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Abstract

Adaptive e-learning is viewed as stimulation to support learning and improve student
engagement, so designing appropriate adaptive e-learning environments contributes
to personalizing instruction to reinforce learning outcomes. The purpose of this paper
is to design an adaptive e-learning environment based on students’learning styles and
study the impact of the adaptive e-learning environment on students’engagement.
This research attempts as well to outline and compare the proposed adaptive e-learn-
ing environment with a conventional e-learning approach. The paper is based on
mixed research methods that were used to study the impact as follows: Development
method is used in designing the adaptive e-learning environment, a quasi-experimen-
tal research design for conducting the research experiment. The student engagement
scale is used to measure the following affective and behavioral factors of engagement
(skills, participation/interaction, performance, emotional). The results revealed that the
experimental group is statistically significantly higher than those in the control group.
These experimental results imply the potential of an adaptive e-learning environment
to engage students towards learning. Several practical recommendations forward
from this paper: how to design a base for adaptive e-learning based on the learning
styles and their implementation; how to increase the impact of adaptive e-learning in
education; how to raise cost efficiency of education. The proposed adaptive e-learning
approach and the results can help e-learning institutes in designing and develop-

ing more customized and adaptive e-learning environments to reinforce student
engagement.

Keywords: Adaptive e-Learning, Learning style, Student engagement, E-Learning,
Learning impact

Introduction

In recent years, educational technology has advanced at a rapid rate. Once learning
experiences are customized, e-learning content becomes richer and more diverse (El-
Sabagh & Hamed, 2020; Yang et al.,, 2013). E-learning produces constructive learning
outcomes, as it allows students to actively participate in learning at anytime and any-
place (Chen et al., 2010; Lee et al., 2019). Recently, adaptive e-learning has become an
approach that is widely implemented by higher education institutions. The adaptive
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e-learning environment (ALE) is an emerging research field that deals with the devel-
opment approach to fulfill students’ learning styles by adapting the learning environ-
ment within the learning management system "LMS" to change the concept of delivering
e-content. Adaptive e-learning is a learning process in which the content is taught or
adapted based on the responses of the students’ learning styles or preferences. (Nor-
madhi et al., 2019; Oxman & Wong, 2014). By offering customized content, adaptive
e-learning environments improve the quality of online learning. The customized envi-
ronment should be adaptable based on the needs and learning styles of each student
in the same course. (Franzoni & Assar, 2009; Kolekar et al., 2017). Adaptive e-learning
changes the level of instruction dynamically based on student learning styles and per-
sonalizes instruction to enhance or accelerate a student’s success. Directing instruc-
tion to each student’s strengths and content needs can minimize course dropout rates,
increase student outcomes and the speed at which they are accomplished. The person-
alized learning approach focuses on providing an effective, customized, and efficient
path of learning so that every student can participate in the learning process (Hussein
& Al-Chalabi, 2020). Learning styles, on the other hand, represent an important issue
in learning in the twenty-first century, with students expected to participate actively
in developing self-understanding as well as their environment engagement. (Klasnja-
Milicevic et al., 2011; Nuankaew et al., 2019; Truong, 2016).

In current conventional e-learning environments, instruction has traditionally fol-
lowed a “one style fits all” approach, which means that all students are exposed to the
same learning procedures. This type of learning does not take into account the differ-
ent learning styles and preferences of students. Currently, the development of e-learning
systems has accommodated and supported personalized learning, in which instruction
is fitted to a students’ individual needs and learning styles (Beldagli & Adiguzel, 2010;
Benhamdi et al., 2017; Pashler et al., 2008). Some personalized approaches let students
choose content that matches their personality (Hussein & Al-Chalabi, 2020). The deliv-
ery of course materials is an important issue of personalized learning. Moreover, design-
ing a well-designed, effective, adaptive e-learning system represents a challenge due to
complication of adapting to the different needs of learners (Alshammari, 2016). Regard-
less of using e-learning claims that shifting to adaptive e-learning environments to be
able to reinforce students’ engagement. However, a learning environment cannot be
considered adaptive if it is not flexible enough to accommodate students’ learning styles.
(Ennouamani & Mahani, 2017).

On the other hand, while student engagement has become a central issue in learn-
ing, it is also an indicator of educational quality and whether active learning occurs in
classes. (Lee et al., 2019; Nkomo et al., 2021; Robinson & Hullinger, 2008). Veiga et al.
(2014) suggest that there is a need for further research in engagement because assessing
students’ engagement is a predictor of learning and academic progress. It is important to
clarify the distinction between causal factors such as learning environment and outcome
factors such as achievement. Accordingly, student engagement is an important research
topic because it affects a student’s final grade, and course dropout rate (Staikopoulos
et al, 2015).

The Umm Al-Qura University strategic plan through common first-year deanship
has focused on best practices that increase students’ higher-order skills. These skills
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include communication skills, problem-solving skills, research skills, and creative think-
ing skills. Although the UQU action plan involves improving these skills through com-
mon first-year academic programs, the student’s learning skills need to be encouraged
and engaged more (Umm Al-Qura University Agency, 2020). As a result of the author’s
experience, The conventional methods of instruction in the "learning skills" course were
observed, in which the content is presented to all students in one style that is dependent
on understanding the content regardless of the diversity of their learning styles.

According to some studies (Alshammari & Qtaish, 2019; Lee & Kim, 2012; Shih et al.,
2008; Verdd, et al., 2008; Yalcinalp & Avc, 2019), there is little attention paid to the
needs and preferences of individual learners, and as a result, all learners are treated in
the same way. More research into the impact of educational technologies on developing
skills and performance among different learners is recommended. This “one-style-fits-
all” approach implies that all learners are expected to use the same learning style as pre-
scribed by the e-learning environment. Subsequently, a review of the literature revealed
that an adaptive e-learning environment can affect learning outcomes to fill the identi-
fied gap. In conclusion: Adaptive e-learning environments rely on the learner’s prefer-
ences and learning style as a reference that supports to create adaptation.

To confirm the above: the author conducted an exploratory study via an open inter-
view that included some questions with a sample of 50 students in the learning skills
department of common first-year. Questions asked about the difficulties they face when
learning a "learning skills" course, what is the preferred way of course content. Students
(88%) agreed that the way students are presented does not differ according to their dif-
ferences and that they suffer from a lack of personal learning that is compatible with
their style of work. Students (82%) agreed that they lack adaptive educational content
that helps them to be engaged in the learning process. Accordingly, the author handled
the research problem.

This research supplements to the existing body of knowledge on the subject. It is con-
sidered significant because it improves understanding challenges involved in designing
the adaptive environments based on learning styles parameter. Subsequently, this paper
is structured as follows: The next section presents the related work cited in the literature,
followed by research methodology, then data collection, results, discussion, and finally,
some conclusions and future trends are discussed.

Theoretical framework
This section briefly provides a thorough review of the literature about the adaptive

E-learning environments based on learning styles.

Adaptive e-learning environments based on learning styles

The adaptive e-learning employment in higher education has been slower to evolve,
and challenges that led to the slow implementation still exist. The learning management
system offers the same tools to all learners, although individual learners need differ-
ent details based on learning style and preferences. (Beldagli & Adiguzel, 2010; Kolekar
et al,, 2017). The interactive e-learning environment requisite evaluating the learner’s
desired learning style, before the course delivery, such as an online quiz or during the
course delivery, such as tracking student reactions (DeCapua & Marshall, 2015).
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In e-learning environments, adaptation is constructed on a series of well-designed
processes to fit the instructional materials. The adaptive e-learning framework attempt
to match instructional content to the learners’ needs and styles. According to Qazdar
et al. (2015), adaptive e-learning (AEL) environments rely on constructing a model of
each learner’s needs, preferences, and styles. It is well recognized that such adaptive
behavior can increase learners’ development and performance, thus enriching learn-
ing experience quality. (Shi et al., 2013). The following features of adaptive e-learning
environments can be identified through diversity, interactivity, adaptability, feedback,
performance, and predictability. Although adaptive framework taxonomy and charac-
teristics related to various elements, adaptive learning includes at least three elements:
a model of the structure of the content to be learned with detailed learning outcomes (a
content model). The student’s expertise based on success, as well as a method of inter-
preting student strengths (a learner model), and a method of matching the instructional
materials and how it is delivered in a customized way (an instructional model) (Al et al.,
2019). The number of adaptive e-learning studies has increased over the last few years.
Adaptive e-learning is likely to increase at an accelerating pace at all levels of instruction
(Hussein & Al-Chalabi, 2020; Oxman & Wong, 2014).

Many studies assured the power of adaptive e-learning in delivering e-content for
learners in a way that fitting their needs, and learning styles, which helps improve the
process of students’ acquisition of knowledge, experiences and develop their higher
thinking skills (Ali et al., 2019; Behaz & Djoudi, 2012; Chun-Hui et al.,, 2017; Daines
et al.,, 2016; Dominic et al., 2015; Mahnane et al., 2013; Vassileva, 2012). Student char-
acteristics of learning style are recognized as an important issue and a vital influence in
learning and are frequently used as a foundation to generate personalized learning expe-
riences (Alshammari & Qtaish, 2019; El-Sabagh & Hamed, 2020; Hussein & Al-Chalabi,
2020; Klasnja-Milicevic et al., 2011; Normadhi et al., 2019; Ozyurt & Ozyurt, 2015).

The learning style is a parameter of designing adaptive e-learning environments.
Individuals differ in their learning styles when interacting with the content presented
to them, as many studies emphasized the relationship between e-learning and learning
styles to be motivated in learning situations, consequently improving the learning out-
comes (Ali et al.,, 2019; Alshammari, 2016; Alzain et al., 2018a, b; Liang, 2012; Mahnane
et al., 2013; Nainie et al., 2010; Veldzquez & Assar, 2009). The word "learning style" refers
to the process by which the learner organizes, processes, represents, and combines this
information and stores it in his cognitive source, then retrieves the information and
experiences in the style that reflects his technique of communicating them. (Fleming
& Baume, 2006; Jaleel & Thomas, 2019; Jonassen & Grabowski, 2012; Klasnja-Milicevic
et al., 2011; Nuankaew et al., 2019; Pashler et al., 2008; Willingham et al., 2105; Zhang,
2017). The concept of learning style is founded based on the fact that students vary in
their styles of receiving knowledge and thought, to help them recognizing and combin-
ing information in their mind, as well as acquire experiences and skills. (Naqeeb, 2011).
The extensive scholarly literature on learning styles is distributed with few strong experi-
mental findings (Truong, 2016), and a few findings on the effect of adapting instruction
to learning style. There are many models of learning styles (Aldosarim et al., 2018; Alzain
et al., 2018a, 2018b; Cletus & Eneluwe, 2020; Franzoni & Assar, 2009; Willingham et al.,
2015), including the VARK model, which is one of the most well-known models used to
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classify learning styles. The VARK questionnaire offers better thought about informa-
tion processing preferences (Johnson, 2009). Fleming and Baume (2006) developed the
VARK model, which consists of four students’ preferred learning types. The letter "V"
represents for visual and means the visual style, while the letter "A" represents for audi-
tory and means the auditory style, and the letter "R/W" represents "write/read", means
the reading/writing style, and the letter "K" represents the word "Kinesthetic" and means
the practical style. Moreover, VARK distinguishes the visual category further into graph-
ical and textual or visual and read/write learners (Murphy et al., 2004; Leung, et al., 2014;
Willingham et al., 2015). The four categories of The VARK Learning Style Inventory are
shown in the Fig. 1 below.

According to the VARK model, learners are classified into four groups representing
basic learning styles based on their responses which have 16 questions, there are four
potential responses to each question, where each answer agrees to one of the extremes
of the dimension (Hussain, 2017; Silva, 2020; Zhang, 2017) to support instructors who
use it to create effective courses for students. Visual learners prefer to take instructional
materials and send assignments using tools such as maps, graphs, images, and other
symbols, according to Fleming and Baume (2006). Learners who can read—write prefer
to use written textual learning materials, they use glossaries, handouts, textbooks, and
lecture notes. Aural learners, on the other hand, prefer to learn through spoken materi-
als, dialogue, lectures, and discussions. Direct practice and learning by doing are pre-
ferred by kinesthetic learners (Becker et al., 2007; Fleming & Baume, 2006; Willingham
et al,, 2015). As a result, this research work aims to provide a comprehensive discussion
about how these individual parameters can be applied in adaptive e-learning environ-
ment practices. Dominic et al., (2015) presented a framework for an adaptive educational
system that personalized learning content based on student learning styles (Felder-Sil-
verman learning model) and other factors such as learners’ learning subject competency
level. This framework allowed students to follow their adaptive learning content paths
based on filling in "ils" questionnaire. Additionally, providing a customized framework
that can automatically respond to students’ learning styles and suggest online activities
with complete personalization. Similarly, El Bachari et al. (2011) attempted to determine
a student’s unique learning style and then adapt instruction to that individual interests.
Adaptive e-learning focused on learner experience and learning style has a higher degree

Information concerns in best
through ears.

Prefer to use images, maps,
illustrations, and videos

Aural (Auditory)

Kinesthetic
(Tactile)

Prefer to use tactical
representations of information, and
hands on to learn new information.

Prefer to use words, lecture
notes, textbooks to learn new
information.

Fig. 1 VARK learning styles
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of perceived usability than a non-adaptive e-learning system, according to Alshammari
et al. (2015). This can also improve learners’ satisfaction, engagement, and motivation,
thus improving their learning.

According to the findings of (Akbulut & Cardak, 2012; Alshammari & Qtaish, 2019;
Alzain et al., 2018a, b; Shi et al.,, 2013; Truong, 2016), adaptation based on a combina-
tion of learning style, and information level yields significantly better learning gains.
Researchers have recently initiated to focus on how to personalize e-learning experi-
ences using personal characteristics such as the student’s preferred learning style. Per-
sonal learning challenges are addressed by adaptive learning programs, which provide
learners with courses that are fit to their specific needs, such as their learning styles.

Student engagement

Previous research has emphasized that student participation is a key factor in overcom-
ing academic problems such as poor academic performance, isolation, and high dropout
rates (Fredricks et al., 2004). Student participation is vital to student learning, especially
in an online environment where students may feel isolated and disconnected (Dixson,
2015). Student engagement is the degree to which students consciously engage with a
course’s materials, other students, and the instructor. Student engagement is significant
for keeping students engaged in the course and, as a result, in their learning (Barkley
& Major, 2020; Lee et al., 2019; Rogers-Stacy, et al, 2017). Extensive research was con-
ducted to investigate the degree of student engagement in web-based learning systems
and traditional education systems. For instance, using a variety of methods and input
features to test the relationship between student data and student participation (Hussain
et al,, 2018). Guo et al. (2014) checked the participation of students when they watched
videos. The input characteristics of the study were based on the time they watched it and
how often students respond to the assessment.

Atherton et al. (2017) found a correlation between the use of course materials and stu-
dent performance; course content is more expected to lead to better grades. Pardo et al.,
(2016) found that interactive students with interactive learning activities have a signifi-
cant impact on student test scores. The course results are positively correlated with stu-
dent participation according to previous research. For example, Atherton et al. (2017)
explained that students accessed learning materials online and passed exams regularly
to obtain higher test scores. Other studies have shown that students with higher levels
of participation in questionnaires and course performance tend to perform well (Mutahi
etal., 2017).

Skills, emotion, participation, and performance, according to Dixson (2015), were fac-
tors in online learning engagement. Skills are a type of learning that includes things like
practicing on a daily foundation, paying attention while listening and reading, and taking
notes. Emotion refers to how the learner feels about learning, such as how much you
want to learn. Participation refers to how the learner act in a class, such as chat, discus-
sion, or conversation. Performance is a result, such as a good grade or a good test score.
In general, engagement indicated that students spend time, energy learning materials,
and skills to interact constructively with others in the classroom, and at least partici-
pate in emotional learning in one way or another (that is, be motivated by an idea, will-
ing to learn and interact). Student engagement is produced through personal attitudes,
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thoughts, behaviors, and communication with others. Thoughts, effort, and feelings to a
certain level when studying. Therefore, the student engagement scale attempts to meas-
ure what students are doing (thinking actively), how they relate to their learning, and
how they relate to content, faculty members, and other learners including the following
factors as shown in Fig. 2. (skills, participation/interaction, performance, and emotions).
Hence, previous research has moved beyond comparing online and face-to-face classes
to investigating ways to improve online learning (Dixson, 2015; Gaytan & McEwen, 2007;
Lévy & Wakabayashi, 2008; Mutahi et al., 2017). Learning effort, involvement in activi-
ties, interaction, and learning satisfaction, according to reviews of previous research on
student engagement, are significant measures of student engagement in learning envi-
ronments (Dixson, 2015; Evans et al., 2017; Lee et al., 2019; Mutahi et al., 2017; Rogers-
Stacy et al., 2017). These results point to several features of e-learning environments that
can be used as measures of student participation. Successful and engaged online learners
learn actively, have the psychological inspiration to learn, make good use of prior experi-
ence, and make successful use of online technology. Furthermore, they have excellent
communication abilities and are adept at both cooperative and self-directed learning
(Dixson, 2015; Hong, 2009; Nkomo et al., 2021).

Overview of designing the adaptive e-learning environment
The paper follows the (ADDIE) Instructional Design Model: analysis, design, develop,
implement, and evaluate to answer the first research question. The adaptive learn-
ing environment offers an interactive decentralized media environment that takes into
account individual differences among students. Moreover, the environment can spread
the culture of self-learning, attract students, and increase their engagement in learning.
Any learning environment that is intended to accomplish a specific goal should be
consistent to increase students’ motivation to learn. so that they have content that is per-
sonalized to their specific requirements, rather than one-size-fits-all content. As a result,
a set of instructional design standards for designing an adaptive e-learning framework
based on learning styles was developed according to the following diagram (Fig. 3).
According to the previous figure, The analysis phase included identifying the course
materials and learning tools (syllabus and course plan modules) used for the study. The
learning objectives were included in the high-level learning objectives (C4-Cé: analysis,

synthesis, evaluation).

Skills

Engagement Factors

Performance

Emotional

Participation/Interaction

Fig. 2 Engagement factors
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-Set Instructional design standards of adaptive e-learning environment
based on learning styles.

-Identify learners’ characteristics.

-Identify instructional needs.

-Identify digital recourses and LMS. - identify course outcomes

-

v

Analyze Phase

-Identify learning objects.

-Identify instructional "learning" objects according to each path.
-Design the tools

-Design learning activities according to students' learning styles.
-Select the instructional media of adaptive e-learning environment.
-Design the learning objects.

-Design e-learning environment strategies.

Il

v

Design Phase

\4

\ 4

Feedback

Devel t — -Create "learn..." app.
Ph;: opmen -Create electronic learning materials in the adaptive e-learning |«
o environment based on LS (VARK).
-Develop e-course content paths.

v

-Practical usage and execution of the adaptive environment.
Implementation | _—_pf -Using activities and experiences that fit the four types, according to the
Phase learning style.

-Fellow up, support & development.

v

-Micro experimentation for formative evaluation.
-Large experimentation for summative evaluation

A

Evaluation Phase

Fig. 3 The ID (model) of the adaptive e-learning environment

Course Content Analysis & Learning Objectives
Identification

R-WLS Content Path includes:
PPTs, PDFs, Announcements,
Reading Assignments, Lecture

ALS Content Path includes:
discussion and dialogue, and

audio materials, Podcast,

storytelling, brainstorming,

notes, and Assignments.

puzzles.
‘ Adaptive e-Learning Course Design ]
VLS Content Path includes: KLS Content Path includes:
Graphic presentations, Diagrams, PPTs, role-playing, Forums,
Pictures, Concept maps, Graphic Practical Materials, Gamification,
models, Organizers, Discussions, Simulations, Case studies, and
( b nal Vi ’ manual activities.
Y ouT'ube Instructional Videos, Link V4 Questionnaire
and Visualizations

Fig. 4 Adaptive e-course design

The design phase included writing SMART objectives, the learning materials were
written within the modules plan. To support adaptive learning, four content paths
were identified, choosing learning models, processes, and evaluation. Course struc-
ture and navigation were planned. The adaptive structural design identified the rela-
tionships between the different components, such as introduction units, learning
materials, quizzes. Determining the four path materials. The course instructional
materials were identified according to the following Figure 4.

The development phase included: preparing and selecting the media for the e-course
according to each content path in an adaptive e-learning environment. During this
process, the author accomplished the storyboard and the media to be included on

Page 8 of 24
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each page of the storyboard. A category was developed for the instructional media for
each path (Fig. 5)

The author developed a learning styles questionnaire via a mobile App. as follows:
https://play.google.com/store/apps/details?id=com.pointability.vark. Then, the students
accessed the adaptive e-course modules based on their learning styles.

The Implementation phase involved the following: The professional validation of the
course instructional materials. Expert validation is used to evaluate the consistency of
course materials (syllabi and modules). The validation was performed including the
following: student learning activities, learning implementation capability, and student
reactions to modules. The learner’s behaviors, errors, navigation, and learning process
are continuously geared toward improving the learner’s modules based on the data the
learner gathered about him.

The Evaluation phase included five e-learning specialists who reviewed the adap-
tive e-learning. After that, the framework was revised based on expert recommenda-
tions and feedback. Content assessment, media evaluation in three forms, instructional
design, interface design, and usage design included in the evaluation. Adaptive learners
checked the proposed framework. It was divided into two sections. Pilot testing where
the proposed environment was tested by ten learners who represented the sample in the
first phase. Each learner’s behavior was observed, questions were answered, and learning
control, media access, and time spent learning were all verified.

Research methodology

Research Purpose and Questions

This research aims to investigate the impact of designing an adaptive e-learning
environment on the development of students’ engagement. The research conceptual
framework is illustrated in Fig. 6. Therefore, the articulated research questions are as
follows: the main research question is "What is the impact of an adaptive e-learning
environment based on (VARK) learning styles on developing students’ engagement?

[ Student response on VARK Learning Styles ]

!

[ Student learning style identification (V/A/R/K) ]

!

Adaptive e-contents paths according to leaming response

A-VLS )
ARWLS P~y

Fig. 5 Roles and deployment diagram of the adaptive e-learning environment
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Adaptive Learning Environmemnt

Leamning Styles E- Content Paths
(VAEK)
A 4
Student Engagment Factors

Skills, Participation/Interaction,
Performance, Emotion

¥
Overall Learning

Fig. 6 The conceptual framework (model) of the research questions

Accordingly, there are two sub research questions a) "What is the instructional
design of the adaptive e-learning environment?" b) "What is the impact of an adap-
tive e-learning based on (VARK) learning styles on development students’ engage-
ment (skills, participation, performance, emotional) in comparison with conventional

e-learning?".

Research hypotheses
The research aims to verify the validity of the following hypothesis:

HI: There is no statistically significant difference between the students’ mean scores
of the experimental group that exposed to the adaptive e-learning environment and the
scores of the control group that was exposed to the conventional e-learning environ-
ment in pre-application of students’ engagement scale.

H?2: There is a statistically significant difference at the level of (0.05) between the stu-
dents’ mean scores of the experimental group (adaptive e-learning) and the scores of the
control group (conventional e-learning) in post-application of students’ engagement fac-
tors in favor of the experimental group.

Research design
This research was a quasi-experimental research with the pretest-posttest. Research var-
iables were independent and dependent as shown in the following Fig. 7.

Both groups were informed with the learning activities tracks, the experimental group
was instructed to use the adaptive learning environment to accomplish the learning
goals; on the other hand, the control group was exposed to the conventional e-learning
environment without the adaptive e-learning parameters.
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Experimental group Pretest Treatment N PZS“ZSI ' c
—p| - Students’ —p> (Adaptive e-learning - Students' o
engagement scale . engagement scale m
environment)
P
Quasi-Experiment a
T
\ Control group Pretest Conventional e- Posttest i
: . s
L - Students engagement [ lcaming | - Students o
scale environment engagement scale
Fig. 7 Research "Experimental” design
Table 1 Students'demographic data
Age Gender Total
M F
Experimental students 36 24 60
Control group 31 27 58

Research participants
The sample consisted of students studying the "learning skills" course in the common
first-year deanship aged between (17-18) years represented the population of the study.
All participants were chosen in the academic year 2109-2020 at the first term which
was taught by the same instructors. The research sample included two classes (118 stu-
dents), selected randomly from the learning skills department. First-group was randomly
assigned as the control group (N=58, 31 males and 27 females), the other was assigned
as experimental group (N =60, 36 males and 24 females) was assigned to the other class.
The following Table 1 shows the distribution of students’ sample "Demographics data".
The instructional materials were not presented to the students before. The control
group was expected to attend the conventional e-learning class, where they were pro-
vided with the learning environment without adaptive e-learning parameter based on
the learning styles that introduced the "learning skills" course. The experimental group
was exposed to the use of adaptive e-learning based on learning styles to learn the same
course instructional materials within e-course. Moreover, all the student participants
were required to read the guidelines to indicate their readiness to participate in the

research experiment with permission.

Research instruments

In this research, the measuring tools included the VARK questionnaire and the students’
engagement scale including the following factors (skills, participation/interaction, per-
formance, emotional). To begin, the pre-post scale was designed to assess the level of
student engagement related to the "learning skills" course before and after participating
in the experiment.

VARK questionnaire
Questionnaires are a common method for collecting data in education research (McMil-
lan & Schumacher, 2006). The VARK questionnaire had been organized electronically
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and distributed to the student through the developed mobile app and registered on the
UQU system. The questionnaire consisted of 16 items within the scale as MCQ classified
into four main factors (kinesthetic, auditory, visual, and R/W).

Reliability and Validity of The VARK questionnaire For reliability analysis, Cronbach’s
alpha is used for evaluating research internal consistency. Internal consistency was cal-
culated through the calculation of correlation of each item with the factor to which it fits
and correlation among other factors. The value of 0.70 and above are normally recognized
as high-reliability values (Hinton et al., 2014). The Cronbach’s Alpha correlation coeffi-
cient for the VARK questionnaire was 0.83, indicating that the questionnaire was accurate

and suitable for further research.

Students’ engagement scale

The engagement scale was developed after a review of the literature on the topic of stu-
dent engagement. The Dixson scale was used to measure student engagement. The scale
consisted of 4 major factors as follows (skills, participation/interaction, performance,
emotional). The author adapted the original "Dixson scale" according to the following
steps. The Dixson scale consisted of 48 statements was translated and accommodated
into Arabic by the author. After consulting with experts, the instrument items were
reduced to 27 items after adaptation according to the university learning environment.
The scale is rated on a 5-point scale.

The final version of the engagement scale comprised 4 factors as follows: The skills
engagement included (ten items) to determine keeping up with, reading instructional
materials, and exerting effort. Participation/interaction engagement involved (five items)
to measure having fun, as well as regularly engaging in group discussion. The perfor-
mance engagement included (five items) to measure test performance and receiving a
successful score. The emotional engagement involved (seven items) to decide whether
or not the course was interesting. Students can access to respond engagement scale from
the following link: http://bit.ly/2PXGvvD. Consequently, the objective of the scale is
to measure the possession of common first-year students of the basic engagement fac-
tors before and after instruction with adaptive e-learning compared to conventional

e-learning.

Reliability and validity of the engagement scale The alpha coefficient of the scale factors
scores was presented. All four subscales have a strong degree of internal accuracy (0.80—
0.87), indicating strong reliability. The overall reliability of the instruments used in this
study was calculated using Alfa-alpha, Cronbach’s with an alpha value of 0.81 meaning
that the instruments were accurate. The instruments used in this research demonstrated
strong validity and reliability, allowing for an accurate assessment of students’ engage-
ment in learning. The scale was applied to a pilot sample of 20 students, not including
the experimental sample. The instrument, on the other hand, had a correlation coefficient
of (0.74—0.82), indicating a degree of validity that enables the instrument’s use. Table 2
shows the correlation coefficient and Cronbach’s alpha based on the interaction scale.
On the other hand, to verify the content validity; the scale was to specialists to
take their views on the clarity of the linguistic formulation and its suitability to
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Table 2 Correlation coefficient and Cronbach’s Alpha of engagement scale

Students’ engagement factors Validity Pearson Correlation Reliability
Alpha
Cronbach

Skills 0.70 0.80

Participation/interaction 0.82 0.84

Performance 0.78 0.87

Emotional 0.74 0.83

Full scale 0.79 0.81

Table 3 Entry-level of both experimental and control groups in students’ scores on skills,
participation, performance, emotional, and overall score for the pre-test "students engagement”

Engagement factor Group No Arith Mean Std.D T "Value"

Skills Experiment 60 21.07 1.89 0464
Control 58 24.25 1.72

Participation/Interaction Experiment 60 13.57 147 0.514
Control 58 11.34 1.31

Performance Experiment 60 12.70 1.20 0.321
Control 58 1343 1.1

Emotional Experiment 60 11.23 145 0.397
Control 58 12.62 1.52

Whole engagement scale Experiment 60 26.76 1.84 0.632
Control 58 2491 1.78

measure students’ engagement, and to suggest what they deem appropriate in terms of
modifications.

Research procedures

To calculate the homogeneity and group equivalence between both groups, the validity
of the first hypothesis was examined which stated "There is no statistically significant
difference between the students’ mean scores of the experimental group that exposed
to the adaptive e-learning environment and the scores of the control group that was
exposed to the conventional e-learning environment in pre-application of students’
engagement scale”, the author applied the engagement scale to both groups beforehand,
and the scores of the pre-application were examined to verify the equivalence of the two
groups (experimental and control) in terms of students’ engagement.

The t-test of independent samples was calculated for the engagement scale to confirm
the homogeneity of the two classes before the experiment. The t-values were not signifi-
cant at the level of significance =0.05, meaning that the two groups were homogeneous
in terms of students’ engagement scale before the experiment.

Since there was no significant difference in the mean scores of both groups (p>0.05),
the findings presented in Table 3 showed that there was no significant difference
between both experimental and control groups in engagement as a whole, and each stu-
dent engagement factor separately. The findings showed that the two classes were simi-
lar before start of research experiment.
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Learner content path in adaptive e-learning environment

The previous well-designed processes are the foundation for adaptation in e-learn-
ing environments. There are identified entries for accommodating materials, includ-
ing classification depending on learning style.: kinesthetic, auditory, visual, and R/W.
The present study covered the 1st semester during the 2019/2020 academic year.
The course was divided into modules that concentrated on various topics; eleven of
the modules included the adaptive learning exercise. The exercises and quizzes were
assigned to specific textbook modules. To reduce irrelevant variation, all objects of
the course covered the same content, had equal learning results, and were taught by
the same instructor.

The experimental group—in which students were asked to bring smartphones—
was taught, where the how-to adaptive learning application for adaptive learning was
downloaded, and a special account was created for each student, followed by access
to the channel designed by the through the application, and the students were pro-
vided with instructions and training on how entering application with the appropriate
default element of the developed learning objects, while the control group used the
variety of instructional materials in the same course for the students.

In this adaptive e-course, students in the experimental group are presented with a
questionnaire asked to answer that questions via a developed mobile App. They are
provided with four choices. Students are allowed to answer the questions. The correct
answer is shown in the students’ responses to the results, but the learning module
is marked as incomplete. If a student chooses to respond to a question, the correct
answer is found immediately, regardless of the student’s reaction.

Figure 8 illustrates a visual example from learning styles identification through
responding VARK Questionnaire. The learning process experienced by the students in
this adaptive Learning environment is as shown in Fig. 4. Students opened the adap-
tive course link by tapping the following app "https://play.google.com/store/apps/
details?id=com.pointability.vark,"” which displayed the appropriate positioning of
both the learning skills course and the current status of students. It directed students
to the learning skills that they are interested in learning more. Once students reached
a specific situation in the e-learning environment, they could access relevant digital
instructional materials. Students were then able to progress through the various styles
offered by the proposed method, giving them greater flexibility in their learning pace.

The "flowchart" diagram below illustrates the learner’s path in an adaptive e-learn-
ing environment, depending on the (VARK) learning styles (visual, auditory, kines-
thetic, reading/writing) (Fig. 9).

According to the previous design model of the adaptive framework, the students
responded "Learning Styles" questionnaire. Based on each student’s results, the ori-
entation of students will direct to each of "Visual", "Aural”, "Read-Write", and "Kines-
thetic". The student took at the beginning the engagement scale online according to
their own pace. When ready, they responded "engagement scale".

Based on the results, the system produced an individualized learning plan to fill
in the gap based on the VARK questionnaire’s first results. The learner model rep-
resents important learner characteristics such as personal information, knowledge

level, and learning preferences. Pre and post measurements were performed for both
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experimental and control groups. The experimental group was exposed only to treat-
ment (using the adaptive learning environment).

Findings

To address the second question, which states: “What is the impact "effect” of adap-
tive e-learning based on (VARK) learning styles on development students’ engagement
(skills, participation/interaction, performance, emotional) in comparison with conven-
tional e-learning?

The validity of the second hypothesis of the research hypothesis was tested, which
states " There is a statistically significant difference at the level of (0.05) between the
students’ mean scores of the experimental group (adaptive e-learning) and the scores
of the control group (conventional e-learning) in post-application of students’ engage-
ment factors in favor of the experimental group". To test the hypothesis, the arithmetic
means, standard deviations, and "T"-test values were calculated for the results of the two
research groups in the application of engagement scale factors".

Table 4. indicates that students in the experimental group had significantly higher
mean of engagement post-test (engagement factors items) scores than students in the
control group (p <0.05).

The experimental research was performed to evaluate the impact of the proposed
adaptive e-learning. Independent sample t-tests were used to measure the previous
behavioral engagement of the two groups related to topic of this research. Subsequently,
the findings stated that the experimental group students had higher learning achieve-
ment than those who were taught using the conventional e-learning approach.

To verify the effect size of the independent variable in terms of the dependent vari-
able, Cohen (d) was used to investigate that adaptive learning can significantly students’
engagement. According to Cohen (1992), ES of 0.20 is small, 0.50 is medium, and 0.80 is

Page 16 of 24
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Table 4 Descriptive data and independent sample t-tests of the pre-test results

Engagement factor Learning group No Mean Std.D tvalue p

Skills Experimental group 60 3481 134 4.086 0.001*
Control group 58 2334 1.79

Participation/Interaction Experimental group 60 21.05 1.09 2.210 0.002*
Control group 58 13.26 143

Performance Experimental group 60 2586 147 2.071 0.003*
Control group 58 14.60 1.35

Emotional Experimental group 60 24.93 1.84 2.909 0.001*
Control group 58 13.07 2.03

Average score Experimental group 60 38.87 1.80 4738 0.003*
Control group 58 26.13 217

*p <0.05, *Significant at 0.05 level

high. In the post-test of the student engagement scale, however, the effect size between
students’ scores in the experimental and control groups was calculated using (d and
r) using means and standard deviations. Cohen’s d=0.826, and Effect-size r=0.401,
according to the findings. The ES of 0.824 means that the treated group’s mean is in the
79th percentile of the control group (Large effect). Effect sizes can also be described
as the average percentile rank of the average treated learner compared to the average
untreated learner in general. The mean of the treated group is at the 50th percentile of
the untreated group, indicating an ES of 0.0. The mean of the treated group is at the 79th
percentile of the untreated group, with an ES of 0.8. The results showed that the depend-
ent variable was strongly influenced in the four behavioral engagement factors: skills:
performance, participation/interaction, and emotional, based on the fact that effect size
is a significant factor in determining the research’s strength.

Discussions and limitations

This section discusses the impact of an adaptive e-learning environment on student
engagement development. This paper aimed to design an adaptive e-learning environ-
ment based on learning style parameters. The findings revealed that factors correlated
to student engagement in e-learning: skills, participation/interaction, performance, and
emotional. The engagement factors are significant because they affect learning outcomes
(Nkomo et al., 2021). Every factor’s items correlate to cognitive process-related activi-
ties. The participation/interaction factor, for example, referred to, interactions with the
content, peers, and instructors. As a result, student engagement in e-learning can be
predicted by interactions with content, peers, and instructors. The results are in line
with previous research, which found that customized learning materials are important
for increasing students’ engagement. Adaptive e-learning based on learning styles sets
a strong emphasis on behavioral engagement, in which students manage their learn-
ing while actively participating in online classes to adapt instruction according to each
learning style. This leads to improved learning outcomes (Al-Chalabi & Hussein, 2020;
Chun-Hui et al.,, 2017; Hussein & Al-Chalabi, 2020; Pashler et al., 2008). The experimen-
tal findings of this research showed that students who learned through adaptive eLearn-
ing based on learning styles learned more; as learning styles are reflected in this research
as one of the generally assumed concerns as a reference for adapting e-content path. Stu-
dents in the experimental group reported that the adaptive eLearning environment was
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very interesting and able to attract their attention. Those students also indicated that
the adaptive eLearning environment was particularly useful because it provided oppor-
tunities for them to recall the learning content, thus enhancing their overall learning
impression. This may explain why students in the experimental group performed well
in class and showed more enthusiasm than students in the control group. This research
compared an adaptive e-learning environment to a conventional e-learning approach
toward engagement in a learning skills course through instructional content delivery and
assessment. It can also be noticed that the experimental group had higher participation
than the control group, indicating that BB activities were better adapted to the students’
learning styles. Previous studies have agreed on the effectiveness of adaptive learning; it
provides students with quality opportunity that is adapted to their learning styles, and
preferences (Alshammari, 2016; Hussein & Al-Chalabi, 2020; Roy & Roy, 2011; Surjono,
2014). However, it should be noted that this study is restricted to one aspect of con-
tent adaptation and its factors, which is learning materials adapting based on learning
styles. Other considerations include content-dependent adaptation. These findings are
consistent with other studies, such as (Alshammari & Qtaish, 2019; Chun-Hui et al.,
2017), which have revealed the effectiveness of the adaptive e-learning environment.
This research differs from others in that it reflects on the Umm Al-Qura University as a
case study, VARK Learning styles selection, engagement factors, and the closed learning
management framework (BB).

The findings of the study revealed that adaptive content has a positive impact on adap-
tive individuals’ achievement and student engagement, based on their learning styles
(kinesthetic; auditory; visual; read/write). Several factors have contributed to this: The
design of adaptive e-content for learning skills depended on introducing an ideal learn-
ing environment for learners, and providing support for learning adaptation according
to the learning style, encouraging them to learn directly, achieving knowledge build-
ing, and be enjoyable in the learning process. Ali et al. (2019) confirmed that, indicat-
ing that education is adapted according to each individual’s learning style, needs, and
characteristics. Adaptive e-content design that allows different learners to think about
knowledge by presenting information and skills in a logical sequence based on the adap-
tive e-learning framework, taking into account its capabilities as well as the diversity of
its sources across the web, and these are consistent with the findings of (Alshammari &
Qtaish, 2019).

Accordingly, the previous results are due to the following: good design of the adaptive
e-learning environment in light of the learning style and educational preferences accord-
ing to its instructional design (ID) standards, and the provision of adaptive content that
suits the learners’ needs, characteristics, and learning style, in addition to the diversity of
course content elements (texts, static images, animations, and video), variety of tests and
activities, diversity of methods of reinforcement, return and support from the instructor
and peers according to the learning style, as well as it allows ease of use, contains multi-
ple and varied learning sources, and allows referring to the same point when leaving the
environment.

Several studies have shown that using adaptive eLearning technologies allows stu-
dents to improve their learning knowledge and further enhance their engagement in
issues such as "skills, performance, interaction, and emotional" (Ali et al., 2019; Graf &
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Kinshuk, 2007; Murray & Pérez, 2015); nevertheless, Murray and Pérez (2015) revealed
that adaptive learning environments have a limited impact on learning outcome.

The restricted empirical findings on the efficacy of adapting teaching to learning style
are mixed. (Chun-Hui et al,, 2017) demonstrated that adaptive eLearning technologies
can be beneficial to students’ learning and development. According to these findings,
adaptive eLearning can be considered a valuable method for learning because it can
attract students’ attention and promote their participation in educational activities. (Ali
et al,, 2019); however, only a few recent studies have focused on how adaptive eLearning
based on learning styles fits in diverse cultural programs. (Benhamdi et al., 2017; Pashler
et al., 2008).

The experimental results revealed that the proposed environment significantly
increased students’ learning achievements as compared to the conventional e-learning
classroom (without adaptive technology). This means that the proposed environment’s
adaptation could increase students’ engagement in the learning process. There is also
evidence that an adaptive environment positively impacts other aspects of quality such
as student engagement (Murray & Pérez, 2015).

Conclusions and implications

Although this field of research has stimulated many interests in recent years, there are
still some unanswered questions. Some research gaps are established and filled in this
study by developing an active adaptive e-learning environment that has been shown to
increase student engagement. This study aimed to design an adaptive e-learning environ-
ment for performing interactive learning activities in a learning skills course. The main
findings of this study revealed a significant difference in learning outcomes as well as
positive results for adaptive e-learning students, indicating that it may be a helpful learn-
ing method for higher education. It also contributed to the current adaptive e-learning
literature. The findings revealed that adaptive e-learning based on learning styles could
help students stay engaged. Consequently, adaptive e-learning based on learning styles
increased student engagement significantly. According to research, each student’s learn-
ing style is unique, and they prefer to use different types of instructional materials and
activities. Furthermore, students’ preferences have an impact on the effectiveness of
learning. As a result, the most effective learning environment should adjust its output
to the needs of the students. The development of high-quality instructional materials
and activities that are adapted to students’ learning styles will help them participate and
be more motivated. In conclusion, learning styles are a good starting point for creating
instructional materials based on learning theories.

This study’s results have important educational implications for future studies on the
effect of adaptive e-learning on student interaction. First, the findings may provide data
to support the development and improvement of adaptive environments used in blended
learning. Second, the results emphasize the need for more quasi-experimental and
descriptive research to better understand the benefits and challenges of incorporating
adaptive e-learning in higher education institutions. Third, the results of this study indi-
cate that using an adaptive model in an adaptive e-learning environment will encour-
age, motivate, engage, and activate students’ active learning, as well as facilitate their
knowledge construction, rather than simply taking in information passively. Fourth, new
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research is needed to design effective environments in which adaptive learning can be
used in higher education institutions to increase academic performance and motivation
in the learning process. Finally, the study shows that adaptive e-learning allows students
to learn individually, which improves their learning and knowledge of course content,
such as increasing their knowledge of learning skills course topics beyond what they can
learn in a conventional e-learning classroom.

Contribution to research

The study is intended to provide empirical evidence of adaptive e-learning on student
engagement factors. This research, on the other hand, has practical implications for
higher education stakeholders, as it is intended to provide university faculty members
with learning approaches that will improve student engagement. It is also expected to
offer faculty a framework for designing personalized learning environments based on
learning styles in various learning situations and designing more adaptive e-learning

environments.

Research implication

Students with their preferred learning styles are more likely to enjoy learning if they are
provided with a variety of instructional materials such as references, interactive media,
videos, podcasts, storytelling, simulation, animation, problem-solving, games, and
accessible educational tools in an e-learning environment. Also, different learning strat-
egies can be accommodated. Other researchers would be able to conduct future studies
on the use of the "adaptive e-learning" approach throughout the instructional process,
at different phases of learning, and in various e-courses as a result of the current study.
Meanwhile, the proposed environment’s positive impact on student engagement gained
considerable interest for future educational applications. Further research on learn-
ing styles in different university colleges could contribute to a foundation for designing
adaptive e-courses based on students’ learning styles and directing more future research
on learning styles.

Implications for practice or policy:

+ Adaptive e-learning focused on learning styles would help students become more
engaged.

+ Proving the efficacy of an adaptive e-learning environment via comparison with con-
ventional e-learning.
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