. The vector value for each document from the vector
space is calculated and based on their value, new clusters are formed [61].

2.3.1.2 Clustering in Systematic Literature Review

Clustering in data mining and analysis is regarded as an important aspect as they help in
easy identification of data based on the similar information. Grouping in the objects as
per the identical data enables to categorize the data based on their characteristics.Apart
from the information retrieval, the clustering technique also support the analysis process
by works on complex data through image segmentation and web data mining [62].The
clustering algorithms supporting the automation of even the large articles tend to
support the division of entire text based on focal topics hence leading to have efficient
filtering as well as process objectifying. Further, allowing the quick identification of
scientific communities, the usage of clustering provides iterative perspective to SLR
[63]. The cost of mis-classifying the minority class is comparatively higher than the
majority class data set cost. Therefore clustering herein in SLR helps in the grouping
of data without needing any specific label. This in turns leads to minimization of cost
and even unique collection of features for supporting the prediction process [64]. Thus,
clustering algorithms are regarded as the machine learning part wherein easing up the
complication of examining the large data set, all relevant information can be derived
along with the classification of identical information’s in groups.

2.3.2 Classification in Machine Learning

Classification refers to the process of understanding, recognition, and grouping of objects
and ideas in such a way that it can be presented in form of sub-categories. With the use
of training data in machine learning, these algorithms tend to help in making relevant
predictions so that subsequent data would fall in adequate categories [65]. Classification
in the machine learning is the tool that can be used for the examination in order to
have the determination of the category to which the dataset belongs. This classification
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technique is also known as supervised learning [66]. Since, classification algorithms
are the one with supervised learning technique thus they take labeled input data i.e.
these algorithms consist of input corresponding to which are the outputs [67]. Among
all the available wide range of machine learning techniques, classification is considered
as the mostly accepted methodology. But despite this, classification is well known
for its issue of handling missing data. As this missing data can hamper the process
of classification, thus there is a need to have application of dataset majorly in the
areas wherein missing data issue can be avoided [68]. Thus, general idea of using the
classification technique is to have the prediction about the targeted class by examining
the training dataset and hence, this method can be stated as the important machine
learning tool for categorization of dataset based on entire dataset [69].

2.3.2.1 Classification Algorithms

In machine learning algorithms are categorized based on the desired outcome that can be
derived from the utilization of a specific tool. The classification or supervised machine
learning algorithms as helps in generation of the function wherein mapping is required
from inputs to desired outputs, thus these algorithms can be classified as [70].

• Logistic Regression: It is one of the popular machine learning classification
algorithms wherein probability of describing the possible outcome in single trial
are assessed or modelled using a logistic function. The model instead of modelling
the results directly tends to derive the log odds of outcome. Herein, with the
purpose of classification, the algorithm is said to be more beneficial in building in
the relationship between categorical variable or computation of several independent
variables on single dependent variable[68, 70].

• Support vector machine (SVM): These algorithms enable the representation of
training data as space points divided into categories with clear gap as wide
as possible. Though SVM algorithms can be applied for both regression and
classification but widely this tool is accepted as a means of classification. With
the suitability of algorithm for wider database which can be high dimensional or
even not linearly separable; the need of setting key parameters correctly tends to
limit the benefit of this algorithm [70–72].

• K-nearest neighbours: It is a simple algorithm used for both classification and
regression. Herein, by storing available cases, the classification of new cases is
done based on the majority voting in k-neighbours. This algorithm is divided into
two categories i.e. structure based (technique of working with basic structure of
data) and structure less (data categorized into sample data point and training
data wherein distance between the points is calculated). Main advantage of using
these methods are its simplicity, robustness, ease to understand, transparency,
and implementation but the complexity, poor runtime performance, irrelevant
attributes, and memory limitation can limit its applicability [71, 72].
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• Decision Tree: With the versatile feature of suitability for both continuous and
categorical dependent variables, decision trees in their classification process enables
splitting of entire dataset into two or more homogenous groups based on the
most significant distinct attributes. Facilitation the transparent mechanism of
classification via usage of tree structure, the algorithm helps in dealing with missing
data, make analysis simple to understand and visualize, need less efforts in data
preparation along with providing facility of pre and post running. However, the
associated high processing time and its non-suitability in small dataset works as
drawback for this classification algorithm [70, 71, 73].

2.3.2.2 Classification in Systematic Literature Review

Systematic review is the result of tedious process wherein human researchers manually
screen reference the papers for determining their relevance. With the promotion of
machine learning, use of classification algorithms is practices as they help in elimination
of non-relevant papers, save reviewers work, and derive more adequate information from
the examination[74]. These techniques further contribute in providing decision support
to expert’s groups by helps them to have detailed review of multiple papers with less
time and effort. Automating the process of reviewing papers, classification technique
helps in extraction of useful patterns from the large database repositories along with
limiting the error possibility [75]. With the feature of examining the entire textual
database, the classification algorithm helps in determination of hidden relationship
between the variables and data along with providing a means to have better explanation,
extraction and representation of information. Classification algorithms due to their
automatic working further supports the facility of examining large database is less time
hence, supporting the synthesis of outcomes and derivation of future direction [76]. The
automated classification algorithm helps reviewers in monitoring new articles with high
quality evidence, reduce the time consuming process by supporting continuous updating
and preparation step, and contributes in classification of the most relevant documents in
other to provide easy accessibility to them [77]. Thus, automation of systematic review
process not only reduce labour required in working but also improves the efficiency of
working by adequate classification.

2.4 Summary

The chapter focused on stating the theoretical background of the study by discussing
about the concept of systematic literature review and machine learning. As SLR process
involves in depth examination of the existing literatures, thus the manual assessment
of large databases makes the process more complicated and time consuming. However,
with the availability of different machine learning tools like supervised, unsupervised,
reinforcement, deep learning, and deep reinforcement; there is opportunity of easing
up the process and reducing the possibility of error. Though there are different tools
available but as supervised and unsupervised learning mechanism provide better support
in elimination of non-relevant information from textual data, thus, they are most widely
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used algorithms. Further, detailed examination of the clustering and classification
technique in machine learning is done along with determination of the respective
algorithms. Hence, this chapter helps in providing more information about different
machine learning algorithms and works as a based in identifying the optimal clustering
and classification techniques for systematic review.
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3. Literature review

This chapter presents an assessment of critical previous research conducted on the area
of machine learning, its tools, their proposed working models, and aspects for systematic
literature review. The aim of this chapter is to examine the progress made herein so far,
so that the key gaps can be identified. We begin with the research questions, followed
by implementation of related work where we will try to answer the identified research
questions.

3.1 Research Questions

All the literature review begin with research questions as the initial step, that serves as
a basis for the study being conducted [78]. The aim of our SLR is to summarize the
existing technologies developed by researchers to select the primary studies in the SLR.
Below we put forth the following research questions to be answered during the course of
our work:

1. Which different machine learning approaches exist for the study selection in
SLR?
Firstly, our aim is to provide all the supervised and unsupervised techniques used
in study selection for SLR. Here we summarise the existing technologies currently
used in systematic literature reviews.

2. How did the existing machine learning algorithms performed in study selection
in SLR?
In this research question we will discuss briefly about the technology in details,
discuss the input, process and output of each identified techniques.

3. Evaluate the existing machine learning approaches and discuss the results and
limitations?
In this research question we will discuss the results and limitations of the imple-
mented approaches in machine learning.
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3.2 Search Strategy

The initial step of getting all the relevant papers for a literature review is defining
the search strategy. It must include the following steps: identifying the important
keywords and formulating the search string which would be used to retrieve relevant
papers required for our literature review. This search will be followed by forward and
backward snowballing to identify more relevant papers.

Defining keywords for search string: In order to get the most relevant papers, it is very
important that we pick the most relevant keywords as well. We select keywords from
our research questions like “systematic literature review”, “Machine learning”, “study
selection” to formulate our search string.

Search string: Once we have the keywords, we gather the synonyms of the keywords
and start to formulate the search string. With the help of Boolean operators AND and
OR we can structure our search string. Below is our search string used to gather the
studies for our literature review:

(“systematic review” OR “systematic literature review” OR “literature studies” OR “study
selection”) AND (“machine learning” OR “random forest” OR “clustering approach” OR

“machine learning approach” OR “supervised learning” OR “unsupervised learning”)

Data sources: Once the search string is defined, we then list the electronic databases we
will use to retrieve relevant publications. These digital libraries contain publications of
various domains. For our literature review, we use the Scopus digital library1, Semantic
Scholar2 and SpringerLink3 to retrieve all the relevant publications for our literature
review.

3.2.1 Study Selection Criteria

To identify relevant primary studies for the literature review, we define inclusion and
exclusion criteria. Once the studies are retrieved, we check for the inclusion criteria, if
the paper meets the criteria, we include in the review otherwise the paper is excluded.
These criteria will be applied through out all the studies we retrieved from the digital
library using the search string. Below are the criteria:

1https://www.scopus.com/home.uri
2https://www.semanticscholar.org
3https://www.springer.com
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Inclusion Criteria:

• Studies must be reviewed and published in conference, journal or workshop. This
will ensure a good quality paper.

• The published paper must always be in PDF format. All the other formats are
not accepted and ignored.

• The study is not older than 2007. According to the guideline published in 2007
[79], we limit out study to 2007 onwards.

• The study explains thoroughly the methodology used in the approach, this will
help the researcher to understand step by step approach.

• The full document of the study is available and accessible. Many study because of
the limitation of digital library are not accessible, hence we check this criteria.

Exclusion Criteria:

• Studies not written in English.

• Power point and abstract presentation. To understand the study thoroughly full
text of the study must be available.

• Technical reports, Bachelor/master/PHD thesis are excluded to ensure good quality
study.

• Study from unknown publisher and unknown author are also excluded for quality
purpose (e.g., grey literature).

After completion of all the above steps mentioned, we have our sort listed studies and
we can start with the literature review using the resulting studies.

3.2.2 Selection of Primary Studies

In this subsection we will discuss thoroughly the complete process we used to select the
relevant studies. The initial step was to create a search string with which we can extract
all the relevant papers from the digital library, we used the same string and extracted
1365 relevant papers. Next we used already defined inclusion/exclusion criteria to refine
the resulting papers, after Inclusion Criteria (IC)/Exclusion Criteria (EC) 40 papers
were selected. Next, we performed a manual reading of title and abstract out of which
18 papers were selected for next step. We did a full-text reading of the resulting papers
and 3 papers were selected to be most relevant for our study. Finally 1 paper was added
after performing forward/backward snowballing. Below is the flow chart Figure 3.1 to
illustrate our approach.
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Figure 3.1: Process flow for selecting primary study for our research.
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3.3 Results

3.3.1 Classification Technique (Random Forest)

Khabsa et al. examined 15 systematic reviews based studies for identifying relevant stud-
ies using machine learning tools. In this work, they introduced ensemble classification
technique called Random forest. One of the problems which classifiers is not designed
to work is imbalanced data set, and since screening citation for inclusion in systematic
review is one of the typical imbalance data set problem because the number of data
excluded is higher then those which are included in the data set. Several experiment
were conducted to validate the classification approach, like using a entire new dataset
on the build model, finding the minimum amount of training dataset which could yield
satisfactory results, and lastly using the already sorted (relevant) study can be used in
the future prediction [80].

Results and Discussion
With the utilization of techniques like over-sampling and under-sampling in random
forest classifier, the analysis identified that the algorithm is effective in making relevant
predictions about systematic review as 12 out of 15 studies had recall value of 1 and
performance of above 90% [80]. However since the oversampling technique was used for
the imbalanced data set, this could very much likely be a result of over fitting the model
because exact number of copies were replicated as minority. For the future work, using
a balanced data set could give us a clear picture.

3.3.2 Classifiction technique (Logistic regression, SVM, Decision Tree):

Ros, Bjarnason, and Runeson focused on exploring the semi-automated machine learning
based approach for search and selection of SLR. They used the process shown in the
figure below.

Approach:

1. Using the keywords from title, abstract search string is generated and fetched to
the digital library to generate the training data set which is then used for the
automated ranking [4].

2. Next step is to perform automated snowballing, which is used for extracting
information for extracting papers from references [4].
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Figure 3.2: Classification approach proposed by Ros, Bjarnason [4].

3. In the process of getting the training data set and extracting information via
automated snowballing, there is a huge possibility of duplication of papers because
many terms-based search is performed multiple times. De-duplication can be
handled using the digital object identifier (DOI), which is a unique string for
globally available papers. This process can be done automatically because full
meta-data is retrieved by search engines. But not all papers have DOI, so here
comparing title, author or unique identifier can be used to remove the duplicate
papers [4].

4. After the de-duplication, all the papers are been ranked by the classifier algorithm
accordingly and presented to the reviewer for validation. Once the validation
process is over, all the validated papers are given as training input to the algorithm.
“The ranking of papers is highly depended on the details of the underlying algorithm”
[4].

5. Next step should have user interface integrated, because the reviewer should
validate the papers. The only requirement for this step is to present title, author,
abstract and keywords of the ranked paper. There should be enough evidence that
why the classifier have ranked this paper [4].
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6. Lastly, a stopping criteria should be defined once enough data has been collected.
One hint of this step is to check is all the resulting papers from the search string
are been validated by the reviewer [4].

Result and Discussions
Analysis of 108 papers was performed using three algorithms: SVM, logistic regression,
and decision tree algorithms. Through a comparison of classification algorithms’ perfor-
mance, the analysis showed that logistic regression has highest accuracy and precision
with 93.8% and 45.7%, respectively. Thus, this automation helps in reducing the work
by half along with providing advantage over cost and replicability [4]. Although this
is a very efficient approach, there is still a manual work to be done here that is to
de-duplicate the papers which do not have the digital object identifier, hence this could
be time consuming.

3.3.3 Classification Technique (SVM and Logistic Regression)

Bannach-Brown et al. assessed the contribution of machine learning algorithms for
systematic review of animal studies at citation screening stage. Below diagram depict
their approach:

Figure 3.3: SVM and Logistic regression approach by Bannach-brown, Przybyla, Thomas
and et al. [5].

Approach:
Randomly 2000 records were selected for training data set, the number of records was
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arbitrary. These 2000 records were further evaluated by two reviewer (human) before
giving as a input to the classifier. The evaluation was a manual process[5]. After the
evaluation the records were given to the classifier, and the classifier would score the
record between 0 to 1. To further ensure the true positive (sensitivity) from the classifier
will likely be higher than 95p, a threshold was defined, for which the lower bound of
95p confidence interval was scored higher than 95p when given as unseen validation set.
This process was repeated by adding more randomly selected paper for the training
dataset (1000+3000). At every iteration the performance of the classifiers was assessed
using the unseen validation records. Furthermore the best performing algorithm was
used to identify human error from training and validation dataset [5].

Result and Discussion
With the derivation of relevant records from PubMed and EMBASE database two
machine learning approaches were applied i.e. SVM with stochastic gradient descent
(Approach 1) and logistic regression (Approach 2). The analysis revealed that with the
usage of machine learning algorithms sensitivity has reached to level 98.7p and specificity
of 86p. Thus, human errors in validation and training sets could be easily identified
using machine learning algorithms [5].

3.3.4 Clustering Technique (K-Means)

T.Weißer T.Saßmannshausen, D.Ohrndorf, P.Burggräf and J.Wagner used a clustering
approach to focus on topic filtering for SLR. The major objective of their approach was
to apply clustering algorithm on title, keywords and abstract that allows them to split
the large database of corpora into smaller relevant chunks topically [6].

Figure 3.4: Clustering approach by T.Wißer et al [6].

First initial search was performed on four digital libraries (IEEE, ACM, Web of Science
and Science Direct), and as a result they had 521 articles matching, further depulication
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was performed to delete any duplicate article from all the four libraries. As a result 291
article were remaining [6]. These remaining articles were fed into NLP pipline, which
carried out operation like Tokenisation, stop-word removal, stemming and TF-IDF vec-
torization. These operations were performed on title, keywords and abstract respectively.
The resulting pre-processed vectors were given as input to the SVD for reducing the
principle component. This variance was achieved using title, keywords and abstract [6].

Result and Discussion
After all the pre-processing, all the vectors were given input to K-mean algorithm
separately with elbow method, which is an optimization technique for k-means algorithm.
Max k value was set to 30. As a result document title achieved the best result compare
to keywords and abstract, with the highest silhouette score of 0.26. While the silhouette
score for keywords and abstract was 0.19 and 0.08 respectively [6]. Here the highest
silhouette score is achieved via title clustering, which could be misleading. It is very
crucial to cluster the studies based on the title since it does not give enough information
about the content. Hence using altogether, title, abstract and keywords could yield
better and reliable results.

3.3.5 Classification Technique (SVM, Bagged regression and Classifi-
cation Tree):

Popoff, Besada, Jansen, Cope and Kanters in their study explains on aligning text
mining and machine learning algorithms for study selection in SLR process focused on
formulation of five large datasets on disease areas.

Figure 3.5: SVM, Bagged regression and Classification tree approach by Popoff et al.
[7].

In this approach, training and testing data was collected from previously performed
SLR on disease area i.e. proriasis (records = 4442), lung cancer (records = 12769),
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liver cancer (records = 8507), melanoma (records = 3089), and obesity (records =
5187) observations. Inclusion and exclusion criteria were defined prior, and for screening
decisions two reviewer (human) were involved in the process. Records for reference
consisted of abstract, included/excluded, and reason for which records are excluded.
Concerning the reason for exclusion, three different approach were followed: (1) Decisions
which are made based on abstract screening, (2) full text screening and lastly (3) full
text screening for includes and abstract screening for excludes. Next, feature generation
was performed on all the included records, where NLP techniques like bag of words,
recognizing the most relevant properties in the text, TF-IDF.

Results and Discussion
Finally splitting the data after feature engineering into training (75%) and test (25%)
sets, the multi-step algorithm is used for categorization of these citations in three
groups i.e. included, unclassified, and excluded from PICOS criterion. Using the SVM,
bagged regression and classification trees, and näıve Bayes machine learning algorithms,
the assessment is done followed by performance comparison in sensitivity, specificity,
matching reason for exclusion, and accuracy. The analysis revealed that SVM is the
best fitting model with specificity and sensitivity ranging from 54-89% and 94-100%
respectively and these algorithms helps in improvement of efficiency and reduction of
workload for second reviewer [7].

3.4 Summary

This chapter have defined different approaches used by researchers. Some authors have
used meta-analysis focusing on citation relationship, title, keywords, or abstract while
other authors have automated the process by using different machine learning methods.
Herein showing different classification and clustering tools, the chapter highlighted the
efficiency derived in the SLR process by including machine learning tools. Considering all
these information, next chapter would help in building in the methodology for fulfilling
the objectives of this study.
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In the existing digitalized era, the role of machine learning is constantly growing to
support day-to-day functioning and enable automated functions such as, text analysis,
image and speech recognition, healthcare, or genomics. For the researches, the systematic
literature review is one of the well-defined methodologies used to assess the existing
studies but due to the complexity of the process, the entire manual processing of SLR is
time-consuming and requires more effort. For simplifying this process, machine learning
is adopted for automation, with an effective identification of research gaps, to derive more
accurate results, bring variation in the functioning mechanism, and support working
with a larger database. Our study, thus, aims to develop and compare the supervised
and unsupervised learning algorithms to identify the most effective one to support
automation of the SLR process.

Based on the methodology stated, this chapter focuses on presenting the architecture
and initial set up of our algorithms. Herein, 100 PDF files within a specific research area
are selected, and using python programming language, the analysis is performed. For
this, within the Anaconda virtual environment, the Integrative development environment
(IDE) Jupyter notebook is used. The analysis is majorly based on the different well-
known libraries of python, i.e. NumPy and pandas. Further, for visualization seaborn
and matplotlib, for machine learning algorithm application Sklearn, for reading and
interpreting PDF files pdfminer, and for processing the dataset NLTK libraries are
used. This chapter thus initially discusses the text retrieval process followed by data
pre-processing for having the extraction of relevant information only. Further, the
application of clustering and classification algorithms along with having the comparison
between both the algorithms to derive an effective machine learning algorithm for
supporting SLRs. Lastly, the chapter examines the quality of papers by categorizing the
respective files into “most relevant”, “partially relevant”, and “rejected” category to check
the efficiency of the model and also a list of the most recommended papers based on
the scoring values. After completing the objectives of this study we will determine the
most significant machine learning algorithm and will analyze the extent of automated
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support provided for the study selection process within SLRs.Below we will have a deep
look into the quantitative analysis of our research methodology.

4.1 Quantitative Analysis

In order to understand the architecture of our methodology, we have to look into
quantitative analysis, this will help us to understand the approach we have used to
fulfill the objectives, test our hypothesis and the conclusion is shared to prove the
hypothesis true or false. Quantitative analysis refers to the process of having a numerical
examination of a specific data set for deriving the relevant information and fulfilling the
objectives of the study [81]. It could be simply based on impact examination, linkage
building, or characteristics assessment while for advanced methodologies, this analysis
could include data mining techniques like text analysis. Herein, as the examination
of studies is required to have the selection of effective literature for an SLR, thus,
below-stated architecture would be followed for our analysis.

Figure 4.1: Brief architecture of our implementation approach.

• Initially using the digital libraries like Semantic scholar, Scopus and Springer Link,
studies related to text mining in SLR are retrieved., since our research area falls
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into the same category and there is a wide collection of studies available. We
created a string of keywords with boolean operators and by using the advanced
search option in digital libraries we collect the studies. In our case, we collected
100 PDF studies for our analysis.

• Following we performed full data extraction from PDF to text, using the python
library PDFminer, we extract information from the sections, including: ’introduc-
tion’, ’background’, ’methodology’, ’results’ and ’conclusion’. Since its a full data
extraction, we are not limiting out extraction to certain section, since this will
help us get more in depth insights about the studies which will further help in
clustering and classifying the similar studies together.

• Next, we performed the pre-processing on all the extracted data, using NLTK
in python, basically NLTK is a tool used to work with human language, where
unstructured data is converted into structured format for better readability for the
machine. This tool will help us to eliminate irrelevant information like stopwords,
punctuation, stemming etc.

• After the pre-processing step, we start with modelling of k-means and Random
forest algorithms.

– Firstly, we begin with k-means algorithm for document clustering. Document
clustering aims at grouping the document together after analysing the content
of each paper[61]. Set of initial centroids (k object) are defined, and all the
studies closer to the clusters are assigned to it, then the values of centroids are
redefined and the clusters are rearranged according to the values of centroids
and this process in repeated until the value of centroids does not change.

– Next, we implement classification algorithm. Since classification is a su-
pervised learning algorithm, we need labelled data set to train our model.
Hence, the first step in classification is to label the studies with respect to
the information present in it. We have defined 6 labels which represent the
major aspects of the studies namely “review”, “analysis”, “algorithm”, “aim”,
“methods” and “conclusion”. Using the text mining technique we will label
the studies as “most relevant”,“partially relevant” and “rejected”.

– Once we have the labelled data set ready we will begin with the implementa-
tion of our random forest algorithm.

• Following implementation, we evaluated and compared the algorithms with each
other, to answer our research questions, and concluded that random forest perform
the best in text classification compared to k-means.

• Lastly, the objective of study selection is fulfilled by having the assessment of
quality for all the identified papers and having the recommendation of the most
relevant papers. To do this we will use BM25 algorithm which is widely used
for keywords-based sentence extraction and scoring the studies. These extracted
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keywords are fed into the algorithm which will finally give the recommendation to
the user, that if document x is “most relevant”, “partially relevant” or “rejected”.

4.2 Data Collection Process from Digital Libraries

The initial step of examining the studies is to have retrieved all the relevant studies
form the digital library. These digital library offer automatic search where in we can
use a search string to retrieve relevant studies. In our case, below is the search string
we used to retrieve all the relevant studies for the analysis.

(“systematic literature review” OR “literature review” OR “systematic review” AND
(“data mining” OR “natural language processing” OR “text Mining” OR “text classi-
fication” OR “classification” OR “text clustering” OR “clustering” OR “text analysis”
OR “machine learning”)

The papers were extracted from Scopus, Springer Link, and Semantic Scholar digital
library which are published after 2000. Using the above-stated string, the database of
100 files is created. Herein, the distribution of papers selected from each data source is
presented Table 4.1.

Digital Library No. of papers

Scopus 42

Semantic scholar 49

Springer 9

Table 4.1: Data extraction from different digital libraries.

Once the documents are extracted, we use the inclusion and exclusion criteria mentioned
earlier Study Selection Criteria to sort only relevant papers.

Using the python library full text extraction from the main sections i.e. “Introduc-
tion”,“Background”, “Methodology”, “Results”, and “Conclusion” files would take place.
Having the usage of python installation command, pip install pdfminer.six, pdfminer
library would be installed as this library would help in converting PDF files into a
readable text format. This library is an open source tool, which majorly focuses on
extracting text from PDF and also, allows the user to transform the text in other
formats such as Hyper text mark up language (HTML) , XML etc. for better readability.
Following the extraction, there is a need to have scraping of only specific portions from
the selected documents i.e. “Introduction”, “Methodology”,“Background”, “Conclusion”
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and “Results” as all these sections provide in-depth knowledge about the purpose and
working of study. This scraping could be done by using the algorithm stated by [8].

Algorithm 1: Automatic Extraction of text.

INPUT: Documents
OUTPUT: Content derived for the documents
Wordlist: “Introduction”,“Background”,“Methodology”,“Results”,“Conclusion”

for each documents do
for each wordlist do
matchlist()− {words found in documents} mismatch()− {words not found in
document}

end for
scrapedData()− {data between matchlist[j] and matchlist[j+1]}
finalDocumentSet()− scrapedDate()

end for

return Finaldocuments

Using the algorithm 1, examination of the subsections could be done and thus, could be
used for further analysis.

4.3 Data Pre-processing

Data pre-processing, also known as data preparation, is the process of having the
organization of data set in efficient forms, i.e. to organize data into proper form for
text extraction and elimination of non-relevant information for improving quality of the
model and deriving best performance. As the raw text derived from any source could
be noisy, inconsistent, and incomplete which leads to having a poor quality collection
of information and building in a low-quality model [82]. Thus, with the usage of data
processing techniques, the large data set is processed such that raw data is transformed
into structured text providing more precise and practical information. This phase is
majorly for preparing the data in the most use-able and suitable form. Though this
step is about processing it consists of different techniques i.e. data cleaning wherein
noisy data is smoothened, outliers are removed, inconsistencies are resolved, and missing
values are filled [83]. Data reduction is another technique with the reduction of large
volumes of data into smaller ones by removing the duplicated observations [83]. The
data transformation technique of data pre-processing involves converting graphs and text
into a format that can be processed by the machine[84]. All these steps are important to
ultimately increase the quality of the data set and helps in better training the algorithms.
Once the cleaning, reduction and transformation of data is done, we will have quality
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data set which is then used to model the algorithms.

The pre-processed data which is extracted form the PDF documents into suitable text
format will be further examined since although the data is in readable format for the ma-
chine, it consists of noisy data which is not suitable for examining or building the model,
thus, before having any assessment or impact determination, further pre-processing is
required. Herein, the study would use the NLTK library of python for supporting the
text processing and eliminating all the inconsistent or noisy information. Initially, the
tokenization is done to essentially split the entire text document into sentences. For this
new function name, tokenize Figure 4.2 is created wherein using the sentence tokenize
module the assessment is done.

Figure 4.2: Tokenizer for raw data using NLTK.

Further, stopwords are eliminated from the tokenized data, i.e. the words which are
most commonly used in the text and are of not much value for the analysis are deleted
from the document. These are some common words, such as: is, in, the, where, when,
for, to, or at. Herein, the study will use a corpus module for formulating a function
so that all stopwords are removed and filtered and relevant data is derived. Hence the
below function is created Figure 4.3.

Figure 4.3: Function for stop word removal using NLTK.
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Further, as journal paper consists of many punctuation too which while examining is not
of relevance, thus, to eliminate these irrelevant information from the data, elimination
of punctuation is required. For this, a new function Figure 4.4 is added consisting of
punctuation like double quotes, dash, or tick using the punctuation module of the NLTK
package.

Figure 4.4: Function for elimination of punctuation using NLTK.

Finally, to read the data uniformly, the entire text data is converted into lowercase. For
this new function is created Figure 4.5 wherein using the lower module, the entire text
is stated in lowercase form. term.lower

Figure 4.5: Conversion of upper case to lower case.

Thus, the new dictionary is created Figure 4.6 for storing clean text wherein further,
some of the non-relevant words like the addition of a new line are replaced with space
to have the addition of cleaned content in the newly created list.
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Figure 4.6: Creating dictionary to save the cleaned data.

Finally, the cleaned data will be stored in a new data frame object for retrieving the
text to have the application of the algorithm. Thus, this step enabled the elimination
of all non-relevant or noisy data sets so that while building in the model only effective
information is included and assessment could be done. With this, the next step is to
calculate TF-IDF.

TF-IDF
TF-IDF can be used to find the similarity between documents. TF-IDF is one of the
most widely used library for text analysis. The objective of Inverse Document Frequency
(IDF) is to assign a lower value to the most frequent word in a document, this will help
us understand the term frequency of each word and determine the relevance of each
word in the entire document. Hence, it reduces the importance of the common terms in
the document ensuring that documents are matched based on the discriminative words
that appear less in the document. Once the vector are ready we can feed the vectors to
our respective algorithm for further analysis.

4.4 K-means Clustering

Clustering is the best-known machine learning algorithm used for dividing a large number
of data sets into smaller groups. As the process helps in the natural identification of
grouping in the existing multidimensional data set using similarity measure, thus
clustering is an important mechanism of applying machine learning and having pattern
recognition [85]. Here, each cluster consists of only those elements having similar
properties while different clusters contain highly dissimilar properties. Though there are
many clustering algorithms applied worldwide but among them, k-means clustering is
simple and a generally used mechanism. This algorithm focuses on dividing the entire
dataset into k number of clusters based on the Euclidean distance, i.e. assigning the
data points to the cluster with minimum Euclidean distance from centroid point [86].
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Our technique focuses on the application of the k-means clustering algorithm for text
analysis, thus, herein the stated model is applied using in the processed data using
libraries like Sklearn, matplotlib, NumPy, and pandas. These libraries help in visualiza-
tion and data handling thus, supporting the accomplishment of the clustering algorithm
purpose for this study. As to formulate the model, it is essential to include the Unicode
strings, thus, the first step is to have an examination of the data set. The data frame
object having the storage of processed text is called and with the usage of fit transform,
the strings are assessed. The process flow for our technique is depicted below:

START

K value: initially a value 
to K is been assigned to 

represent a clusters

Once all the documents 
are assigned to clusters, 

we redefine the 
position of centroid

Distance between 
centroid and document 

are calculated and 
documents are assigned 

to the nearest cluster

If 
centroid 
changes?

STOP

Figure 4.7: Process flow of K-means algorithm.

For building in the k-means model, there is a requirement of determining the optimal
number of clusters for the existing data set. Though there are many methods like
silhouette method, elbow method, or gap statistics for determining the optimal cluster
value. However, for this study, the silhouette score value method is used.
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Silhouette score value represents the similarity of data points with their clusters against
the other clusters or centroids. Having a value between -1 to +1, a higher silhouette
score value represents that there are more data points matched to the cluster or centroid
while not well-matched with another set of clusters. In other words, a higher silhouette
score value of a specific number of clusters means that the value is optimal [87]. Herein,
the study focuses on determining the silhouette score value for 1 to 10 clusters. Results
of the plot indicating the values is shown below Figure 4.8.

Figure 4.8: Silhouette score using Elbow method for k-means.

The above figure Figure 4.8 shows that between clusters 2 to 9, the silhouette score
value is low i.e. below 0.02 but still among the existing list of clusters, cluster 5 has
the lowest silhouette score i.e. below 0.0025 while clusters 2, 4, and 9 have the highest
values. Cluster 2 value is close to 0.0150, cluster 4 and cluster 9 are almost similar with
values above 0.0150. Since the silhouette score closer to 1 is better we herein select
cluster 4. With this, the k-means algorithm for the study selection will be built using
4 as the value of K. Herein, using KMeans module, the k-means algorithm is fitted to
the text, and analysis is done to formulate four clusters consisting of features with the
highest TF-IDF score value.

4.5 Random Forest Classification

Classification is the supervised learning technique used to classify data set into different
classes. It uses the historic information from the training data set to learn and form
a pattern and implement the same on the unseen data set. This technique builds in
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the system wherein by building in the model, the data set is automatically trained
based on knowledge and experience. This algorithm helps in the generalization of
known structures for having its application to the different data sets [88]. Among the
existing classification algorithms, random forest is a well-recognized algorithm focused
on variable on building individual decision tree and collect the votes from the trees to
make a efficient decision. As this model contributes towards naturally handling the
classification and regression problems, it have dependence on only one or two parameters,
which result in relatively fast to predict and train. Random forest have the built-in
estimate for representing the generalization error, and can be used directly in cases of
any high dimensional problems [89, 90].

The study for having the application of classification algorithm will use the data libraries
like NLTK, NumPy, pandas, and sklearn for assessing the pre-processed data set and
training the model. As classification algorithm is based on two types of data i.e. train
and test, wherein train data is used for providing previous experience to the built-in
model for classification while testing data is the one assessed. With this, for training in
the model, 6 labels are defined which represents the major characteristics of the selected
text document.

Labels Lists

review [“systematic literature review”, “literature review”, “systematic review”,
“slr”, “lr”, “SLR”, “Systematic Literature Review”]

analysis [“data mining”, “natural language processing”, “text Mining”, “text
classification”, “text analysis”, “NLP”]

algorithm [“classification”, “random forest”, “support vector machine”, “KNN”,
“kmeans”, “decision tree”, “K nearest neighbour”,“clustering”]

aim [“aim” , “objective” ,“motivation” , “objectives” , “goal”]

methods [“methods” , “methodology” ,“research methodology” , “approach”,
“techniques”]

conclusion [“conclusions” , “discussions” , “justifications” , “summary” ,“finally” ,
“result”]

Table 4.2: List of labels used for the training classification algorithm.

The papers included in the study consist of documents discussing machine learning, data
mining, or text mining aspect and presented in systematic review or literature review
format, thus, two major labels for the training data is review and analysis. Further,
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as this study revolves around the classification and clustering algorithms, thus, next
label included in the model is about the algorithm. Finally, for any paper, the quality is
dependent on its efficiency to present or report the study aim, its method of working,
and the major findings or outcome derived from the study, thus, the last three labels for
the training model are about aim, methods, and conclusion. Based on the labels, all
relevant concerning labels were added with each label consisting of 5 to 7 words. Herein,
the criteria for training the model is stated below

Criteria Category

Length is greater or equal to 5 Most relevant

Length is greater or equal to 2 but less than 5 Relevant

Length is less than 2 Rejected

Table 4.3: Labeling criteria for our studies.

Using the above-stated criteria, the assessment of the documents is done wherein a new
data frame is created with their respective target variable.

Figure 4.9: Labeled study after the semi-automated labeling process.

The above Figure 4.9 shows that among the included data set of 100 documents, about
37 of them are relevant, 28 are most relevant, and the remaining 35 of the files are not
of appropriate quality thus rejected. Further, with a text and train size of 20 to 80,
with a random state of 42, the model will be trained with the inclusion of 5000 features.
Finally the model is trained and tested on the given data set. The below flow chart
depicts the entire process of our classification approach.
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Labelling documents
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Random Forest model

Evaluate the model

STOP

Figure 4.10: Process flow of Classification algorithm.

After we have labelled our data set, we began the implementation of our random forest
classification algorithm. The architecture of our classification algorithm can be depicted
in the above flow chart.

4.6 Summary

The process of systematic review is majorly dependent on the selection of the most
important relevant studies for deriving direct evidence regarding a topic. However,
having a manual examination of each paper is a troublesome and lengthy process. This
chapter thus focuses on examining a set of 100 PDF documents for defining an efficient
machine learning algorithm for supporting the study selection process and examining
their quality by recommending relevant papers. However, initially, it is essential to have
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the extraction of the text thus, with the usage of documents from Springer, Scopus,
and semantic scholar, the database is created. As the raw text consists of much noisy
information, using the NLTK package the text examination is done for supporting
tokenization, removing stopwords, porter stemming, eliminating punctuations, and
converting text into lowercase. Even as most two or three words are also not important
thus, they are also eliminated from the document. Once the data is completely pre-
processed and ready to be fed into our model, we further saw the implementation of our
clustering (k-means) and classification (random forest) algorithms.



5. Results and Evaluation

As we have seen in the last chapter the data pre-processing and implementation part of
our algorithms. Now we must evaluate our implementation to know the significance of
our approach and discuss the results. We begin this chapter with the k-means results,
followed by classification results. Once we have both the result we move forward with
the comparison of our approach to answer our research questions. lastly this chapter
examines the quality of papers by categorizing the respective files into a “most relevant”,
“partially relevant”, “rejected” category to check the efficiency of the model and also a
list of the most recommended papers based on the scoring values

5.1 K-means Results

After the implementation of the algorithm, it is essential to discuss the results and
evaluate the model, in this section we will do that same.

Feature Extraction:
Once we complete the implementation of k-means algorithm, the next step is to extract
the feature of all the clusters. This will help us understand each cluster briefly. Feature
extraction refer to the context and topic in each clusters. Documents with similar context
are grouped together in the same cluster. This helps in understanding how one cluster
differs from another. In Figure 5.1 we can see 4 clusters, and all the studies related to
keywords like “data” are grouped together, similarly for “text”, “social” and “studies”.
Though distance between the cluster is not that high, nevertheless our algorithm was
able to differentiate between these data points.
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Figure 5.1: K-means cluster distribution plot.

As the clusters are defined based on the similarity and difference in characteristics of
the data set, the identification of top cluster features is done. The top cluster features
retrieved from the defined 4 clusters are stated below.

Figure 5.2: Top feature from our k-means algorithm.
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The Figure 5.2 shows that each of the clusters almost has different values but cluster 1
is mainly focused on paper type terminologies like health, personality, care, or patient
while cluster 3 is majorly about software, primary, selection, visualization. However,
cluster 0 and cluster 2 consist of major terminologies about the data mining, review,
text, research, analysis. Thus, cluster 0 and 2 are the most relevant document for our
study compare to other two clusters. Further, to determine the efficiency of clusters in
measuring the features and having diversity in the cluster, Adjusted Rand Score value
is calculated. Adjusted Rand Score refers to help in computing the similarity between
two clusters by considering all values i.e. the value close to 0 represents the random
allocation of clusters with the presence of diversity while a value equal to 1 depicts that
clusters are the same [91]. Herein, the result of the Adjusted Rand Score value is shown
in Figure 5.3.

Figure 5.3: Efficiency of cluster in measuring features using Rand-Index Value.

The above Figure 5.3 depicts that the value is 0.250 which is approximately close to 0,
thus, the clusters formulated using the text documents are randomly formulated and
have diversity in the specification of features. Hence, based on the result of rand index
we can conclude that k-means is effective in differentiating between clusters. However
these results can be still improved. one way is to get rid of outliers, centroids can be
dragged towards outliers, instead of ignoring them which will result in greater distance
between the data points within a cluster. Further more quality data can be data for
better results.

5.2 Random Forest Results

In the previous chapter we discussed the implementation of the random forest algorithm,
we will focus on the results and evaluation in this chapter. After we implemented random
forest algorithm, it is time to evaluate our model with Key Performance Indicator (KPI)
like accuracy, precision, recall and F1 score. The accuracy stands for the number of
samples the classifier identifies correctly. It takes the data from the test set, and make
the decision if the data point is right or wrong and then the decision made by the
classifier is divided by the total sample in the test set. The accuracy for our classifier
can be seen in the below Figure 5.4.
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Figure 5.4: Accuracy of the random forest model.

The next KPI is generating a classification report which consist of precision, recall and
F1 score of our classifier. Precision stands for the fraction of the relevant retrieved study
among the retrieved study by the classifier, where as recall stands for the fraction of
total relevant study correctly classified by the classifier. Lastly F1 score is widely used
to have the balance between precision and recall. The classification report is given in
Figure 5.5.

Figure 5.5: Classification report of the random forest algorithm.

The above figure shows that the performance of the algorithm in deriving “most relevant”
studies is highest i.e. precision 100%, recall 71%, and f1-score 83% followed by the
classification of studies for class ’rejected’ wherein the precision value is 50%, recall is
57%, and f1-score is 53%. ’Partially relevant’ document classification has the lowest
score of 43% precision, 50% recall, and 46% f1-score. So as we can see the classifier is
struggling to classify the study which are “partially relevant”. This is usually the problem
with the data set, since we had very little data to train and test the model, the algorithm
is not able to differentiate between keywords in“rejected”class and keywords in“Partially
relevant” class. For instance if we have a feature with 1-10 of range and another feature
with 100-200 range, the algorithm is not able to treat them differently, this results in
bias.“Bias in Machine Learning is defined as the phenomena of observing results that
are systematically prejudiced due to faulty assumptions” [92]. Problems like this can
usually be solved by adding more data set for those classes. However not only more
data, but quality data is required. One way to get quality data is by performing full
manual review of the studies before feeding to the algorithm.

But since some classifier model can be overfitting it is important to have reliable accuracy
which can be calculated with the help of cross-validation. Cross validation is performed
on the unseen data, that is the data which is not used to train the model, this helps in
assessing the effectiveness of our model. The CV accuracy of our model is 54%. Which
basically means our classifier was able to classify 54% of the data points correctly. Below
Figure 5.6 depicts the same.
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Figure 5.6: Cross-validation accuracy of random forest.

5.3 Comparison of K-means and Random Forest

Data mining is the process focusing on automating the process of examining the database
and depicting patterns in it using some well-defined algorithms and approaches. Among
the existing trend of predicting patterns or automating the process, the clustering and
classification algorithms have gained vast popularity [93]. Clustering is regarded as the
approach more oriented towards self-learning i.e. leaning in the mechanism by examining
the similar behavior and separating the existing database into different groups based
on the difference in behavior. However, classification mechanisms work on using the
pre-defined approach i.e. training the existing database using the pre-defined knowledge
[94]. As the working methodology in both the methods is different and even the require-
ments vary i.e. classification algorithm is supervised learning method requiring labeled
data while clustering is unsupervised learning method with usage of unlabeled data,
thus, the applicability and suitability of methodologies for the analysis may also vary [95].

Herein, the study focuses on having the selection of an effective algorithm for supporting
the study selection process of systematic review, thus, the comparison between the
clustering and classification algorithm is required to define the most suitable algorithm.
As initially the k-means clustering algorithm is applied followed by the application
of random forest classification algorithm, thus, to decide the optimal algorithm, the
comparison is required. However, having a different working methodology, i.e, usage of
labeled data in classification algorithm while unlabeled data for clustering algorithm, no
direct comparison between the machine learning algorithms could be done. Thus, for
having the depiction of the optimal algorithm, the variation of the accuracy level for
each algorithm from the optimal accuracy level is determined.
For this, initially, the mpld3 package was installed and respective packages like NLTK,
JSON, NumPy, sklearn, pandas, and matplotlib were imported. As specified in the
classification algorithm, the accuracy is 60%. Though many classifiers could easily have
the attainment of 100% accuracy sometimes even the achievement of 30% accuracy is
difficult [96]. Thus, there is no such optimal level of accuracy for classifiers.
For identification of the clustering, initially plotting of topmost frequency terms in the
100 document dataset is done which state that data is the most used word with the
frequency of about 7000 times, followed by research, studies, based, mining, review, and
text words with a frequency between 3000 to 4000.
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Figure 5.7: Most frequent words from the data set using TF-IDF.

With Figure 5.7, the examination of efficiency of the clustering algorithm is done by
using three evaluation metrics i.e. Silhouette score, Within Cluster Sum of Squares
(WCSS), and Calinski -Harabasz value.

5.3.1 Silhouette Score

Silhouette score is regarded as the means of measuring the similarity of the objects
within the clusters compared to the other clusters. As the value lies between 0 to 1, thus,
the high value of silhouette score or value close to 1 depicts that there is the presence
of high similarity within clusters i.e. the clustering mechanism effectively has included
matched objectives in one cluster and are far away from the existing neighboring clusters
[97]. For the k-means algorithm we achieved the silhouette score of 0.28, which means
the score value for k-means with 4 clusters is approximately 0.03 which though is more
than 0 but comparatively very less than 1, thus the model though is efficient in having
matching of objects but efficiency is low.

5.3.2 Within Cluster Sum of Squares (WCSS)

The performance metrics WCSS represent the sum squared distance between the cluster
centroid and each point. Herein the WCSS values are non-negative and the small value
of WCSS depicts that each cluster is similar or presence of lower value state better
clustering of the dataset [29, 97]. The WCSS value for the model is 74.53 which is far
away from 0 showing non-derivation of effective clustering. This specific metric tells us
the clustering technique is having a difficult time to differentiate between clusters, this
could be most likely because of the keywords present in each of the documents, since
there are very much similar through out the documents.
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5.3.3 Calinski-Harabasz

Calinski-Harabasz presents the ratio of the sum between inter-cluster dispersion and
clusters dispersion for the stated clusters. Though no such optimal value is there for
Calinski-Harabasz still higher value indicates derivation of better performance [29].
Based on all three performance metrics, the examination of the clustering algorithm is
done. The Calinski-Harabasz metrics for the dataset depict that as the value is 2.94
which is low, thus, the model performs good but it’s not that efficient.

5.4 Comparison

Hence, for the study selection process to automate systematic review, the classification
algorithm is the suitable mechanism of working. Though the k-means clustering algorithm
and random forest classifier both have value more than the minimum required value, but
still the comparison state that the accuracy with the random forest is 60% showing the
variation of only 40% from 100% accuracy. But for the clustering k-means algorithm, the
performance metrics values are close to non-efficient performance i.e. Silhouette value is
even less than 0.5, WCSS is very high i.e. far away from 0, and even Calinski-Harabasz is
close to 0. As the classification algorithm has low variation from the effective algorithm
value, thus, a classification algorithm is the most suitable machine learning method to
have the automation of the study selection process for systematic review.

5.5 Quality Assessment

The reliability and validity of any systematic review are dependent on the studies that
are considered for assessment. As the presence of any systematic error or biasness tends
to exaggerate or undermine the effect or result, thus the quality of studies should be
standardized before having the selection of them for systematic review [98]. Quality is
regarded as the extent of the standard for protecting the research design aspects and
controlling the unsystematic, systematic, and inferential error. As systematic review
helps academicians in providing guidelines for research conduction, thus, quality assess-
ment of SLR is required for depicting the evidence strength based on the stated research
questions [99]. Thus, to reduce the error possibility, using a machine learning algorithm
automatic study selection process is implemented for having the examination of each
document as per the research question and methodology and including only relevant
documents for systematic review [100].

As the study aims at having the study selection from a database of 100 PDF for
systematic review, thus, it is essential to examine the quality of documents. For this,
initially, the research questions used for defining the quality are stated. For any study
to have high quality, it is required to present a detailed explanation of aim of the study,
performed efforts for reducing error, clearly defined research methodology, derivation of
valuable conclusion, and justification of logic by analysis. Thus, based on these aspects,
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the questions for the quality assessment of papers are defined, the same are shown in
Section 5.5.

S.no Quality assessment questions Most
Rele-
vant

Relevant Rejected

1 Are aim, objective, purpose and motivation
of study clearly reported?

1 0.5 0

2 Were efforts made to minimise error in data
sets collection?

1 0.5 0

3 Is the research methodology clearly de-
scribed in the study?

1 0.5 0

4 Does study is efficient in providing valuable
conclusions?

1 0.5 0

5 Do the implementation follow the logic and
are they justified by the analysis performed?

1 0.5 0

Table 5.1: Research question for quality assessment.

To examine the above-stated questions, initially, the rank-bm25 package is installed
followed by import of relevant packages like NumPy, pandas, random, or JSON. Following
the dictionary for storing the PDF name and its content is created and results are
exported to an excel file. Once a list of all documents is created, the first step is to feed
the defined question into the created function Figure 5.9, each question is tokenized and
each word is added part of speech POS tagger [8]. An e.g of such extraction can be seen
in the below Figure 5.8.

Figure 5.8: An example of tokenization process used for the quality assessment.
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As we can see in the above example logic and implementation words are added to the
query list from the QA question 5. Similarly all the questions are tokenized individually
and the major keywords are stored in the query list. One such example of the function
can be seen in the below Figure 5.9. Next all the sentences from the data set are scored
according to their relevance to the keywords extracted from the questions. For scoring
we use BM25 algorithm, since it works best with TF-IDF.

Figure 5.9: An example function of Quality assessment used for tokenization [8]

Recommendation of Studies With the examination of the existing papers quality, the
final recommendations could be made for suggesting the “most relevant”, “partially
relevant” and “rejected”. This examination could be done by scoring the documents
based on their quality and determining the documents which are effective for systematic
review.

For supporting the recommendation step, the pandas package is imported. A function
needs to be created for having the inclusion of keywords that defines the quality of the
paper. As in research question, we have defined 5 aspects i.e. introduction, data, method-
ology, conclusion, and findings as quality assessment tools, hence the relevant keywords
for each of the labels are added. Further, the examination of Quality Assessment (QA)
for cleaned data is done. As a final step the extracted sentence are fed into the function
which further checks for term frequency for all the keywords present in the sentence and
lastly gives the recommendation to the user if the study is selected or rejected. The user
will have the final choice to decide to go with the script recommendation or not. As
depicted in Figure 5.10 we can see that documents like 3, 7, 8 and 9 are totally relevant
and are recommended to the user since the term frequency is the highest compare to
the other documents.
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Figure 5.10: An example of study recommendation using BM25.

Based on the recommendations for each document, the final selection of study need
to be done. Herein, as it is required that each scoring should be included in the final
score, thus, the aggregate score is computed and the final recommendation is made. The
aggregated score above 0.5 can be taken into the next phase in SLR or can be marked
as the ’Most relevant’, the aggregated score equal to or grater than 0.3 and less than 0.5
can be marked as “Partially Relevant” and all lastly aggregated score of below 0.3 can
be marked as “Rejected”. The results of the aggregate score for a set of 100 documents
will be presented in the Table A.3. In Table 5.2 we present some e.g of the results from
the QA.

5.6 Summary

In this chapter the result and evaluation of the k-means clustering algorithm was
done followed by a random forest classification algorithm. Though both algorithms for
the given database do not have very high values, the random forest classifier is 60%
accurate, compared to non-effective performance metrics of Silhouette score, WCSS,
and Calinski -Harabasz. Finally, for the quality examination of the papers, 5 quality
assessment questions are defined and tokenized followed by the assessment of each
document tokenized words with the quality keywords. The average scoring for the
documents presents that about 16 documents picked from a set of 100 documents are
scored as highest (above 0.5) and should be marked as “Most Relevant”. Moreover a
manual verification was performed where we concluded that these 16 studies were among
the 28 studies which were marked as “most relevant” in the labeling process.
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S.no Intro.
Score

Meth.
Score

Concl.
Score

Data
Score

Findings
Score

Aggre.
Scroe

Recommendation

1 0.5 0.5 0.5 0 0 0.3 Relevant

2 1 1 0 1 1 0.8 Most Relevant

3 0.5 0 0.5 0 0 0.2 Rejected

4 0 0.5 0 0.5 1 0.4 Relevant

5 0 1 0.5 1 0.5 0.6 Most Relevant

Where:

Intro.Score = Introduction Score

Meth.Score = Methodology Score

Concl.Score = Conclusion Score

Data Score = Data Score

Aggre. Score = Aggregated Score

Table 5.2: Final scoring results from quality assessment.
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6. Conclusion

SLR focuses on having the summarization of existing researches for making deductions
relevant to a specific topic or research. However, as the SLR process is completely
based on the selection of studies, thus, manual extraction of information often becomes
time-consuming and even increases the chances of having less efficiency to the presence
of errors or biasness. For simplifying this process and having the automation of study
selection, machine learning algorithms are often applied. This study focuses on comparing
the clustering and classification algorithm and having the assessment of studies quality
for SLR study selection. As conclusion, we discuss the major findings of our study
by initially stating the quantitative and qualitative study findings followed by the
statement of major outcome. Further, as due to the structural difference or the difficulty
in methodology, certain limitations are associated with the stated approach, thus,
limitations are discussed along with mentioning about recommendations for easing
process and the scope for future studies.

SLR with its manual process required lots of time and effort along with limiting the
scope of making relevant predictions. Machine learning algorithms for SLRs helps in
the examination of a complex and large number of datasets enabling reduction of the
human burden, monetary resource, and even required time. SLR is the process of having
an existing literature review for having the determination of major information about
a concept and statement of the aspects in need of future research. As overtime the
researchers are more focusing on having SLR, the rise in evidence resulted in making the
process of review more complicated and time-consuming. Machine learning overtime has
gained popularity and has been recognized as the methodology of automating the process
and determining the pattern of the dataset. Machine learning in SLR contributes to
filtering relevant studies based on search criteria, automated data extraction, screening
of studies, and data synthesis using summarization and visualization tools. However, the
main issue with machine learning was to select the optimal algorithm for examination as
it consists of various classification (logistic regression, support vector machine, decision
trees, random forest, and k-nearest neighbors) and clustering ( hierarchial and partition-
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ing) algorithms. There are many types of research using SLR with machine learning
methodologies i.e. analysis for SLR with SVM, logistic regression, and decision trees;
SLR with Bayesian network, support vector machine, and artificial neural networks;
SLR using support vector machine with stochastic gradient descent and logistic regres-
sion; and SLR based on support vector machine, bagged regression and classification
trees approach. However, not many studies focused on implementing clustering as well
as classification approach and determining optimal methodology. Thus, the study ex-
plores the role of machine learning using supervised and unsupervised algorithms for SLR.

With the creation of a 100 PDF database selected from digital libraries like a semantic
scholar, springer, and Scopus using search strings; the study focused on having the
extraction of the full text. As the raw text data is unstructured and consists of many
irrelevant pieces of information like punctuations or stopwords, thus pre-processing of
the dataset using NLTK package enabled the derivation of tokenized, porter stemmed,
punctuations and stopwords removed, and lowercase text. The application of the K-
means clustering algorithm stated that 4 clusters are most suitable for the available
dataset with the highest silhouette score value wherein, with adjusted rand index value
depicting the random distribution of keywords and more efficiency derivation. Further,
for the application of classification algorithm five labels i.e. review, analysis, algorithm,
aim, methods, and conclusion are stated and with a train:test ratio of 80:20, the random
forest algorithm was implemented. As the accuracy of random forest is 60% with
less variation from 100% level compared to non-effective metrics results for Silhouette
score, WCSS, and Calinski -Harabasz in case of the clustering algorithm, thus, random
forest classifier is the most suitable methodology for study selection. Lastly, the QA of
document concerning five QA questions based on aim, data error, method, conclusion,
and findings; the analysis reveals that about 22 documents have very low quality thus,
should not be considered while 30 documents among 100 have the highest quality hence
being most relevant for SLR.

Answering Research question
With the statement of major findings of a study by having the evaluation of machine
learning techniques for SLR, the major outcomes are stated by answering below stated
research questions.

• RQ1 : What are the current machine learning techniques and how can they
help in study selection of systematic literature review?
Machine learning is the computer science methodology wherein different algorithms
enable the evaluation, optimization, and representation of information. As the SLR
process has developed, the adoption of different machine learning approaches like
supervised and unsupervised methodologies has been preferred. The classification
and clustering techniques of the stated approach help in automating the process
of study selection, reducing the time spent in extracting relevant text, supported
the examination of quality for each document, and synthesis of information in
form of summarization or visualization. Thus, adoption of a machine learning
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algorithm for study selection simplifies the process, reduce complexities, save
resources of researches, and reduce the error possibility and biasness resulting in
the identification of only relevant document and improving the quality of SLR.

• RQ2 : How do classification and clustering techniques differ in their contribution
to study selection in the systematic literature review?
Clustering is the data mining technique focused on having the grouping of a
data set based on the characteristics. Herein, as identical data is grouped in one
cluster, thus, for SLR, clustering enables assessment of large data sets, division
of entire text based on focused topics, and reduction of associated cost with
no requirement of data labeling. The study for the examination of 100 PDF
documents used K-means clustering algorithms and helped in building 4 clusters
with key features discussing data and text and having the random allocation with
an adjusted rand index value of 0.25. Further, the classification technique is the
methodology of mapping the required input to output based on the previously fed
information. These algorithm helps in elimination of non-relevant papers, detailed
review of multiple papers with less effort and time, and automation of process
for even future research once the model is trained. For this study, the random
forest classifier is used wherein by training the model with 6 labels i.e. review,
analysis, algorithm, aim, methods, and conclusion; the categorization of papers
into relevant, most relevant, and rejected papers could be done. Further, as the
model supports the prediction of document quality for SLR, thus, accuracy score
for the model is determined to be 60% showing accurate implementation of the
algorithm. Thus, though clustering and classification algorithms are both suitable
for SLR as clustering works with non-labeled while classification with labeled data;
thus, the working methodology and their suitability could vary.

• RQ3 : How the evaluation of classification and clustering methods can be done?
Classification and clustering methods are completely different methodologies. Each
of the methods consists of different techniques like clustering popular models
K-means or K-medoids while classification models like Support vector machine
or random forest. However, due to the initial requirement of labeled data with
classification while non-labeled data with clustering, there is no direct mechanism
of having the evaluation of the most suitable model among both techniques for any
data set. This study is aimed at determining the optimal model, thus, instead of
having direct comparison, the value of each of the model algorithms is compared
with their required values. The method with less variation from the required
value is identified to be suitable for the data set. Herein, the accuracy score of
random forest is 60% against 100% while for K-means, Silhouette value is 0.02
< 0.5, WCSS is 74.53 far away from 0, and Calinski-Harabasz is 2.94 close to 0;
thus, clustering algorithm performance metrics value are comparatively very far
from the required level. Thus, for the study classification model, random forest is
most suitable.
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Clustering and classification algorithms though are effective in having the study selection
but still classification algorithm is a more accurate methodology which even helps in
having the application of the developed algorithm in the future.



7. Future Work

Concerning the challenges we had in this study, the future scope of the study is to have
a formulation of an algorithm for simplifying the text extraction process as it is the
most relevant and essential step of study selection. Future work should also involve
more data for training and testing the model since we had very limited data. Future
studies should focus on having the formulation of an algorithm that differentiates the
text based on heading style, font, pictures, and tables. Even the algorithms should have
the inclusion of aspects to scrap the data for some selected sections. Further, as usage
of algorithms and their application varies with data, thus future studies could focus
on having the comparison of different clustering algorithms and identifying the most
suitable one along with having a similar examination of classification algorithms. Lastly,
as different automation techniques are available for supporting SLR, thus, comparison
between the methodologies could be done to determine whether machine learning tools
are optimal for SLR or not.

To enhance QA phase for SLR more advanced embedding techniques like Bidirectional
Encoder Representations from Transformers (BERT), can be used to develop a complex
model which could perhaps result in more accurate result in QA phase.
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A. Appendix

A.1 Search Result of the SLR

Title Year

Applications of artificial intelligence and machine learning in orthodontics: a scoping
review

2021

A systematic review of prediction models to diagnose COVID-19 in adults admitted
to healthcare centers

2021

Biomedical signals and machine learning in amyotrophic lateral sclerosis: a systematic
review

2021

Notions of explainability and evaluation approaches for explainable artificial intelli-
gence

2021

A systematic review of natural language processing applied to radiology reports 2021

CT and MRI radiomics of bone and soft-tissue sarcomas: a systematic review of
reproducibility and validation strategies

2021

Text mining to support abstract screening for knowledge syntheses: a semi-automated
workflow

2021

Tools for measuring gender equality and women’s empowerment (GEWE) indicators
in humanitarian settings

2021

Application of machine learning in predicting hospital readmissions: a scoping review
of the literature

2021
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Table A.1 continued from previous page

Title Year

A hierarchical procedure to select intrauterine and extrauterine factors for method-
ological validation of preterm birth risk estimation

2021

Machine learning methods in sport injury prediction and prevention: a systematic
review

2021

Machine learning for subtype definition and risk prediction in heart failure, acute
coronary syndromes and atrial fibrillation: systematic review of validity and clinical
utility

2021

Successful incorporation of single reviewer assessments during systematic review
screening: development and validation of sensitivity and work-saved of an algorithm
that considers exclusion criteria and count

2021

Iterative guided machine learning-assisted systematic literature reviews: a diabetes
case study

2021

Research Screener: a machine learning tool to semi-automate abstract screening for
systematic reviews

2021

Systematic literature review of machine learning methods used in the analysis of
real-world data for patient-provider decision making

2021

Early detection of sepsis using artificial intelligence: a scoping review protocol 2021

Directions in abusive language training data, a systematic review: Garbage in, garbage
out

2021

The views of health guideline developers on the use of automation in health evidence
synthesis

2021

Application of artificial intelligence in chronic liver diseases: a systematic review and
meta-analysis

2021

Assessment of muscle activity using electrical stimulation and mechanomyography: a
systematic review

2021

The impact of using biased performance metrics on software defect prediction research 2021

Intelligent computational techniques in marine oil spill management: A critical review 2021
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Table A.1 continued from previous page

Title Year

Research trends on integrative landscape assessment using indicators – A systematic
review

2021

Structural and functional magnetic resonance imaging in isolated REM sleep behavior
disorder: A systematic review of studies using neuroimaging software

2021

A scoping review on the use of machine learning in research on social determinants
of health: Trends and research prospects

2021

Classification and analysis of deep learning applications in construction: A systematic
literature review

2021

The topics of Islamic economics and finance research 2021

A Systematic Review of Quality of Service in Wireless Sensor Networks using Machine
Learning: Recent Trend and Future Vision

2021

A systematic literature review on machine learning applications for consumer senti-
ment analysis using online reviews

2021

Machine learning through the lens of e-commerce initiatives: An up-to-date systematic
literature review

2021

Computational models and datasets in personality prediction - A systematic literature
review

2021

A systematic review of the impact of commercial aircraft activity on air quality near
airports

2021

Data-based algorithms and models using diabetics real data for blood glucose and
hypoglycaemia prediction – A systematic literature review

2021

Pronoun processing in post-stroke aphasia: A meta-analytic review of individual data 2021

Could an algorithm help prevent suicides? 2021

Technological progress in electronic health record system optimization: Systematic
review of systematic literature reviews

2021

Sustainable last mile delivery on e-commerce market in cities from the perspective of
various stakeholders. Literature review

2021
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Table A.1 continued from previous page

Title Year

A review of code reviewer recommendation studies: Challenges and future directions 2021

Physiological machine learning models for prediction of sepsis in hospitalized adults:
An integrative review

2021

Automation of systematic literature reviews: A systematic literature review 2021

Machine Learning and Surgical Outcomes Prediction: A Systematic Review 2021

An insight into machine learning models era in simulating soil, water bodies and
adsorption heavy metals: Review, challenges and solutions

2021

Recommendation systems for education: Systematic review 2021

Digital imaging, technologies and artificial intelligence applications during COVID-19
pandemic

2021

Android mobile malware detection using machine learning: A systematic review 2021

Systematic review of electricity demand forecast using ann-based machine learning
algorithms

2021

Artificial intelligence compared to radiologists for the initial diagnosis of prostate
cancer on magnetic resonance imaging: A systematic review and recommendations
for future studies

2021

Global evolution of research on pulmonary nodules: A bibliometric analysis 2021

State-of-the-art of artificial intelligence in medicinal chemistry 2021

Machine learning applications to neuroimaging for glioma detection and classification:
An artificial intelligence augmented systematic review

2021

Comparison of machine learning and logistic regression models in predicting acute
kidney injury: A systematic review and meta-analysis

2021

Applying big data analytics in higher education: A systematic mapping study 2021

Discrepancies in Stroke Distribution and Dataset Origin in Machine Learning for
Stroke

2021
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Table A.1 continued from previous page

Title Year

Predicting Post–Liver Transplant Outcomes—Rise of the Machines or a Foggy Crystal
Ball?

2021

The four smarts of Industry 4.0: Evolution of ten years of research and future
perspectives

2021

Sensors and systems for air quality assessment monitoring and management: A review 2021

Intelligent building control systems for thermal comfort and energy-efficiency: A
systematic review of artificial intelligence-assisted techniques

2021

Machine learning for identifying relevant publications in updates of systematic reviews
of diagnostic test studies

2021

Systematic review and meta-analysis of cannabinoids, cannabis-based medicines,
and endocannabinoid system modulators tested for antinociceptive effects in animal
models of injury-related or pathological persistent pain

2021

Artificial intelligence applications in supply chain: A descriptive bibliometric analysis
and future research directions

2021

Added Value of QEEG for the Differential Diagnosis of Common Forms of Dementia 2021

Hybridized classification algorithms for data classification applications: A review 2021

Development and application of sentiment analysis tools in software engineering: A
systematic literature review

2021

Proceedings of EASE 2021 - Evaluation and Assessment in Software Engineering 2021

A review of irregular time series data handling with gated recurrent neural networks 2021

Machine Learning for the Prediction of Molecular Markers in Glioma on Magnetic
Resonance Imaging: A Systematic Review and Meta-Analysis

2021

Diagnostic power of resting-state fMRI for detection of network connectivity in
Alzheimer’s disease and mild cognitive impairment: A systematic review

2021

Machine learning based methods for software fault prediction: A survey 2021

On the role of artificial intelligence in medical imaging of COVID-19 2021
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Table A.1 continued from previous page

Title Year

Analyzing barriers of circular food supply chains and proposing industry 4.0 solutions 2021

Artificial intelligence applications for increasing resource efficiency in manufacturing
companies—A comprehensive review

2021

Virtual to real-world transfer learning: A systematic review 2021

Wearable technology to detect motor fluctuations in parkinson’s disease patients:
Current state and challenges

2021

Systematic review on the association of radiomics with tumor biological endpoints 2021

The use of social media in detecting drug safety-related new black box warnings,
labeling changes, or withdrawals: Scoping review

2021

Non-alcoholic fatty liver disease: Implementing complete automated diagnosis and
staging. a systematic review

2021

Current Status and Quality of Machine Learning-Based Radiomics Studies for Glioma
Grading: A Systematic Review

2021

Automation of article selection process in systematic reviews through artificial neural
network modeling and machine learning: Protocol for an article selection model

2021

The roles of machine learning methods in limiting the spread of deadly diseases: A
systematic review

2021

Developing a standardized protocol for computational sentiment analysis research
using health-related social media data

2021

Application and performance of artificial intelligence technology in oral cancer diag-
nosis and prediction of prognosis: A systematic review

2021

Machine Learning for Detecting Data Exfiltration 2021

Current challenges and future opportunities for xai in machine learning-based clinical
decision support systems: A systematic review

2021

Systematic review of anomaly detection in hyperspectral remote sensing applications 2021

Mobile and wearable technology for the monitoring of diabetes-related parameters:
Systematic review

2021
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Title Year

Artificial Intelligence, Machine Learning, and Medicine: A Little Background Goes a
Long Way Toward Understanding

2021

Automated detection of hypertension using physiological signals: A review 2021

Monitoring system for railway infrastructure elements based on thermal imaging
analysis

2021

Machine learning in oncology—Perspectives in patient-reported outcome research.
German version [Machine Learning in der Onkologie – Perspektiven in der Patient-
Reported-Outcome-Forschung]

2021

Accuracy of machine learning algorithms for the classification of molecular features
of gliomas on mri: A systematic literature review and meta-analysis

2021

Intelligent decision support with machine learning for efficient management of me-
chanical ventilation in the intensive care unit – A critical overview

2021

Predictive Models for Clinical Outcomes in Total Knee Arthroplasty: A Systematic
Analysis

2021

Digital biomarkers and algorithms for detection of atrial fibrillation using surface
electrocardiograms: A systematic review: Digital Biomarkers for AF in Surface ECGs

2021

Role of Machine Learning and Artificial Intelligence in Interventional Oncology 2021

Preventing sepsis; how can artificial intelligence inform the clinical decision-making
process? A systematic review

2021

Abdominal Organ Transplantation: Noteworthy Literature in 2020 2021

A meta-analysis of tumour response and relapse kinetics based on 34,881 patients: A
question of cancer type, treatment and line of treatment

2021

Precision nutrition: A systematic literature review 2021

Predicting mortality and hospitalization in heart failure using machine learning: A
systematic literature review

2021

Cytotoxicity of phytosynthesized silver nanoparticles: A meta-analysis by machine
learning algorithms

2021
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Title Year

Reperfusion Therapy in Acute Ischemic Stroke with Active Cancer: A Meta-Analysis
Aided by Machine Learning

2021

Mapping Artificial Intelligence in Education Research: a Network-based Keyword
Analysis

2021

Magnetic resonance imaging for individual prediction of treatment response in major
depressive disorder: a systematic review and meta-analysis

2021

AI-Empowered Process Mining for Complex Application Scenarios: Survey and
Discussion

2021

A systematic review on sequence-to-sequence learning with neural network and its
models

2021

Reliability-based fault analysis models with industrial applications: A systematic
literature review

2021

Automatic clustering algorithms: a systematic review and bibliometric analysis of
relevant literature

2021

Upper body activity classification using an inertial measurement unit in court and
field-based sports: A systematic review

2021

Machine Learning Algorithms in Civil Structural Health Monitoring: A Systematic
Review

2021

Brain functional network modeling and analysis based on fMRI: a systematic review 2021

Breast Cancer Detection, Segmentation and Classification on Histopathology Images
Analysis: A Systematic Review

2021

Consolidation and fragmentation in environmental scanning: A review and research
agenda

2021

Deep learning-based cancer classification for microarray data: A systematic review 2021

Early Prediction of Sepsis in the ICU Using Machine Learning: A Systematic Review 2021

Spatial connectivity in mosquito-borne disease models: A systematic review of
methods and assumptions

2021
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Title Year

Systematic review of context-aware digital behavior change interventions to improve
health

2021

Systematic Review on Local Ancestor Inference From a Mathematical and Algorithmic
Perspective

2021

Group Activity Recognition in Visual Data: A Retrospective Analysis of Recent
Advancements

2021

Revealing the Neural Mechanism Underlying the Effects of Acupuncture on Migraine:
A Systematic Review

2021

Artificial intelligence to support the integration of variable renewable energy sources
to the power system

2021

A Systematic Literature Review of Blockchain-based Federated Learning: Architec-
tures, Applications and Issues

2021

Crop yield prediction using machine learning algorithm 2021

Machine Learning for the Diagnosis of Parkinson’s Disease: A Review of Literature 2021

The Role of Radiomics in Lung Cancer: From Screening to Treatment and Follow-Up 2021

A bibliometric analysis and network visualisation of human mobility studies from
1990 to 2020: Emerging trends and future research directions

2021

Skin cancer detection: A review using deep learning techniques 2021

A systematic review for cognitive state-based qoe/ux evaluation 2021

A systematic review of computational methods for predicting long noncoding RNAs 2021

Role of machine learning in medical research: A survey 2021

Malicious application detection in android - A systematic literature review 2021

Machine learning-based botnet detection in software-defined network: A systematic
review

2021

Empower Artificial Intelligence and Blockchain to Internet of Things: Development
and Prospect

2021
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Title Year

Artificial intelligence applications for covid-19 in intensive care and emergency settings:
A systematic review

2021

Machine learning and natural language processing in mental health: Systematic
review

2021

Towards privacy-preserved aging in place: A systematic review 2021

Prediction models for public health containment measures on covid-19 using artificial
intelligence and machine learning: A systematic review

2021

A Systematic Review of the Efforts and Hindrances of Modeling and Simulation of
CAR T-cell Therapy

2021

Radiomic biomarkers of tumor immune biology and immunotherapy response 2021

Machine learning in oral squamous cell carcinoma: Current status, clinical concerns
and prospects for future—A systematic review

2021

A systematic review on machine learning for fall detection system 2021

Current review and next steps for artificial intelligence in multiple sclerosis risk
research

2021

Meta-analyses of machine learning in endoscopy: stacking apples and oranges 2021

A review on global solar radiation prediction with machine learning models in a
comprehensive perspective

2021

A review of the evolution of scientific literature on technology-assisted approaches
using RGB-D sensors for musculoskeletal health monitoring

2021

A systematic review of emerging information technologies for sustainable data-centric
health-care

2021

Improving medication adherence in hypertensive patients: A scoping review 2021

Harnessing technological solutions for childhood obesity prevention and treatment: a
systematic review and meta-analysis of current applications

2021

Machine Learning Algorithms and Statistical Approaches for Alzheimer’s Disease
Analysis Based on Resting-State EEG Recordings: A Systematic Review

2021
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Title Year

EEG based interpretation of human brain activity during yoga and meditation using
machine learning: A systematic review

2021

An evaluation of Cochrane Crowd found that crowdsourcing produced accurate results
in identifying randomized trials

2021

Natural language processing was effective in assisting rapid title and abstract screening
when updating systematic reviews

2021

Computer-aided diagnosis of esophageal cancer and neoplasms in endoscopic images:
a systematic review and meta-analysis of diagnostic test accuracy

2021

Machine learning reduced workload with minimal risk of missing studies: development
and evaluation of a randomized controlled trial classifier for Cochrane Reviews

2021

CT-based radiomics for differentiating renal tumours: a systematic review 2021

Sacral acceleration can predict whole-body kinetics and stride kinematics across
running speeds

2021

Machine learning methods for cyber security intrusion detection: Datasets and
comparative study

2021

COVID-19 Artificial Intelligence Based Surveillance Applications in the Kingdom of
Saudi Arabia

2021

Computer-aided Phonocardiogram Classification using Multidomain Time and Fre-
quency Features

2021

COVID-19 detection empowered with machine learning and deep learning techniques:
A systematic review

2021

Application of artificial intelligence-based regression methods in the problem of
covid-19 spread prediction: A systematic review

2021

Transfer learning in magnetic resonance brain imaging: A systematic review 2021

A Systematic Review on Hadith Authentication and Classification Methods 2021

The application of spectroscopy techniques for diagnosis of malaria parasites and
arboviruses and surveillance of mosquito vectors: A systematic review and critical
appraisal of evidence

2021



78 A. Appendix

Table A.1 continued from previous page

Title Year

Role of artificial intelligence applications in real-life clinical practice: Systematic
review

2021

Current applications of artificial intelligence combined with urine detection in disease
diagnosis and treatment

2021

Application of metabolomics in pediatric asthma: Prediction, diagnosis and personal-
ized treatment

2021

Prediction Models in Degenerative Spine Surgery: A Systematic Review 2021

A systematic literature review on the application of machine-learning models in
behavioral assessment of autism spectrum disorder

2021

The methodological quality of 176,620 randomized controlled trials published between
1966 and 2018 reveals a positive trend but also an urgent need for improvement

2021

Machine learning models for image-based diagnosis and prognosis of COVID-19:
Systematic review

2021

Predicting breast cancer 5-year survival using machine learning: A systematic review 2021

Impact of big data analytics on people’s health: Overview of systematic reviews and
recommendations for future studies

2021

Recent advances in unmanned aerial vehicles forest remote sensing—a systematic
review. Part ii: Research applications

2021

A sentence classification framework to identify geometric errors in radiation therapy
from relevant literature

2021

Radiomic and genomic machine learning method performance for prostate cancer
diagnosis: Systematic literature review

2021

A review of recent deep learning approaches in human-centered machine learning 2021

Meta-analysis of gastrointestinal adverse events from tyrosine kinase inhibitors for
chronic myeloid leukemia

2021

Systematic review of approaches to use of neighborhood-level risk factors with clinical
data to predict clinical risk and recommend interventions

2021
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Title Year

Machine Learning for Surgical Phase Recognition: A Systematic Review 2021

Ambient air pollution exposure and risk of chronic kidney disease: A systematic
review of the literature and meta-analysis

2021

Computational Intelligence in the hospitality industry: A systematic literature review
and a prospect of challenges

2021

Machine learning-based offline signature verification systems: A systematic review 2021

Artificial intelligence enterprise human resource management system based on FPGA
high performance computer hardware

2021

Predicting software effort from use case points: A systematic review 2021

Sentiment analysis and its applications in fighting COVID-19 and infectious diseases:
A systematic review

2021

Con: Routine Use of the Hypotension Prediction Index in Cardiac, Thoracic, and
Vascular Surgery

2021

Predicting Anticoagulation Need for Otogenic Intracranial Sinus Thrombosis: A
Machine Learning Approach

2021

The strategic use of artificial intelligence in the digital era: Systematic literature
review and future research directions

2021

Air quality and urban sustainable development: the application of machine learning
tools

2021

Antimalarial and cytotoxic drugs on COVID-19 and the cardiovascular burden:
Literature review and lessons to be learned

2021

Wind power forecasting: A systematic literature review 2021

Application of Machine Learning in Diagnosis of COVID-19 Through X-Ray and CT
Images: A Scoping Review

2021

Image processing based Smart Weed Removal and Organic Fertilizer Sprinkling Bot-A
Systematic Review

2021

2020 2nd International Conference on Science and Technology, ICoST 2020 2021
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Title Year

Micro-electromechanical systems-based technologies for leak detection and localization
in water supply networks: A bibliometric and systematic review

2021

Big data analytics: An emerging technology 2021

Current Evidence and Future Perspective of Accuracy of Artificial Intelligence Ap-
plication for Early Gastric Cancer Diagnosis With Endoscopy: A Systematic and
Meta-Analysis

2021

Association of Clinician Diagnostic Performance with Machine Learning-Based Deci-
sion Support Systems: A Systematic Review

2021

Financial predictions based on fusion models-a systematic review 2021

NORA and RODS the two Data Mining Technologies for National Security-A Review 2021

Recognition of bathroom activities in older adults using wearable sensors: A system-
atic review and recommendations

2021

Radiomics in renal cell carcinoma—a systematic review and meta-analysis 2021

Improved mitigation of cyber threats in iiot for smart cities: A new-era approach
and scheme

2021

Applying natural language processing and machine learning techniques to patient
experience feedback: A systematic review

2021

A Systematic Literature Review on Nowcasting for Future Research Directions 2021

Machine learning quantitation of cardiovascular and cerebrovascular disease: A
systematic review of clinical applications

2021

Soil properties prediction for precision agriculture using visible and near-infrared
spectroscopy: A systematic review and meta-analysis

2021

Application of machine learning in intensive care unit (ICU) settings using MIMIC
dataset: Systematic review

2021

Application of artificial intelligence in digital chest radiography reading for pulmonary
tuberculosis screening

2021
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Title Year

Artificial intelligence applications in medical imaging: A review of the medical physics
research in Italy

2021

Basic of machine learning and deep learning in imaging for medical physicists 2021

Common pitfalls and recommendations for using machine learning to detect and
prognosticate for COVID-19 using chest radiographs and CT scans

2021

A systematic review of security and privacy issues in the internet of medical things;
the role of machine learning approaches

2021

Recent advances in unmanned aerial vehicle forest remote sensing—a systematic
review. Part i: A general framework

2021

A comprehensive overview of the COVID-19 literature: Machine learning-based
bibliometric analysis

2021

Machine learning for mental health in social media: Bibliometric study 2021

Anne O’Tate: Value-added PubMed search engine for analysis and text mining 2021

Clinician involvement in research on machine learning-based predictive clinical decision
support for the hospital setting: A scoping review

2021

Using machine learning technologies in pressure injury management: systematic
review

2021

Artificial intelligence techniques that may be applied to primary care data to facilitate
earlier diagnosis of cancer: Systematic review

2021

Digital technologies and coercion in psychiatry 2021

Machine learning and novel biomarkers for the diagnosis of alzheimer’s disease 2021

Marmoset Brain ISH Data Revealed Molecular Difference between Cortical Folding
Patterns

2021

A systematic review of genomic regions and candidate genes underlying behavioral
traits in farmed mammals and their link with human disorders

2021

One Size Doesn’t Fit All: Supervised Machine Learning Classification in Athlete-
Monitoring

2021
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Title Year

Prognostic rules for predicting cognitive syndromes following stroke: A systematic
review

2021

Use and adaptations of machine learning in big data—applications in real cases in
agriculture

2021

Enhanced childhood diseases treatment using computational models: Systematic
review of intelligent experiments heading to precision medicine

2021

Agreement in Risk of Bias Assessment Between RobotReviewer and Human Reviewers:
An Evaluation Study on Randomised Controlled Trials in Nursing-Related Cochrane
Reviews

2021

MRI brain tumor medical images analysis using deep learning techniques: a systematic
review

2021

Novel Approaches to Risk Stratification of In-Hospital Cardiac Arrest 2021

Rethinking SME default prediction: a systematic literature review and future per-
spectives

2021

Automatic segmentation of white matter hyperintensities from brain magnetic reso-
nance images in the era of deep learning and big data – A systematic review

2021

A rule-based approach for automatically extracting data from systematic reviews
and their updates to model the risk of conclusion change

2021

A lexicon-based approach to detecting suicide-related messages on Twitter 2021

Perceptions of Canadian radiation oncologists, radiation physicists, radiation thera-
pists and radiation trainees about the impact of artificial intelligence in radiation
oncology – national survey

2021

A systematic review of machine learning classification methodologies for modelling
passenger mode choice

2021

Scholarly data mining: A systematic review of its applications 2021

Artificial Intelligence for the Characterization of Pulmonary Nodules, Lung Tumors
and Mediastinal Nodes on PET/CT

2021
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Title Year

A systematic review of radiomics in osteosarcoma: utilizing radiomics quality score
as a tool promoting clinical translation

2021

Conventional MRI features of adult diffuse glioma molecular subtypes: a systematic
review

2021

A review on diagnostic autism spectrum disorder approaches based on the Internet
of Things and Machine Learning

2021

Machine Learning for Cloud DDoS Attack Detection: A Systematic Review 2021

High-Throughput Metabolomics for Discovering Potential Biomarkers and Identifying
Metabolic Mechanisms in Aging and Alzheimer’s Disease

2021

A review of machine learning approaches in plant leaf disease detection and classifi-
cation

2021

A systematic review of techniques, tools and applications of machine learning 2021

Artificial intelligence and business strategy towards digital transformation: A research
agenda

2021

A review on human–ai interaction in machine learning and insights for medical
applications

2021

Transfer learning in breast cancer diagnoses via ultrasound imaging 2021

Machine learning approaches to bike-sharing systems: A systematic literature review 2021

Detection of fake news in social networks based on machine and deep learning: A brief
systematic literature review [Detección de noticias falsas en redes sociales basada en
aprendizaje automático y profundo: Una breve revisión sistemática]

2021

The state of and prospects for the introduction of artificial intelligence technologies
in obstetric and gynecological practice

2021

Has the flood entered the basement? A systematic literature review about machine
learning in laboratory medicine

2021

Brain metastasis detection using machine learning: a systematic review and meta-
analysis

2021
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Title Year

Prediction of Atrial Fibrillation using artificial intelligence on Electrocardiograms: A
systematic review

2021

Ozone Concentration Forecasting Based on Artificial Intelligence Techniques: A
Systematic Review

2021

Research on the big data of traditional taxi and online car-hailing: A systematic
review

2021

Machine learning–Based early warning systems for clinical deterioration: Systematic
scoping review

2021

Systematic review of machine learning applications in mining: Exploration, exploita-
tion, and reclamation

2021

Investigating brain microstructural alterations in type 1 and type 2 diabetes using
diffusion tensor imaging: A systematic review

2021

Deep learning in Nuclear Medicine—focus on CNN-based approaches for PET/CT
and PET/MR: where do we stand?

2021

Artificial intelligence for histology-based detection of microsatellite instability and
prediction of response to immunotherapy in colorectal cancer

2021

Artificial intelligence in nutrients science research: A review 2021

Application and performance of artificial intelligence technology in forensic odontology
– A systematic review

2021

Objective and automated assessment of surgical technical skills with IoT systems: A
systematic literature review

2021

Machine Learning in Emergency Medicine: Keys to Future Success 2021

Machine Learning Versus Usual Care for Diagnostic and Prognostic Prediction in the
Emergency Department: A Systematic Review

2021

Technological support for detection and prediction of plant diseases: A systematic
mapping study

2021

Application of machine learning to improve dairy farm management: A systematic
literature review

2021
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Efficacy of aerobic exercise on the cardiometabolic and renal outcomes in patients
with chronic kidney disease: a systematic review of randomized controlled trials

2021

Machine learning approaches for crop improvement: Leveraging phenotypic and
genotypic big data

2021

Machine learning model for predicting malaria using clinical information 2021

Sensitivity and specificity of the driver sleepiness detection methods using physiologi-
cal signals: A systematic review

2021

Machine learning vs. conventional statistical models for predicting heart failure
readmission and mortality

2021

Citation screening using crowdsourcing and machine learning produced accurate
results: Evaluation of Cochrane’s modified Screen4Me service

2021

High pooled performance of convolutional neural networks in computer-aided diagnosis
of GI ulcers and/or hemorrhage on wireless capsule endoscopy images: a systematic
review and meta-analysis

2021

A novel comparative study for detection of Covid-19 on CT lung images using texture
analysis, machine learning, and deep learning methods

2021

A systematic literature review on hardware implementation of artificial intelligence
algorithms

2021

Automatic brain lesion segmentation on standard magnetic resonance images: A
scoping review

2021

Classification and prioritisation of software requirements using machine learning - A
systematic review

2021

Artificial neural networks in healthcare: A systematic review 2021

Analysis of Human Gait Using Hybrid EEG-fNIRS-Based BCI System: A Review 2021

Application and Comparison of Artificial Neural Networks and XGBoost on
Alzheimer’s Disease

2021

A systematic review of semantic clone detection techniques in software systems 2021
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Title Year

Artificial Intelligence in Pharmacoepidemiology: A Systematic Review. Part 2–Com-
parison of the Performance of Artificial Intelligence and Traditional Pharmacoepi-
demiological Techniques

2021

Pathway-Based Drug-Repurposing Schemes in Cancer: The Role of Translational
Bioinformatics

2021

Effects of subjective and objective autoregulation methods for intensity and volume
on enhancing maximal strength during resistance-training interventions: A systematic
review

2021

Business process variant analysis: Survey and classification 2021

ApoPred: Identification of Apolipoproteins and Their Subfamilies With Multifarious
Features

2021

Sensor-Based Control for Collaborative Robots: Fundamentals, Challenges, and
Opportunities

2021

Artificial intelligence and reflections from educational landscape: A review of AI
studies in half a century

2021

Meta-analysis and systematic review of the application of machine learning classifiers
in biomedical applications of infrared thermography

2021

People with intellectual disabilities living in care facilities engaging in virtual social
contact: A systematic review of the feasibility and effects on well-being

2021

Artificial Intelligence Techniques: Analysis, Application, and Outcome in Dentistry -
A Systematic Review

2021

Automatic Extraction of Knowledge for Diagnosing COVID-19 Disease Based on
Text Mining Techniques: A Systematic Review

2021

Artificial Intelligence in the Management of Anterior Cruciate Ligament Injuries 2021

Software defect prediction using supervised machine learning techniques: A systematic
literature review

2021

Recent Trends in IoT–Based Smart Healthcare Applying ML and DL 2021
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Title Year

Clinical outcomes associated with robotic and computer-navigated total knee arthro-
plasty: a machine learning-augmented systematic review

2021

Artificial intelligence-based radiomics models in endometrial cancer: A systematic
review

2021

The Application and Development of Deep Learning in Radiotherapy: A Systematic
Review

2021

Productivity monitoring in building construction projects: a systematic review 2021

Investigation of Radiation-Induced Toxicity in Head and Neck Cancer Patients
through Radiomics and Machine Learning: A Systematic Review

2021

Machine learning for readability assessment and text simplification in crisis commu-
nication: A systematic review

2021

Machine learning and orthodontics, current trends and the future opportunities: A
scoping review

2021

A review of medical image data augmentation techniques for deep learning applications 2021

An Overview of Federated Deep Learning Privacy Attacks and Defensive Strategies 2021

Software effort estimation accuracy prediction of machine learning techniques: A
systematic performance evaluation

2021

Applications of Artificial Intelligence and Machine Learning in Disasters and Public
Health Emergencies

2021

The State of Machine Learning in Spine Surgery: A Systematic Review 2021

Food Adulteration Detection using Artificial Intelligence: A Systematic Review 2021

Hep-pred: Hepatitis C staging prediction using fine gaussian SVM 2021

Machine Learning Models for Predicting Stone-Free Status after Shockwave
Lithotripsy: A Systematic Review and Meta-Analysis

2021

Artificial intelligence in gastrointestinal endoscopy for inflammatory bowel disease: a
systematic review and new horizons

2021
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Title Year

Opportunities and challenges of machine learning models for prediction and diagnosis
of spondylolisthesis: A systematic review

2021

Assessment of the Autism Spectrum Disorder Based on Machine Learning and Social
Visual Attention: A Systematic Review

2021

Challenges targeting cancer neoantigens in 2021: a systematic literature review 2021

A Review of Applications of Machine Learning in Mammography and Future Chal-
lenges

2021

Research on product-service systems: topic landscape and future trends 2021

Challenges and limitations of earthquake-induced building damage mapping tech-
niques using remote sensing images-A systematic review

2021

Business analytics in Industry 4.0: A systematic review 2021

Current stance on predictive analytics in higher education: opportunities, challenges
and future directions

2021

A review of scientific advancements in datasets derived from big data for monitoring
the Sustainable Development Goals

2021

A systematic and network-based analysis of data-driven quality management in
supply chains and proposed future research directions

2021

A systematic literature review of RFID in supply chain management 2021

Moving from bytes to bedside: a systematic review on the use of artificial intelligence
in the intensive care unit

2021

Role of Radiomics in the Prediction of Muscle-invasive Bladder Cancer: A Systematic
Review and Meta-analysis

2021

Is It Intelligent? A Systematic Review of Intelligence in the Most Cited Papers in
IoT

2021

International Conference on Inventive Computation and Information Technologies,
ICICIT 2020

2021
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Overlaps Between Business Intelligence and Customer Relationship Management – Is
There a Place for E-Commerce?

2021

2nd International Conference on Applied Technologies, ICAT 2020 2021

Metaheuristic Techniques in Attack and Defense Strategies for Cybersecurity: A
Systematic Review

2021

COLINS 2021 - Proceedings of the 5th International Conference on Computational
Linguistics and Intelligent Systems. Volume I: Main Conference

2021

Machine Learning for Anomaly Detection: A Systematic Review 2021

Systematic review of training environments with motor imagery brain–computer
interface: Coherent taxonomy, open issues and recommendation pathway solution

2021

Fabric Defect Detection in Textile Manufacturing: A Survey of the State of the Art 2021

Objective assessments of human motor ability of the upper limb: A systematic review 2021

Analysis of Bibliometrics Research in Library Philosophy and Practice from 1998-2021 2021

Internet of Things Applications, Security Challenges, Attacks, Intrusion Detection,
and Future Visions: A Systematic Review

2021

Mapping Phenomena Relevant to Adolescent Emotion Regulation: A Text-Mining
Systematic Review

2021

Review of Prediction Analytics Studies on Readmission for the Chronic Conditions
of CHF and COPD: Utilizing the PRISMA Method

2021

Performance of machine learning algorithms for glioma segmentation of brain MRI: a
systematic literature review and meta-analysis

2021

22nd International Conference on Enterprise Information Systems, ICEIS 2020 2021

The role of PET radiomic features in prostate cancer: a systematic review 2021

Magnetoencephalography abnormalities in adult mild traumatic brain injury: A
systematic review

2021

Artificial intelligence applied to musculoskeletal oncology: a systematic review 2021



90 A. Appendix

Table A.1 continued from previous page

Title Year

A Systematic Literature Review about Idea Mining: The Use of Machine-Driven
Analytics to Generate Ideas

2021

Literature Review: Predicting Faults in Object-Oriented Software 2021

Machine Learning and Intelligent Diagnostics in Dental and Orofacial Pain Manage-
ment: A Systematic Review

2021

Systematic review of machine learning models for personalised dosing of heparin 2021

Role of machine learning in management of degenerative spondylolisthesis: A sys-
tematic review

2021

The diagnostic accuracy of Artificial Intelligence-Assisted CT imaging in COVID-19
disease: A systematic review and meta-analysis

2021

Using data mining techniques to fight and control epidemics: A scoping review 2021

A systematic review of urban navigation systems for visually impaired people 2021

Accuracy of computer-aided image analysis in the diagnosis of odontogenic cysts: A
systematic review

2021

Open Data in Prediction Using Machine Learning: A Systematic Review 2021

Diagnostic accuracy of current machine learning classifiers for age-related macular
degeneration: a systematic review and meta-analysis

2021

Reliability of machine learning to diagnose pediatric obstructive sleep apnea: Sys-
tematic review and meta-analysis

2021

Semantic data mining in the information age: A systematic review 2021

Computational diagnostic methods on 2D photographs: A review of the literature 2021

Ethical implications of AI in robotic surgical training: A Delphi consensus statement 2021

A survey of network embedding for drug analysis and prediction 2021

Artificial intelligence in systematic literature reviews: a case for cautious optimism 2021
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Music mood and human emotion recognition based on physiological signals: a
systematic review

2021

Reply to letter to the editor by Kharawala S, et al: Artificial intelligence for assisting
systematic reviews: Opportunities with continuing challenges

2021

Towards an efficient knowledge-based recommendation system 2021

Availability and reporting quality of external validations of machine-learning predic-
tion models with orthopedic surgical outcomes: a systematic review

2021

Resume Screening Using Natural Language Processing and Machine Learning: A
Systematic Review

2021

2nd International Conference on Machine Learning and Information Processing,
ICMLIP 2020

2021

Wide range of applications for machine-learning prediction models in orthopedic
surgical outcome: a systematic review

2021

Applications of artificial intelligence in engineering and manufacturing: a systematic
review

2021

Monitoring real time security attacks for iot systems using devsecops: A systematic
literature review

2021

Prediction of Compressive Strength of Concrete and Rock Using an Elementary
Instance-Based Learning Algorithm

2021

A Systematic Review on Automatic Detection of Plasmodium Parasite 2021

Machine Learning techniques to Model Geomechanics and Petrophysical Properties
of Shale Reservoirs – A Systematic Literature Review

2021

Machine learning approaches in COVID-19 diagnosis, mortality, and severity risk
prediction: A review

2021

Consensus transcriptional landscape of human end-stage heart failure 2021

A systematic review of machine learning-based missing value imputation techniques 2021
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An open source machine learning framework for efficient and transparent systematic
reviews

2021

A systematic review on detection and estimation algorithms of EEG signal for epilepsy 2021

Question Answering Systems: A Systematic Literature Review 2021

A computational literature review of football performance analysis through proba-
bilistic topic modeling

2021

Climate action for health and wellbeing in cities: A protocol for the systematic
development of a database of peer-reviewed studies using machine learning methods

2021

Sentiment Analysis in Dialectal Arabic: A Systematic Review 2021

A systematic review of the effectiveness of machine learning for predicting psychosocial
outcomes in acquired brain injury: Which algorithms are used and why?

2021

E-sensing and nanoscale-sensing devices associated with data processing algorithms
applied to food quality control: a systematic review

2021

Online Extremism Detection: A Systematic Literature Review with Emphasis on
Datasets, Classification Techniques, Validation Methods, and Tools

2021

A Systematic Review of Predicting Elections Based on Social Media Data: Research
Challenges and Future Directions

2021

Machine learning prediction models in orthopedic surgery: A systematic review in
transparent reporting

2021

Deep Learning in the Detection and Diagnosis of COVID-19 Using Radiology Modal-
ities: A Systematic Review

2021

Algorithms and software for data mining and machine learning: a critical comparative
view from a systematic review of the literature

2021

A systematic review of machine learning in logistics and supply chain management:
current trends and future directions

2021

Deep learning applications for IoT in health care: A systematic review 2021

Multilingual sentiment analysis: A systematic literature review 2021
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Title Year

A survey on trustworthy model of recommender system 2021

Online Extremism Detection in Textual Content: A Systematic Literature Review 2021

Understanding current states of machine learning approaches in medical informatics:
a systematic literature review

2021

A systematic literature review on state-of-the-art deep learning methods for process
prediction

2021

Condition monitoring systems: a systematic literature review on machine-learning
methods improving offshore-wind turbine operational management

2021

Computational Literature Reviews: Method, Algorithms, and Roadmap 2021

A Review on Spatial Technologies for Enhancing Malaria Control: Concepts, Tools,
and Challenges

2021

Meningioma MRI radiomics and machine learning: systematic review, quality score
assessment, and meta-analysis

2021

Linking brain biology to intellectual endowment: A review on the associations of
human intelligence with neuroimaging data

2021

A Meta-analysis of Educational Data Mining for Predicting Students Performance in
Programming

2021

The Role of AI, Machine Learning, and Big Data in Digital Twinning: A Systematic
Literature Review, Challenges, and Opportunities

2021

Deep learning applications for the classification of psychiatric disorders using neu-
roimaging data: Systematic review and meta-analysis

2021

Advance Machine Learning Methods for Dyslexia Biomarker Detection: A Review of
Implementation Details and Challenges

2021

The Role of AI, Machine Learning, and Big Data in Digital Twinning: A Systematic
Literature Review, Challenges, and Opportunities

2021

Continuous Multimodal Biometric Authentication Schemes: A Systematic Review 2021

Explainable Student Performance Prediction Models: A Systematic Review 2021
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Title Year

Current State of Non-wearable Sensor Technologies for Monitoring Activity Patterns
to Detect Symptoms of Mild Cognitive Impairment to Alzheimer’s Disease

2021

Feature selection methods for text classification: a systematic literature review 2021

A Systematic Literature Review of Deep Learning for Detecting Dementia 2021

5th International Conference on Lean and Agile Software Development, LASD 2021 2021

Defining the big social data paradigm through a systematic literature review approach 2021

A Survey of Low-Energy Parallel Scheduling Algorithms 2021

Systematic literature review of sentiment analysis in the Spanish language 2021

A Systematic Review on Monitoring and Advanced Control Strategies in Smart
Agriculture

2021

Autonomously Improving Systems in Industry: A Systematic Literature Review 2021

Architecting AI Deployment: A Systematic Review of State-of-the-Art and State-of-
Practice Literature

2021

Artificial intelligence in outcomes research: a systematic scoping review 2021

Text mining techniques for cyberbullying detection: State of the art 2021

Assessment of major depressive disorders through neuroimaging studies and their
treatment methods

2021

Systematic Literature Review of Dialectal Arabic: Identification and Detection 2021

Opportunities and challenges for applying process mining in healthcare: a systematic
mapping study

2021

The diagnosis of tuberculous meningitis in adults and adolescents: Protocol for a
systematic review and individual patient data meta-analysis to inform a multivariable
prediction model

2021

Leveraging Artificial Intelligence in Business: Implications, Applications and Methods 2021

Machine Learning for Cloud Security: A Systematic Review 2021
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Title Year

Bibliometric Study on the Use of Machine Learning as Resolution Technique for
Facility Layout Problems

2021

Endocytoscopy for Luminal Gastrointestinal Diseases: A Systematic Review 2021

Technological Evolvement in AAC Modalities to Foster Communications of Verbally
Challenged ASD Children: A Systematic Review

2021

A systematic review of the application of machine-learning algorithms in multiple
sclerosis [Revisión sistemática de la aplicación de algoritmos de machine learning en
la esclerosis múltiple]

2021

Ability of current machine learning algorithms to predict and detect hypoglycemia in
patients with diabetes mellitus: meta-analysis

2021

Wearable Sensor-Based Sign Language Recognition: A Comprehensive Review 2021

Using natural language processing to classify social work interventions 2021

Role of machine learning techniques to tackle the covid-19 crisis: Systematic review 2021

Predicting Clinical Outcomes in Acute Ischemic Stroke Patients Undergoing Endovas-
cular Thrombectomy with Machine Learning: A Systematic Review and Meta-analysis

2021

Data Mining-based Financial Statement Fraud Detection: Systematic Literature Re-
view and Meta-analysis to Estimate Data Sample Mapping of Fraudulent Companies
Against Non-fraudulent Companies

2021

Perceptions and Opinions of Patients about Mental Health Chatbots: Scoping Review 2021

Use of the systematized nomenclature of medicine clinical terms (snomed ct) for
processing free text in health care: Systematic scoping review

2021

A Systematic Review of Applications of Machine Learning in Cancer Prediction and
Diagnosis

2021

Computer vision-based weight estimation of livestock: a systematic literature review 2021

Convolutional neural networks in the computer-aided diagnosis of Helicobacter Pylori
infection and non-causal comparison to physician endoscopists: A systematic review
with meta-analysis

2021
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Title Year

Big data in severe mental illness: The role of electronic monitoring tools and
metabolomics

2021

Characterizing Visual Programming Approaches for End-User Developers: A Sys-
tematic Review

2021

A systematic literature review on intelligent automation: Aligning concepts from
theory, practice, and future perspectives

2021

A systematic review on the developments and evaluation of twin learning algorithms 2021

Noninvasive determination of IDH and 1p19q status of lower-grade gliomas using
MRI radiomics: A systematic review

2021

Osteoporosis prediction for trabecular bone using machine learning: a review 2021

Predictive analysis and survey of COVID-19 using machine learning and big data 2021

Medical diagnosis using machine learning: a statistical review 2021

Hybrid deep learning (Hdl)-based brain-computer interface (bci) systems: A system-
atic review

2021

Machine learning for child and adolescent health: A systematic review 2021

Artificial intelligence-based techniques for analysis of body cavity fluids: a review 2021

Machine Learning Applications for Precision Agriculture: A Comprehensive Review 2021

A review on traditional machine learning and deep learning models for WBCs
classification in blood smear images

2021

The Potential of Big Data Research in HealthCare for Medical Doctors’ Learning 2021

Classification techniques in breast cancer diagnosis: A systematic literature review 2021

Machine learning applied on the district heating and cooling sector: a review 2021

Artificial intelligence performance in detecting tumor metastasis from medical radiol-
ogy imaging: A systematic review and meta-analysis

2021
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Predicting student performance using data mining and learning analytics techniques:
A systematic literature review

2021

Public health impact of using biosimilars, is automated follow up relevant? 2021

Extreme Learning Machine for Business Sales Forecasts: A Systematic Review 2021

Smart conversational agents for the detection of neuropsychiatric disorders: A sys-
tematic review

2021

Software Reusability Estimation Using Machine Learning Techniques—A Systematic
Literature Review

2021

Racialized algorithms for kidney function: Erasing social experience 2021

The use of Motor and Cognitive Dual-Task quantitative assessment on subjects with
mild cognitive impairment: A systematic review

2021

Which features of postural sway are effective in distinguishing Parkinson’s disease
from controls? A systematic review

2021

Applications of machine learning and deep learning to thyroid imaging: Where do
we stand?

2021

Coronary artery disease detection using artificial intelligence techniques: A survey of
trends, geographical differences and diagnostic features 1991–2020

2021

Analysis of Consciousness Level Using Galvanic Skin Response during Therapeutic
Effect

2021

Mortality, predictors and causes among people with intellectual disabilities: A
systematic narrative review supplemented by machine learning

2021

International Conference on Intelligent Computing and Networking, IC-ICN 2020 2021

Osseointegration Pharmacology: A Systematic Mapping Using Artificial Intelligence 2021

Software Requirements Classification and Prioritisation Using Machine Learning 2021

A Systematic Review on an Embedded Web Server Architecture 2021

A Systematic Review of Approximate Adders: Accuracy and Performance Analysis 2021
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Title Year

A Systematic Review on Various Types of Full Adders 2021

Systematic Review on Full-Subtractor Using Quantum-Dot Cellular Automata (QCA) 2021

Android security assessment: A review, taxonomy and research gap study 2021

A systematic review of machine learning algorithms for prognostics and health
management of rolling element bearings: fundamentals, concepts and applications

2021

Deep learning for Arabic subjective sentiment analysis: Challenges and research
opportunities

2021

e-Recruitment recommender systems: a systematic review 2021

Machine learning for geographically differentiated climate change mitigation in urban
areas

2021

Evaluation of prognostic prediction models for out-of-hospital cardiac arrest 2021

Temporal gap statistic: A new internal index to validate time series clustering 2021

Development of Proteomic Prediction Models for Transition to Psychotic Disorder in
the Clinical High-Risk State and Psychotic Experiences in Adolescence

2021

Predicting the progression of mild cognitive impairment using machine learning: A
systematic, quantitative and critical review

2021

A systematic review of convolutional neural network-based structural condition
assessment techniques

2021

Google earth engine and its application in forest sciences 2021

A systematic review of risk factors and risk assessment models for breast cancer 2021

Artificial intelligence interventions focused on opioid use disorders: A review of the
gray literature

2021

Digital Transformation and Organizational Operational Decision Making: A System-
atic Review

2021

Machine learning techniques for structural health monitoring of heritage buildings:
A state-of-the-art review and case studies

2021
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A review on machine learning algorithms 2021

Systematic mapping of detection techniques for advanced persistent threats 2021

Application of machine learning methods for the prediction of organic solid waste
treatment and recycling processes: A review

2021

A.2 Results from Digital Libraries Generated while Data

Collection Phase

Title Year

Aligning text mining and machine learning algorithms with best practices for study
selection in systematic literature reviews

2020

Using a neural network-based feature extraction method to facilitate citation screening
for systematic review

2020

Reducing efforts of software engineering systematic literature reviews updates using
text classification

2020

Fake online reviews: Literature review, synthesis, and directions for future research 2020

A systematic review to identify the effects of tea by integrating an intelligence-based
hybrid text-mining and topic modeling

2020

Review of automatic text summarization techniques & methods 2020

Big data analytics meets social media: A systematic review of techniques, open issues,
and future directions

2020

Data preprocessing for heart disease classification: A systematic literature review. 2019

A survey on wearable sensor modality centred human activity recognition in health
care

2019

Mining the voice of employees: A text mining approach to identifying and analyzing
job satisfaction factors from online employee reviews

2019
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Title Year

Classification of patents according to industry 4.0 pillars using machine learning
algorithms

2019

Machine Learning Classifiers for Asthma Disease Prediction: A Practical Illustration 2019

Software Defect Prediction based on Machine Learning Algorithms 2019

Bidirectional Feature Transfer for Cross-Domain Sentiment Analysis 2019

Benchmarking Deep Learning for Time Series: Challenges and Directions 2019

Active Learning with Abstaining Classifiers for Imbalanced Drifting Data Streams 2019

A cost-sensitive approach to enhance the use of ML classifiers in software testing
efforts

2019

Educational data mining: Analysis of drop out of engineering majors at the UnB -
Brazil

2019

Prediction of Physical Load Level by Machine Learning Analysis of Heart Activity
after Exercises

2019

T-REC: Towards accurate bug triage for technical groups 2019

Predictive modeling of ICU healthcare-associated infections from imbalanced data.
Using ensembles and a clustering-based undersampling approach

2019

Fault diagnosis of rotating electrical machines using multi-label classification 2019

Systematic literature review of preprocessing techniques for imbalanced data 2019

Survey of intrusion detection systems: techniques, datasets and challenges 2019

Ensembles of natural language processing systems for portable phenotyping solutions 2019

Data mining and machine learning techniques applied to public health problems: A
bibliometric analysis from 2009 to 2018

2019

Social media big data analytics: A survey 2019

A supervised machine learning approach to data-driven simulation of resilient supplier
selection in digital manufacturing

2019
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Criminal Activity Detection in Social Network by Text Mining: Comprehensive
Analysis

2019

Comparing the Accuracy of Hierarchical Agglomerative and K-means Clustering on
Mobile Augmented Reality Usability Metrics

2019

IFeedback: Exploiting user feedback for real-time issue detection in large-scale online
service systems

2019

How to extract meaningful insights from UGC: A knowledge-based method applied
to education

2019

A predictive analytics framework for identifying patients at risk of developing multiple
medical complications caused by chronic diseases

2019

A systematic literature review of machine learning methods applied to predictive
maintenance

2019

A review of soft techniques for SMS spam classification: Methods, approaches and
applications

2019

Application of new deep genetic cascade ensemble of SVM classifiers to predict the
Australian credit scoring

2019

Fuzzy regression analysis: Systematic review and bibliography 2019

Bug report severity level prediction in open source software: A survey and research
opportunities

2019

A cost-sensitive meta-learning classifier: SPFCNN-Miner 2019

JLLAR: A logging recommendation plug-in tool for java 2019

Evolution of decision tree classifiers in open ended educational data mining 2019

A review of computational methods for cervical cells segmentation and abnormality
classification

2019

Predicting and Reducing Dropout in Virtual Learning using Machine Learning
Techniques: A Systematic Review

2019
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Title Year

Online Learners’ Behaviors Detection Using Exploratory Data Analysis and Machine
Learning Approach

2019

Big Data Analytics in Cybersecurity: Network Data and Intrusion Prediction 2019

Bidirectional mean distance estimation: A new gap filling method 2019

Academic plagiarism detection: A systematic literature review 2019

Improving defect prediction with deep forest 2019

Multimodal data as a means to understand the learning experience 2019

Automatic Question Classifiers: A Systematic Review 2019

A survey on classification techniques for opinion mining and sentiment analysis 2019

Tracing with Less Data: Active Learning for Classification-Based Traceability Link
Recovery

2019

Automated Classification of Metamodel Repositories: A Machine Learning Approach 2019

The impact of feature types, classifiers, and data balancing techniques on software
vulnerability prediction models

2019

Fake news detection of Indian and United States election data using machine learning
algorithm

2019

Single-Channel EEG-Based Machine Learning Method for Prescreening Major De-
pressive Disorder

2019

Video skimming: Taxonomy and comprehensive survey 2019

Machine learning methods for reliable resource provisioning in edge-cloud computing:
A survey

2019

Real-value negative selection over-sampling for imbalanced data set learning 2019

An efficient FMRI classification technique in cloud using multiple parallel feature
selection algorithm

2019
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Title Year

Triangulating the implementation of hierarchical agglomerative clustering on MAR-
learning usability data

2019

Customer Churn Prediction in Telecommunication Industry Using Machine Learning
Classifiers

2019

Extracting reliable health condition and symptom information to support machine
learning

2019

A Quantitive Description Method of Vascular basing on Unsupervised Learning
towards Operation Skills Assessment of Endovascular Surgery

2019

A systematic review on imbalanced data challenges in machine learning: Applications
and solutions

2019

Development of Big Data Predictive Analytics Model for Disease Prediction using
Machine learning Technique

2019

Machine learning-based coronary artery disease diagnosis: A comprehensive review 2019

Reviewing ensemble classification methods in breast cancer 2019

A hybrid IT framework for identifying high-quality physicians using big data analytics 2019

Developing measures of cognitive impairment in the real world from consumer-grade
multimodal sensor streams

2019

Survey and cross-benchmark comparison of remaining time prediction methods in
business process monitoring

2019

Review of Machine Learning Approaches in Fault Diagnosis applied to IoT Systems 2019

An insight into machine learning techniques for predictive analysis and feature
selection

2019

Latest tools for data mining and machine learning 2019

Software fault proneness prediction with group lasso regression: On factors that affect
classification performance

2019

Asynchronous multivariate time series early prediction for ICU transfer 2019
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Title Year

Diagnosis of Human Psychological Disorders using Supervised Learning and Nature-
Inspired Computing Techniques: A Meta-Analysis

2019

HerGePred: Heterogeneous Network Embedding Representation for Disease Gene
Prediction

2019

Deep neural network based hybrid approach for software defect prediction using
software metrics

2019

Survey on handwriting-based personality trait identification 2019

High-level software requirements and iteration changes: a predictive model 2019

A Systematic Mapping Study of Language Features Identification from Large Text
Collection

2019

Machine learning prediction approach to enhance congestion control in 5G IoT
environment

2019

A survey on big multimedia data processing and management in smart cities 2019

Deep learning and big data in healthcare: A double review for critical beginners 2019

A hybrid of whale optimization and late acceptance hill climbing based imputation
to enhance classification performance in electronic health records

2019

Visual Exploration of Neural Document Embedding in Information Retrieval: Se-
mantics and Feature Selection

2019

Extracting meaningful insights on city and zone levels utilizing US open government
data

2019

Machine learning algorithms for building recommender systems 2019

Efficient Breast Cancer Prediction Using Ensemble Machine Learning Models 2019

Predicting anxiety state using smartphone-based passive sensing 2019

An adaptive, data-driven personalized advisor for increasing physical activity 2019

Applications of trajectory data from the perspective of a road transportation agency:
Literature review and maryland case study

2019
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Decision tree Model: Predicting Sexual Offenders on the Basis of Minor and Major
Victims

2019

IHPreten: A novel supervised learning framework with attribute regularization for
prediction of incompatible herb pair in traditional Chinese medicine

2019

A literature study on machine learning fusion with IoT 2019

Automating root cause analysis via machine learning in agile software testing envi-
ronments

2019

Semi-supervised learning to improve generalizability of risk prediction models 2019

Mining activity log data to predict student’s outcome in a course 2019

A framework for preprocessing multivariate, topology-aware time series and event
data in a multi-system environment

2019

Colorectal cancer outcome prediction from H&E whole slide images using machine
learning and automatically inferred phenotype profiles

2019

Using randomness to improve robustness of tree-based models against evasion attacks 2019

A Comparative Study of Unsupervised Learning Algorithms for Software Fault
Prediction

2019

A Principled Approach to Using Machine Learning in Qualitative Education Research 2019

A survey on software defect prediction in cross project 2019

A hybrid scheme for feature selection of high dimensional educational data 2019

Tracking Events in Twitter by Combining an LDA-Based Approach and a Density-
Contour Clustering Approach

2019

Application of supervised machine learning algorithms in the classification of sagittal
gait patterns of cerebral palsy children with spastic diplegia

2019

A new semantic-based feature selection method for spam filtering 2019

Machine learning from crowds: A systematic review of its applications 2019
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Title Year

Application of machine learning techniques, big data analytics in health care sector-A
literature survey

2019

Radar for assisted living in the context of Internet of Things for Health and beyond 2019

Suicide prediction in twitter data using mining techniques: A survey 2019

Machine Learning Techniques for Code Smells Detection: A Systematic Mapping
Study

2019

Empirical study of software defect prediction: A systematic mapping 2019

FANCFIS: Fast adaptive neuro-complex fuzzy inference system 2019

Towards Identification of Hypomimia in Parkinson’s Disease Based on Face Recogni-
tion Methods

2019

Designing care pathways using simulation modeling and machine learning 2019

Dynamic Causal Modeling and machine learning for effective connectivity in Auditory
Hallucination

2019

Triage prediction in pediatric patients with respiratory problems 2019

Enabling of Predictive Maintenance in the Brownfield through Low-Cost Sensors, an
IIoT-Architecture and Machine Learning

2019

Differentially Private Semi-Supervised Learning with Known Class Priors 2019

A recommender system for component-based applications using machine learning
techniques

2019

Current Applications of Machine Learning Techniques in CRM: A Literature Review
and Practical Implications

2019

A Systematic Literature Review of Machine Learning Techniques for Software Main-
tainability Prediction

2019

Adaptations of data mining methodologies: a systematic literature review 2019

A Review on Neurocomputing Based wind Turbines Fault Diagnosis and Prognosis 2019
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Predictive analytics on big data - An overview 2019

Automatic Real-Time Mining Software Process Activities from SVN Logs Using a
Naive Bayes Classifier

2019

Understanding the elephant: The discourse approach to boundary identification and
corpus construction for theory review articles

2019

Designing an automated intelligent e-learning system to enhance the knowledge using
machine learning techniques

2019

An improved univariate feature selection model for classification of microarray data 2019

A Review on Arabic sentiment analysis: State-of-The-Art, taxonomy and open
research challenges

2019

An imbalanced big data mining framework for improving optimization algorithms
performance

2019

Contributing Features-Based Schemes for Software Defect Prediction 2019

Discovering medication patterns for high-complexity drug-using diseases through
electronic medical records

2019

Systematic review of Bug report processing techniques to improve software manage-
ment performance

2019

A discretized extended feature space (DEFS) model to improve the anomaly detection
performance in network intrusion detection systems

2019

Semantic web technologies for explainable machine learning models: A literature
review

2019

Explainable artificial intelligence based heat recycler fault detection in air handling
unit

2019

Model-based extraction of knowledge about the effect of cloud application context on
application service cost and quality of service

2019

A semi-supervised self-trained two-level algorithm for forecasting students’ graduation
time

2019
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Title Year

Evolution from ancient medication to human-centered Healthcare 4.0: A review on
health care recommender systems

2019

A wide scale classification of class imbalance problem and its solutions: A systematic
literature review

2019

Hybrid clustering based health decision-making for improving dietary habits 2019

A Detailed Review of Artificial Intelligence Applied in the Fashion and Apparel
Industry

2019

Sentiment Analysis in Social Media and Its Application: Systematic Literature review 2019

Fighting post-truth using natural language processing: A review and open challenges 2019

The state of the art in visual analysis approaches for ocean and atmospheric datasets 2019

Leveraging Machine Learning and Big Data for Smart Buildings: A Comprehensive
Survey

2019

Anomaly Detection, Analysis and Prediction Techniques in IoT Environment: A
Systematic Literature Review

2019

Experimental validation of inheritance metrics’ impact on software fault prediction 2019

Analyses of Classifier’s Performance Measures Used in Software Fault Prediction
Studies

2019

Adoption of machine learning techniques to perform secondary studies: A systematic
mapping study for the computer science field

2019

Predicting Cyberbullying on Social Media in the Big Data Era Using Machine
Learning Algorithms: Review of Literature and Open Challenges

2019

A Taxonomy of Traffic Forecasting Regression Problems from a Supervised Learning
Perspective

2019

A survey of machine learning approaches and techniques for student dropout predic-
tion

2019

A Systematic Review of Deep Learning Approaches to Educational Data Mining 2019
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Fault Diagnosis of Delta 3D Printers Using Transfer Support Vector Machine with
Attitude Signals

2019

Sentiment Analysis of Arabic and English Tweets 2019

Cross project software defect prediction using extreme learning machine: An ensemble
based study

2019

A Performance Assessment of Rose Plant Classification Using Machine Learning 2019

Task Failure Prediction using Combine Bagging Ensemble (CBE) Classification in
Cloud Workflow

2019

Software development effort estimation using regression fuzzy models 2019

Speech Recognition Using Deep Neural Networks: A Systematic Review 2019

GAN-Based semi-supervised learning approach for clinical decision support in health-
IoT platform

2019

Efficient classification technique on healthcare data 2019

An ANN based approach for software fault prediction using object oriented metrics 2019

Machine learning methods for research highlight prediction in biomedical effects of
nanomaterial application

2019

A genetic programming approach applied to feature selection from medical data 2019

Deep Feature Learning Based Clustering with Application to TCM Data Analysis 2018

Remote cloud-based automated stroke rehabilitation assessment using wearables 2018

A cloud based four-tier architecture for early detection of heart disease with machine
learning algorithms

2018

Mining volunteered geographic information for predictive energy data analytics 2018

Prediction of spinal curve progression in Adolescent Idiopathic Scoliosis using Random
Forest regression

2018

Mental health monitoring with multimodal sensing and machine learning: A survey 2018
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systematic review on techniques of feature selection and classification for text mining 2018

A Novel Two-Stage System for Detecting and Tracking Events in Twitter 2018

Cascaded feature selection for enhancing the performance of collaborative recom-
mender system

2018

Technology-Facilitated Detection of Mild Cognitive Impairment: A Review 2018

Blog Response Volume Prediction Using Adaptive Neuro Fuzzy Inference System 2018

A Comparative Study of Breast Cancer Diagnosis Using Supervised Machine Learning
Techniques

2018

Asynchronous accelerating multi-leader salp chains for feature selection 2018

Defect Prediction in Android Binary Executables Using Deep Neural Network 2018

WebMAC: A web based clinical expert system 2018

Spam Filtering: A Comparison between Different Machine Learning Classifiers 2018

Applying graph kernels to model-driven engineering problems 2018

Machine learning for bioinformatics and neuroimaging 2018

A survey towards an integration of big data analytics to big insights for value-creation 2018

On the value of parameter tuning in heterogeneous ensembles effort estimation 2018

Comparison of Machine Learning Approaches Toward Assessing the Risk of Developing
Cardiovascular Disease as a Long-Term Diabetes Complication

2018

Real-time activity monitoring with a wristband and a smartphone 2018

Developing an intrusion detection framework for high-speed big data networks: A
comprehensive approach

2018

Artificial Intelligence Scientific Documentation Dataset for Recommender Systems 2018

Survey on target dependent sentiment analysis of micro-blogs in social media 2018
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An inductive learning perspective on automated generation of feature models from
given product specifications

2018

Graph-based biomedical text summarization: An itemset mining and sentence clus-
tering approach

2018

Educational data mining for enhanced teaching and learning 2018

Computer vision and deep learning techniques for pedestrian detection and tracking:
A survey

2018

Feature Extraction and Classification of Movie Reviews 2018

A Systematic Literature Review of Short Text Classification on Twitter 2018

Role of Ontology and Machine Learning in Recommender Systems 2018

An Advance Tree Adaptive Data Classification for the Diabetes Disease Prediction 2018

Knowledge discovery out of text data: a systematic review via text mining 2018

Machine Learning and Mobile Health Monitoring Platforms: A Case Study on
Research and Implementation Challenges

2018

Simulation of patient flow in multiple healthcare units using process and data mining
techniques for model identification

2018

Big data handling mechanisms in the healthcare applications: A comprehensive and
systematic literature review

2018

Reducing user input requests to improve IT support ticket resolution process 2018

A comprehensive study of activity recognition using accelerometers 2018

A systematic mapping study of process mining 2018

A state-of-the-art review of machine learning techniques for fraud detection research 2018

Social media for knowledge sharing: A systematic literature review 2018

College data analysis based on multi-learning method 2018
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Comparative study of individual and ensemble methods of classification for credit
scoring

2018

Telephone-based dementia screening i: Automated semantic verbal fluency assessment 2018

A novel approach for software defect prediction through hybridizing gradual relational
association rules with artificial neural networks

2018

The use of machine learning algorithms in recommender systems: A systematic review 2018

Dynamic ensemble classification for credit scoring using soft probability 2018

Software metrics thresholds calculation techniques to predict fault-proneness: An
empirical comparison

2018

A framework for big data analytics approach to failure prediction of construction
firms

2018

Machine learning techniques for breast cancer computer aided diagnosis using different
image modalities: A systematic review

2018

Breast cancer data analysis for survivability studies and prediction 2018

An effective approach for software project effort and duration estimation with machine
learning algorithms

2018

Machine learning applications in supply chains: An emphasis on neural network
applications

2018

On neural networks and learning systems for business computing 2018

An overview of automated glaucoma detection 2018

Survey on machine learning algorithms as cloud service for CIDPS 2018

User Identification on Social NetworksThrough Text Mining Techniques:A Systematic
Literature Review

2018

Aircraft atypical approach detection using functional principal component analysis 2018

Analysis of relationships between tweets and stock market trends 2018
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Data mining techniques applied to public health problems: A bibliometric analysis
from 2003 to 2017

2018

Extracting knowledge from noise information 2018

The application of user event log data for mental health and wellbeing analysis 2018

Health big data analytics: A technology survey 2018

Using artificial intelligence techniques in collaborative filtering recommender systems:
Survey

2018

Early detection of breast cancer using machine learning techniques 2018

Empirical analysis on cancer dataset with machine learning algorithms 2018

Analyzing machine learning techniques for fault prediction using web applications 2018

An empirical analysis for predicting source code file reusability using meta-
classification algorithms

2018

Intrusion detection taxonomy and data preprocessing mechanisms 2018

Models, More Models, and Then a Lot More 2018

Mining electronic health records (EHRs): A survey 2018

Critical evaluation of bioinformatics tools for the prediction of protein crystallization
propensity

2018

Data-driven cost estimation for additive manufacturing in cybermanufacturing 2018

Predicting dementia screening and staging scores from semantic verbal fluency per-
formance

2017

Prediction of Adverse Events in Patients Undergoing Major Cardiovascular Procedures 2017

Software estimation - towards prescriptive analytics 2017

Decision support system for the diagnosis of neurological disorders based on gaze
tracking

2017
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Integrated Approach to Software Defect Prediction 2017

An Intelligible Risk Stratification Model Based on Pairwise and Size Constrained
Kmeans

2017

A novel algorithm to detect glaucoma risk using texton and local configuration
pattern features extracted from fundus images

2017

Flow-based intrusion detection: Techniques and challenges 2017

Machine learning techniques in eating behavior e-coaching: Balancing between
generalization and personalization

2017

Resting State Effective Connectivity Allows Auditory Hallucination Discrimination 2017

Assessing web sites quality: A systematic literature review by text and associations
rules mining

2017

A study on using Python vs Weka on dialysis data analysis 2017

Systematic survey on evolution of machine learning for big data 2017

Predicting likelihood of requirement implementation within the planned iteration:
An empirical study at IBM

2017

Software defect prediction analysis using machine learning algorithms 2017

Natural language processing systems for capturing and standardizing unstructured
clinical information: systematic literature review

2017

Technical Approach in Text Mining for Stock Market Prediction: A systematic review 2017

Machine learning on big data: Opportunities and challenges 2017

Fuzzy Rule-Based Approach for Software Fault Prediction 2017

Predicting dengue incidences using cluster based regression on climate data 2017

Automated diagnosis of congestive heart failure using dual tree complex wavelet
transform and statistical features extracted from 2 s of ECG signals

2017
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Table A.2 continued from previous page

Title Year

Detecting physical activity within lifelogs towards preventing obesity and aiding
ambient assisted living

2017

A novel approach for software defect prediction using fuzzy decision trees 2017

Combining unsupervised, supervised, and rule-based algorithms for text mining of
electronic health records: A clinical decision support system for identifying and
classifying allergies of concern for anesthesia during surgery

2017

Approaches and challenges in the visual-interactive comparison of human motion
data

2017

Analysis on various machine learning based approaches with a perspective on the
performance

2017

Privacy protection in machine learning: The state-of-the-art for a private decision
tree

2017

Implications of big data analytics in developing healthcare frameworks – A review 2017

Machine learning for critical care: An overview and a sepsis case study 2017

Implications of big data analytics in developing healthcare frameworks – 2017

Toward Non-Intrusive Load Monitoring via Multi-Label Classification 2017

Visual Interaction with Dimensionality Reduction: A Structured Literature Analysis 2017

Automatic classification of glycaemia measurements to enhance data interpretation
in an expert system for gestational diabetes

2016

Data mining techniques in social media: A survey 2016

Interactive knowledge discovery with the doctor-in-the-loop: a practical example of
cerebral aneurysms research

2016

Understanding factors affecting patient and public engagement and recruitment to
digital health interventions: a systematic review of qualitative studies

2016

Big Data in the construction industry: A review of present status, opportunities, and
future trends

2016
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Table A.2 continued from previous page

Title Year

Topic detection using paragraph vectors to support active learning in systematic
reviews

2016

A search-based training algorithm for cost-aware defect prediction 2016

UDeKAM: A methodology for acquiring declarative structured knowledge from
unstructured knowledge resources

2016

Data Sampling and Supervised Learning for HIV Literature Screening 2016

A flexible data-driven comorbidity feature extraction framework 2016

A Survey and Taxonomy of Distributed Data Mining Research Studies: A Systematic
Literature Review

2016

On Combining Multiple-Instance Learning and Active Learning for Computer-Aided
Detection of Tuberculosis

2016

Classification of clinically useful sentences in clinical evidence resources 2016

Ensemble Classification and Regression-Recent Developments, Applications and
Future Directions [Review Article]

2016

Monitoring technology 2016

Needmining: Identifying micro blog data containing customer needs 2016

An automated defect prediction framework using genetic algorithms: A validation of
empirical studies

2016

Computational classification of melanocytic skin lesions 2016

Needmining: Towards analytical support for service design 2016

Outcome Prediction in Clinical Treatment Processes 2016

Maritime situation analysis framework: Vessel interaction classification and anomaly
detection

2015

Visual text mining: ensuring the presence of relevant studies in systematic literature
reviews

2015
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Title Year

Identifying adverse drug event information in clinical notes with distributional se-
mantic representations of context

2015

Integration of Different Risk Assessment Tools to Improve Stratification of Patients
with Coronary Artery Disease

2015

Understanding User Intents in Online Health Forums 2015

Software defect prediction using cost-sensitive neural network 2015

Challenges in designing an online healthcare platform for personalised patient analytics 2015

Data Mining and Fusion Techniques for WSNs as a Source of the Big Data 2015

A Systematic Review of Natural Language processing in health care 2015

Text mining applied to electronic medical records: A literature review 2015

A systematic review of machine learning techniques for software fault prediction 2015

Diversity measures for one-class classifier ensembles 2014

Defect prediction between software versions with active learning and dimensionality
reduction

2014

A hybrid framework for ICU mortality prediction 2014

Text summarization in the biomedical domain: A systematic review of recent research 2014

Text mining applications in psychiatry: a systematic literature review 2014

Decision support system to diagnosis and classification of epilepsy in children 2014

Intrusion detection system in secure shell traffic in cloud environment 2014

Spam filtering: An active learning approach using incremental clustering 2014

Instance driven clustering for the imputation of missing data in KDD 2014

Using text mining to diagnose and classify epilepsy in children 2013

Statistical comparison of modelling methods for software maintainability prediction 2013
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Title Year

Cloud computing service composition: A systematic literature review 2013

A preclustering-based ensemble learning technique for acute appendicitis diagnoses 2013

A study on software effort prediction using machine learning techniques 2013

Modeling paradigms for medical diagnostic decision support: A survey and future
directions

2012

Screening nonrandomized studies for medical systematic reviews: A comparative
study of classifiers

2012

Enhancing clinical concept extraction with distributional semantics 2012

Extracting epidemiologic exposure and outcome terms from literature using machine
learning approaches

2012

Machine learning in computer forensics (and the lessons learned from machine learning
in computer security)

2011

Applications of text mining within systematic reviews 2011

A principled evaluation of ensembles of learning machines for software effort estimation 2011

Using Visual Text Mining to Support the Study Selection Activity in Systematic
Literature Reviews

2011

Software fault prediction: A literature review and current trends 2011

Semantic Space models for classification of consumer webpages on metadata attributes 2010

The application of data mining techniques in financial fraud detection: A classification
framework and an academic review of literature

2010

Using classifier performance visualization to improve collective ranking techniques
for biomedical abstracts classification

2010

Computational methods for discovering gene networks from expression data 2009

An introduction to artificial neural networks in bioinformatics - Application to
complex microarray and mass spectrometry datasets in cancer studies

2009



A.3. Scoring Results with Quality Assessment 119

Table A.2 continued from previous page

Title Year

A systematic review of software fault prediction studies 2009

A.3 Scoring Results with Quality Assessment

S.no Intro.
Score

Meth.
Score

Concl.
Score

Data
Score

Findings
Score

Aggre.
Score

Recommendation

1 0 1 0 0 0.5 0.3 Relevant

2 0.5 1 0 0 0 0.3 Relevant

3 1 1 0 1 0.5 0.7 Most Relevant

4 0.5 0.5 0.5 0 0 0.3 Relevant

5 1 1 0 1 0 0.6 Most Relevant

6 0.5 1 0 0 0 0.3 Relevant

7 1 0 1 0 0 0.4 Relevant

8 1 1 0 1 1 0.8 Most Relevant

9 1 1 1 0 0 0.6 Most Relevant

10 0.5 1 0 0.5 0 0.4 Relevant

11 1 1 0 0 0 0.4 Relevant

12 0.5 1 0.5 0 1 0.6 Most Relevant

13 0 0 0 0 0 0 Rejected

14 0 1 0 1 0 0.4 Relevant

15 1 1 0 0.5 1 0.7 Most Relevant

16 1 0 0.5 0 0 0.3 Relevant
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Table A.3 continued from previous page

S.no Intro.
Score

Meth.
Score

Concl.
Score

Data
Score

Findings
Score

Aggre.
Scroe

Recommendation

17 0.5 0.5 0.5 0 0 0.3 Relevant

18 1 1 0 0 0 0.4 Relevant

19 1 1 0 0 1 0.6 Most Relevant

20 1 1 0 0 0 0.4 Relevant

21 1 0 1 1 0 0.6 Most Relevant

22 0 0.5 0 1 0 0.3 Relevant

23 0.5 1 1 0 0 0.5 Relevant

24 0 0.5 0 1 0 0.3 Relevant

25 1 0.5 0 1 0 0.5 Relevant

26 0 1 0 0.5 0 0.3 Relevant

27 1 1 0.5 0 0.5 0.6 Most Relevant

28 1 1 0 0 0 0.4 Relevant

29 0.5 1 0.5 0 0.5 0.5 Relevant

30 0.5 0.5 0 0.5 0.5 0.4 Relevant

31 1 0 0 1 0.5 0.5 Relevant

32 1 0 0.5 0 0.5 0.4 Relevant

33 0.5 0.5 0 0 0.5 0.3 Relevant

34 1 0 1 1 0 0.6 Most Relevant

35 0.5 1 0 1 0.5 0.6 Most Relevant
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Table A.3 continued from previous page

S.no Intro.
Score

Meth.
Score

Concl.
Score

Data
Score

Findings
Score

Aggre.
Scroe

Recommendation

36 1 1 1 0 0 0.6 Most Relevant

37 0 0 0 0 0 0 Rejected

38 0.5 0 0.5 0.5 0 0.3 Relevant

39 0 1 0.5 0 0.5 0.4 Relevant

40 1 1 0 0 0 0.4 Relevant

41 1 1 1 0 1 0.8 Most Relevant

42 1 1 0 0 0 0.4 Relevant

43 0 1 0 0.5 0 0.3 Relevant

44 0 0.5 1 0 0.5 0.4 Relevant

45 0 1 0 0 0 0.2 Rejected

46 1 0.5 0 0 1 0.5 Relevant

47 0 1 0.5 0 1 0.5 Relevant

48 0 1 0 0 0 0.2 Rejected

49 1 0 0.5 1 0 0.5 Relevant

50 1 0 0 1 0 0.4 Relevant

51 1 1 1 0 0 0.6 Most Relevant

52 1 1 0 0 0.5 0.5 Relevant

53 0 0 0.5 0.5 0 0.2 Rejected

54 0.5 0 1 0.5 0 0.4 Relevant
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Table A.3 continued from previous page

S.no Intro.
Score

Meth.
Score

Concl.
Score

Data
Score

Findings
Score

Aggre.
Scroe

Recommendation

55 1 1 0.5 0 0 0.5 Relevant

56 0 0.5 0.5 0 0 0.2 Rejected

57 0.5 1 0.5 0 0 0.4 Relevant

58 0 1 0 0.5 0 0.3 Relevant

59 0 0 0 0 0 0 Rejected

60 0 0 0 0 0 0 Rejected

61 0 0.5 0 0.5 1 0.4 Relevant

62 0.5 0 0.5 0 0 0.2 Rejected

63 0 0.5 0 0 1 0.3 Relevant

64 1 1 0 0 0 0.4 Relevant

65 1 0.5 0 0 0 0.3 Relevant

66 1 0.5 0 0 0 0.3 Relevant

67 0 1 0 0 0 0.2 Rejected

68 0 1 0 0.5 0.5 0.4 Relevant

69 0.5 0.5 0 0 0 0.2 Rejected

70 0 0 0 0.5 0 0.1 Rejected

71 0 0 0 0 0 0 Rejected

72 1 1 0 0 0 0.4 Relevant

73 0 0 0 0 0 0 Rejected
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Table A.3 continued from previous page

S.no Intro.
Score

Meth.
Score

Concl.
Score

Data
Score

Findings
Score

Aggre.
Scroe

Recommendation

74 0 0.5 0.5 0 0 0.2 Rejected

75 0 1 0.5 1 0.5 0.6 Most Relevant

76 1 0 0 0 0.5 0.3 Relevant

77 0.5 1 0.5 0.5 0 0.5 Relevant

78 0 0 0 0 0 0 Rejected

79 0.5 0 0 0 0 0.1 Rejected

80 1 1 0 0 0 0.4 Relevant

81 1 0.5 1 0 0 0.5 Relevant

82 0 1 0 0 0 0.2 Rejected

83 0 1 0.5 0.5 0.5 0.5 Relevant

84 0 1 0 0 0 0.2 Rejected

85 0 0.5 0 0.5 0 0.2 Rejected

86 0.5 0.5 0.5 0 0 0.3 Relevant

87 1 0.5 0 0.5 0 0.4 Relevant

88 0.5 0.5 0.5 0 0.5 0.4 Relevant

89 1 1 0 0 0.5 0.5 Relevant

90 0.5 0.5 0 0 0 0.2 Rejected

91 0.5 0 1 0 0 0.3 Relevant

92 0 0 0 1 0 0.2 Rejected
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Table A.3 continued from previous page

S.no Intro.
Score

Meth.
Score

Concl.
Score

Data
Score

Findings
Score

Aggre.
Scroe

Recommendation

93 0.5 0 0 1 0 0.3 Relevant

94 1 1 0 0 1 0.6 Most Relevant

95 0.5 0.5 0 0.5 0 0.3 Relevant

96 0 1 0 0 0 0.2 Rejected

97 0.5 0 0.5 0 0 0.2 Rejected

98 0.5 1 0 0.5 0 0.4 Relevant

99 1 0.5 0 0 0 0.3 Relevant

100 1 1 0 0 0.5 0.5 Relevant

Where:

Intro.Score = Introduction Score

Meth.Score = Methodology Score

Concl.Score = Conclusion Score

Data Score = Data Score

Aggre. Score = Aggregated Score
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