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ABSTRACT

Scientific research plays an essential role in the development of mankind through its ability
to provide innovative solutions and technological advances in various fields. In this perpetual
quest, researchers must be active members of the scientific community, sharing their experi-
ences and publishing their work and discoveries. All research work generally begins with a
literature review (LR), which involves delving into previous work to examine the current state
of knowledge, situate a research topic, and thus identify opportunities and explore new ave-
nues of research. This important step can be arduous and complicated for new researchers.
This paper aims to address the challenge faced by new researchers in conducting LRs, partic-
ularly in formulating search queries, identifying and selecting relevant studies, and extracting
data from each paper, by proposing a methodological approach and applying it through a
practical example in the context of using artificial intelligence in education. The approach is
guided by the PRISMA (preferred reporting items for systematic reviews and meta-analyses)
framework and focuses on recent studies conducted in 2021, 2022, and 2023. The proposed
approach identified 52 out of 336 relevant studies. 65% of these studies were deemed to be
of high quality (Q1 and Q2 rankings), and 40% of the articles were published in high-impact
academic journals (Q1). This approach is versatile and can be adapted to different fields.

KEYWORDS
artificial intelligence (AI), case study, education, literature review (LR), practical guide,
preferred reporting items for systematic reviews and meta-analyses (PRISMA)

1  INTRODUCTION

Scientific research is the pillar on which advances in knowledge and understand-
ing of phenomena in many fields rest, offering a wide range of perspectives for
resolving them. In this context, researchers play a very important role in the ongoing

ijep.v14i7.50261

El Jihaoui, M., Abra, O.E.K.,, Mansouri, K., Ech-Chhibat, M.E.H. (2024). Towards a Literature Review Methodology: A Practical Guide in the Context
of Using Artificial Intelligence in Education. International journal of Engineering Pedagogy (JEP), 14(7), pp. 119-145. https://doi.org/10.3991/

Article submitted 2024-06-05. Revision uploaded 2024-07-11. Final acceptance 2024-07-11.
© 2024 by the authors of this article. Published under CC-BY.

iJEP | Vol. 14 No. 7 (2024)

International Journal of Engineering Pedagogy (iJEP) 119


https://online-journals.org/index.php/i-jep
https://online-journals.org/index.php/i-jep
https://doi.org/10.3991/ijep.v14i7.50261
https://doi.org/10.3991/ijep.v14i7.50261
https://online-journals.org/
https://online-journals.org/
mailto:mohamed.eljihaoui-etu@etu.univh2c.ma
mailto:mohamed.eljihaoui-etu@etu.univh2c.ma
https://doi.org/10.3991/ijep.v14i7.50261

El Jihaoui et al.

quest for knowledge, making them key players in the scientific community, where
their contribution helps to advance the world around us. This contribution often
takes the form of the publication of new discoveries in specialized journals, thereby
enriching the knowledge base. The scientific research process usually begins with a
state-of-the-art analysis or literature review (LR), which can involve a large number
of publications [1] and, according to Chen and Zhuge [2], is a more time-consuming
process than reading the news, as readers have to research and read numerous
citations.

In this dynamic process of scientific research, which requires the examination of
previous work, new researchers are often faced with the challenge of carrying out
a LR. This is a crucial and arduous task, requiring more perseverance and time, as
well as a clear methodology of organization and research, and tools and techniques
that facilitate the identification, selection, extraction of data and information, and
analysis of studies already carried out in a field. All this must be brought together
to clearly define the scope of the subject. This crucial stage needs to be approached
with a rigorous, considered approach that forces researchers to identify trends, dis-
crepancies, and gaps in existing research.

Literature review is an initial step in any research project. During this crucial
stage of a research project, the researcher must identify opportunities and explore
new avenues of research to effectively develop and position the research topic. To
achieve this goal, researchers must immerse themselves in existing studies on the
subject, then analyze them to explore current trends in the field. This analysis is
necessary for all scientists (researchers and academics) wishing to pursue their pro-
fessional careers, as confirmed by Cuschieri et al. [3]. A LR is a scientific document
that synthesizes the knowledge of a body of previous research in its entirety [4]. This
document consists of identifying, collecting, analyzing, and discussing existing pub-
lications on a given topic in a methodical and well-structured way [5]. According to
Shah et al. [6] and Socolofsky [7], its elaboration is a daunting task for new research-
ers. At this stage, beginners are faced with the challenge of selecting, evaluating, and
organizing relevant sources, extracting useful information and knowledge, analyz-
ing and criticizing it, overcoming prejudices, and managing their time efficiently.

Over time, various types of LR have emerged, including narrative, systematic,
meta-analysis, general, descriptive, field, and critical LR. The authors Taherdoost [8]
and Rocco et al. [9] review this taxonomy, highlighting the advantages and disad-
vantages of each type and examining their scope and applicability. Performing a LR
essentially involves identifying and collecting studies on the subject under review
and extracting data and information useful for analysis and writing. These two steps
will be discussed and developed in detail throughout this paper.

In this paper, we aim to contribute to this field by proposing a methodological
approach to conducting a LR. The proposed contribution consists in enriching the
LR and populating the knowledge base by focusing on the various stages involved in
carrying out a LR, including the stage of formulating the search query, the identifica-
tion of relevant studies, and the phase of extracting data and information from each
paper. The proposed approach will enable novice researchers to conduct a LR with
greater ease and fewer methodological concerns. We will illustrate this approach
with a practical example of the use of artificial intelligence (AI) in education.

Integrating Al into education enhances learning experiences, provides personal-
ized feedback, and improves educational outcomes, making it an essential tool for
tackling contemporary educational challenges and ensuring a sustainable future. It
offers vast opportunities for innovative research and practical applications, as well
as educational benefits [10], [11], [12].
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For example, Al is playing a crucial role in the democratization of education by
enhancing learning in massive open online courses (MOOCs) [13]. This is achieved
by offering personalized content and interactive features, making high-quality
resources more accessible to a wider audience. Al can be integrated into intelligent
systems that can help education managers make data-driven decisions [14], such as
the early identification of at-risk students [15], whether in terms of academic per-
formance [16] or at risk of dropping out of school [17]. In addition, Al can analyze
virtual social networks [18] to provide insight into students’ social skills, helping
educators to develop essential social skills. In addition, Al analysis enhances plat-
forms such as YouTube [19] for asynchronous teaching, offering insights into stu-
dent engagement and learning outcomes.

In the post-pandemic COVID-19 era [20], Al provides scalable and adaptive learn-
ing solutions that ensure continuity and quality of education while focusing on dig-
ital literacy and inclusion. The integration of Al into immersive technologies [21]
enhances adaptive learning environments and real-time feedback, resulting in more
engaging and effective pedagogical tools. Al also has the ability to analyze student
interactions and provide personalized feedback and support by incorporating signal
processing techniques [22]. In this way, Al can personalize educational experiences
to meet individual needs, leading to improved learning outcomes.

The other sections of this document are organized as follows: Section 2 presents
related work and analyzes recent and relevant studies of previous work related
to our topic. Section 3 details our methodology and the steps involved in the LR,
explained with the help of a concrete, step-by-step example. Section 4, Results, pres-
ents the conclusions drawn from our analysis, highlighting key ideas and significant
patterns observed. In Section 5, we interpret and explain the results in the context of
our research questions, providing explanations and discussing the implications of our
findings. Finally, Section 6 summarizes the main points of this paper, highlights its con-
tributions, and suggests potential directions and considerations for future research.

2  RELATED WORK

In the academic context, mastering a LR process is essential in scientific research,
especially for new researchers learning how to conduct a LR independently. This
topic has aroused the interest of many researchers, and several articles have been
published on conducting a LR [23], [24], [25], [26], [27], [28]. To explore what has
been achieved recently and present, as well as the current state of accumulated
knowledge on this subject, we will use the process shown in Figure 1 to demonstrate
our selection of recent and relevant studies for discussion.

AUTOMATIC FILTER EXCLUSION WITH REASONS

-Exclude citations (N=200) - Full-text %ﬂalceessible (N =22) .
-Date between 2021 and 2023 (N=123) - Systematic literature review studies (N= 12)
- Irrelevant to the topic(¥*) (IN= 25)

‘( !i L 64 5 Arlicles
Y Articles . d reviewed

IE : doesn't provide a methodology or )
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Google Scholar

ide for conducting a literature review.

Fig. 1. Article selection process
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This selection process uses Google Scholar as a search engine to target articles
related to the conduct of LRs. Initially, 387 articles were identified. After filtering by
date and excluding citations, 64 articles were evaluated. Of these, 59 were excluded
for various reasons: 22 of their full texts were inaccessible, 12 were systematic
review studies, and 25 articles were deemed irrelevant because they did not pro-
vide methodology or guidance for performing a LR. At the end of this process, we
selected 5 studies that were considered relevant for conducting LR. These studies
mainly describe and explain the methods and steps to follow in order to conduct a
LR effectively [8], [9], [29], [30], and a state-of-the-art LR [31].

In this context, Fernandez et al. [29] propose a five-step protocol for conducting
a scoping LR: (1) identify research questions; (2) identify relevant studies; (3) study
selection; (4) chart the data; (5) summarize, and report. However, in this protocol, a
crucial step that seems to be missing is the data extraction stage, which enables us to
extract and collect data and information needed to prepare a synthesis of the studies
included in a literature review.

The authors in [30] have designed seven activities for writing a LR:
(1) Selecting a reviewed theme; (2) identifying keywords; (3) searching the source of
research articles; (4) generating a reading list; (5) evaluate the research articles; (6)
structuring the research article; (7) writing a LR, but without providing more practi-
cal details to elucidate these activities for new researchers.

In the studies proposed by [29] and [30], we noted the absence of a detailed sec-
tion on the steps involved in constructing the search query, including the generation
of the script to be executed on the chosen electronic databases.

In [8], the author offers step-by-step tips for conducting an LR and presents a
detailed taxonomy of LRs. However, the in-depth review steps have not been prac-
tically clarified.

Barry et al. [31] outline a six-step process for conducting a state-of-the-art LR.
The aim of this process is to develop a three-part argument regarding the state of
knowledge about a specific phenomenon: This is where we are now. This is how we
got here. This is where we could go next. However, this process fails to provide prac-
tical guidance on the methodological steps needed to conduct a LR and summarize
the existing knowledge on a particular subject.

The previous analysis mainly revealed the need to explain in detail and con-
textualize the data extraction stage for the articles to be included in the LR. Given
the importance of this part, it forms the basis of a robust analysis and guides the
answers to research questions related to a topic. This analysis also revealed the need
to further develop the search query construction stage, particularly the part linked
to the script that will be executed on the electronic databases. Hence, there is a need
for a more detailed approach to fill these gaps.

This paper, which is a continuation of previous work [8], [9], [29], [30], [31], we
propose to contribute to this work by first detailing the search query script design
stage, which aims to identify relevant studies related to the subject under review
and further developing the data extraction phase. Our approach will be explained
and illustrated step-by-step through a case study on using Al in education.

Through our exploration of previous research, this paper will address the follow-
ing questions:

Q1: What are the essential steps for conducting a successful literature review?
Q2: How can the PRISMA framework be effectively utilized in the study selection
process related to a research subject?
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Q3: How effective are the keywords used in the search query?

Q4: How can we measure the approach’s effectiveness in selecting relevant
articles?

Q5: How can we organize and summarize the findings from the selected studies?

3  MATERIALS AND METHODS

This section will detail the research methodology used to conduct a LR, partic-
ularly the process of identifying articles and studies already carried out about our
subject. In addition, we will propose a strategy for extracting useful information
from each article. To carry out this study and ensure a complete and accurate analy-
sis based on the studies [8], [9], [29], [30], [31], we propose an approach for conduct-
ing a LR as depicted in Figure 2.

Identify topic and research questions

These questions should be specific, measurable, and
relevant to guide your review process effectively.

M 0 =~ % Keywords identification

=

["‘] Report Results # ®

- @ Keywords are terms or phrases that represent the
This stage provides an in-depth analysis of the \ main concepts, themes, and topics related to your

results and answers the research questions. Y

/ Construction of search query strin
; \ E@, query string
Charting the data Usmg keywords to create the query string
— o that will be extracted to retrieve relevant

Organizing and summarizing the extracted data

research question or area of interest.

articles from academic databases.

from the selected studies in a visual format, such

as tables, graphs, or charts.

\ ] :
® \ lIlEI’ﬂIlle review ? Choice of academic databases
i steps : .
fc Data extraction ® ; P Choosing the right databases ensures
Extract relevant data from the included studies comprehensive coverage of literature
using a data extraction form, to ensure consistency relevant to your research topic.
and accuracy in data extraction.

20 A Inclusion and exclusion criteria
% Studies Screening and Selection Define the scope of the review and ensure that only

Screen the search results based on predefined mclusmn

relevant studies are included while excluding

and exclusion criteria, review titles and abstracts, and studies that do not meet the predefined criteria.
assess full-text articles for eligibility.
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Fig. 2. Key steps for conducting a literature review (own elaboration)

3.1 Identify topic and research questions

To provide a concrete illustration of this process, we will explain our approach
using an example: a case study on the topic of “Student retention in the education
system through predictive analysis and educational data mining.” In order to gather
and analyze all relevant scientific articles on this study topic, we will use the follow-
ing main research questions (RQ) to guide our approach:

RQ1: What are the most effective data mining and analysis methods for identify-

ing at-risk students?
RQ2: What indicators can identify whether a student is at risk of dropping out?
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RQ3: How can these indicators monitor and improve student retention in an
education system?

RQ4: How is educational data used to improve student retention?

RQS5: What variables or characteristics are often used by predictive models to
identify at-risk students in an education system?

RQ6: Whatare the ethical considerations and challenges ofusing educational data?

The RQs provided here are relevant to the subject we are using as an example for
demonstration purposes. Although this paper won’t delve into them, we will utilize
these questions to identify keywords for our research query and to guide our paper
selection process.

We have selected this specific subject for our approach because addressing prob-
lems using Al follows a similar procedure and utilizes comparable tools. This makes
the data extraction phase, as described in Figure 6, more convenient. Initially, our
focus will be on the process of selecting relevant studies and extracting valuable
data and information from these chosen articles. Subsequently, we will conduct
a thorough analysis of these studies to uncover insights and trends related to the
research topic.

3.2 Keywords identification

The main concepts unveiled based on the keyword in the topic title and research
questions are as follows: the first is related to retention, the second is related to the
students or the sample we will be studying, the third is predictive analytics, often
involving machine learning (a branch of Al), and the fourth concept is about educa-
tional data mining. We will identify the relevant terms related to these four concepts
in Table 1 to construct our search query.

Table 1. Terms relevant to the construction of our search query

Concept Related Concepts Count
Retention student retention, retention rate, student performance, dropping out, dropout, 9
graduation rate, student at risk, student support, student engagement

Student student, education, educational, school, college, university, higher education 7
Educational Data Mining, Educational Data Mining, or EDM, or Learning Analytics 3
Data Mining

Predictive Al artificial intelligence, predictive models, machine learning, *supervised 8
Analytics learning, deep learning, predictive analytics, explainable Al

Total 27

For the sake of organization, we’re going to classify keywords into three groups:

e Technical aspect: Terms related to the techniques used.
e Topic: On-the-spot terms.
e Population or sample: Terms that delineate the sample being studied.
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All the keywords used in our search are listed and organized in Figure 3.

Technical aspect Purpose § Sample
predictive models student retention student
machine learning retention rate education

Al student performance educational
artificial intelligence dropping out school
*supervised learning | dropout university

deep learning

. leaming analytics

data mining

graduation rate

student at risk

student support

student engagement

higher education

college

edm

predictive analytics

explainable ai

Fig. 3. Keywords used in our search

3.3 Search query string construction

After identifying the keywords (see Figure 3), we will construct our search query
using logical operators and then develop the script for execution on electronic data-
bases. Table 2 provides a summary of the various components of our request.

Table 2. Script for our search query

#ID Keywords Query Script

Reql | Technical (“predictive models” OR “machine learning” OR “AI” OR “artificial intelligence”
aspect OR “*supervised learning” OR “deep learning” OR “learning analytics” OR “data
mining” OR “edm” OR “predictive analytics” OR “explainable ai”)

Req2 | Subject (“student retention” OR “retention rate” OR “student performance” OR
“dropping out” OR “dropout” OR “graduation rate” OR “student at risk” OR

“student support” OR “student engagement”)

Req3 | Sample (“education” OR “educational” OR “school” OR “college” OR “university” OR

“higher education”)

Thus, the complete query results in the intersection of different parties cited
in Table 2.
Search Query = Reql n Req2 n Req3

3.4 Choice of academic databases

We will execute our script on the Scopus, Web of Science, and IEEE Xplore data-
bases. We chose these databases for our literature research because of the wide
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range of available sources they provide. Moreover, the advanced search tools these
databases offer will enable us to conduct precise and targeted searches by support-
ing the execution of complex and composed scripts. The complete script to be exe-
cuted on the various databases is outlined in Table A1 in the Appendix.

Figure 4 displays the initial result obtained after the query script is executed on
the various databases.

Database URL Papers found Paper found in each database

< M Scopus
Scopus . https://www.scopus.com 221 _
Web of Science ',EEGE https://www.webofscience.com 84 - Web ol Science

IEEE Xplore Q2 https/ieeexplore.ieee.org 31 »

|EEE Xplore

Total 336 0 50 100 200 250 300

Fig. 4. Articles found in three databases

3.5 Inclusion and exclusion criteria

It is important to specify the inclusion and exclusion criteria for studies, i.e.,
the criteria based on which studies will or will not be included in a synthesis. This
ensures that the list of articles included in our LR is accurate to our research topic.
These criteria are used to define the research parameters and ensure the quality of
the included studies. Clear, well-defined criteria guarantee that other researchers
will reproduce the same work. Table 3 lists all the criteria used.

Table 3. Inclusion and exclusion criteria

Method #ID Criterion Inclusion Criteria Exclusion Criteria
Automatic 1 | Publication Date | — Articles published in 2021, — Articles older
2022, 2023 than 2021
2 | Language — Articles written in English — Articles not written
in English
3 | Document Type — Journal Articles — Erratum
— Conference papers — Preprints
— Book Chapters
— Review
Semi-automatic | 4 | Remove Duplicate | — No Duplicate records — Duplicate records
records
Human 5 | Content — Relevant to topic — Irrelevant to topic
intervention
6 | Approach — Education Data Mining or — Not an EDM or ML
Machine learning Approaches approaches

These criteria ensure that the LR focuses on recent and relevant approaches and
techniques most widely used in the context of Al applications in education, namely
machine learning (ML) and educational data mining (EDM) approaches:
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— Publication Date: Articles from 2021 to 2023 are included to ensure the study
incorporates the latest research.

— Language: The most popular language for publishing scientific articles within the
international academic community.

— The document type criterion includes peer-reviewed articles, conference papers,
book chapters, and reviews to ensure high credibility and reliability. Errata and
preprints are excluded because errata are corrections to previous work and do
not represent complete studies, while preprints are unvetted research that has
not yet undergone peer review. This ensures the integrity and quality of the
literature review.

— Content: Only articles relevant to the topic are included to maintain the clarity
and focus of the review.

— Approach: studies using EDM or ML approaches are included to ensure the
review is specific to the chosen methodologies and consistent in examining these
techniques in educational contexts.

These criteria collectively ensure that the review is based on high-quality, recent,
and relevant studies, providing a solid foundation for examining the application of
EDM and ML in education.

After applying the criteria (1), (2), (3), and (4), we identified 117 items. Following
a comprehensive review of each article’s title, abstract, problem statement, meth-
odology, and contribution, we established additional exclusion criteria, as outlined
in Table 4.

Table 4. Additional exclusion criteria

#ID Reason for Exclusion Excluded Papers
7 | Not a Machine learning Or Education Data Mining Approaches 10
8 | Content written in the Spanish language 4

Total 14

3.6 Studies screening and selection

The PRISMA statement provides guidelines to help authors enhance the reporting
of systematic reviews and meta-analyses. These guidelines ensure transparency and
clarity in the reporting process. In our study, we will focus on the paper selection
process by incorporating a vital component [32] of this framework, the PRISMA flow
diagram. This diagram, shown in Figure 5, comprises four phases: identification,
screening, eligibility, and included [33]. It depicts the process of selecting articles
for our review, including the number of studies identified, included, and excluded,
as well as the reasons for these exclusions.

A brief summary of each phase:

— Identification: Conduct comprehensive searches across multiple databases and
other sources and remove duplicates.

— Screening: Review titles and abstracts to exclude studies that do not meet inclu-
sion criteria.

— Eligibility: Assess the full text of potentially eligible studies and document
reasons for exclusions.

— Included: Confirm eligible studies and extract relevant data for analysis.
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N Records identified through database searching ‘
2 Scopus : 221, Web of Science : 84 . IEEE Xplore : 31 ‘
g (N=336) H
€ S — — ]
()
3 : {3
- Remove duplicate records | Applying exclusion criterion (1), (2), (3)
(N=117) (N=168)
2
c Records Screened —— Records excluded (N= 51)
g (N=117) e - Full-text inaccessible : (N = 51)
5]
A [S— —
o
Z
E o Full-text excluded with reasons ( N=14):
5 Full-text assessed for eligibility| ) - Not @ Machine Learning or Education
= (N=66) Data Mining approaches ( N=10)
) - Content in Spanish language (N=4)
Inclusion
ged \
[} |
3 Full-text articles included in |
El ‘ this review (N=52)
= |

' 2

Fig. 5. PRISMA flow diagram adapted from [33]

The diagram depicted in Figure 5 illustrates the step-by-step approach used for
selecting articles in a LR. Initially, a total of 336 records were found through data-
base searches, including 221 from Scopus, 84 from Web of Science, and 31 from IEEE
Xplore. After applying systematic exclusion filters (1), (2), and (3), as cited in Table 3,
and removing duplicates, 117 articles remained for a screening process. This process
involved evaluating titles, abstracts, problems, methodology, and the contribution
of each paper. Through this process, 51 articles were excluded due to inaccessible
full texts. The next phase involved a full-text eligibility assessment of the remain-
ing 66 articles, among which 10 articles were excluded for not clearly applying a
machine learning approach or educational data mining, and four articles were in
Spanish. Finally, 52 complete articles met the inclusion criteria and were selected
for the review.

The list of studies identified through this process has been categorized into
four topics: student performance, student dropout, student retention, and student
engagement, as shown in Table 5.

Table 5. Selected papers

Topic Al Techniques References Count
Student Supervised learning [34], [35], [36], [37], [38], [39], [40], [41], [42], [43], 21
performance [44], [45], [46], [47], [48], [49], [50], [51], [52], [53], [54]

Unsupervised Learning (48], (491, [50], [51], [52], [53] 6
Deep Learning (161, [55], [56] 3
Semi-supervised [57], [54] 2
learning

(Continued)
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Table 5. Selected papers (Continued)

Topic AlI Techniques References Count
Student Supervised learning [58], [59], [60], [61], [62], [63], [64], [65], [66], [67], 21
Dropout [68], [69], [70], [71], [72], [17], [73], [74], [75], [76], [77]

Unsupervised Learning (78], [75], [76], [77] 4

Deep Learning [58] 1
Student Supervised learning [79], (801, [81] 3
Retention Unsupervised Learning [79] 1

Deep Learning [82] 1
Student Unsupervised Learning [83] 1
Engagement

3.7 Data extraction strategy

By reviewing existing work, we can understand the current state of knowledge
in our field of study and identify gaps in previous research. These gaps can steer our
research toward unresolved questions or lesser-explored aspects of the topic. For
this reason, we propose the model illustrated in Figure 6 to extract valuable infor-
mation and insight from each paper. This approach can be used as a spreadsheet to
simplify the capitalization of knowledge and the analysis of the data collected, which
will be used to answer research questions and prepare a synthesis.

Section 2:
Research
Content

ML / EDM

Year of Publication: The year in which the article was published.

Authors: The individuals or group responsible for conducting the research and writing the article.

Document Title: The title of the scientific paper.

Database: The database where the article is published orindexed.
~ Country: The country or countries where the research was conducted or where the authors are affiliated.

Source (Journal): The specificjournal where the article is published.

Document Type: Specifies the type of document ((e.g., article, review, book chapter, conference paper).

Citation: The complete reference of the article in the appropriate citation style.

DOL: The Digital Object Identifier, a unique alphanumeric string assigned to identify content.

Purpose of the Article: Describes the aim or objective of the research presented in the article.

Key Findings: Summarizes the main discoveries or results obtained from the research.

Key Contributions: Highlights the significant contributions of the research to the field.

Gaps and Limitations: Identifies any shorteomings or limitations of the research.

Future Work Proposed: Suggests potential areas of future research or extensions of the current study.

Ethical Considerations: Discu:

any ethieal iderations or implications of the research.

ML/EDM Algorithms: Specifies any machine learning or educational data mining algorithms or teechniques used in the research.

Performance: Indicates the performance metric(s) used to evaluate the effectiveness of the machine leaming models.

Metries Used to Measure Performance: Describes the specific metries used to assess the performance of the machine learning models.

Variables/Features: Lists the independent and dependent variables or features used in the analysis or prediction.

ML/EDM Tasks or Techniques: Describes the machine learning or educational data mining tasks or techniques employed in the
research (e.g., dassification, regression, clustering).

Type (Supervised/Unsupervised): Specifies whether the machine learning approach used is supervised or unsupervised.

Sample Size: Indicates the size of the dataset or sample used in the analysis.

Methods and Techniques Used for Feature Selection: Describes the approaches used to select relevant features for
the machine learning models.

Fig. 6. Data extraction strategy model (own development)

International Journal of Engineering Pedagogy (iJEP)

129


https://online-journals.org/index.php/i-jep

El Jihaoui et al.

130

In Table 6, we show an example of how the data extraction model was used to
extract data and useful information for the paper “The Use of Semester Course Data
for Machine Learning Prediction of College Dropout Rates” (Kiss et al., 2022).

Table 6. A practical example of how to use the data extraction strategy

Reference Kiss et al. (2022)

Document Title The Use of Semester Course Data for Machine Learning Prediction of College
Dropout Rates

Database Scopus

Document Type Article

Country United States

Quotation Kiss, V., Maldonado, E., & Segall, M. (2022). The Use of Semester Course Data

for Machine Learning Prediction of College Dropout Rates. Journal of Higher
Education Theory and Practice, 22(4), 64-74. https://doi.org/10.33423/jhetp.
v22i4.5130

Source (Journal)

Journal of Higher Education Theory and Practice

Purpose of the Article

Predict the likelihood of college students dropping out by analyzing
demographic information and course performance overall enrolled semesters
using machine learning (ML) techniques.

Key Findings

Logistic regression was found to be the most accurate ML technique among
the four evaluated (including decision trees, neural networks, and support
vector machines), with an accuracy of 84.8% for predicting dropout rates
using semester course performance data.

Key Contributions

— Compares multiple ML techniques for dropout prediction and
demonstrates the effectiveness of logistic regression for this purpose.

— Provides a model that can assist educational institutions in identifying and
supporting at-risk students, thereby addressing student retention proactively.

Methodological Approach

The research employed a quantitative analysis, comparing four different ML
techniques using demographic and course performance data across multiple
semesters to predict dropout rates.

ML Algorithms Neural Networks, Decision Trees, Logistic Regression, Support
Vector Machines.
Performance — Logistic regression method had the best accuracy of 84.8%.

— Decision trees (82.2%),
— Neural networks (80.8%),
— Vector machine support (72.5%).

Metrics used to measure
performance

Positive Rate (TPR), False Positive Rate (FPR), Precision, and
Accuracy, ROC CURVE

Variables or Features

Demographic predictors: Gender (Binary), Race (Categorical), Age

used for prediction (Numerical)
Major (Categorical), Student Type (Categorical), Transferred GPA (Numerical)
Performance Metrics: Grade at Every Course (Categorical)

ML tasks Classification

Types of ML techniques | Supervised Learning

School Level Higher Education

Sample Size 29,282 Students

Future Work Proposed

Future research directions include developing models based on more
sophisticated algorithms like deep learning and applying the current model
to other colleges within the institution.
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3.8 Charting the data

Generally, this section is part of the “RESULTS” and involves organizing and
summarizing data from selected studies in tables, graphs, or diagrams to make it
easier to understand.

3.9 Report results

In this section, we will discuss the findings of the studies included in the LR,
address the research questions, and provide an in-depth analysis of the results and
conclusions of previous research, emphasizing the relevant data in a logical man-
ner. We will not delve further into this section in this paper, as the answers to the
research questions mentioned earlier in the section “IDENTIFY THE TOPIC AND
RESEARCH QUESTIONS” regarding this case study will be published shortly in
another article.

4  MAIN RESULTS

After applying the process described in the PRISMA flow diagram (see Figure 5)
concerning the selection of articles to be studied and analyzed and applying all the
inclusion and exclusion criteria mentioned in Table 3, we will summarize the results

obtained in Figures 7-15.
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Fig. 7. Keyword occurrences in search results
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Fig. 8. Word cloud representation of the most important and frequently mentioned keywords
in search results

These two figures (see Figures 7 and 8) clearly show that among the keywords
used in our research, ‘student performance,” ‘machine learning,” ‘dropout,” ‘educational
data mining,” ‘school,” and ‘education’ are the most common keywords that appear in
the search results (in the titles of 52 article titles). This shows that there is a strong
relationship between these keywords and the topic of school retention.
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Fig. 9. Co-occurrence matrix

The co-occurrence matrix is used to capture the frequency with which these key-
words appear together in search results (the titles of the 52 articles).
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Fig. 10. Keyword co-occurrences as a network

This network representation makes it possible to visualize and analyze the rela-
tionships and interactions between different keywords used. Features are repre-
sented by nodes, and relationships between them are represented by links. The size
of each node depends on the total occurrence of the keyword in the search results
(see Figure 7), and the thickness of the link between two keywords is related to the
frequency with which these keywords appear together; these frequencies are repre-
sented in the matrix (see Figure 9).

Database Number of Studies Percentage

Web of Science 20 -

IEEE Xplore 5 I 10%

Total 52

Fig. 11. Number of studies based on recognized scientific databases
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Fig. 12. Number of studies published in 2021, 2022, and 2023
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This figure shows the number of articles published over the selected period. In
2021 and 2022, the number of articles published remained the same. The number of
articles published fell slightly in 2023, but this is justified by the fact that the search
for these articles was carried out before the end of the year, exactly on 09/11/2023.

Review; 6%
Book chapter; 2%

Conference paper;
13%

Article; 79%

M Article 1 Conference paper B Review W Book chapter

Fig. 13. Breakdown of studies based on type of document

In terms of the type of papers identified and studied, journal articles (41 stud-
ies) were the main type of papers, accounting for 79% of all papers identified by
our approach.

@ student Performance B Dropout [ Student Retention @ Student Engagement

Number of Studies

Student Performance 4 8 0/0

Dropout

Student Retention 8 0/0
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Fig. 14. Breakdown of studies based on theme
This figure illustrates the distribution of studies according to four distinct themes,
which also shows the predominance of studies related to “student performance”

(48%) and “student dropout” (42%). These two aspects are intimately related to the
subject of school retention.
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Fig. 15. Classification of studies based on the ranking of the journal

Figure 16 shows the distribution of studies according to the ranking of the aca-
demic journals in which they were published according to the SJR indicator [84].
This ranking (Q1, Q2, Q3, Q4) shows the quality and influence of these studies in
their field of research.

SOUTH AMERICA
21%

AFRICA
159%o0

NORTH
AMERICA

690

Fig. 16. Breakdown of studies based on region

5  DISCUSSION

There are a number of steps involved in the successful completion of a LR. These
steps are described in Figure 2 and will be explained throughout this paper. In addi-
tion, a concrete example will be provided to demonstrate the process across multiple
databases to gather a wide range of relevant studies. The use of the PRISMA frame-
work can enhance this process by providing a structured approach to creating a
search strategy, documenting the selection process with a flow chart (see Figure 5),
systematically assessing study eligibility, and ensuring transparent reporting. The
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selection process involves the application of predetermined inclusion and exclusion
criteria (refer to Table 3) to eliminate irrelevant studies and ensure that only rele-
vant literature is considered.

Figure 6 provides a summary model for extracting useful knowledge and infor-
mation from the selected studies that involves in-depth analysis to identify common
themes and patterns, critical evaluation of methodologies and findings, synthesis of
results to provide a comprehensive understanding, identification of gaps in the exist-
ing literature, and discussion of practical implications and applications of the findings.

Based on the results obtained after applying our methodological approach,
52 articles that meet the inclusion and exclusion criteria were selected from among
the 336 items identified in the initial phase. Most of these studies focused on the
topic of student performance (48%) and student dropout (42%), with less attention
paid to student retention (8%) and engagement (2%) (see Figure 14), and most of
these studies were indexed in the academic article databases Scopus (52%) and Web
of Science (38%) (see Figure 11). The effectiveness of this approach can assess the
impact factor and quality of journals in Figure 15, which shows that, among the
52 articles identified, 65% of publications are of high quality (Q1 and Q2 rankings),
and 40% of these articles are published in journals with the highest impact factor
(Q1) in the field of academic research.

The search query’s effectiveness is evaluated based on the presence of the key-
words used in the search results. In our case, out of the 27 keywords employed,
19 keywords (70%) appeared in the search results, as illustrated in Figure 7. This
indicates a relatively high effectiveness of the chosen keywords, suggesting that most
of the keywords were relevant and well-targeted for the research topic. However,
the fact that eight keywords did not appear in the search results highlights the need
for further refinement. This could involve adjusting or replacing fewer effective key-
words to enhance the comprehensiveness and relevance of the search, ensuring that
a broader and more accurate range of studies is captured. In our literature search,
Figures 7 and 8 clearly show that among the keywords, ‘student performance,
‘machine learning,” ‘dropout,’ ‘educational data mining,” ‘school,” and ‘education’ are
the most frequent keywords in the search results (in the titles of 52 articles). This
proves that there is an intersection and complementarity between these keywords
and the topic of school retention. In addition, Figures 9 and 10 show a strong correla-
tion between keyword pairs (machine learning, dropout) and (educational data mining,
student performance). These keyword pairs often appear together in search results.

Although this paper presents a clear and concise approach that aims to equip
junior researchers with practical knowledge, methodology, and tools (refer to
Table A2) to conduct a LR easily, our study has some limitations: It depends on spe-
cific databases for academic papers; this could have omitted relevant studies not
indexed in Scopus, Web of Science, or IEEE Xplore. In addition, the period limited to
the last three years (2021, 2022, and 2023) may exclude relevant work before this
time frame, which could have provided important additional information. Another
gap that needs to be addressed is the method of selecting keywords (refer to Table 1),
which should be systematic and well-argued. Indeed, of the 27 keywords used in the
search query, 19 keywords (70%) appear in the search results (see Figure 7).

6  CONCLUSIONS

In this paper, we have addressed the issue of conducting a LR by proposing a meth-
odological approach guided by the PRISMA framework, developed and illustrated by
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a practical example, a case study on the use of Al in education, and covering studies
conducted over the last three years (2021, 2022, and 2023).

The steps in this approach provide a methodological guide for conducting and
carrying out a LR on topics related to the use of Al and machine learning in edu-
cation. This is confirmed by the proposed data extraction strategy model, which is
perfectly suited to this type of topic. It can also be applied to topics in other fields,
but with the simple challenge of adapting the data extraction strategy to meet the
requirements of this field of study, in particular Section 3 of Figure 6, which con-
cerns the technical aspects and tools of artificial intelligence.

This work is about equipping novice researchers with a solid arsenal that needs
to be effectively exploited in order to clarify the steps, methods, and strategies for
conducting an LR with the ultimate goal of publishing an article, which remains the
dream of every researcher, especially a novice one. Our contribution serves not only
as a practical guide for novice researchers but also as a demonstration of how to
approach a research topic, as it provides a clear framework enriched with concrete
examples that aim to enlighten novice researchers on the methods and strategies
to follow in order to discover and detect untapped opportunities and innovative
research avenues. This coincides with the ultimate goal of effectively and meaning-
fully defining and delimiting the research topic by capitalizing on the knowledge
already accumulated in the field. Our approach presents a practical framework for
synthesizing existing knowledge and identifying research gaps.

In conclusion, our work presents a methodological approach to conducting a LR
and opens the way to ongoing reflection and future developments to perfect and
generalize it.

It would be worth applying this methodology to different domains in order to
assess its robustness and applicability in various contexts. In addition, an improve-
ment that could be beneficial would be to automate the task of choosing and deter-
mining keywords by automatically generating them from the subject; this would
avoid choosing keywords that will never appear in search results. Furthermore, the
integration of Al techniques, such as the automatic analysis of article content (PDF
format), could enrich our approach by enabling a more exhaustive and rapid explo-
ration of existing literature.
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9  APPENDICES

Table Al. Complete script of our search query for the three databases

DETENE Query Script

TITLE ( “student retention” OR “retention rate” OR “student performance” OR “dropping out” OR “dropout” OR “graduation
rate” OR “student at risk” OR “student support” OR “student engagement” ) AND TITLE ( “predictive models” OR “machine
learning” OR “AI” OR “artificial intelligence” OR “*supervised learning” OR “deep learning” OR “learning analytics” OR “data
mining” OR “edm” OR “predictive analytics” OR “explainable ai”) AND TITLE ( “education” OR “educational” OR “school” OR
“college” OR “university” OR “higher education” )

((“Document Title”:”predictive models” OR “Document Title”:”machine learning” OR “Document Title”:”AI” OR “Document
Title” artificial intelligence” OR “Document Title”:”*supervised learning” OR “Document Title”:’deep learning” OR
“Document Title”:”learning analytics” OR “Document Title”:’data mining” OR “Document Title”:"edm” OR “Document
I E E E Title”:”predictive analytics” OR “Document Title”;"explainable ai”) AND (“Document Title”;’student retention” OR
“Document Title”:"retention rate” OR “Document Title”:”student performance” OR “Document Title”:”’dropping out” OR
Xplore | «pocument Title’’dropout” OR “Document Title” “graduation rate” OR “Document Title”student at risk” OR “Document
Title”:”student support” OR “Document Title”:”student engagement”) AND (“Document Title”:”education” OR “Document
Title”:”educational” OR “Document Title”:’school” OR “Document Title”:”college” OR “Document Title”:”university” OR
“Document Title”:”higher education”))

learning” OR “learning analytics” OR “data mining” OR “edm” OR “predictive analytics” OR “explainable ai” ) AND
TI=(“student retention” OR “retention rate” OR “student performance” OR “dropping out” OR “dropout” OR “graduation
rate” OR “student at risk” OR “student support” OR “student engagement”) AND TI=(“education” OR “educational”

Web of Science | OR “school” OR “college” OR “university” OR “higher education” )

N e

' 0 0] TI=( “predictive models” OR “machine learning” OR “AI” OR “artificial intelligence” OR “*supervised learning” OR “deep
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Table A2. Useful tools for bibliographic organization and diagrams

Tool Description

Zotero is a free and easy-to-use tool for bibliographic

management and organization. Its ability to integrate with

browsers and word processing software (such as Word) makes
it easier to manage academic sources, saving valuable time and

https://www.zotero.org/ ) o
ensuring accurate citations.

EdrawMind is a mind mapping and brainstorming software. It

m offers a wide range of features for mind-mapping creation.
EdrawMind
https://www.edrawsoft.com/

Draw.io offers robust diagramming tools, which are essential
for creating clear and informative visual representations of
draw.io relationships and processes. These visual aids can significantly

hitps://app.diagrams.net/ improve the understanding and presentation of results.

WordArt.com is an online word cloud generator that enables you
WG)RD to create amazing and unique word clouds with ease even for

L/\R)[ users with no prior knowledge of graphic design. This word cloud
https://wordart.com/ generator allows us to create a visual representation of text that
gives a higher rank to words that appear more frequently.

Flourish is a user-friendly platform for creating interactive data
FI . h* visualizations and storytelling experiences. It offers customizable
OUuriIs templates, interactivity features, storytelling tools, and easy
sharing options. With Flourish, you can import data, create
https://app flourish.studio/ engaging visuals, add narratives, and share your work seamlessly.
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