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Abstract: Students from different cultures possess varying levels of skills in learning,
remembering, and understanding concepts. Some terms and their explanations may seem easy
for one group of students but difficult for another. Therefore, delivering educational content
that aligns with student’s learning capabilities is a challenging task based on cultural
orientations. This study addresses the learning challenges by developing a Thesaurus Glossary
E-learning (TGE) framework method. This study introduces the TGE method which is a multi-
language tool with visual associations that adapts to students’ capabilities. It also examines
cultural differences and native languages, particularly aiding Arab Native to visualize
appropriate terms (thesaurus) and their explanations (glossary) based on students’ learning
capabilities. TGE learns from students’ term selection behavior and displays terms at a simple
or advanced level that matches their learning ability. Additionally, TGE demonstrated its
effectiveness as an e-learning tool, accessible to all students anytime and anywhere. The study
analyzed 314 records related to student performance, out of which 114 students were surveyed
to evaluate the effectiveness of the TGE method. This work presents TGE as a novel e-learning
tool designed to enhance conceptual thinking within the context of modern educational
practices during the digital transformation. TGE is based on artificial intelligence algorithms
and associative rules that simulate the human brain, establishing logical connections between
related key terms and sketching associations among diverse facets of a situation. An experiment
was conducted at a private university in the Sultanate of Oman to assess the effectiveness of
the proposed TGE tool. TGE was integrated with selected subjects in information systems and
used by the students as a resource for e-learning methods and materials. The results show that
85% of students who used TGE improved their performance by 19%. We believe this work
could establish a new smart e-learning teaching method and attract modern and digital
universities to enhance student learning outcomes linked with conceptual thinking.

Keywords: e-learning; glossary; higher order thinking skills (HOTS); interactive educational
system; thesaurus

1. Introduction

The preparation of high-level specialists necessitates the active incorporation of
pedagogical technologies that foster the development of higher-order thinking skills
within higher education institutions (Gradini et al., 2024). However, developing and
testing technologies to promote critical thinking in higher education in Arab regions,
where university programs are delivered in English as mandated by the Ministry of
Education and quality authorities, present significant challenges (Shannaq, 2024a).
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This issue is particularly pronounced in the Sultanate of Oman (Shannaq, 2024b;
(Shannaq, 2024c).

This study demonstrates the need and feasibility of fostering critical thinking in
an information systems program at a university for non-native English-speaking
students from Arab regions. University of Buraimi, College of Business, and
Management Information Systems Department was used as the center of the
experiment for the case study.

University learners must comprehend advanced English texts to access academic
and global knowledge, especially where English is the primary medium of education
(Pratiwi et al., 2024). However, higher-order thinking skills (HOTS) such as analyzing,
evaluating, and synthesizing information vary among learners. Previous research has
primarily examined the role of HOTS in instructional materials for reading
comprehension, but explicit taxonomic modeling of learners’ HOTS in reading
comprehension remains limited (Alkiyumi, 2024; Karwadi et al., 2024). In a
developing educational system like Oman, the use of English is the primary medium
of communication in all higher education levels, often relying on superficial scoring
which ultimately contributes to stagnated low skills performance. However, the
learners’ HOTS levels in information system skills have not been thoroughly modeled
(Segumpan and McAlaney, 2023) to mitigate this performance.

This study models the university learners” HOTS levels in computer skills, using
Bloom’s revised taxonomy (ElJishi et al., 2024), to identify strengths and weaknesses.
Understanding these levels is crucial for developing targeted remedial programs and
improving learner performance. Research in developed countries has highlighted the
importance of engaging learners in cognitive activities to enhance reading
comprehension (Darwis et al., 2024; Habeeb, 2024; Khalil et al., 2023; Khurma and
Zein, 2024). However, studies in developing countries, particularly Oman, have
focused less on modeling learners” HOTS levels (Arif and Aldosary, 2023; Cairns,
2023; Shannaq and Al Shamsi, 2024; Sadriwala et al., 2024; Taderera, 2024).

Linking HOTS with curriculum design can benefit learners by providing teachers
with valuable insights into cognitive strengths and weaknesses, enabling targeted
remedial measures and authentic assessment designs (Badoi-Hammami, 2023; Wang,
2024). This study also combines visual skills analysis which provides a clearer picture
of Omani university learners’ HOTS that are essential for educational reforms.

1.1. HOTS-based Curriculum for effective learning

Effective learning in various educational programs is crucial for non-native
English speakers, particularly Arab Native, for both academic and professional
success. In most developing countries like Oman, where English language is the
primary medium of instruction, proficiency in English educational materials is vital
for academic engagement and future opportunities (Alkhateeb and Alhawsawi, 2023;
Amanzhol et al., 2023). Higher-order thinking skills (HOTS)—analyzing, evaluating,
and creating—are essential for online learning (Musliha et al., 2021; Salihah and
Prayudha, 2022). Research indicates that integrating HOTS in teaching improves
reading performance (Ness, 2019; Nappu and Hambali, 2022). However, traditional
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education systems often fail to explicitly incorporate HOTS into learning interactions,
which could motivate students to explore, learn more, and innovate.

Research has shown the lack of cultural factors in motivating students to be
innovative and apply new skills and knowledge. This is particularly true for Arab
native students who complete their education in the Arabic language and then join
universities where the medium of instruction is English. These students face the
challenges of spending considerable time translating English materials into Arabic to
understand scientific concepts across disciplines.

Modeling learners’ HOTS levels can provide valuable insights for targeted skill
improvement and better performance (Arviani et al., 2023). Explicit HOTS assessment
aligns with cognitive diagnostic assessment, offering systematic information for
enhancing learners’ reading abilities (Darwis et al., 2024; Rachmawati et al., 2023).
This study also proposed visual learning to improve the proposed Framework for
modeling HOTS levels.

1.2. Insightful Analysis of Higher-order Thinking Skills (HOTS)

Research has shown that gaps still exist in understanding Higher-Order Thinking
Skills (HOTS), especially in areas of e-learning and Human-Computer Interaction
(HCI) (MoldStud, n.d.; Zhu and Tahir, 2023). Firstly, there is a dearth of recent studies
that combine e-learning tools with a comprehensive thesaurus glossary approach
which has the potential to improve students’ cognitive capacities. Most of the current
research concentrates on conventional teaching strategies or disjointed technology
interventions rather than a seamless integration of advanced language resources.

Secondly, there is a lack of research on how dynamic and engaging HCI tools can
be to promote HOTS. Although a large body of research has been done on interactive
learning environments, relatively little of it has focused on the creation and
performance of intelligent HCI tools intended to enhance HOTS. There is still not
enough research on how these technologies may be used to provide tailored, flexible
learning  experiences  that meet the needs of each  learner.
Moreover, there is a lack of new research into how e-learning tools affect HOTS
development over time. Most current research only offers short-term assessments,
which leaves a vacuum in our knowledge of the therapy's possible downsides and long-
term advantages. Furthermore, there is also a lack of recent research on how different
learner demographics—Ilike cultural background and past knowledge—affect how
successful HCI-based HOTS improvement tools are considered.

Finally, the swift advancement of technology is an ongoing challenge for this
field of study. Research must continue to keep up with evolving educational paradigms
and technology improvements as many studies become out of date very rapidly.

To create efficient e-learning systems that use HCI to improve HOTS and provide
students with the skills they need for the current and future Al-based century, these
gaps must be filled.

E-learning tools are also essential for knowledge transfer and skill development.
Beyond knowledge acquisition, they should foster critical thinking, enabling learners
to analyze and evaluate information. They also help identify relationships between
objects and phenomena for evidence-based conclusions. The study is structured to
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include thesaurus glossary e-learning (TGE), an Al-driven tool designed to enhance
conceptual thinking that addresses the gaps in the literature by introducing the
thesaurus glossary e-learning (TGE) method. The TGE is therefore a multi-language
tool with visual associations linking ideas and concepts. TGE adapts to students’
learning capabilities by displaying terms at varying difficulty levels. Unlike existing
solutions, TGE considers cultural differences, understanding levels, and native
languages, particularly aiding Arab native students.

2. Materials and methods

2.1. Design

Competence-based and mixed-methods approach was utilized in this study to
enhance the delivery of educational content tailored to each student’s learning
capability. The main research methods included the analysis of scientific literature
from both the Sultanate of Oman and foreign sources, as well as diagnostic methods
such as experimental, quantitative, and observational techniques.

2.2. Participants

An experimental study was conducted at the University of Buraimi from 2018 to
2020 involving the installation, ascertaining, training, and control stages included four
courses: MISY 304 in spring 2018/2019, and MISY 316, MISY 403, and MISY 407
in the Fall of 2019-2020. The study analyzed 314 records related to student
performance. 114 students were surveyed to evaluate the effectiveness of the thesaurus
glossary E-learning (TGE) method.

2.3. Research instruments

In the experiment, we collected data about the Management Information Systems
(MIS) students’ previous information and academic performance. Then, we request
the students to use the thesaurus glossary e-learning (TGE) as a learning method to
assess their understanding of the subject matter. Subsequently, we presented a new
teaching method intended to improve their conceptual thinking and problem-solving
skills.

Figure 1 illustrates the experimental research design.
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Figure 1. The proposed research methodology.

Figure 2 shows the organizational design and steps of the proposed system.
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Figure 2. The proposed system organizational design and steps.

2.4. Procedure

In the experiment testing phase, we

developed the smart interactive web

application as described in Figure 2. In the quantitative testing phase, descriptive and
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inferential statistical analyses were conducted on the quantitative data collected from
data collected to evaluate student feedback about the thesaurus glossary e-learning
(TGE) as a learning method. Statistical testing using descriptive statistics was first
obtained to address the research objective. In the qualitative testing phase, data values
operationalized from interviews underwent thematic analysis to gain insights into
learners’ opinions and perceptions regarding thesaurus glossary e-learning (TGE)
modeling as a learning method.

2.5. Analysis
2.5.1. Experiment process

A real live demo system of the proposed TEG Tool was set up for implementation
in the following link: https://tacrproject.com/.

Figures 3 and 4 illustrate the functionality of the proposed TGE tool. For instance,
if a user or student wishes to learn about the term “database,” it can be challenging
due to its broad nature, resulting in an overwhelming number of search results in
search engines. To address this, the TEG tool employs a conversation session to gather
user feedback and determine their specific query. This interactive conversation enables
users to explore and discover other terms related to their interests, enhancing memory

a_

DATABASE

and concept retention skills.
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Figure 3. The user intends to learn about database management.
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The research study evaluated the performance of the student participants for the
experiment by conducting both pre-assessment and post-assessment to measure the
knowledge, skills, and dispositions students bring to learning tasks with the TGE tool.
In addition, surveys and interviews were administered to gather qualitative data on the
participants’ perceptions and attitudes toward the new teaching method.

In addition, a specialized smart web application information system was
developed to measure and oversee all processes of the proposed TGE tool. This
application effectively monitors the interaction events between students and
instructors.

Figure 5 provides a sample view of the application, showcasing the statistics and
progress of each participating instructor and student in the experiments.
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Figure 5. The smart application interface.
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To evaluate the effectiveness of the proposed tool, a dataset comprising 314
records was used to capture student performance before and after implementing TGE
as a learning method.

Figure 6 provides a sample view of the dataset. It consists of 11 variables,
including academic semester, course title, instructor, before per semester, after per
semester, school study type, graduate year, average of high school, completed hours,
and current CGP. To prioritize student privacy based on college policy, the field size
for student ID was minimized. Colorful group highlights are used to separate the same
student. For example, the records highlighted in blue depict a student who registered
for four courses: MISY 304 in Spring 2018/2019, MISY 316, MISY 403, and MISY
407 in Fall 2019-2020.

Academic Semesti Studen’ course Title  instrctor GPA_BefoGPA_Afte HIGH_SCHHIGH _SCH HIGH_SCH Current EX Current OGP,

Spring 2018-201%  1E+06 BAEM 417 CoBoumedy 185 195 Literature 2013
209 Literature 2013
209 Literature 2013

L]

[Spring 2015-2019  1E+06 BABM 417 Co Boumedyr  3.12 3.16 Literature 2013 T

|Spring 2018-2015  1E+06 BABM 417 Co Boumedys 208 109 Literature 2013 6.3 131 112
[Spring 2018-2019  1E+06 BAEBM 417 Co Boumedys 133 241 Literature 2013 ] 131 45
|Spring 2018-2015  1E+06 BAEM 206 IT| Boumedys 19 105 Literature 2013 3 ] i
|Spring 2018-2019  1E406 BABM 418 IT: Boumedyr 1% 302 Literature 2013 409 131 XL
|Spring 2018-2015  1E+06 BAEM 206 IT | Boumedys 181 182 Literature 2013 72 ] 182

|Spring 2018-2019  1E+06 BABM 206 IT| Boumnedy: 135 117 Literature 2013 ] 127

|Spring 2018-2013  1E+06 MISY 306 Dat:Boumedyn 247 L57 Literature 2004
[Spring 015-2015  1E+06 BABM 417 Co Boumedyr  2.99 3.02 Literature 2014 68.5 131
|Spring 2018-2013  1E+06 BABM 413 T Boumedyn 299 3.02 Literature 2014 68.5 13

Figure 6. Sample of the dataset.

The findings indicated a significant improvement in students’ academic
performance when using the new learning method, as demonstrated by higher scores
in the post-tests.

2.5.2. Quantitative analysis

The analysis of 141 survey responses revealed a more positive attitude among
students towards the new learning method. Participants found it engaging and effective
in enhancing their learning experience.

Figure 7 delivers a complete overview of the survey results, capturing student
feedback after utilizing the TGE tool as a learning method.
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Figure 7. The survey results on the effectiveness of utilizing the TGE tool.

The survey results indicate that thirty-one students responded positively that the
TEG tool helped them answer questions more effectively than other tools such as
YouTube media when compared. Twenty-nine students stated that TEG helped them
understand course concepts better than traditional teaching methods. Twenty students
reported that TEG improved their long-term memory retention of educational
materials compared to other media technologies. Nineteen students found TEG
interesting and motivating, encouraging them to engage more and explore additional
ideas and knowledge through its interactive and visual techniques. Twelve students
praised TEG’s presentation of information, calling it very interesting. Nine students
found TEG highly motivating. Eight students considered TEG more effective as a
learning method than traditional approaches. Seven students described TEG as an
impressive learning tool, and six students noted that it was easy to use.

Overall, this analysis provided a valuable understanding of the effectiveness of
using the TGE in attracting students’ conceptual thinking and problem-solving skills.
The results could have significant consequences for the design and implementation of
instructional practices in various educational settings.

3. Discussion

Arabic is the most widely spoken language in many Middle Eastern countries.
Despite numerous dialects, a unified version is taught in schools and used by the media.
As a Semitic language, Arabic’s alphabet, grammar, and vocabulary differ
significantly from that of the English Language leading to potential interference errors
when Arabic speakers learn a subject in English (Lucente, 2023). Many foreign
educators who work in Middle Eastern countries, often find teaching a subject in
English challenging due to these differences (Hines, n.d.; Mihret et al., 2024). The
study by Moshtari and Safarpour, 2023 examines the importance of
internationalization for underdeveloped countries in addressing poverty, climate
change, and educational inequalities. Despite its significance, research on higher
education internationalization in less developed African countries is limited. In this
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qualitative study, twelve (12) main challenges in East Africa were identified,
categorized into policy, organized into structures, financial, and competency issues,
and finally, internal and external strategies for higher education institutions were
recommended to address these challenges.

Most students use word lists also known as glossaries to record and remember
vocabularies. These glossaries are often found at the end of textbooks, but students
can create personalized ones in their notebooks to keep track of new vocabulary. While
this is useful, traditional word lists have limitations such as providing only translations
without additional context. Some students struggle to memorize the lists and even
those who succeed may quickly forget the words and fail to use them in writing or
speaking.

For effective vocabulary development, students need repeated exposure to words
and opportunities to use them. If new vocabularies are not revisited, they are likely to
be forgotten. Educators should incorporate activities that allow students to review and
apply new vocabulary. The thesaurus glossary e-learning (TGE) tool developed in this
study also examines these challenges by smartly developing students’ vocabulary and
tracking their learning progress.

TGE acts as a dynamic notebook where students can:

e  Record new vocabulary/words with detailed information.

e Note memorable contexts where they encountered the word.
e Add words to a visual association.

e Include example sentences.

e  List related words.

TGE facilitates vocabulary retention by providing opportunities for review and
application, both inside and outside the classroom. By using TGE, students can reflect
on their learning progress, compare their usage with peers, and become independent
learners. This innovative tool ensures continuous vocabulary development tailored to
each student’s capability level.

This work addresses a critical gap in the literature by introducing multi-language
tools with visual associations that link ideas and concepts. Students from different
cultures possess varying levels of skills in learning, remembering, and understanding
concepts. Some terms and their explanations may seem easy for one group of students
but difficult for another.

While existing literature offers various solutions, they often overlook cultural
differences, students’ levels of understanding, and native languages. Typically, users
must translate terms into English before using available tools. In contrast, TGE
addresses these gaps, particularly benefiting Arab natives and potentially applying
them to other regions with different languages.

3.1. Related work on conceptual thinking

Technology-based Arabic language learning enhances quality, accessibility,
flexibility, and resource diversity (Rani et al., 2023). However, this study indicates
several challenges such as uneven content quality, internet access, and limited social
interaction. Efforts to maximize benefits are essential. E-learning employs ICT to
facilitate teaching through multimedia materials accessible globally. Arabic language

10
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education covers vocabulary, grammar, reading, writing, and speaking, promoting
interaction via forums or virtual classrooms, offering flexibility, and enhancing
teacher-learner engagement (Wahyuni et al., 2023). This study explores effective
methods for improving Arabic listening and speaking skills among Indonesian learners.
Using a qualitative approach, data was gathered from literature, expert insights, and
analysis via Publish or Perish and Vosviewer. The study (Wahyuni et al., 2023)
emphasizes the importance of listening skills in interpersonal communication and
outlines various techniques for practicing listening and speaking across different
proficiency levels, contributing unique insights to the field.

Other studies by (DiNapoli and Miller, 2022) examine the importance of the
significance of conceptual thinking in problem-solving and argue that individuals must
develop a profound understanding of a problem’s underlying concepts and principles
to solve it effectively. Similarly, Shanta and Wells (2022); Thornhill-Miller et al.
(2023) claimed that conceptual thinking is a critical element of creativity, as it allows
individuals to generate new ideas and solutions by connecting disparate concepts and
ideas. A study by Santana et al. (2022) establishes that conceptual thinking is
completely associated with academic achievement and (Hommel et al., 2022)
cognitive flexibility.

Their study also recommends the crucial factor in preparing students for success
in the 21st-century workplace. Moreover, other revisions have underlined the role of
conceptual thinking in several fields such as science education (Hurt et al., 2023),
mathematics education (Monteleone et al., 2023), and engineering education (Sharma
and Kumar, 2023). Overall, conceptual thinking is an energetic skill that plays a
critical role in problem-solving, creativity, academic success, and success in the
workplace (Li et al., 2023). A study by Santana et al. (2022) and Taslidere and
Yildirim (2023) also evaluates the conceptual thoughtful and conceptual change in
education sciences. These assessments examine the role of conceptual understanding
and conceptual change in learning, highlighting the importance of conceptual thinking
in knowledge acquisition and problem-solving.

Conceptual revolution through guided thought—This assessment emphasizes the
process of guided abstraction, which involves breaking down complex ideas into more
manageable parts to encourage conceptual understanding and rationale (Jokela et al.,
2022). Conceptual thinking and individual variances—this review examines
individual differences in conceptual thinking, comprising the role of cognitive and
personality factors in shaping this cognitive skill. Overall, these recent literature
reviews highlight the continuing importance of conceptual thinking in a variety of
contexts, including education, psychology, and science. The studies also point to the
need for continued research to better recognize the factors that shape this critical
cognitive skill and how it can be efficiently developed and useful in practice.

3.2. E-learning and glossary

The studies indicated in the literature also investigated the Glossary effect in
online learning and the relationship between the number of terms in a glossary and
learning outcomes in an online learning environment (Gokgearslan et al., 2023;
Haddaway et al., 2023; Stevens et al., 2023). Results showed that the use of a glossary

11
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improved learning outcomes, particularly for students who were struggling with the
course content (Tekin et al., 2020). This revision discovers the application of the
flipped classroom model in an online medical terminology course. Learners engaged
in asynchronous activities with interactive multimedia content and applications, and
synchronous activities focused on collaborative learning, problem-solving, and
discussion. Quantitative data on system usage, questionnaire responses, and academic
achievement, along with qualitative data on learners’ opinions, were collected.

The results revealed a significant relationship between learners’ academic
achievement, perceptions of deep learning, and time spent on learning activities.
However, learners also identified challenges with time expectations, instructional
materials, and instructor guidance in the flipped classroom (Davies et al., 2023).

The ‘Erasmus + -Health-EDU’ project aims to understand oral health
professional education in Europe using web surveys and online toolkits, while
Articulate aims to create a shared European language for OHP education terms and
concepts. Glossary improved learners’ understanding of course materials and their
overall science knowledge (North et al., 2022).

A shared effort by the ‘neuromodulation ‘the Institute of ‘neuromodulation’, and
the International ‘neuromodulation society also provides an updated glossary for the
‘neurostimulation’ community. The glossary includes 91 defined terms, expanded to
cover spinal cord, peripheral nerve, dorsal root ganglion, deep brain, and motor cortex
stimulation, which is available in print and online to help facilitate communication,
and prevent misuse of ‘neurostimulation’ terms and will continue to be expanded in
web editions (Haddaway et al., 2023). A strategy for improving education in the Gulf
and India was proposed in (Rashid Al-Shamsi and Shannaq, 2024), emphasizing the
need for new interactive tools to enhance student learning. Another study suggested
investigating and implementing these tools and methods through mobile applications,
recognizing the integral role mobile devices play in our lives (Shakir et al., 2024;
Shannagq, 2024c). A glossary is provided to aid review authors in selecting appropriate
methods, justifying and reporting them, and ensuring consistent nomenclature. This
resource aims to assist authors, editors, reviewers, and readers in understanding and
evaluating reviews based on their intended use. More Information related to E-learning
can be found in Al-Shamsi et al. (2023); Maulana et al. (2023); Shannaq et al. (2023);
Shannaq et al. (2023); Shannaq et al. (2019); Shannaq (2020).

The literature review reveals a lack of integration between glossary and e-
learning tools. Additionally, no real online systems were found except for the
mentioned work: https://taerproject.com/.

The significance of the chosen topic lies in addressing one of the most crucial
issues in the modern information society: the production, storage, processing,
structuring, and sale of information. These challenges are among the most prominent
today, necessitating a thorough examination of not only the process of cognition but
also the essence, structure, and functioning of information. In most Gulf region
universities, the English language is the formal language of instruction. The role of an
instructor teaching Arab natives in English whether in technical subjects or literature,
includes the development of speech and vocabulary enrichment, often with the aid of
dictionaries. English language lessons for non-native speakers, such as Arab Native,
focus on expanding vocabulary.

12
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Vocabulary, by definition, is a set of words representing objects, phenomena, and
concepts that a person knows, forming their lexicon. Integrating semantic dictionaries
into the process of teaching English and incorporating them into the educational and
methodological framework across various subjects, is crucial for acquiring
lexicographic information. Educators need to provide students with accessible
information about dictionaries and teach them how to use these “helper dictionaries”
effectively, ensuring they accumulate relevant experience. In the current educational
process, the linguistic essence of dictionaries is diminishing, with dictionaries being
used less frequently.

3.3. Analysis and viability of the study

The focus of this study is based on the electronic thesaurus TGE in teaching
English to non-native speakers, particularly Arab natives. Using definitions from
semantic thesauri and glossaries helps expand students’ active vocabulary, clarify their
understanding of word meanings, teach them to use words in new contexts, and
improve literacy. However, vocabulary words used in textbooks are often limited to
covered topics and only appear in vocabulary dictations, which limits their
effectiveness. A single encounter with a vocabulary word, even with independent
study yields little effect.

The structure of TGE, while generally consistent, shows some variations
examined during our experiment. Key differences between a thesaurus and a semantic
dictionary include:

* A thesaurus includes lexical units and presents meanings through a tree structure
with single keywords.

* A semantic dictionary consists of words and semantic units, revealing concepts
with multiple words and meanings.

Our analysis of TGE revealed that it encompasses a wide range of concepts,
including both every day and scientific terms. Everyday words are typically more
understandable with superficial and easily accessible meanings. In contrast, scientific
terms contain deeper meanings, posing comprehension challenges for students.

When using TGE in education, the following approaches should be considered:
* Individual and differentiated approach: This approach creates varied learning

conditions for different classes and groups, considering their unique

characteristics.

*  Personal-activity approach: This approach revolves around the student,
emphasizing their motivations, objectives, and psychological characteristics.

*  Systematic approach to pedagogy: This approach views pedagogy as a system—

a set of well-structured, interconnected elements.

The research highlights the informatization of society, the education system,
teaching activities, and the essence of information technologies in education. The
study utilized theoretical analysis, including observation, description, classification,
and an analysis of TGE’s structure. This work evaluates the application of electronic
TGE in the educational process.

3.4. Examining the significance of conceptual thinking and study results

13
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It is important to note that the current e-learning technologies available do not
integrate both a thesaurus and a glossary into a single tool, making direct comparisons
challenging. Additionally, implementing other tools in our educational system would
require significant resources and permissions from the university’s institutional
effectiveness. Therefore, our presented work, “An intelligent online human-computer
interaction tool for adapting educational content to diverse learning capabilities across
Arab cultures: challenges and strategies” stands as a novel and innovative approach.
It addresses unique issues than other learning tools, particularly by considering the
varying capabilities of Arab natives who study in a university setting where English is
the primary medium of instruction. This tool is designed to provide tailored
educational content, which is crucial for improving learning outcomes for this specific
student population.

Through the provision of an engaging and dynamic learning environment, the
TGE tool dramatically improves conceptual thinking. According to the results of our
study, students who used TGE significantly improved their understanding and
application of complicated concepts—as demonstrated by an 85% improvement in
performance. This enhancement highlights how well the tool promotes deeper
cognitive involvement, which is essential for conceptual thinking.

How higher-order thinking skills are promoted by TGE—The TGE tool
incorporates characteristics that are in line with Bloom’s new taxonomy to encourage
HOTS. These features include:

* Analyzing: TGE helps students identify patterns, dissect material into its
constituent parts, and comprehend underlying structures. As an example, the tool
offers associative maps that create links between similar phrases and concepts,
assisting students in understanding the relationships between various bits of
information.

*  Evaluating: By contrasting various sources and viewpoints, TGE enables students
to evaluate and critically analyze material. Different definitions and points of
view are presented via the interactive thesaurus and glossary functions, which
promote critical analysis.

*  Creating: TGE encourages creativity by letting students combine new concepts
with previously learned information. Students’ ability to solve problems
creatively is enhanced by the tool’s Al-driven recommendations, which assist
them in making new connections and hypotheses.

Connecting the results of research to HOTS theories - The results of our study
support well-established HOTS hypotheses, including those put forth by Bloom and
Anderson. The development of these abilities is reflected in the observed improvement
in student learning outcomes. According to student feedback, for instance, TGE made
difficult topics more approachable and interesting. This is in line with the theory that
more interactive and adaptable learning resources might improve cognitive processing.

An illustration of TGE in operation - Take an information system subject where
the notion of database normalization is required of the students. With TGE, pupils can:
*  Examine the normalization process with interactive graphs that deconstruct each

stage.

*  Compare definitions and examples from various sources to assess various
normalization forms.
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*  With the help of generative Al recommendations that guarantee logical coherence,
they construct their database structures.

*  These exercises foster critical and imaginative thinking in addition to improving
comprehension.
The TGE tool’s design and functionality directly contribute to the development

of HOTS by offering a comprehensive and interactive learning experience.

4. Conclusion

The TGE tool’s design and functionality directly contribute to the development
of HOTS by offering a comprehensive and interactive learning experience. The major
goal of this study which was to design the thesaurus glossary e-learning (TGE)
technique to solve the learning obstacles faced by students from varied cultural
backgrounds, was effectively accomplished. The TGE tool efficiently illustrates,
according to students’ learning capacities, relevant concepts (thesaurus) and their
definitions (glossary). Through the process of learning from students’ word selection
behavior, TGE modifies term complexity to make sure each student is provided with
the material at an appropriate level. Additionally, TGE has shown to be a successful
online learning resource that can be used by any student at any time and from any
location, which improves the quality of the learning process overall.

This work highlights the significance of e-learning tools in facilitating knowledge
transfer and emphasizes the need for these tools to go beyond knowledge acquisition
by promoting critical thinking skills. The TGE tool, developed in this work, to enhance
conceptual thinking in up-to-date educational practices. Through research conducted
at a private university in Oman, integrating the TGE tool in designated information
systems subjects resulted in a significant enhancement in the performance of 85% of
students, with an average growth of 19%. The investigation of 141 survey responses
confirmed that students had a significantly more positive attitude towards the new
learning method. A statistical significance indicates that it was attractive and effective
in enhancing their overall learning experience.

The results suggest that the presented work can serve as a novel and intelligent
e-learning teaching method. It has the competence to attract traditional, smart, and
digital universities leading to improved student outcomes, particularly in the
development of conceptual thinking skills. These discoveries suggest that the TGE
tool has the potential to serve as an innovative and effective e-learning teaching
method, benefiting modern digital universities and enhancing student outcomes
related to conceptual thinking skills.

5. Future research

It is important to highlight that current e-learning technologies do not integrate
both a thesaurus and a glossary into a single tool making direct comparisons very
challenging. Additionally, implementing alternative tools in our educational system
would require significant resources and permissions from the university’s quality
departments. Therefore, our study presents an innovative approach with unique
challenges and considerations. In the future, this work will extend and integrate the
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proposed TGE by incorporating voice services to facilitate voice interactions for
students.
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