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Abstract

This research presents a new experiment in the context of the Palestinian higher
education, which is based on augmented reality (AR) technology. The main objective is
to investigate the efficacy of AR-based learning on motivation and reflective thinking as
important indicators of students’ learning and achievement. The research is based on a
combined quantitative-qualitative methodology using motivation and reflective thinking
scales for the quantitative approach and semi-structured interviews for the qualitative
approach. The experiment was implemented on a purposive sample of 24 students
enrolled in Digital Communication and 13 students enrolled in Microwave Engineering
courses in the Telecommunication Engineering Department at An-Najah National

University.

Results indicated a positive effect of using AR technology for teaching and learning on
all dimensions of motivation except forconfidence, such as attention, relevance,
satisfaction, and volition. Similarly, AR has a positive effect on all dimensions of
reflective thinking except for reflection, such as habitual action, understanding and
critical reflection. In addition, the qualitative analysis and the thematic coding yield
seven main themes, such as benefits, hope for the future, challenges, reflections, initial

impression, attitudes, and prior experience.

However, the research has some limitations such as the small sample size, the short
period of the experiment that lasted for one semester, and the novelty of the AR
technology that requires the instructors and students to be familiar with this emerging

XV



technology and using it for education, which requires provision of training and AR
models or learning objects.

The researcher recommends the Palestinian education system to benefit from integrating
AR into learning and to provide training programs for students and instructors. In
addition, networking with peer institutions is recommended, as well as developing
educational policies and strategies to merge AR into education. Finally, further research

is needed to identify students' confidence levels using with AR.

Keywords: Augmented Reality, Motivation, Reflective Thinking.
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Chapter One

Theoretical Background and Literature Review

1.1 Introduction

Digital Transformation influences all aspects of human life (Wilms et al., 2017).0One of
these aspects is education, especially when technology has been combined with
appropriate pedagogical foundations(Nincarean et al., 2013).This combination offers
exciting opportunities to design realistic and authentic increase of student engagement,
level of understanding andlearning. In addition, this allows design of highly enjoyable
learning environment to improve the quality of teaching and learning(Kirkley &
Kirkley, 2005).The Teaching Excellence Framework (TEF)introduces digital
technology as a key for enhancing learning, especially in higher education, higher
education institutions (HEIS) should guarantee that effective technology use for learning
and teaching is integrated into curriculum design, including win-win strategies that
provide both improved outcomes and cheaper costs(Davies et al., 2017). Moreover,
HEIs should create and use digital educational resources towards the acquisition of the

21%century competencies(Curaj et al., 2020).

Learners are expected to acquire the necessary professional and life skills and respond
to society's demand for qualified graduates and global citizens (Curaj et al., 2020).
Therefore, it is necessary to focus on teachers’ practices and provide them with
knowledge and skills for using emerging technologies in the educational
context(Sabbah et al., 2020). This enables them to design, develop educational activities
and exploit the potential of these technologies for learning, teaching, and assessment in
either face-to-face or online learning(Darling-Hammond et al., 2020). Previous studies
customized the quality of services that learners receive into process and structure
factors(Daher et al., 2021). Process factor refers to the quality of interaction and
engagement in the class, whereas structure factor refers to the resources that facilitate
interaction, which includes teachers’ education, experience, and subject matter
knowledge, as well as availability of learning material and ICT infrastructure(Molina et
al., 2020). Moreover, the Horizon Report 2020identified significant impact of emerging
technologies on education, one of which is extended reality (XR) (e.g., augmented
reality (AR), virtual reality (VR), mixed reality (MR), and haptic technologies). Haptic



technologies refer to using touch sensation and control to engage with computer-

generated applications.

Augmented Reality (AR) technology overlays virtual objects into the real
world(Ak¢ayir& Akgayir, 2017).AR is defined as “a situation in which a real world
context is dynamically overlaid with coherent location or context-sensitive virtual
information”(Diegmann et al ., 2015). AR is recognized as a technology with a higher
impact on university education(Saez-Lopez et al., 2020). Karagozlu (2021) indicated
that AR promotes improved learning performance, enhances university students'
practices, and aids in the development of good attitudes about laboratory work.
Moreover, he reported that AR is an emerging technology that can be employed as a

new strategy for enhancing teaching and learning.

AR provides new teaching and learning methods at schools or universities to enhance
effectiveness and attractiveness with an increasing ability to use ICT and related
devices, such as computers, tablets, headsets and smart phones that support AR
applications(Safar et al., 2017). In this context, it is necessary to distinguish Virtual
Reality (VR), which refers to adding elements of reality to a virtual environment and
includes more virtual information compared with AR that contains more real than
virtual information(Wu et al., 2013). Both AR and VR conform to the Cognitive Theory
of Multimedia Learning (CTML) (Mayer, 2009), which states that a meaningful
learning should merge text with graphical resources, such as pictures, videos, animation

and simulation, to maximize learning effectiveness.

ICT-based learning requires motivation along with other factors for developing thinking
skills(OCED, 2019).In order to ensure student motivation in the learning environment,
learners are required to be mentally present and to take active roles in the learning
process (Ozdamli & Hursen, 2017).Keller (1987) defined motivation as “those things
that explain the direction, magnitude, and persistence of behaviors”. He proposed an
application-focused model with four categories, Attention, Relevance, Confidence and
Satisfaction (ARCS). Over time, it was shown that these four categories did not
adequately account for differences in persistence among learners, neither did they
provide a basis for motivational support activities (Kuhl, 1987). Therefore, Keller

(2010) added Volition as a fifth category that is similar to self-regulation (Zimmerman,



1990), yielding the ARCS-V model. This design will motivate learners to achieve the
learning objectives (Keller, 2016).

Furthermore, reflective thinking plays an important role in technology-based
learning(Yilmaz & Keser, 2016). It assists students to understand a course content
deeply, and provides an opportunity for comprehensive learning(Chang, 2019).In
addition, reflective learning employs learners’ prior knowledge to improve life-long
learning skills, and enables them to gain better experience (Ozdamli & Hursen, 2017).
Instructors can benefit from reflective thinking activities and strategies to develop
positive attitudes and to increase their teaching profession and performance. So,
reflective thinking activities enhance learner’s individual responsibility and awareness
of their cognitive processes(Yilmaz & Keser, 2016). Moreover, reflective learning
approaches influence students’ learning positively if they study co-operatively from the
beginning of a course (Tok, 2008).

The current research is one of the first to investigate the integration of Augmented
Reality (AR) into teaching and learning among university students in Palestine. It
emphasizes that the use of AR in education is so important in preparing professional
students. Therefore, university instructors should develop their own digital
competencies, especially integrating AR into teaching and course delivery. The
Researcher believes that the motivated learners for learning engage more in a task until
completion, since motivation empowers individuals to initiate and control their
behaviors for particular tasks. That is utilization of AR for enhancing learner motivation
improves course material visualization for better understanding. This research
contributes to identifying the efficacy of AR-based learning on motivation and
reflective thinking of a sample of students enrolled into telecom engineering AR-based

classes.

This research consists of four chapters, starting with a theoretical background and
literature review in the current chapter, which includes introduction, previous studies,
problem statement, and research questions. In chapter two, the methodology is
presented, which describes the sample, the research instruments, and data collection and
analysis. After that, the results and findings are presented in chapter three, which
answers the research questions quantitively and qualitatively. Finally, chapter four
discusses the results and the findings and ends with conclusions and future work.
3



1.2Information and Communication Technology in Higher Education

Digital transformation in education makes a great chance to design realistic and
engaging learning environment (Nincarean et al., 2013). Many researchers(Dunn &
Kennedy, 2019;Liu et al., 2020; Sailer et al., 2021; Shen & Ho, 2020)focused on
integrating technology in education and revealed a positive effect on students’ learning
process. Currently, Technology Enhanced Learning (TEL) has interesting
characteristics in Higher Education institutions (HEIs) (Dunn & Kennedy, 2019), which
improves the educational practices (Liu et al., 2020) and employs information and
communication technology (ICT) applications to enhance teaching and learning
outcomes (Shen & Ho, 2020). Liu et al (2020) derived a framework for learning
technologies in higher education, which consists of academic staff, context, and
influencing adaption. Moreover, implementing digital teaching in higher education
needs infrastructural, institutional and organizational environments for teachers and
students to conduct teaching and learning activities (Sailer et al., 2021). Therefore,
educators began to integrate ICT in education, in order to improve learners'
understanding, Increase the ability to innovate and promote positive attitudes(Bacca, et
al., 2014). Horizon report 2020 highlighted six types of technologies that have a high
impact on the future of learning and teaching in higher education. In addition to
extended reality (XR), these technologies are adaptive learning technologies, Artificial
Intelligence (Al) or Machine Learning (ML) education applications, analytics for
student success, elevation of instructional design, learning engineering, and user
experience (UX) design in pedagogy, open educational resources(OER), and XR
(AR/VR/MR/Haptic) Technologies (Brown et al., 2020).

Adaptive learning technologies were developed as effective educational tools that
personalize the learning experience for each individual student by utilizing advanced
algorithms and data analytics. While ML is founded on the idea that machines may
learn and adapt through repetitive operations, Al refers to a larger concept where robots
can accomplish tasks intelligently (Brown et al., 2020).Analytics for student success
refers to the use of data analysis and predictive modeling techniques to identify factors
that contribute to student achievement and to develop strategies for improving student

outcomes.



The elevation of instructional design focuses on enhancing the effectiveness and impact
of learning experiences by incorporating innovative and research-based strategies.
Instructional designers can incorporate learner-centered approach, personalized and
differentiated instruction, technology integration, evidence-based design, and
continuous improvement to create more engaging and meaningful learning
environments. Moreover, OER are educational resources designed for teaching and
learning without royalties or license fees, which allow reuse and adaptation without

permission from the copyright holder(Morrison et al., 2019).

The advancement in ICT promotes innovative learning tools in education among other
fields. Several educational technologies are implemented to enhance teaching and
learning methods. One of such technologies with vast potential is Augmented Reality
(AR), which offers new pedagogies and psychological aspects such as collaborative
learning that serve education(Bistaman et al., 2018).

Virtualization technology is important to provide opportunities for research and
education. Moreover, virtualization assists academic institutions in reducing capital and
expenditures. Besides, It has the potential to provide an environment for collaboration
among learning groups(Sommool et al., 2015). Visualization of teaching material during
classes enhances communication with learners while performing their activities,
promoting better learning. A comprehensive study is required urgently to check the
possibilities of introducing AR for education in that estimates the required financial
resources. However, HEIs are encouraged to introduce AR, since it is cost effective and
its constructors can be utilized for immediate development of the necessary
visualization (latsyshyn & Kovach, 2020). Furthermore, technological change, such as

AR, influences teaching and learning positively(Fidan & Tuncel, 2019).

ICTis commonly used in the classrooms that assists instructors to elevate and replace
outdated pedagogical technigues and enables them to design their curriculum in advance
(Francis, 2017). A wide range of specific technologies is being used in the classrooms
such as interactive white boards, learning management systems, and online
collaboration tools(Haleem et al., 2022).Even though, some technologies were not
designed to be aligned with the educational goals. In addition, many teachers are still
capable of merging technology into their classrooms (Zimlich, 2015). In a survey on
using technology in classrooms, Francis argued that IT increases student’s motivation
5



and showed that using technology could solve many problematic behaviors and increase
learners’ motivation and engagement by 9% in a technology-supported learning

environment.

Future lab (2009) reported several methods to support inclusive practice concepts with
technology, such as mobile technologies and audio-visual media that provide authentic
and meaningful learning experience, and foster a sense of community as well.
Technology also helps teachers to develop more entertaining and interesting literature-
based connections such as using online discussion forums, digital libraries, and
interactive learning platforms. Moreover, it meets the learners 'individual needs, such as
differentiation and inclusion, and supports behavior management and routines(Lin et al.,
2016). Chen et al. (2017) used supplementary material and found that students who used
ICT have better laboratory skills and engagement than others. Therefore, good teaching
should integrate technology tools into the curriculum. Lytras et al (2020) presented the
concept of transformative education in higher education, which refers to social-
awareness and sensitivity of learners and groupsintegrated with behavioral,
convictionaland psychologicalskills. They also put six pillars for transformative
education includingbig dataanalytics, sustainability, innovation and technology,social
awareness, advanced decision making and teacher as a mentor (Lytras et al., 2020).
Yilmaz & Keser(2016)measured the effect of TEL on students motivation and reflective
thinking on students’ academic success and social presence perception. Their results
reveal that there are significant differences between post and pre test on learners’

motivation and reflective thinking.

According to a recent evaluation, TEL practice in UK universities utilizes course blogs,
course-specific discussion forums, online lecture slides and recordings, additional
posted content, and student-created social media groups (SMG) technologies. TEL
encompasses a wide range of technologies, including lecture slides, recording

repositories, gamification and AR (Dunn & Kennedy, 2019).

It is necessary that HEIs coordinate in developing educational systems and applications
such as national e-learning platform that is integrated with a digital repository of OER
to host massive open online courses (MOOCS). In addition, the concept of educational
services are digital by design is primary when developing new educational applications

and services to ensure applications are technology independent (Pulist, 2020).Moreover,
6



virtual laboratories offer an evolving option based on applications, simulations,
educational games, artificial intelligence, machine learning, and big data to improve the
practical side from a distance. Furthermore, the availability of educational data might

encourage data exchange among HEIs(Zawacki-Richter et al., 2019).

Researchers are considering using the learning analytics of large dataset in HEIs to
bring modern insights on teaching and learning. This can be done by adopting a
Teaching Excellence Framework that focuses on teaching strategies for measuring
excellence or identification of the areas of improvement (Anne & Matthew, 2021).
Hence, university leaders should be aware of the emerging opportunities given by
technology to improve learning. Universities hire staff with good experience and
proficiency in educational technology to help graduates enhance their digital skill, and
provide them with support when necessary(Haleem et al., 2022). ICT can facilitate
developing authentic learning experience relevant to the job market and assist students
in demonstrating their abilities to potential employers. On the other hand, HEIls
regulations and bylaws need to be up-to-date to cope with the digital transformation
requirements, such as the adoption of online educational programs and recognition of
online-granted degrees. In addition, the governments can support HEIls, faculty
members and students to obtain digital devices and Internet access with lower cost via

tax exemption and discounts (Davies et al., 2017).

The large amount of data and processes needed for supporting learners and instructors,
designers of learning systems take into consideration better understanding of learners’
needs to improve their performance. Accordingly, Ivanovi¢ et al. (2018) suggested to
expand areas of research to apply AR, VR, Educational Data Mining, Educational
Policy, Predictive and Learning Analytics, and Machine Learning. Learners’
physiological and cognitive responses should be managed while attending a virtual
environment to be engaged in learning productively (Crompton et al., 2020).

1.3 Augmented Reality

Augmented Reality was first developed in the 1960s by Sutherland (Zhou et al., 2008).
Since the 1990s, AR technology was used by some large companies for visualization of
their data and training of their employees and researchers at Boeing (Diegmann et al .,
2015; Peng et al., 2016). It has been applied in engineering design, consumer design,

military, robotics, manufacturing, maintenance, medicine and psychological therapy



(Azuma, 2001). Although it has been used in other fields for a long time, AR has
recently begun to be a good potential in the educational settings. Bujak et al. (2013)

mentioned, “AR is just starting to scratch the surface of educational applications.”

Milgram et al. (1995) analyzed the basic terms and concepts of AR as “augmenting
natural feedback to the operator with simulated cues”. The reality-virtuality continuum
allows distinguishing between the concept of Virtual Environment, also known as
Virtual Reality (VR), and Augmented Virtuality (AV). It is a scale that ranges from a
totally actual environment (reality) that may be seen while observing the real world to a
wholly virtual environment (virtuality). Mixed reality refers to the distance between the
real and virtual environments or the combination of real and virtual entities. While VR
deals with total immerse of the users in an imaginary world, AR mixes real and virtual
worlds complementing the actual world in real-time(Ozdamli& Hursen, 2017). Figure 1
illustrates a reality-virtuality continuum in which AR is closer to the real-world. AR
contains a modest quantity of virtual data, whereas VVRcontains more digital data and
incorporates real components into a virtual world ( Diegmann et al ., 2015;Khan et al.,
2019).

Figure 2
Milgram Reality-Virtuality Continuum
Mixed Reality
| |
| . — |
Real Augmented Augmented Virtual
Environment Reality Virtuality Environment

Another accepted definition of AR is “a real world context that is dynamically overlaid
with coherent location or context sensitive virtual information” (Klopfer & Squire,
2008). According to(Azuma, 1997), AR has three essential requirements: a) integrating
actual and virtual items in a real-world setting, b) consistency between these objects,
and c) real-time interaction (Khan et al., 2019; Nincarean et al., 2013; Ozdamli &
Hursen, 2017). AR enables the seamless integration of virtual and real-world
content.(Bacca et al., 2014). In this sense, “AR supplements reality, rather than

completely replacing it” (Azuma, 1997). Furthermore, (Chung & Hsiao, 2020).This
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means that AR is a 3D visualization projected on physical surroundings, as opposed to

VR, which is fully immersive in visual impacts of learning(Chung & Hsiao, 2020).

latsyshyn & Kovach(2020) referred that AR technology allows a layer of virtual reality
to combine with a physical environment in real time utilizing a computer to confront the
3D world. This technology is required for the visualization of objects. Three-
dimensional objects, videos, sounds, photos and Text are all examples of supplementary
information. Furthermore, specific browsers on tablets or smart phones read labels to

obtain augmented content.

There was a blurring in AR terminology in theoretical studies such as “mixed reality”,
“hybrid reality”, “virtual reality with immersive VR”, “programmed reality” and they
are often synonymous (latsyshyn & Kovach, 2020). There are five significant
educational applications of AR (Diegmann et al ., 2015; latsyshyn, 2020), which

include:

1. AR books, where printed books transfer to 3D animated objects to offer learners
interactive experiences to become digitally native learners.

2. AR gaming, in which learners promote using an effective tool to gain their interest
and attention while teaching a variety of competences.

3. Discovery-based learning, which transfers information about a place in the real
world to discovery-based learning, such that learning activities allow independent
investigation of scenarios such as exploring 3D geometric shapes.

4. Object modeling, where learners can create, manipulate, and rotate graphic objects
to make their idea and design visualized learning objects.

5. Skills training, where learners can use AR as a tool to train individuals and develop

their professional skills.

These AR applications in education have the potential to change traditional learning
methodologies by making them more immersive, interactive, and successful at engaging

learners and facilitating knowledge acquisition.
1.4 Augmented Reality in the Educational Environment

AR encourages student-centered exploration and enables for data collection and

observation when fieldwork is impossible(Shea, 2014). AR allows the visualization and

manipulation of abstract phenomena and hazardous or far places to be visited. It also

permits contact with students or instructors and enables online access to research
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material instantly(Templin et al., 2022). The study of (Azuma, 2001) aimed to
determine the benefits of AR and its features as a visualization tool of teaching science
over traditional methods. Instead, AR is a supplemental tool that provides an alternate
method of displaying visual pictures in order to make abstract topics more real and
accessible to learners. He argued that with better learning infrastructure, technology can
increase the reach of pedagogy by allowing teachers or instructors to teach more
effectively, resulting into better learners’ understanding and learning. For instance, in
2001, Wu et al created an animation to assist students grasp abstract ideas in Chemistry,
while Stith (2004) utilized software to produce an animation for cell biology showing

enzyme-substrate binding.

Many studies have been conducted related to higher education environment, such
as(Séez-Ldpez et al., 2020) which investigated the impact of AR training on instructors’
attitudes and practices using qualitative and quantitative methods. Results showed
significant benefits to the participants in different domains, such as creativity,
innovation, participation, and motivation. Similarly, latsyshyn & Kovach( 2020) applied
AR technologies to educate students on Ukraine universities, which revealed a positive
impact on learning outcomes, increased learners’ interest for subjects and learners’
motivation for independent educational activities (latsyshyn & Kovach, 2020). Another
research was conducted at Technology University in Malaysia, which investigated the
variations in learners' visualizing skills after adopting mobile AR. In terms of mental
rotation, the results revealed a substantial degree of visualizing competences. In the
experiment group rather than the control group (Omar et al., 2019). A similar research
for Herrera revealed a positive impact on developing spatial mathematical skills
(Medina Herrera et al., 2019). Furthermore, another research aimed at measuring
students’ engagement while using an AR sandbox by measuring skin conductance as a
proxy for student engagement, which recommended the instructors to focus on
developing collaborative activities when incorporating AR sandbox to increase

students’ engagement (Soltis et al., 2020).

However, the most significant advantage of AR is the integration of the virtual
environment's contribution with the reality of the classroom.(Bai et al., 2013). Lin et al.
(2016) implemented games to enhance learners’ self-confidence in an elementary
school for learners with different disabilities enrolled into classrooms with Wi-Fi

connectivity. Findings showed that using AR introduced better learners’ participation
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and motivation. Another study underlined that AR has the capacity to build today's
learners' required abilities, such as varied evaluation, collaborative learning, problem
solving and comprehending hard concepts. Moreover, the use of AR presented helpful
opportunities to learners and revealed positive outcomes, especially in science
(Zimmerman et al., 2016). They can take part in high-budget, risky, and intricate studies
that would be impossible to carry out otherwise. In Science class, learners don't use
their skills to observe and assimilate book subjects, where the provision of AR
components helped them to acquire better skills and raised their achievement (Sirakaya
& Cakmak, 2018) . They could watch events that could not be observed in a real world
(Wu et al., 2013b). Another related study employed semi-structured interviews with
students and instructors to examine the attitudes of learners and teachers regarding AR
material in scientific education. The researchers reported that AR had a favorable
influence on teachers' practices and learners’ understanding of science

concepts(Karagozlu, 2021).

In addition, AR educational environment can support student-centered learning process
by increasing the classroom interaction, cooperation, retention of knowledge, and
design of learning tasks, which are aligned with thinking skills. In order to achieve
creativity, we need to train and motivate teachers who have positive roles in developing

the educational system (Khan et al., 2019).

Furthermore, AR can assist teachers in updating teaching techniques to better support
inclusionary education as well as enhancing student motivation (Sirakaya & Cakmak,
2018). In addition to the importance of using AR, it helps in developing student
curiosity, observation and experimentation. AR technology is a way to combine playing
and learning, in which learners develop their mental and cognitive abilities. It helps to
develop learners’ memories, thinking skills, imagination and abilities (Safar et al.,
2017). Moreover, Badilla-Quintana et al. discussed the advantages of AR, which can
improve the academic achievement of learners with and without special educational
needs (Badilla-Quintana et al., 2020). Finally, using AR is effective in deeper student
engagement, perceived enjoyment and positive attitudes (Chen et al., 2017).

Several studies related to using AR in education were conducted in a systematic
literature review. Papakostas reviewed 32 related studies on using AR in engineering
education and student’s spatial ability training, which have been published since 2010.

The researcher classified them into three categories, learning outcomes, pedagogical
11



affordances, and technical perspectives. He revealed many advantages and some
limitations of using AR, such as the need for more learning content and the lack of
personalization in the developed applications(Papakostas et al., 2021). Nesenbergs, also,
conducted a systematic review for 30 articles from the Web of Science database, which
describe the use of VR and/or AR technologies in distance learning for higher
education, and their impact on learning outcomes. He investigated 24 articles with
interventions related to the effect on the learners’ performance, and the results revealed
11 positive, seven negative and six interventions with no impact. The last six articles
with interventions related to the effect on the learners’ engagement, and all of them

showed a positive impact (Nesenbergs et al., 2021).

Furthermore, Ajit et al. (2021) conducted a review related to the advantages and
difficulties that faced using AR in teaching Science, Technology, Engineering, and
Mathematics (STEM). He classified the advantages into several categories, such as class
engagement, visualization, fun learning, collaborative learning, concretizing abstract
concepts, increasing conceptual knowledge, student-centered learning, increased student
interaction, and ease of use. The study classified the challenges into marker detection
problem, technical problems, device usability, cost, nonrealistic features of AR and less
animation elements (Ajit et al., 2021). These results were similar with other reviews
conducted by (Ak¢ayir & Akgayir, 2017).

Another important systematic literature review conducted by (Sommerauer & Miiller,
2018) focused on theoretical and empirical foundations for using AR in teaching and
learning. They extracted the design elements that can be traced back to abstract learning
theories (cognitive theory of multimedia learning, situated learning, mobile learning,
experiential learning, game-based learning and simulation) and concrete system features
by analyzing the design elements, content development and learning-activities
evaluation. Moreover, Diegmann et al. (2015) identified 14 distinct benefits in six
categories: state of mind, presentation, teaching ideas, content understanding, learning
style, and reduced expenses. Moreover, the author categorized these benefits into five
areas of AR in the educational setting: AR gaming, AR books, object modeling,
discovery-based learning, and skills training. In conclusion, previous research
demonstrated several benefits of adopting AR in education, but as with any new
technology, it has significant drawbacks, which are described in Table 1 using similar
categories (Ajit et al., 2021).
12



Table 1

Advantages and limitations of integrating AR in education.

Advantages

Reference

Increased motivation.

Increased academic achievement.
Developed positive attitudes.
Enhanced spatial abilities.
Content understanding.

Enhanced students’ spatial visualization.

Reduced cognitive load.
Enhanced satisfaction.
Increased engagement.
Student-centered learning.
Increased creativity.
Increased information accessibility.
Improved learning curve.
Increased student interaction.
Improved memory.
Personalized learning.
Collaborative learning.

Fun learning.

Low cost.

Ease of use.

Increased students' attention.
Enjoyment in learning.

Increased students’ interest.
Increased self-confidence.
Increased concentration.
Limitations

Non-realistic features of AR.
High cost of the devices.
Long time of training.

Needs special pedagogical design instructions.

Technical problems.

Not recognized marker.

Uncomfortable use for a long time.
Designed for specific knowledge fields.
Takes long to recognize the indicator.
Low quality for the final product.

(Kaur et al., 2020)

(Ibafiez et al., 2020)

(Huang et al., 2016)
(Roca-Gonzélez et al., 2017)
(Karagozlu, 2021)

(Medina Herrera et al., 2019)
(Lee etal., 2019)
(Martin-Gutiérrez et al., 2013)
(Alzahrani, 2020)

(Akgayir & Akgayir, 2017)
(Vate-U-Lan, 2012)

(Hou et al., 2013)

(Liu, 2009)

(Safar et al., 2017)

(Chang et al., 2014)
(Tumkor, 2018)

(Soltis et al., 2020)

(Chang & Hwang, 2018)
(Diegmann et al ., 2015)
(Omar et al., 2019)

(Alzahrani, 2020)
(Ozdamli & Hursen, 2017)

(Medina Herrera et al., 2019)
(Tuker & Fine, 2018)
(Yenetal., 2013)
Reference

(Caietal., 2014)
(Echeverria et al., 2012)
(Leeetal., 2019)

(Kaur et al., 2020)
(Kamarainen et al., 2013)
(Ibafiez et al., 2020)
(Fidan & Tuncel, 2019)
(Bacca et al., 2014)
(Karagozlu, 2021)

(Omar et al., 2019)




The above studies show that AR in higher education has significant benefits, including
creativity, innovation, participation, and motivation to increase learners' interest in
learning subjects and performing independent educational activities. Moreover, they
show that integration of virtual environment into the classroom improve learners'
participation and motivation. AR offers opportunities for science students to participate
in high-budget, risky, and intricate studies, enhancing their skills and achievement as
well. It isalso found that AR positively influences teachers' practices and learners'

understanding of concepts in scientific education.
1.5 Motivation in Education

Several researchers investigated motivation as an important psychology concept in
education(Darling-Hammond et al., 2020; Francis, 2017; Keller, 2016; Khan et al.,
2019; Utveer & Haugan, 2016). Most of them agreed that it is related to other
educational concepts like curiosity, persistence and performance (Vallerand et al.,
1992). Motivation is defined as the energy that drive students to learn and work hard on
his school assignments (Martin, 2001), or students’ desire to learn and engage in an
educational environment (Keller, 2008). It has an impact on self-regulated and academic
performance (Zimmerman, 1990). There are two types of motivation: intrinsic
motivation (IM) that refers to engaging in a behavior that is satisfying or pleasurable in
nature, and extrinsic motivation (EM) that arises from external action or socially creates
a reason to do an action. IM is non-automated in nature, that is, a motive-driven action
does not depend on any consequence action separated from the behavior itself. On the

contrary, EM is instrumental in nature (Legault, 2016).

Many theories had been used in measuring the learners’ motivation. For example,
Theall (1999) conducted a study about different factors of motivation using an Author-
by-Factor Matrix with thirteen studies. Moreover, Pint rich worked on self-regulation
(Motivational and Self-Regulated Learning Components of Classroom Academic
Performance, 1990) and used intrinsic motivation, and Perry worked on perceived
control and attributional issues(Perry, 2003). One big challenge facing the learning
process success is the lack of motivation, so it is important for creating and sustaining
motivation(Khan et al., 2019b). Another study describing how motivation levels predict

engagement across different types of Technology Enhanced Learning (TEL) showed
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that intrinsic motivation predicts engagement, whilst extrinsic motivation predicts usage
(Dunn & Kennedy, 2019).

It can be stated that “motivation provides a source of energy that is responsible for why
learners decide to make an effort, how long they are willing to sustain an activity, how
hard they are going to pursue it, and how connected they feel to the activity” (Di Serio
et al., 2013). Moreover, learners are, sometimes, excited by new technologies, but their

interest is frequently short-lived.

Keller (2008) proposed a problem-solving approach to apply motivation in instructional
design based on (Attention, Relevance, Confidence, and Satisfaction) ARCS model (Di
Serio et al., 2013). The mentioned four categories influence effectively learning and
performance as a process or a model that consists of motivation, performance, and
learning. ARCS is based on the macro theory of motivation and instructional design
theory. It is grounded on expectancy-value theory, which considers that when a student
performs activities that meet his personal needs, he will be motivated to engage with
them (Keller, 2008). This model explains how learners’ attention or curiosity, his
relevance or motives are combined together with learners’ confidence, or his expectancy
to success to assign the most valuable goals and make his effort to achieve it, as shown
in figure 2. Environmental characteristics such as availability of resources, teachers’
eagerness, and social values affect directed goals. In addition, learners’ skills and
knowledge lead to achieve performance. An individual's performance along with the
way reinforcement contingencies are managed determines the consequences of
achievement in relation to an expected outcome. These consequences, along with
cognitive assessment and reflections, determine levels of satisfaction with the process
and the results. The dot lines present the feedback loops; one between effort and
performance, and another between performance and consequences. In addition, there is
feedback from satisfaction to attention and relevance to either weakening or
strengthening the value associated with a specific goal. Finally, this model describes

how internal environment and conditions effects behavior over time (Keller, 2008).
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Figure 3

A macro model of motivation, learning, and performance (Keller, 2008).
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ARCS instrument has been validated and used in many motivation studies and
technology strategies (Keller et al., 2020), such as Khan et al who examined the student
learning motivation through augmented reality mobile application for undergraduate
health science learners at the University of Cape Town. The results showed that
attention, satisfaction, and confidence factors of motivation were increased, other hood
the relevance factor was decreased (Khan et al., 2019). Similarly, Kaur investigated
learners’ motivation for Engineering Education using AR concepts, and showed a
significant impact on learners’ motivation while performing a particular task in the four

types of ARCS model (Kaur et al., 2020).

In the Arab context, there are many studies that examined the efficacy of AR on
students’ motivation. For example, (Al-Hujaili, 2019)used quasi-experimental approach
to reveal the efficacy of AR on a sample of 64 students from Saudi Arabia who studied
the cloud computing unit. The results showed statistically significant differences in
favor of the experimental group of the motivation scale. The researcher recommended

to support the curricula with modern technologies.
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In similar research in Palestine, (Mashharawi, 2018) investigated the effectiveness of
employing AR in developing motivation towards learning and academic achievement
for tenth graders. The most important result was the existence of correlation between

academic achievement and motivation.

Another study (Shehata, 2016) investigated motivation and achievement variables using
AR. The sample consisted of 65 Egyptian students in a Geography course. Several
educational activities were implemented using Google Earth connected to a global
positioning system (GPS). The design of the activities was based on five stages:
planning, design, implementation, development and review and evaluation. Their results
revealed a positive impact on students’ motivation and achievement. Similarly, Sayed et
al. (2019) designed a program using Gimp 2.8 based on AR to develop digital image
processing skills for 60 Egyptian students enrolled in Computer and ICT course. The
quasi-experimental approach was used, and the results showed statistically significant

differences in achievement motivation.

Furthermore, the influence of enhanced impact on developing creative thinking skills
and motivation on a sample of 68 Omani students studying AR-based Arabic Language
course (Alhanai & Almanthari, 2019). The results showed statistically significant
differences in favor of the experimental group. Another study revealed an effect of the
different forms of feedback in the AR environment on both cognitive achievement and

motivation to learn for undergraduate students(Al-Mulhim, 2021).

Another study in Jordan (Abu_Abss & Al_Elwan, 2021) revealed the relation between
motivation and distance learning in the Corona pandemic. The sample consisted of 160
high-school students chosen randomly using the descriptive approach. The researchers
used Keller’s motivation scale, and their results indicated a positive relation between
motivation and distance learning, and statistically significant differences in favor of the
scientific branch.

In summary, the researcher reviewed the studies that examined the impact of AR on
students' motivation in the Arab context. Some of these studies resulted into significant
differences in motivation and achievement for the experimental group, while others

found a correlation between academic achievement and motivation. Additionally, the
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use of Al in developing digital image processing skills and creative thinking skills was

found to be positively correlated with motivation.

In the learning process, sometimes, a learner has a motivation, but he/she is confused or
tiered, so he/she needs another factor to take the action or convert intentions into
actions, which is Volition or self-regulated(Keller, 2008). Volition is mainly based on
different theories: Kuhl’s theory of volitional control (Kuhl, 1987), Zimmerman’s
theory of self-regulatory learning (Zimmerman, 1990) and Gollwitzer’s theory of
implementation intentions (Deimann & Bastiaens, 2010; Gollwitzer, 1993). Therefore,
Keller (2008)added a fifth factor to ARCS model to be ARCS-V model. Recently,
Keller et al. (2020)established a reliable and valid scale to assess volition for learning to
be utilized in the context of ARCS-V model in online and face to face learning settings.
Their confirmatory factor analysis validated the scale's structure. Therefore, we will use
this scale in our research. In summary, attention of ARCS-V model includes attention
seeking curiosity, excitement, boredom, interest, and other related domains, such as
perception search, are all examples of emotion. Relevance relates to learners' judgments
that training matches with their learning styles needs and objectives. and pre-
experiences. Confidence refers to the effects of positive expectations for success and
attributes successes to one's abilities and efforts not for luck or the level of difficulties
the task. Satisfaction is defined as the mix of internally satisfying and extrinsically
rewarding outcomes that maintain intended learning while discouraging undesirable
behavior. Finally, volition or self- regulated refers to conscious efforts backed by

determination or external requirements to transform intentions to work (Keller, 2016).
1.6 Reflective Thinking

With widely used the latest technology in learning environment, the instructors and
instructional design should decide which technology effectively supports learners’
motivation and reflective thinking activities (Yilmaz & Keser, 2016). Reflection plays
an important role in the learning process, and it is very useful for enhancing learning
performance (Tok, 2008) and for better understanding of the learning content, when
learners reflect during the learning process (Chen et al., 2011). There is no clear
definition of reflection and this makes it difficult to assess teacher practices and
learners’ learning(Rodgers, 2002). Dewey (1933) defined reflective thinking as “active,
persistent, and careful consideration of any belief or supposed form of knowledge in the
18



light of the grounds that support it and the further conclusion to which it tends”. From
Dewey’s writings on how to think, reflection is a process of producing meanings that
allow the learners to move from one experience to the next with greater knowledge and
by sharing their experiences with others. He should interact with others systematically,
and needs a valued attitude to intercultural development (Rodgers, 2002). So, Dewey
assume that reflection includes a combination of attitudes and skills (Boud et al, 1985).
According to Boyd & Fales (1983), internal analysis and study of an issue produced by
an experience, establishing and clarifying a meaning in terms of self, and resulting in
changes in conceptual viewpoint are examples of reflective learning.(Boud et al., 2013)
defined reflection as “an active process of exploration and discovery, which often leads

to much-unexpected outcomes.”

Different approaches involved reflection, such as journals, logs and portfolios (Moon,
2004), but the most important issue is how to make learners reflect effectively. Some
reflection skills assist learners in collaborative reflection through information sharing to
evaluate others’ ideas and improve the reflection effectively. Kolb argues that active
learners need four kinds of abilities, which match the four stages of his learning cycle,
concrete experience, reflective observation, abstract conceptualization and active
experimentation. These stages form the concrete/abstract and the active/reflective
dimensions of cognitive learning (Kolb & Fry, 1974). According to Kolb, knowledge
creation through the transformation of experience and the learning cannot happen
without reflection. In his theory of self-regulated learning, Zimmerman (1990)proposed
three phases: planning, performance or volitional control, and self-reflection. He
classified self-reflection into attributions, self-evaluation, adaptive behaviors, and self-
reactions, as cyclical loops. Montgomery also proposed five phases for reflective
learning: look, think, do, plan and evaluate. At each phase, learners reflect on what they
performed in the previous phase (Kember et al., 2000).

In 1983, Schon described reflective practice as an integration between thinking and
doing, and between thought and action, through which the learner becomes more skilled
(Colomer et al., 2013). Furthermore, he divided the learners’ reflection into three
processes: reflection-for-action, which means that reflection happens before the action,

reflection-in-action, which means that reflection happens in the midst of the action, and
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reflection-on-action, which means that reflection happens after the action (Chen et al.,
2011).

In this regard, Jack Mezirow developed a comprehensive, logical framework of
reflective thinking which includes six action levels: habitual, thoughtful, introspection
actions, content, process and premise reflections (Mezirow, 1992). According to
Mezirow, premise reflection is a high level of reflective thinking similar to critical
thinking, in which learners are aware of his think, felling and perceive (Basol & Gencel,
2013). Reflection is also a metacognitive ability, which concerns the observation and
control of individual cognitive processes(Chen et al., 2011). (Kember et al., 2000)
derived from literature, specially from Mezirow framework, and developed a reliable
scale for reflective thinking, which consists of four levels, habitual action,
understanding, reflection and critical reflection (Kember et al., 2000). These levels are
described as follows:

e Habitual action refers to activities that are learned through repeated use when the
learner deals with the same action or problem many times as a routine. This
behavior is similar to “knowing-in-action” process for Schon (1983)(Kember et al.,
2000).

e Understanding refers to thoughtful activity of individuals, where the learners use
their existing knowledge and comprehension of different subjects or phenomena
(Ozdamli & Hursen, 2017). At this level, learners try to take notes attempting to
understand with or without personal reflecting.

e Reflecting refers to the critique and appraisal of assumptions about a content or a
process of problem solving (Mezirow, 1992). At this level, learners do not only
understand the concept, but also, they make a personal reflection.

e Critical or premise reflection is a high level of reflective thinking. At this level,
learners are aware about what they think, feel, perceive, and then require critical
review of assumptions from prior conscious and unconscious learning and results.
So, learners here develop their reflective skills and recognize their belief phenomena
(Ozdamli & Hursen, 2017).

Chen et al. (2011)did research to explore if learners' levels of reflection can enhance
teaching tactics (e.g., constructive, guided, and inductive) that are customized to meet

learners' thinking styles (e.g., legislative, executive, and judicial) in an online learning
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environment. The study included 223 graduate and undergraduate students who were
divided into fit and non-fit groups. Fit group's reflection levels were superior to the non-
fit group. Another research examined the impact of AR applications on reflective
thinking skills using pre-test, posttest design for a computer hardware course, which
reveals that reflective and critical reflective skills for the experimental group were
significantly higher (Ozdamli & Hursen, 2017). Similarly, Colomer et al. (2013) applied
reflective learning methodology in higher education for individuals majoring in four
disciplines (social education, environmental sciences, nursing, and psychology). They
demonstrated that reflective learning approach assists students in being more aware of
the learning process and their own requirements. It also promotes critical thinking and
analysis, as well as the development of general abilities such as autonomous
learning.(Colomer et al., 2013). The same result was revealed by Chang (2019) who
explored reflective learning in an online learning environment, and showed that
reflective learning provides a comparative reference in learning and builds structural

links and social connections in knowledge between learners.

However, many challenges came up, including implementation issues and a lack of
social support, particularly in e-learning and self-directed environments where students
are not actively involved with instructors and other students. Poorly designed materials
that lack well-written text and suitable graphic components might lead to
implementation issues (Keller, 2016). In addition, managing the learning and motivating
components of the learning environment, particularly when combining technology and
novel delivery techniques, is one of the challenges. Nevertheless, integrating the ARCS-
V model with instructional design can lead to instructionally rich and motivating
learning activities that are appropriate for a given setting (Keller, 2016). Such situations
encourage the use of AR technology into education for interactive learning that involves
student interaction in order to increase students’ motivation to study(Kaur et al.,
2020).Up to the researcher’s knowledge, the ARCS-V model have not yet been used in
AR-based research. In addition, a few researchers measured the influence of AR-based
learning on students’ reflective thinking, such as (Ozdamli & Hursen, 2017). Therefore,
this research will add a new and important contribution in the mentioned aspects and

relevant domains and variables.
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1.7 EON-XR Application

The researcher used EON-XR Platform to create 3D objects and animation, it is built on
making Immersive Learning as Effortless, Affordable, Self-service, and Interconnected
(EASI concept) (EON,2022). XR stands for eXtended Reality, and it refers to real and
virtual worlds that are merged, such as AR, VR, and mixed reality (MR). EON-XR
Application was used since it operates on both Windows and Mac Operating Systems
with easy development, deployment, and adoption of AR/VR. It has also such features
as faster learning with real-time feedback and task-oriented contextual knowledge,
safety through simulation, greater engagement, and performance-based assessment.
From technical viewpoint, EON-XR is cloud based, CAD/Model and data import, user-
generated interaction, global publishing, and data management, content integration, as
well as training and support. It has several 3D models and 360 images learning objects
as shown in Figure 3 (EON,2022).

Instructors are able to create and edit 3D lessons from the 3D lesson page by following
the conceptual map shown in Figure 4, which provides the main functions of the EON-
XR platform (EON,2022). More details about these functions are listed in Appendix IX.

Figure 4
Sample learning objects provided in EON-XR platform.
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Figure 5

Conceptual map of 3D-lesson development.
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The EON-XR platform, a service provided by EON Reality for sharing 3D models and
developing lessons from them, is used to deliver topics. The student has access to texts,
movies, and audios created to support him or her in learning as well as in the day-to-day
academic environment, in addition to being able to construct 3D models with his own
hands. The desire to make the developed material readily accessible on any already-
existing device leads to the choice to use this platform. Although sophisticated
technology is not necessary for students to enjoy the classes, they can consult a
complete course with an Internet connection that provides chances for interaction and
collaboration. In fact, the platform allows users to share lessons with one another,
making the experience more enjoyable when taking a course with a friend.

Figures 5 and 6 illustrate sample lessons and related AR-based models as examples
developed by one of the target students using EON-XR application. (Detailed steps are
shown in Appendix IX).
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Figure 6
Developing a sample model using EON-XR platform.
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Students must incorporate information and understanding into the lesson when they are

engaged in self-directed learning by developing a 3D or a 360-degrees lesson. Let's
imagine they were tasked with creating a lesson from a lifelike 3D hospital ward. They
must be able to utilize the model to demonstrate how a nurse might do routine patient
checks. Importantly, this necessitates considering physical movement, using prior
knowledge to the lesson, and designing the lesson in a way that the user can understand
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it (perhaps one of their peers). If they don't know something, they'll have to conduct
some investigation, which is an essential component of active learning. All colleges
want to assign more research-intensive assignments to their students. Therefore, finding
appropriate videos, whose selection is based on critical evaluation, may fall under this
category. It is argued that the platform's learning-focused design makes it possible to
carry out significant actions, i.e., it does much more than just allowing users to do

experiments with AR.
1.8 Problem Statement

The 21%-century skills include a range of competencies, such as creativity, critical
thinking, meta-cognition, problem solving, digital literacy, communication, global
awareness, andcivic responsibility (Dede, 2009). These competencies are important for
the developing countries, where improving the learning outcomes and the instructional
quality is urgent. Unfortunately, these countries do not have a context-specific
knowledge of teaching techniques, nor do they have significant ways of supporting
teachers' professional development(Kim et al., 2019). In addition, many problems and
challenges face universities, such as low level of student interest, teaching methods and
techniques, teacher characteristics and lack of equipment and tools. On the other hand,
Karagozlu (2021)states that students have negative attitudes toward education because
the delivered lessons do not support learning by doing or through experience, and there
is a gap in the level of instructors’ qualifications. Besides, the practical aspect for
certain activities in instructional methods and teaching practices are impractical due to

high costs, time constraints, or health risks(Darling-Hammond et al., 2020).

The above drawbacks in the educational system should be resolved to improve the
pedagogical, technological, and methodological process in conformity with current
realities (latsyshyn & Kovach, 2020). For instance, it is necessary to conduct
specialized professional development programs to improve knowledge and proficiency
of instructors in order to enable modern learners to focus on global trends when
addressing issues of innovation in the educational process. Moreover, it is advisable to
adapt advanced teaching methods and techniques to specific needs of a country. This
will stimulate learners’ activities and motivate them to self-study, which will eventually

contribute to raising the national level of higher education(OECD, 2019).
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It is believed that AR is one of the most effective strategies that help learners to study,
think and shift their learning into the real world. It introduces emerging technologies
that can be employed to enhance teaching and learning methods, but unfortunately, it is
still ambiguous due to the shortage of studies in the literature that strongly relate to AR
learning-theory or that describe how AR applications are designed and applied to
improve learning outcomes and practices. AR provides better learning performance,
learning motivation, improved perceived enjoyment, decreased cost of education,
positive attitudes and engagement(Alzahrani, 2020). Besides, using modern learning
methods, such as AR, help to keep pace with technological development and to achieve
satisfactory results(Lee et al., 2019). This encourages the use of technology to better
prepare learners, instructors, teaching techniques, and curriculum in an effort to

improve the educational process and deliver better teaching practices.

In the Palestinian context, AR/VR-based education has appeared recently within the last
four years at schools and universities as well. At universities, many external projects
have been implemented to establish centers for AR/VR aiming at training of instructors
and students to promote AR technology in education in various courses. Some of these
projects targeted tourism sector and utilized AR/VR to develop virtual tours to the
archaeological sites (Techno Park, 2023). For instance, An-Najah National University
established the AR Unit in 2022 by the Artificial Intelligence and VR Research Center.
The unit intends to deliver cutting-edge technology and essential AR skills to the
interested instructors, students, workers, researchers and developers within and beyond
the university (An-Najah National University, 2023).

At school level, teachers have made individual initiatives through mobile applications
for primary and secondary students. They focused on transformation of static images
and forms in the Palestinian curriculum into dynamic and animated material by
directing the smart phone's camera to the textbook and programming the pages to show
three-dimensional scenes to attract students. For example, they designed 3D models for
human devices or any shape depending on the images (Aqgel, 2017; Mashharawi, 2018).
Moreover, teachers and students were provided with training to deal with AR/VR
applications and to use them for education.

Fortunately, during this research, An-Najah National University implemented a project
that aims at enhancing education with AR. Instructors were trained to utilize AR in their
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teaching strategies using EON-XR application, which has a library of ready-made
learning objects in various categories. After training, each instructor designed his own
AR-based course modules that were delivered to their students. This research targets a
sample of those students who enrolled in an AR-based telecom engineering course for
intervention. In this disciplinary, AR offers numerous functions that can help with
perception or technical representations in the classroom (EON,2022). For instance, it
supports increased perception of 3D shapes, designation of a specific point of a
mechanism, analysis of a system functioning, implementation of work instructions,
visualization of invisible characteristics, and remote expertise (e.g., synchronous
collaboration between the operator and an expert)(Dominique Scaravetti & Rémy
Francoi, 2021).

1.9 Research Questions
This research tries to answer the following main questions:

1. Are there differences in learners’ motivation dimensions between pretest and
posttest for microwave engineering course experimental group?

2. Are there differences in reflective thinking dimensions between pre-test and post-
test for the microwave engineering course experimental group?

3. Are there differences in learners’ motivation dimensions between experimental and
control groups on pre-test and post-test for digital communication course?

4. Are there differences in learners’ reflective thinking dimensions between
experimental and control groups on pre-test and post-test for digital communication
course?

5. Are there significant differences on motivation between pre-test and post-test for
the digital communication course experimental group?

6. Are there significant differences on reflective thinking between pre-test and post-
test among the experimental group for digital communication course?

7. s there any significant relationship between motivation and reflective thinking for
the students of the digital communication course?

8. Are there differences on students’ achievement scores between experimental and
control groups for the digital communication course?

9. What are the learners’ viewpoints towards integrating AR technology in the
learning environment?
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Chapter Two
Methodology

This chapter introduces the research methodology, which includes the research design
in section 2.1, the sample and the instruments in sections 2.2 and 2.3 respectively. After
that, the researcher identifies the research procedures in section 2.4, in addition to data
collection and analysis in sections 2.5 and 2.6. Both validity and reliability are covered

in section 2.7. Finally, the chapter ends with our research ethics in section 2.8
2.1 Research Design

The researcher used a mixed-methods research design, which includes data collection
and analysis from multiple sources to approach complex research issues in one single
study (Creswell and Plano Clark 2011). A mixed-methods design integrates both
qualitative and quantitative data to explain research issues significantly (Dawadi et al.
,2021). She employed quantitative experimental study based on relevant scales and

semi-structured interviews.

The quantitative experimental study aims at revealing the influence of using AR
technology in learners’ motivation and reflective thinking using ARCS motivation scale
(Keller, 2010), Validation for learning scale (VFLS ) (Keller et al., 2020) and reflective
thinking scale (Kember et al. ,2000). Moreover, semi-structured interviews were
conducted with students from the experimental group, which helps in deep
understanding when it is necessary to comprehend the meaning and preferences behind

important patterns(Karagozlu, 2021).
2.2 The Sample

The sample consists of 24 students in telecom engineering department who enrolled in
digital communication course and 13 students who enrolled in microwave engineering
course during the second semester of the academic year 2021-2022 at An-Najah
National University using EON-XR platform for AR-based learning. This sample was
selected using purposive sampling method that enabled the researchers to use their
special knowledge or expertise about the sample proficiency with AR as a phenomenon
of interest. The students who enrolled in the experiment are third and fourth years, and

their age is between 20-21 years old. The sample is halved between experimental and
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control groups, and between males and females as well. The socioeconomic status of the
sample is moderate for 66.7%, very good for 30.6% and low for 2.8 %. All of the
students have smart phones and laptops. Their ICT skills are good for 36.1%, moderate

for 55.6%, and low for 8.3%. Table 2 illustrates the demographic characteristics of the

sample.
Table 2
Demographic characteristics of the sample
Group Male Female Percentage
Experimental 12 12 50%
Control 12 12 50%
Total 24 24 100%

2.3 Instrument Design

The researcher used three scales as research instruments in order to collect the data and

investigate the research variables, as follows:

1. Reflective Thinking Scale (RTS): This scale was developed by Kember et al (2000)
to assess the level of reflective thinking. Pre-usage and post-usage questionnaires
were developed in this research as data collection instruments based on this scale.
The scale consists of four dimensions: (1) habitual action, (2) understanding, (3)
reflection, and (4) critical reflection with 16 items. These item feature on five-point
Likert response scale (1 = not true; 5 = very true).

2. Motivation Scale (ARCS): Instructional Materials Motivation Survey (IMMS) has
been developed by (Keller, 2010). This research employed the ARCS scale for
motivation based on pre-usage and post-usage questionnaires to compare student
learning motivation and to determine if there was a statistically significant
difference in motivation, with 5-point Likert-scale (1) = not true, (2) = slightly true,
(3) = moderately true, (4) = mostly true (5) = very true. The IMMS survey
comprises 12 items to measure Attention; 9 items to measure Relevance; 9 items to
measure Confidence and 6 items to measure Satisfaction. IMMS was chosen based
on the successful use in the previous studies to determine the influence of AR
technology on student motivation (Kaur et al., 2020; Khan et al., 2019).

3. Volition for learning scale (VFLS) was developed recently by (Keller et al., 2020),
which consists of 13 items, where Volition was added as a fifth component to the
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ARCS model. The instrument is valid, reliable, and used in the context of
motivation modeling successfully as for Keller (2020) results. The scale was
comprised of two factors: action planning with 5 items, and action control with 8
items. 5-point Likert’s scale was used, where (1) = not true, (2) = slightly true, (3) =
moderately true, (4) = mostly true (5) = very true.

2.4 Research Procedure

Both motivation and reflective thinking scales (i.e., quantitative research instruments)
were translated from English into Arabic and were reviewed by five Arab arbitrators
who have experience in psychology, Arabic language, and education. They reviewed
the clarity and comprehensiveness of the scales to ensure content validity. Accordingly,
the researcher made minor modifications based on the feedback of the arbitrators. After
completion, the scales’ translated draft was back-translated into English by an
independent translator according to the guidelines developed by Sousa and Rojjanasrirat
(2010).

To examine scales’ validity and reliability, 77undergraduate students (57.9% females
and 42.1% males)at the An-Najah National University(i.e., pilot testing sample)
independent from the study sample were asked to answer the Arabic-translated version
of the scales to validate them in the Palestinian context. Participants were provided with
descriptions of the scales and the purpose of the research, and those who agreed to
participate in the research signed informed consent. In addition, factor exploratory and
confirmatory analyses were performed to develop the final version of both motivation
and reflective thinking scales. The final version of the scales shown in Appendix V and
Appendix Vlwere distributed to the study sample for data collection and further data

analysis.
2.5 Data Collection

The researcher follows Denzin’s (2012) triangulation approach, which includes multiple
theoretical perspectives, multiple data-collection procedures and multiple analysis
techniques. The use of multiple research design strategies and theories increases the
depth of understanding and investigation. This research combines both quantitative
experimental and qualitative descriptive research approaches, quasi-experimental pre-

/post-test (Campbell and Stanley, 1963) and content analysis. While the experimental
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group employs AR in learning, the control group uses the traditional learning method as
shown in Table 3. Content and thematic analysis are qualitative techniques where the
transcribed documents are loaded into MAXQDA for analysis of the textual data and
extract themes. They include systematic coding, meaning extraction and description of a
phenomenon (Vaismoradi et al., 2016).

Table 3
Quasi-experimental pre-test/post-test control group design.
Group Pretest Treatment Posttest
Experimental Pre-survey Learning method supported by AR Post-survey

Achievement test
Control Pre-survey Traditional Learning method Post-survey
Achievement test

The textual data was collected through semi-structured interviews with participants who
enrolled AR-based courses. This qualitative instrument is preferred to investigate
learners’ perspectives regarding the integration of AR in their courses. The researcher
obtained the data using open-ended questions that require some thought, some back and

forth with interviewers to extract in-depth responses.

The protocol consisted of 45-60 minutes interviews with participants who agreed to
record their responses and signed a consent form. The interviewer sometimes repeated
or reworded questions, when necessary, until the participant fully expressed and clearly
shared their thoughts. To ensure the participants understand the wording and perceive
the relevant meanings of the questions, they were encouraged to ask questions during
the interviews. In addition, the researcher designed a reflexive journal to obtain precise
data and results. The interview questions are:

1. Explain your previous experiences on the subject of using augmented and virtual
reality in education?

2. What was your initial impression when using the XR application?

3. What change did you feel after using the XR application for learning?

4. In your opinion, what are the main advantages of using the XR application in the
learning process?

5. In your opinion, what obstacles did you encounter while using the XR application in

education?
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6. How do you think using the XR application will improve your educational and
professional future?

7. Through your experience, do you advise your fellow students to use the application
for learning? why?

8. Which student's skills are prerequisites for using XR application in learning?

Moreover, a reflection card was developed as a confirmatory instrument after the

experiment, which consists of five questions, as follows:

1. After completing the assignments for this course, what did you learn? concepts?
skills?

2. How do you think virtual and augmented reality may help you understand the topics
of this course?

3. What is the difference between the design of this course and other previous courses?
What are the similarities and differences between the course and other courses?

4. What are the obstacles that you encountered during the performance of the tasks of
this course?

5. What can be added to improve the course using augmented reality?
2.6 Data Analysis

Descriptive statistics were calculated to test the statistical reliability of the instruments
and study variables included in the research design. In order to evaluate the
psychometric properties of ARCS-V and RT, we assessed: content validity (content
validity index), internal consistency (Cronbach’s alpha), theoretical relevance
(exploratory and confirmative factor analysis) Pearson correlation analysis was
conducted to assess the associations among the variables. The researcher also used
Paired samples T-test to calculate the differences between pretest/posttest among

experimental and control groups.

The Mann-Whitney U test was used to check the differences in the dependent variable
for two independent groups, while Wilcox on signed-rank test was used to conduct a
paired difference test of repeated measurements to assess whether their population mean

ranks differ.
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2.7 Validity and Reliability

Field (2005) defines the scales’ validity as measuring “what is intended to be
measured”. It can be also defined as the accuracy of measuring a concept (Heale&
Twycross ,2015). The researcher examined construct validity for both motivation and
reflective thinking scales using Pearson’s correlation between items and total
dimensions. In addition, she conducted factor exploratory and confirmatory analysis to

develop the final versions of those scales.
2.7.1 Scales’ Validity

Pearson correlation analysis of the Motivation scale (ARCS-V) was conducted. Table 4
illustrates the correlation coefficients between all dimensions and the total score.
Results indicate statistically significant positive correlations between all dimensions and
the total score, with correlation coefficients range between (.487-.901), which are
acceptable. Therefore, the construct validity is satisfied (John, et. al., 1991).

Table 4
Pearson Correlation Coefficients between the dimensions of ARCS-V and total Score (n
=77)

Measure 1 2 3 4 5 6
Total 901** .875**  757**  859**  703**
Attention TJ41**  594**  693**  .600**
Relevance A87**  648**  576**
Confidence 619**  628**
Satisfaction 612**
Volition

**p < 0.01

Table 5shows Pearson’s correlation coefficients of all items of the attention dimension
with their dimension and the total score.
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Table 5

Pearson Correlation Coefficients of Attention items with Attention dimension and total

score (N =77)

Items Attention Total
There was something interesting at the beginning of this lesson that got my 3737 4927
attention.
These materials are eye-catching. 3177 4307
The quality of the writing helped to hold my attention. 4527 4737
This lesson is so abstract that it was hard to keep my attention on it. 3517 151
The pages of this lesson look dry and unappealing. 4377 001
The way the information is arranged on the pages helped keep my attention. 5037 516"
This lesson has things that stimulated my curiosity. 4007 4997
The amount of repetition in this lesson caused me to get bored sometimes. 584" 275
| learned some things that were surprising or unexpected. 5397 6197
The variety of reading passages, exercises, illustrations, etc., helped keepmy 4547 532"
attention on the lesson.
The style of writing is boring. 4877 145
There are so many words on each page that it is irritating. 3577 -.003
**p < 0.01

Results of table 5 report acceptable significantly positive correlation in all items, except

four items with total score. This might be due to misunderstanding of the respondents to

these items. Therefore, the researcher remodified them.

Pearson correlation coefficients of the relevance items with their dimension and the

total score, shown in Table 6, indicate acceptable significantly positive correlation in all

items, except one item with the total score. The researcher remodified this item due to

the same reason mentioned above.
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Table 6

Pearson Correlation Coefficients of Relevance items with Relevance dimension and

total score (n = 77)

Items

Relevance Total

It is clear to me how the content of this material is related to things I already
know.

There were stories, pictures, or examples that showed me how this material
could be important to some people

Completing this lesson successfully was important to me.
The content of this material is relevant to my interests.

There are explanations or examples of how people use the knowledge in this
lesson.

The content and style of writing in this lesson convey the impression that its
content is worth knowing.

This lesson was not relevant to my needs because | already knew most of it.

I could relate the content of this lesson to things | have seen, done, or thought
about in my own life.

The content of this lesson will be useful to me.

FF

459

Fk

.520

*k

501

Fk

752

*k

.698

Fk

612

*

248

*k

.596

*k

738

E3

.245

*k

347

Kk

.580

*k

490

Kk

531

*k

.566

218

Kk

417

Kk

.628

**p < 0.01

Pearson correlation coefficients of the confidence items with their dimension and the

total score, shown in Table 7.

Table 7

Pearson Correlation Coefficients of Confidence items with Confidence dimension and

total score (n = 77)

Items

Confidence Total

When | first looked at this lesson, | had the impression that it would beeasy
for me.

This material was more difficult to understand than | would like for it to be.

After reading the introductory information, | felt confident that | knew what |
was supposed to learn from this lesson.

Many of the pages had so much information that it was hard to pick out and
remember the important points.

As | worked on this lesson, | was confident that | could learn the content.
The exercises in this lesson were too difficult.

After working on this lesson for awhile, | was confident that | would beable
to pass a test on it.

I could not really understand quite a bit of the material in this lesson.

The good organization of the content helped me be confident that | would
learn this material.

*

.283

*k

453

*k

316

*k

617

*k

310

*k

.603

*k

529

*k

415

*k

499

*

.256

129

*k

464

251

-.008

*k

.602

*p <0.05. **p <0.01
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Table 7 indicates acceptable significantly positive correlation in all items, except two
items with the total score. The researcher remodified them due to the same reason

mentioned above.

Pearson correlation coefficients of the satisfaction items with their dimension and the
total score, shown in Table 8, indicate acceptable significantly positive correlation in all

items.

Table 8
Pearson Correlation Coefficients of Satisfaction items with Satisfaction dimension and
total score (n =77)

Items Satisfaction Total
Completing the exercises in this lesson gave me a satisfying feeling of 5577 543"
accomplishment.
| enjoyed this lesson so much that I would like to know more about this 685" 536
topic.
| really enjoyed studying this lesson. 696" 576"
The wording of feedback after the exercises, or of other comments in this 6607 5797

lesson, helped me feel rewarded for my effort.

*k *k

It felt good to successfully complete this lesson. .623 317
It was a pleasure to work on such a well-designed lesson. 6467 5217
**p < 0.01

Since volition for learning scale (VFLS) was recently developed and validated by
(Keller, 2020), and the researcher is using it for the first time with the motivation scale
(ARCS) in Arabic in the Palestinian context up to the researcher’s knowledge, the
characteristics of the VFLS were tested on a pilot sample to examine construct validity
and reliability. First, the researcher examined the descriptive statistics of the scale as

shown in Table 9.
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Table 9

Descriptive statistics of the Volition items

Items M  SD Skewness Kurtosis Corrected

item-to-total
correlation

My commitment to achieve the goals in this class  3.32 .933 -197  .223 606"

was strong relative to the goals in my other classes.

| set up goals for my learning. 3.17 1.074 -148  -575 6307

| was confident that | could avoid obstacles while 3.71 .899 -587  .713 687"

doing my work.

| was prepared to work hard to achieve my goals  3.44 .920 -.782 .848 660"

no matter what my other classes required.

| was able to prepare a study plan that listed 3.17 1.110 -.398  -.452 676"

concrete tasks.

I kept my feelings under control while workingto 3.10 1.088 -.395 -.538 667"

complete this class.

| added more effort to stay on task if my focuson 3.26 1.074 -534  -195 6237

my goal in this class began to decline.

| was able to avoid being distracted by competing 3.27 .963 -570  .259 6717

goals.

| was able to create a setting free of uncontrollable 3.00 .853 -.129 -.041 6477

distractions.

| was able to know when to stop looking for more  3.44 1.014 -665  .007 773"

information to prepare for an exam.

I didn’t let social pressure affect my performance. 3.14 1.102 -.227 -712 646"

| anticipated personal or social events that might 2,95 1.115 -.012 -524 204

cause me to get behind.

When my motivation decreased, | was able to think 3.73 .935 -604  .465 595"

of things to do to build it back up again.

*p < 0.05. **p < 0.01

Table 9 shows that the measured values of skewness and kurtosis were between -1 and

+1. Therefore, normal distribution is acceptable (Huck, 2012). To refine the

measurement, the researcher conducted corrected item-total correlations, where items

with the correlation of (<.4) are deleted in the initial evaluation and purification (Chen

et.al, 2014). Accordingly, the researcher deleted the 12" item from the original VFLS
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that states, “I anticipated personal or social events that might cause me to get behind”. Then,
the researcher conducted confirmatory factor analysis on the 12 items of volition for

construct validity.

The researcher used the factor analysis with the principal component method and
varimax rotation, where the factor loadings were calculated as shown in Table 10.

Table 10
Exploratory factor analysis results for the VFLS scale
Items Volition
V1 0.790
V2 0.711
V3 0.703
A\ 0.694
V5 0.656
V6 0.656
V7 0.654
V8 0.649
V9 0.648
V10 0.622
V11 0.586
V12 0.577
Total variance (%) 40.798

The factor loadings of the VFLS scale appear to be stable on one factor, which means
that the scale is appropriate in the Palestinian context. After that, the researcher
performed the Kaiser-Meyer Olkin (KMO) test to determine the sampling adequacy,
with a KMO value of 0.827, which is (> 0.5) and considered validated(Taherdoost,
2018). In addition, the Bartlett’s Test of Sphericity was 393.089 and the degree of

freedom was 66.

Pearson correlation coefficients of the volition items with their dimension and the total
score, shown in Table 10, indicate acceptable significantly positive correlation in all
items, except two items with the total score. The researcher remodified them due to the

same reason mentioned above.
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On the other hand, the researcher examined the validity of the reflective thinking scale
using construct validity. Pearson’s correlation analysis was conducted between each
dimension’s item, the total score of the dimension and the total score of the scale,

shown in Table 11Appendix L.

Pearson correlation coefficients of the Habitual Action items with their dimension and
the total score, shown in Table 12Appendix L, indicate acceptable significantly positive

correlation in all items with a range of (.243™-. 6557).

Pearson correlation coefficients of the Understanding items with their dimension and
the total score, shown in Table 13Appendix L, indicate acceptable significantly positive

correlation in all items with a range of (.2797 -. 6977).

Pearson correlation coefficients of the Reflection items with their dimension and the
total score, shown in Table 14Appendix L,indicate acceptable significantly positive
correlation in all items with a range of (.368-.761").

Pearson correlation coefficients of the Critical Reflection items with their dimension
and the total score, shown in Table 15Appendix L, indicate acceptable significantly

positive correlation in all items with a range of (.506** _. 791*%*).

Finally, Person correlation coefficients between the four dimensions of reflective
thinking and total score indicate statistically significant positive correlations between all
dimensions and total score. Habitual Action (r = .508**, p < .01),Understanding(r =
.611**, p <.01), Reflection (r = .754**, p < .01), Critical thinking (r = .757**, p < .01).

For construct validity, confirmatory factor analysis was conducted on 16 items of
reflective thinking scale. The factor analysis with the principal component method and
varimax rotation was used, where the factor loadings shown in Table 16Appendix L
appear to be stable on four factors. This means that the scale is appropriate in the

Palestinian context.
2.7.2 Scales’ Reliability

Reliability is the degree of consistency or dependency of a construct’s measure(Varni et

al., 2001). It concerns the result stability of a measurement or a phenomenon

(Taherdoost, 2018). The Motivation scale’s reliability was validated in many studies
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like(Ibéfiez et al., 2020;Keller, 1987; Khan et al., 2019). It had also been translated into
several languages like Arabic (Al-Hujaili, 2019). The researcher used Cronbach’s alpha
to test the Motivation and Reflective Thinking scale’s reliability, as shown in Tables 16
and 17 Appendix L.

Table 16 shows that all values of Cronbach’s alpha are above 0.70. According to
Nunnally& Bernstein (1994), a value of .70 or higher for Cronbach’s alpha indicates
acceptable reliability. In addition, the Guttman Split-half coefficient was calculated to

be 0.864 in the split-half reliability analysis. shown in Table 18 Appendix L.

Table 17 shows that all values of Cronbach’s alpha are above 0.60. Ozdamli & Hursen
(2017).Straub & Gefen (2004) suggested that the reliability with Cronbach’s alpha
equal to or above 0.60 is acceptable. Moreover, the Guttman Split-half coefficient was
calculated to be 0.657 in the split-half reliability analysis. Hence, our results are in line

with the previous studies.
2.8 Research Ethics

This research was conducted in line with the ethical guidelines of the American
Psychological Association (APA, 2010) and the Declaration of Helsinki (2013). The
researcher completed the Institutional Review Board (IRB) form, which was approved
by the An-Najah National University IRB (Protocol number 11 Jun). Informed consent
was obtained before data collection from the participants. All participants were
provided with information that enabled them to decide whether they want to participate
in this study, where their identification was hidden and the collected data were used

only for the research purposes.
2.9 Experiment Design

The researcher conducted the experiment on digital communication compulsory course
in telecommunication engineering program, which has been accredited by ABET in
2014. At the time when this research started, the digital communication course was
being evaluated for the second cycle, including the course syllabus, assessment criteria,
course objectives and learning outcomes, and the related feedback was provided to the

department. The course prerequisite is communication principles.
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2.9.1 Experiment Setup (Preparation and Requirements)

During the experiment, the students need to have a smart phone connected to the
Internet, an account on the EON-XR platform, and a headset (magic leap or oculus
quest). To get the best experience on using EON-XR app on a mobile device or a tablet,

the following requirements are recommended:

1. 10S 10 device with 2GB memory or higher (iPhone 7 and iPad Air 2 or higher).

2. Android device with 3GB memory and 32GB storage or higher, with Lollipop OS
(API21) supported with OpenGL ES 3.

To prepare the targeted students for the experiment, a training was conducted to them

on EON-XR platform, and they were provided with some pedagogical knowledge.
2.9.2 Experiment Procedure

The researcher followed the five stages of ADDIE model (Rooij, 2013) to conduct the

experiment, as follows:

1. Analyze: this is the first phase that is essential to develop the next phases. It
includes analysis of the learning goals and the content of the course material. In
addition, it identifies the targeted students’ characteristics and the learning
environment.

e Analyze the learning goals: the extent to which the learning goals are achieved
when integrating augmented reality into the learning process.

o Analyze the content of the course material, where the digital communication

course was used in this experiment with the following description:

This course covers digital communication concepts including sampling, quantization,

pulse code modulation, Time Division Multiplexing (TDM), digital multiplexer,

quantization noise in PCM systems. In addition, it covers delta-sigma modulation,
linear-predictive coding, differential pulse-code modulation, baseband digital
transmission and communication model, matched filter, error rate due to noise
detection of baseband signals in additive white Gaussian noise (AWGN) and Inter-

Symbol Interference (ISI). Moreover, it discusses Nyquist criteria for distortion less

channel, M-ary baseband transmission, correlative level coding, pass band digital

transmission model, coherent phase shift keying, M-ary phase-shift keying (QPSK and

M-ary PSK), hybrid amplitude/phase modulation schemes (M-ary-QAM), coherent
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frequency-shift keying, no coherent orthogonal modulation, no coherent binary FSK,

differential phase-shift keying, M-ary FSK, effect of noise on various modulation

schemes, and average probability of error versus increased bandwidth transmission.

In addition, the following items list the intended learning outcomes of the digital

communication course:

1. Ability to apply knowledge of mathematics, science and engineering to study noise

effect, average probability of error, spectral efficiency of baseband and pass band

communication system.

. Ability to design digital communication system that meets spectral efficiency, noise

3.

effect and average probability of error.
Ability to use the techniques, skills, and modern engineering tools necessary for

engineering practice (i.e., course project).

Identify participants’ characteristics: the students who enrolled in the experiment
are third and fourth years in telecommunication engineering. Refer to section 2.2
for the detailed sample characteristics.

Identify the learning environment: learning enticement with the learning
environment, which is described here, is very important for educational issues.
This course is based on face-to-face mode, where the lectures are delivered in
classroom or in the computer laboratory equipped with a projector and Internet

service. In addition, the lecturer designs the learning assessment activities.

2. Design: this stage is essential to design the scales and identify the lesson objectives,

the learning styles and the teaching strategies, as follows:

Design a scale for pre-test and post-test.

Identifies lesson objectives: Students should be able to:

o Convert analog signal into digital signal and vice versa.
o Identify the multiplexing technique in the time domain and the E1 system.

o Discuss the concept of matched filter and its applications in a communication

system.

o Discuss the Inter-Symbol Interference (I1SI) and the Additive White Gaussian

Noise (AWGN) concepts in communication systems.
Describe learning style for the learners: Group work on projects and learning by
doing. Each group consists of 2-3 students who work on XR activities and XR

presentation.
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e Identify the educational resources (images, video, audio, assessment): During the
class, the instructor uses textbook, PowerPoint presentation, lecture notes. In
addition, they provide students with self-learning material on Moodle, such as
links, videos, and recorded lectures. The XR activity includes videos, images, 3D

recordings, audio recordings, assignments and quizzes.

e Identify learning strategy: The students rely on learning by doing, cooperative

learning and presentation skills.

3. Develop: in this stage, the educational resources are developed using EON-XR
platform through several assignments to the targeted students. The instructor role is
to create accounts for the students on the EON-XR platform and provide training
them on using the EON-XR platform and application on their mobile devices, to
develop learning resources such as uploading images and recording audio and video.
The student’s role is to develop the learning resources in four assignments including
XR projects to evaluate their learning progress.

4. Implement: this stage is concerned with the integration of AR into learning, where
the instructor assigned four learning activities to the target students with clear goals
that covered the content to extend students’ learning rather than testing their existing
knowledge. These assignments are:

e Assignment 1 (Project): Students need to prepare a comprehensive project on
A/D and D/A conversion using both Hardware and software.

e Assignment 2 (Project): Students need to develop the concept of Time Division
Multiplexing (TDM) system in general, then they need to discuss the E1 system.

e Assignment 3: Students need to discuss the concept of Matched Filter and its
applications in a communication system.

e Assignment 4 (Project): Students need to discuss the concept of Inter-Symbol
Interference (ISI) and the Additive White Gaussian Noise (AWGN) in a
communication system.

5. Evaluate: this stage was based on XR projects, midterm and final exams. In the
projects, each group developed one 3Dlesson satisfying one of the evaluations of the
following criteria: annotations or labels, memos with audio narrations, videos, 3D
recordings, activities with locate and identify, images, PDFs and quizzes “change

default answers”.
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Tables 19 and 20 Appendix Show two-sample lessons developed by students in both
courses, based on the stages described above.

Figures 7 and 8 illustrate some documentary photos of the students while designing and
implementation of the lessons and experiments using EON-XR platform in learning
digital communication course.

Figure 8

Students’ activities while performing their assignment son AR.
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Figure 9

Students’ activities while implementing their assignments on AR (e.g., what they see).
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Chapter Three

Results and Findings

This chapter introduces the manipulation and analysis of the collected data from the
samples using both motivation and reflective thinking scales. This includes the required
statistical analysis and tests using the statistical package SPSS that constitute the
quantitative results of this research. Two experiments have been conducted on two
courses (e.g., Microwave Engineering and Digital Communication Courses) at the
faculty of engineering at the An-Najah National University. In addition, the chapter
covers the content analysis of the qualitative data collected through semi-structured
interviews with the same samples. The chapter consists of three sections. The first
section covers the quantitative results. The qualitative results are presented in the

second section. Finally, the chapter ends with a summary of the findings.
3.1 Quantitative Results

For Microwave Engineering course, the sample size was less than 50. Therefore, we
used Shapiro-Wilk test to investigate the normality assumption, because it is more
appropriate for small sample sizes (< 50 participants) (Laerd, 2018). Moreover,
Dwivedi et al. (2017) suggests using nonparametric tests for comparing paired or
unpaired means and for validating the one way analysis of variance test results for non-
normal data in small sample size studies. The normality assumption was not satisfied as
the significance was less than 0.05 for motivation scale with (p= 0.019) for pretest and
(p=0.02) for posttest, and for reflective thinking scale with (p= 0.029) for pretest and
(p= 0.026) for posttest. Therefore, the researcher used non-parametric tests for this
course. The following sections present the findings and tests to answer the research
questions for both courses. All quantitative results are listed in Tables (21-39) of

Appendix L.
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3.1.1 Research Question 1

Are there differences in learners’ motivation dimensions between pretest and posttest

for microwave engineering course experimental group?

To answer this question, the researcher followed three steps. At the first step, the means,
standard deviations and medians for the experimental group on pre and post tests were

calculated for the motivation scale as shown in Table 21.

Table 21 compared the means and medians of pre-test and post-test for the experiment
group on all dimensions of the motivation scale. The results show apparent differences
between means and medians on total score of the motivation scale and all its dimensions

in favor of the post-test.

At the second step, the researcher used Mann-Whitney to examine the statistical
differences in the students’ responses to the motivation scale pre-test and post-test for

males and females (Pre-treatment Measure of Equivalence), as shown in Table 22.

Results in Table 22 show no significant differences in motivation pre-test mean ranks
due to gender (U=5.00, P=0.235), implying that the groups have comparable
characteristics, and therefore suitable for the research. Moreover, results show no
significant differences in motivation post-test mean ranks due to gender (U=10.00,

P=0.843) after using AR technology in teaching the Microwave Engineering course.

At the third step, Wilcox on test was conducted to examine the differences in the
motivation scale and all of its dimensions between the pre-test and the post-test for the
experimental group, as shown in Table 23.

Table 23 shows indicates that the median total post-test ranks for the motivation scale
(Mgn = 3.6458) were significantly higher than the median total pre-test ranks (Mgn =
3.3333, Z= -2.343, P=.019). In addition, results show statically significant differences
for Attention, Relevance, Confidence, Satisfaction, and Volition dimensions (Z= -
2.0904, P=.037), (Z= -2.077, P=.038), (Z= -2.238, P=.025), (Z= -2.357, P=.018), (Z= -
1.959, P=.050) respectively. Therefore, the results indicate that AR-based teaching has

an impact on all dimensions of the motivation scale.
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3.1.2 Research Question 2

Are there differences in reflective thinking dimensions between pre-test and post-test for

the microwave engineering course experimental group?

To answer this research question, the researcher followed the same steps above, where
themeans, standard deviations and medians were calculated for the experimental group

on pre-test and post-test for the reflective thinking scale, as shown in Table 24.

Table 24 shows apparent differences between means and medians on total score of the

reflective thinking scale and all its dimensions in favor of the post-test.

At the second step, the researcher used Mann-Whitney U test to examine the statistical
differences in the reflective thinking scale pre-test and post-test for males and females

(Pre-treatment Measure of Equivalence), as illustrated in Table 25.

Results show no significant differences in the reflective thinking scale pre-test mean
ranks due to gender (U=7.00, P=0.430), implying that the groups had comparable
characteristics, and therefore are suitable for the research. In addition, results show no
significant differences in the reflective thinking scale post-test mean ranks due to
gender (U=6.5, P=0.373) after using AR technology in teaching the Microwave

Engineering course.

At the third step, Wilcox on test was conducted to examine the statistical differences in
the reflective thinking scale between pre-test and post-test for the experimental group

and all its dimensions, as shown in Table 26.

Wilicoxon’s signed-ranks of Table 26 indicate that the median total post-test ranks for
the reflective thinking scale (Mdn =4.1875) are significantly higher than the median
total pre-test ranks (Mdn = 3.5000), (Z= -2.623, P< .009). Also, results show statically
significant differences in Habitual Action, Understanding, and Critical Reflection
dimensions (Z= -2.254, P< .024), (Z= -2.590, P< .01), (Z= -2.520, P< .012)
respectively, but no statically significant differences for Reflection (Z=-.985, P< .324).
Therefore, results indicate AR-based teaching has an impact on reflective thinking and

all its dimensions except for reflection.
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For Digital Communication course, the sample size was less than 50. Therefore, we
used Shapiro-Wilk test to investigate the normality assumption, because it is more
appropriate for small sample sizes (< 50 participants) (Laerd, 2018). The normality
assumption was satisfied as the significance was more than .05. For motivation scale,
the significance was (p= 0.533) for pretest and (p=0.414) for posttest. In addition, the
significance for reflective thinking scale was (p= 0.11) for pretest and (p=0.538) for

posttest. Therefore, we used parametric tests in our analysis.
3.1.3 Research Question 3

Are there differences in learners’ motivation dimensions between experimental and

control groups on pre-test and post-test for digital communication course?

To answer this question, the researcher started with the independent t-test to examine
the statistical differences in the student’s motivation pre-test due to gender and group
(Pre-treatment Measure of Equivalence), as illustrated by Table 27.

According to the t-test results for independent groups in Table 27, there were no
significant differences (p<=0.05) between experiment and control groups (t-value = -
2.280, p = .334). Similarly, Table 27 shows no significant differences between males
and females (t-value = 1.331, p = .442). This result indicates that the previous
motivation level of both gender and group is equal, which means they are suitable for

the research.

Then, the researcher calculated the means and standard deviations for the experimental
group on pre-test and post-test for the motivation scale, as shown in Table 28.

Results of Table 28 show apparent differences between means on total score of the

motivation scale and all its dimensions due to group and gender in favor of the post-test.

After that, the researcher used the one-way Analysis of Co-variance (ANCOVA) test to
determine statistically significant differences between groups on post-test scores
controlling for pre-test scores. Before the test, the researcher examined the assumption
of homogeneity of regression, where no violation was found (F = 4.196808, p > .05).
Results of the ANCOVA test are depicted in Table 29.
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Results of Table 29 show significant differences between experimental and control
groups on the total score of the motivation scale in favor of the experimental group. In
contrast, results show no significant differences due to gender, pre-test and interaction

between group and gender.

In order to measure the effect size for comparing the efficacy of AR intervention (i.e.,
experimental group) on the dependent variables (i.e., motivation and reflective
thinking), the researcher used Partial Eta Squared(n?). According to Cohen (1988), the
effect size is indicated byf= V(1 —n?), such that f = 0.1 indicates a small effect, f =

0.25, indicates a medium effect, and f = 0.40 indicates a large effect.

Results in Table 29 show that the corresponding effect sizewas (1= 0.393), which
explained that 39.3% of the variance in the groups’ mean scores on the posttest was due
to the AR intervention, with (f = 0.427), which indicates a large effect of AR-based

learning on the motivation.

In order to test the significance of these differences on the motivation dimensions,
multiple analysis of covariance (MANCOVA) was employed, as shown in Table 30.

Results show significant differences between experimental and control groups on the
motivation dimensions in favor of the experimental group except for Confidence
dimension. In contrast, results show no significant differences due to gender, pre-test
and interaction between group and gender on the motivation dimensions except for

Volition.

Accordingly, results indicate that the integration of AR technology into the learning
environment of digital communication course can enhance students’ motivation,

especially in terms of Attention, Relevance, Satisfaction and Volition.

The partial eta squared (n°) explained 24.3%, 33.2%, 49.8%, 46.6% of the variance in
the groups’ mean scores on the posttest due to the AR intervention on Attention,
Relevance, Satisfaction, and Volition respectively. All the values of n? above are greater
than 0.134, and according to Cohen's (1988) classification, these values indicate large

effects.

50



3.1.4 Research Question 4

Are there differences in learners’ reflective thinking dimensions between experimental

and control groups on pre-test and post-test for digital communication course?

To answer this question, the researcher first used independent t-test to examine the
statistical differences in the student’s reflective thinking pre-test due to gender and

group (Pre-treatment Measure of Equivalence), as illustrated by Table 31.

Results in Table 31 show no significant differences between experimental and control
groups (t-value = -.195, p = .587). Similarly, results show no significant differences
(p<=0.05) between male and female students (t-value = 1.316, p = .94). This indicates
that the previous reflective thinking level due to gender and group is equivalent, which

means they are suitable for the research.

After that, the researcher calculated the means, standard deviations and medians for the
experimental groups on pre-test and post-test for reflective thinking scale, as shown in
Table 32.

Results of Table 32 show apparent differences between means on the total score of
reflective thinking and all its dimensions due to gender and group in favor of the post-
test.

In order to examine the significant differences between groups on post-test scores
controlling for pre-test scores, and after examining the assumption of homogeneity of
regression with no violation (F = 2.467, p > .05), the researcher conducted one-way
Analysis of Co-variance (ANCOVA), as shown in Table 33.

Results of Table 33 show significant differences between experimental and control
group on total score of Reflective thinking scale in favor of the experimental group. In
contrast, results indicate no significant differences due to gender, pre-test and
interaction between group and gender. Results in Table 33 show that the corresponding
effect size was (n? = 0.512), which explained that 51.2% of the variance in the groups’
mean scores on the posttest was due to the AR intervention, with (f = 0.499), which

indicates a large effect of AR-based learning on the Reflective thinking.
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In the last step, and to examine the significance of these differences on the reflective
thinking dimensions, a multiple analysis of covariance (MANCOVA) was used, as

shown in Table 34.

Results of Table 34 show significant differences between experimental and control
groups on Reflective Thinking dimensions in favor of the experimental group except for
Reflection. In contrast, results show no significant differences due to gender, pre-test

and interaction between group and gender on Reflective thinking dimensions.

The partial eta squared (n°) explained 51.2%, 64%, 49%. of the variance in the groups’
mean scores on the posttest due to the AR intervention on habitual action,
understanding, and critical thinking respectively. All the values of n? above are greater
than 0.134, and according to Cohen's (1988) classification, these values indicate large

effects.
3.1.5 Research Question 5

Are there significant differences on motivation between pre-test and post-test for the

digital communication course experimental group?

To find the differences between pre-test and post-test on the experimental group, the
researcher calculated the means, standard deviations, and paired samples t-test was

conducted to test the differences between pre-test and post-test for the experimental

Results of Table 35 show significant differences between pre-test and post-test on
motivation in favor of the post-test, where the means of the pre-test and post-test are
(3.2847, 3.8229) respectively.

3.1.6 Research Question 6

Are there significant differences on reflective thinking between pre-test and post-test

among the experimental group for digital communication course?

To find the differences between pre-test and post-test among the experimental group,
the researcher calculated the means, standard deviations, and the paired samples t-test
was conducted to examine the differences for reflective thinking and its dimensions

between pre-test and post-test for the experimental group, as shown in Table 36.
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Results show significant differences between pre-test and post-test on reflective
thinking in favor of the post-test, where the means of the pre-test and post-test are
(3.1667, 4.1823) respectively.

3.1.7 Research Question 7

Is there any significant relationship between motivation and reflective thinking for the

students of the digital communication course?

In order to answer this question, the researcher computed Pearson Product Moment
Correlation Coefficient to investigate any significant relationship between the
independent variable (reflective thinking) and the dependent variable (motivation) for

the students of the digital communication course, as shown in Table 37.

Results of Table 37 show a significant positive correlation at 0.05 level (r = 0.619,
p<=0.032) between motivation and reflective thinking. The regression analysis for

predicting motivation in Table 38 found

that reflective thinking contributed in a way that was statistically significant toward
explaining 38.3 % of variance in motivation (B =0 0.500, SE = 0.201, $ = 0.619).

3.1.8 Research Question 8

Are there differences on students’ achievement scores between experimental and

control groups for the digital communication course?

To answer this question, the researcher used the independent t-test to examine the
statistical differences in the students’ scores between the control group (i.e., students
who received traditional assignments) and the experimental group (students who

received AR assignments), as shown in Table 39.

Results in Table 39 indicate significant differences between the experimental group and

the control group on the students’ achievement scores with (t-value = -1.368, p =.017).
3.2 Qualitative Results (Research Question 9)

Many studies used AR in education based on qualitative design (Cavilla, 2017; K. E.
Chang et al., 2014; Delello, 2014; Fidan & Tuncel, 2019; Ozdamli & Hursen, 2017;

53



Safar et al., 2017a; Sahin & Yilmaz, 2020; Ziden et al., 2022; Zimlich, 2015). In this
section we used inductive analysis process of the interviews using MAXQDAZ20 to
introduce the results. The interviews were analyzed following thematic coding and
content analysis methodology (Parker, 2005) to identify the codebook that consists of
the main themes emerging from the written material based on bottom-up data driven
text analysis to extract codes. After reading the responses of each participant carefully,
the concepts and statements containing similar words were identified, and the analysis
process continued as follows: (a) open coding from the participants’ narratives to
generate the main themes; (b) the codes and sub codes were organized into structured
text; and (c) the codes and sub codes were discussed and elaborated with evidences of
the extracted segments (Mahamid, 2020).

A codebook was generated that constitutes of seven main themes: Reflection, Prior
Experience, Initial Impression, Benefits, Challenges, Attitudes, Hope for Future. Hope
for future theme yielded four subthemes, developing ideas, identifying career path,
spotting opportunities, and tracking learning. Challenge’s theme yielded five
subthemes: AR Technology Resistance, Lack of Relevant Models, Technical Issues,
Time lIssues, Negative Health Effects, benefits theme yielded four subthemes: Deep
Understanding, Interest and Enjoyment, Building Student-Instructor Relationship,
Usability and Risk, Cost and Time Reduction. The diagram shown in Fig. 9 illustrates
the generated codes and sub codes using MAX Maps of MXQDAZ20.
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Figure 10

Code-sub code-segments model in MAXMaps.
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According to the thematic coding and the qualitative data analysis, the researcher
classified them into seven codes; three of them have their own sub codes. Figure
10illustrates the code segments’ frequency distribution. The MXQDA program
calculates the frequency of each theme by counting the number of instances or segments
of data that are assigned to each theme. This provides an indication of how frequently
certain themes appear in the data. The highest frequency was for benefits with 34.6%

and the lowest frequency was for prior experience with 6.3%.
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Figure 11
Frequency distribution of the code segments.
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The main question to be answered in this section i.e., the qualitative research states:

What are the learners’ viewpoints towards integrating AR technology in the learning

environment?

In order to answer the question above, which is the last research question, the following
sections discuss the extracted themes and subthemes of the qualitative analysis based on

semi structured interviews with the sample.
3.2.2Prior Experience

Prior experience refers to students’ previous knowledge about some topic or skills
related to some technology (Rakap, 2010), or what the learner already knows about a
topic or other related topics (Svinicki, 2004). Teaching and learning in a new learning
environment are influenced by Previous Knowledge, which could be a set of
misconceptions significantly interfering with the new concepts (Naah & Osei-Himah,
2021). Results show that all students had not any background or prior experience related
to AR or VR in education. Moreover, their experience in other fields is divided between
either no prior experience in their life, or some experience in 3D virtual games, cinema,
and in watching 3D film using TV classes, scientific experiments using VR, or VR

books using mobile applications.
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For instance, AA said, “I have some knowledge related to VR-based games not in
education or learning. For example, I used to play VR-based games such as zombie and
racing. It was a good experience, and since that day | have a passion for virtual

games”.

Moreover, AS added, “My previous knowledge of VR was related to games in which 1
was not interested. | used to watch movies explaining the concept of VR, wondering how
oculus operates. | also read some articles related to AR technology and admired it. | did

’

not expect that I will use this technology and practice it in my classes.’
3.2.2 Initial Impression

Initial impression can be defined as an initial opinion and perception formed regarding
people, phenomena, technologies, events or concepts facing a human being or he is
experienced with for the first time(Haselton&Funder, 2006). Results show that the
students were divided into two groups, the first struggled with using AR to study at the
beginning and was afraid from dealing with this new technology. Also, some female
students had techno stress when they wore the oculus and immersed within the virtual

world.

For instance, SN said, “It was hard to learn based on AR technology right now, since |
am overloaded in the last year of my study. Even though it was enthusiastic

experience’”’.

On the other hand, the second group felt exited to use AR technology to understand the
difficult concepts, since engineering topics are described as imaginative topics. They
were satisfied with doing their assignments and homework and achievement using
AR/VR.

AGh said, “I am satisfied with my achievement while working on this course using AR
technology. It was wonderful and perfect course, and 1 am proud of my instructor who

gave me this opportunity”.

Moreover, MGh described AR as relevant with the course material. He said, “/ learned
to identify the main components of the generator and how it operates, in addition to
generator maintenance without the need to be present in an electrical station. AR

technology made a big change in my life”.
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3.2.3 Benefits

This section summarizes the students’ perceptions of the main benefits gained during
their experiment in the AR-based courses. Some sub codes are similar to those
introduced in the previous studies. For instance, advantages of AR in learning physics
by Fidan & Tuncel (2019) introduced codes such as better understanding and analyzing
the problem scenarios; retention of concepts; facilitation and concretization in learning;
autonomous learning; interesting, realistic, enjoyful, interactive as a learning

environment.

Delello (2014) described the strengths of using AR for student learning in three themes:
Motivation and engagement, Teacher acceptance, and Community of practice, whereas
Chang et al. (2014) provided six advantages: high autonomy, frequent human-computer
collaborative interaction, good visual effects, detailed observations toward specific parts
of a picture, convenient content management, and long-term benefits. Furthermore,
Safar et al. (2017) coded effectiveness in communication and use of senses, whereas
Ziden et al. (2022) proposed three themes: interactive, motivating, and enjoyable
learning. In this research, the AR benefits were classified into five subthemes as
discussed below.

3.2.3.1Building Student-Instructor Relationship

Student-instructor relationships affects learning outcomes, where students with strong
connection with teachers reported better learning outcomes and academic achievement.

Further, they were more confident and self-directed (Creasey et al., 2009).

In this research, the students expressed that their relationship with the instructor was
changed. As a result, they became cooperative team members. Moreover, the students
expressed their satisfaction in dealing with the instructor as a result of continuous

communication inside and outside the classroom.

ES said, "I have certainly strengthened my relationship with the instructor. | used to see
him during the lecture only. | began to see him and communicate more often in the

center to help us understand things".

SH added, "The instructor started to communicate with us more often during the lecture

while following up with us, as he is working hard for this experiment to succeed".
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In short, the relationship between the students and their instructor has turned into a

friendship.

MGh said, "I was happy with my instructor and our relationship has changed. We

became friends, not just a student-instructor relationship".

This strong relationship led to more student commitment to the lectures, as the

instructor allocated time, space, equipment and learning resources.

AA said, “For the instructor, we were very comfortable with him. He provided us with

an equipped laboratory, AR/VR headsets and learning resources.”
3.2.3.2Usability (Ease of Use)

The students described the AR-EON platform as an easy one. It supports Arabic
language as well. Any student with basic IT skills can use it without the need for

advanced skills.

TS said, “It was not difficult and didn't need high experience. Nowadays, it's all on

mobiles, and everyone knows how to use Google and YouTube."

Even though, students might require some initial training to get acquainted with the
platform and use the available ready-made AR/VR models. Moreover, it is suitable for
all ages and disciplines.

Where RQ added, “Anyone can use the platform because it is easy. With some short

training, students will be able to use it without the need for a specialized course”.
AA added, "The platform is suitable for all disciplines and all ages”.
3.2.3.3Deep Understanding

The students described Telecom engineering and its courses such as microwave
engineering and digital communication as applied courses and require some imagination
skills. They include concepts that can be forgotten quickly, but after using AR in

practice, such concepts became easy to memorize and understand.
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AGh said, “We started to understand the concepts more because our major is all about
imagination. Even the term ‘imagine’ has been mentioned in almost every single

lecture”

AA added, “We became more familiar with the new concepts and understand them in

1

physical sense based on AR and 3D visualization.’

Moreover, ES added, “I used to enroll such university courses and understand them, but
after a while, I forget most of the concepts, especially in complicated topics. With the
new approach, such concepts started to grave into our memories and catch our

’

attention.’

She said, "When the instructor explained the concept of towers, we did not deal with
them in practice. When we developed a 3D model for towers using an oculus, we
navigated into the tower and its components and how it operates. This was immersed in

my mind and it would be impossible to forget this concept”.

The interviewees mentioned that the new concepts became easier to understand when
they design the lessons themselves in a practical way and their responsibility and

challenge to accomplish their assignments.

TS confirmed, “It will be better consolidated in mind when | design a system and
develop it with its components. In the traditional approach, after we finish a course, we
might miss what we learned, but with AR and deep understanding, we never forget it.

The instructor assigned us tasks, and we accepted the challenge”.

This experience has affected students’ understanding of the different system
components, including installation and uninstallation, especially that digital
communication courses cover a wide range of concepts and systems containing a lot of

components.

ZH said, “We benefited a lot, when we become able to look inside the components,
identify, separate, and insert them into a system, and adding audio/video to explain and
learn it easily. It became easy for the teacher to communicate the idea to us. Instead of

an image, we deal with a 3D model, move, rotate and identify its operation principle”.
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ASadded, *for instance, I've never seen the inertia model described by the instructor as
a black box that I was not able to imagine it. After dealing with this model, | became

familiar with this box as described by my instructor that I'’ll never forget”.

In addition, with AR, the students can deal with a device and its components without

any harm or damage, and help them to deal with them in the future in the real world.

ZH said, “Instead of climbing a tower, we can deal with it virtually to keep safe from

risks and harmful effects on our health or life”.

MA added, "Instead of being shocked when we deal with objects in the real world at the
workplace, we deal with them virtually to be more familiar. For example, transformers
are very large electrical devices, and their cooling depends on the oil that needs to be
changes periodically. So, we can do that virtually for self-training before we go to the
field”.

3.2.3.4Interest and Enjoyment

The students expressed their interest in using AR in teaching and learning as a unique
and new experience, where the students enjoyed while doing their assignments, as EON
provides different models that could be used as the most appropriate ones in a
motivating way. Moreover, students disseminated their experience to their families and
colleagues and expressed their interest and passion. Some of them suggested to design

models and present their graduation projects using AR/VR technologies.

RQ said, “Frankly, I enjoyed AR technology and liked it, since it nicely motivated me to

learn more and show my creativity and talent”.

SN added, “I told my family a lot about AR and showed them pictures while using the
oculus to navigate the different models, touristic and religious places. They would like

to attend the lectures and try AR themselves”.
3.2.3.5 Risk, Cost and Time Reduction

One of the most important benefits of AR in education is related to time and cost

reduction while practicing the practical part of a course.
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SH reported “AR based learning saves our time and money when we design a virtual

model instead of using the real hardware”.

AR technology can also reduce the risk throughout their practice at workshops and other

training places, such as antenna towers and electrical stations.

MH said, “During the practice in the field such as climbing the antenna towers, it might
be an unsafe environment. In our practice with AR, | was able investigate a tower

closely. I grabbed the tower, gazed inside it and looked at all its components.”

In addition, TS confirmed, “For example, when I want to change a wire on an antenna
tower, | might make a mistake and get harmed. Instead, VR/AR can help repeating the

operation till success before doing it actually”.

A.A added, "The instructor taught us how to change the transformer’s oil using AR,
which helped us to avoid danger and risk .

Finally, AR-based learning offers more benefits such as enhancing students’ self-
confidence and research skills. It positively changed their personalities and the way of
dealing with their colleagues through the team work and the desire to learn emerging

technologies.

ES said, “I felt my personality changed positively, and I felt that I was doing something

9

new .

TS added: “We started working in a team and my personality became stronger than

before. Although I am in my fourth year, | used to attend lectures and leave .

While looking for different models, videos, tutorials and solutions for technical

problems, the students improved their research skills.

AGh said, "I used to search for certain 3D objects and models, which enhanced my
research abilities. | was trying to design a model and upload it to the portal, but the
upload process failed. I contacted the company to solve this technical error, and I'm

still waiting for their respond”.
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3.2.4Challenges

As any other emerging technology, AR has several advantages and provides users with
a lot of benefits. At the same time, it has some disadvantages and users might face some
challenges. Fidan & Tuncel (2019) referred to the limitation of using AR, which
includes effects on physical health and technical difficulties in the learning activities.
Moreover, Delello (2014) mentioned three challenges of using VR in education:
Teacher rejection, teacher time, and technology limitations. It is obvious that both
studies share the sub codes generated in this research. This research generated five sub
codes as will be discussed in the following subsections.

3.2.4.1 AR Technology Resistance

The main challenge that faced the students in this experiment was AR technology

resistance, which is related to rejection or no acceptance of the emerging technologies.

TS said, “Some team members did not prefer to work with AR technology. I think they
will feel sorry, since we are approaching a lifetime that is full of AR and other emerging

technologies”.
3.2.4.2 Lack of Relevant Models

The students need AR models that are relevant to their specialization, and it was

difficult to find appropriate models.

AA said, “Many models are not designed for our specialization or, sometimes, do not

exist”.

For the above reason, students had to pay for the required models or to design them

using appropriate applications.

ES said, “It was so difficult to find suitable 3D models. Therefore, we would have to
design them on Solid Works or AutoCAD. Unfortunately, we do not have any experience

with neither software, and would have to get some training on them”.
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3.2.4.3 Technical Issues

The students encountered some technical obstacles in file patching or in the design
process itself, such as identifying the model’s parts. This prompted them to contact

technical support, which needs three working days to respond.

RQ said, “For example, in the digital communication project, we could not disassemble
the 3D model into its components and could not label them. We also struggled during

the microwave engineering project in the 3D model recording and saving”.

AGh added, “At first, we faced some problems in downloading files that took two days
to be solved. Some technical issues required me to contact the institution, which

responded after three working days”.
3.2.4.4 Time Issues

Another challenge was the short time allocated for students to perform their
assignments, as they need a lot of time to search for appropriate models and prepare the

necessary educational resources.

AA said, “The problem was the short time required to conduct activities”. MH
disagreed by saying, “The time for each project was convenient, but I was overload

with other courses. In general, I was able to submit all projects on time”.

TS added, "The tasks require time to look for a free model, because we still do not have

the skills to design new models .
3.2.4.5 Negative Health Effects

Some of the other obstacles were related to negative health effects, which included
stress and bad effects on the eyes, vision fatigues and body imbalance when wearing the

oculus and immersed within the AR/VR environment.

SH said, “I should be able to balance, because I was dizzy and felt body imbalance

when [ immersed within the VR environment”.

TS agreed with her saying, “Wearing oculus headset for a while will eventually affect

my vision. | was dizzy wearing it for 6-7minutes .
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3.2.5 Hope for the Future

This theme is related to students’ future expectations and desires after the new
experience using AR/VR in education. Hope for the future can play a major role in
improving resilience and social wellbeing. Hope is described as a cornerstone in coping,
overcoming distress, and living under unusual and painful life experiences (Mahamid,
2020). The thematic coding yielded four subthemes, developing ideas, identifying

career path, spotting opportunities, and tracking learning.
3.2.5.1 Developing Ideas

VR/AR technologies can be employed in marketing and developing business ideas or

project proposals.

AA said, “AR can be used to present ideas effectively, I can develop a 3D model for an
idea that illustrates the main concept. This helps to market your ideas and yourself in
the field of work”.

AR-based learning experience can be transferred to schools as a new idea. In the future,
it would be possible to provide students and teachers with suitable training to apply it at

schools.

AGh said, “We present the idea and provide the school teachers with training of
trainers (ToT) program who transfer the training to the students. We can help teachers

to develop lessons with AR-3D models to be delivered to their students” .

More ideas were generated to present the university’s programs and activities using AR

technology.

TS added, “The Public Relations departments can use this application to design
announcements and introductory models about the universities and their academic

programs for new students”.
3.2.5.2 Identifying Career Path

AR technology opened new career paths and job opportunities, and students can add
this experience to their CVs. It will be the future profession, and the students should be

encouraged with some kind of incentives for training of others.
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AA said, “AR technology and Metaverse experience can enrich students’ CVs”.

In addition, it opens new job opportunities for 3D model designers to design more

models for selling via the Internet”.

MH said, “You can design specific 3D models and publish them on the Internet to be
sold”.

MH supported him by saying, “For example, the EON-XR sometimes lack to 3D models
in the application library. This case, one should design them from scratch, using Sketch

Up or Solid Works, as an additional source of income .
3.2.5.3 Spotting Opportunities

It can be described as using imagination and abilities to identify opportunities for
creating a value (Bacigalupo et al., 2016). In the nearest future, modern technologies,

such as XR, will spot new business or investment opportunities.

TS said, “It is possible to become a full-fledged virtual company that operates online

without having any headquarters, with employees who also work online”.
On the other hand, University administration supports and motivates their students.

TS said, “The University encourages the students to enroll in a training course, and
rewards them by granting a portion of their installment. This is a student’s right as long

as he provides a lot of useful resources”.

Moreover, TS suggested, “We should benefit from the students' output by organizing
exhibitions to present their projects and disseminate ideas that open new job

opportunities in the future”.

TS spotted another opportunity when she said, “This new technology can be used in

marketing for the university and its various academic programs”.
3.2.5.4 Tracking Students’ Learning

The use of AR/VR in education can positively affect the students’ learning methods, as
it transforms learning into a vibrant, motivating and enjoyable process, especially for

school students to understand difficult topics.
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RKh said, "Some lectures are usually boring, but with EON you can zoom in and zoom
out 3D models and explain complicated topics in a couple of words in nice and

understandable way .

MGh added, "Younger students at schools will enjoy AR-based learning with excitement
and enthusiasm. This enables them to use AR effectively to learn more complex topics

later when they enroll universities”.
3.2.6 Reflections

Reflection can be defined as giving the students an opportunity to do self-evaluation and
debriefing at the end of a lesson or evaluation of a technology (Zimlich, 2015). At this
point, students should set some of their own goals, monitor their progress, show
evidences of what they have learned and share it with others (Cavilla, 2017). This code
focuses on the students’ reflections regarding the use of AR in learning during the

courses.

The students were asked the following questions to reflect on their experience after

completion of the AR-based classes:

1. After completing the assignments of this course, what did you learn in terms of
concepts and skills?

2. How do you think VR/AR may help you understand the concepts of this course?

3. What is the difference between the design of this course and those of previous
courses?

4. What are the similarities and differences between this course and other courses?

5. What are the obstacles that you encountered while performing the course activities?

6. What can be added to improve the course using augmented reality?

Results show that the students’ experience in AR-based learning was reflected
positively on their learning progress. Their imagination skills were improved when they
manipulated the 3D models for new concepts. This enabled them to employ
visualization, drawing and design of new models to view them clearly in details, which

led to effective acquisition of new concepts and improved their knowledge.

AA said, “Engineering requires some imagination skills. The instructor used to show us

some systems in the surrounding environment such as the communication towers on the
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mountains that we could not see very well. With AR, we can see these towers closely in
details and the instructor can explain better, so we generated some new ideas that have

’

been in our minds before.’

Moreover, compared with individual work, which is described as boring, team work
encouraged the students to exchange knowledge and engage into new experiences that

enhanced social networking.

AGh said, “Individual work was boring, while team work encouraged us to try other
models that are not assigned to our lesson. For example, we tried a plane model and
enjoyed it. The spirit of a team is very important, since team members can warn you

when you get out or mess up an object”.

The instructor used to present an idea at the beginning to choose between the AR or the
traditional method, and he had a great role in increasing the students’ desire to learn,
being cooperative and providing them with their requirements including learning
resources and a training lab. Moreover, the students enjoyed the new method being

different and comforting.

MGh said, “The instructor offered two options, the new method with VR, or the
traditional method. Frankly speaking, according to what | saw, those who chose VR

were more relaxed and comfortable than those who used the traditional method”.

However, the students faced some obstacles due to lack of previous experiences and
time limitations, which reflected negatively in terms of increasing pressure, and
positively in terms of achievement. At first, they thought that the AR-based method is
boring, but after getting acquainted with the program, they realized its importance in

both the course and the daily life.

AA said, “The main obstacle we faced was that we never dealt with VR/AR before and
required to do many activities within a short time. Although | was in stress during the

course, the positive point was the new achievement”.

Furthermore, students should have some necessary skills, such as design, presentation,
research, persuasion, and imagination skills. This facilitates how the students present

their ideas, and can be easily acquired easily throughout the training sessions.
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AGh said, “Of course, imagination, recitation and idea delivery are the most important
skills, i.e., how the student arranges his speech and presentation, since not all of us
have the same design skills. | took on the role of a teacher who wants to present a

lesson efficiently”.

MGh added, “The design skills are easy to learn and be acquired, especially that

YouTube or any other platform offer several tutorials”.

Training at an earlier age at schools is more interesting and useful, since they have a
plenty of time to understand the basics, which reflects positively at a university stage in

more complex topics.

MGh said, “Younger students at schools will enjoy it and will be more excited with

VR/AR when they have a plenty of time for training”.

Also, students depend on the internet to prepare their research projects and
unnecessarily understand them in a boring manner. On the contrast, when they XR-
EON, the process will be more enjoyable, since the student controls the presentation and

explains his idea shortly.

ES said, “All our projects are based on research and presentation. For example, in a
physiology project, | used to copy and paste to prepare the article, and summarize it in
simple words during the presentation in a boring manner. It will be better to use XR-

EON to present my idea nicely with a couple of words”.

The students indicated the importance of VR/AR technology in the future’s job
opportunities and career path development. MGh said, “I think, within the next 20

years, the whole world will switch into VR with more job opportunities”.

A.A added, “The EON-XR library provides a limited number of 3D models, but more
don’t exist. You may have to design your own models from the scratch using SketchUp

or Solid Works to be sold as a new career path and a new source of income”.
3.2.7 Attitudes

Attitudes towards a behavior refer to the individual's positive or negative evaluation of a

behavior (Patricia Aguilera-Hermida, 2020). It can be seen as environmental education,
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cultural awareness, curiosity, seeking learning opportunities, work with technology
experts and trying new technologies (Sahin & Yilmaz, 2020; Zimlich, 2015).

The AR intervention was attractive that made it easier to learn and memorize, as the
instructor used to show students a set of videos and simulations, making it easier for
him to explain the lesson and easier for the students to understand. It also led to
increasing students’ desire to design 3D models that are not available on the Internet

free of charge.

AGh said: “When we develop a lesson in details and answer its questions, the instructor

will not pay big efforts to explain it and we will understand it easily”.

ES added, "It was very nice, and | really like to design my models, since they are not

available on the Internet, or need to pay for them”.

Unlike the traditional methods, students feel that they were actually living the
experience, and the training increased their challenge and willingness to study.

MGh said, “Unlike other courses, I started to learn more and to gain more knowledge”.

Moreover, the common interest among the students increased, which helped to
strengthen their interrelationship. In addition, the relationship with the instructor
transformed into a friendship as he cooperated with the students.

MGh said, “When I learned how to use the EON platform with the oculus, my
colleagues asked me for help. Therefore, | got to know students with common interests,

which strengthened our relationship ™.

He added, “At first, our instructor seemed like any other instructor. But when we
worked closely on AR/VR, | got to know him more and built a better relationship. Now, |

can see him as a friend”.

This experiment helped some students to devote the new concepts in a way they will
never forget, because they designed their models in details. At the beginning, some
students doubt they will benefit from the training, but they realized its importance and

advantages, which enhanced their positive attitudes towards learning.
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MGh said, “Frankly speaking, I benefited from this experiment within this course. When
| performed the course work with AR/VR and the hand-on training, | will never forget
what | have learned. | encourage other instructors and students to use AR/VR in their

courses”.

A.A added, “We learned many things and we are more excited to get a training course

on using Metaverse in teaching and learning”.
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Chapter Four

Discussion and Conclusion

In this research, the researcher used a mixed-method research design, which aims at
revealing the efficacy of using AR technology in learners’ motivation and reflective
thinking. The researcher used quantitative method based on ARCS-V motivation scale
and reflective thinking scale among university students. The reliability for the scales,
the values of Cronbach’s alpha are .901 for ARCS-V scale and .749 for reflective
thinking scale, which are suitable for the research purposes. Moreover, she used
qualitative method based on semi-structured interviews that were conducted with
students from the experimental group. In the previous chapter, the researcher presented
the results of both quantitative and qualitative methods. In order to answer the research
questions, the researcher benefited from both quantitative and qualitative analysis of the
sample’s responses who enrolled two AR-based courses in telecom engineering at An-
Najah National University; Microwave Engineering and Digital Communication. In
Microwave Engineering, all students have been selected as experiment group, while
students of Digital Communication were divided into experiment and control groups.
This chapter goes through discussion of the obtained results in section 4.1 and

conclusion and future work in section 4.2.
4.1 Discussion

This discussion starts with a summary of the research findings. Referring to the efficacy
of AR-based teaching on motivation of the experimental group, results show statically
significant differences in Attention, Relevance, Confidence, Satisfaction, and Volition
dimensions for the Microwave Engineering course. On contrast, there were no
significant differences in motivation pre-test and post-test mean ranks due to gender. In
addition, results show statically significant differences in all dimensions of reflective
thinking that include Habitual Action, Understanding, and Critical Reflection except
Reflection. As for the differences in gender, the matter is similar to the motivation,
where there were no significant differences in the reflective thinking pre-test and post-

test mean ranks due gender.

As for Digital Communication course, results show significant differences between
experimental and control groups on the motivation dimensions in favor of the
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experimental group except for the Confidence dimension. In contrast, results show no
significant differences due to gender, pre-test and interaction between group and gender
on the motivation dimensions except for Volition. As for the reflective thinking scale
there were significant differences between experimental and control groups on all
dimensions in favor of the experimental group except for Reflection. In contrast, results
show no significant differences due to gender, pre-test and interaction between group
and gender on Reflective thinking dimensions. In addition, the researcher found a
significant positive correlation between motivation and reflective thinking and
significant differences on the students’ achievement scores between experimental and

control groups.

In summary, the findings revealed a contribution of AR-based learning to improve all
dimensions of student motivation (Attention, Relevance, Confidence, Satisfaction, and
Volition) for microwave engineering course, which matches the findings of some
previous studies (Bacca, Baldiris, Fabregat, & Graf, 2014; Badilla-Quintana et al., 2020;
Cabero-Almenara & Roig-Vila, 2019; Clarke, 2008; Di Serio et al., 2013; Ibafiez et al.,
2020; Khan et al., 2019). The researcher justifies the contribution of instructional design
using AR in developing learners' motivation that the learner's motivation develops when
his curiosity is aroused, when the learning is meaningful to him and related to his goals,
when he has confidence in his ability to succeed in learning tasks, and when he obtains
results that bring him satisfaction with what he has learned. This means taking action to
achieve his learning goals, endeavoring to achieve his plans. So, the learners raise their
motivation towards the learning material, the various learning activities, the use of
animation and videos, recording their voice to explain a lesson, searching for suitable
model or design of a model from scratch, illustrations and examples linking the content
to the learner’s field of work and study, simplifying concepts, providing practical
exercises and final projects to prepare his future career. AR-based learning assists
learners in communication with other learners through team work, and provides
appropriate feedback to the learners’ need and achievement. Moreover, sharing the AR
projects via EON-XR platform, exchange of experience and discussion among students
and instructor, and time/place flexibility, all have a potential impact on the development

of learners’ motivation.
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Similarly, in digital communication course the experiments results showed that AR-
based learning activities affect motivation dimensions except confidence, such as
attention, relevance, satisfaction, and volition. This is because learners should build
confidence by feeling control and expectancy for success. For instance, unconfident
people fear of anything new, and they are worried about failure. In this case, it will be
the teacher’s responsibility to support students’ self-confidence, show them different
examples, and re-design the course or tasks if they are not comfortable for them (Keller,
1987). Results suggest that AR technology does not foster better levels of confidence
than control group. Therefore, further research is necessary to identify the students’ feel
in control while using AR in learning and to measure their perceptions toward success
in performing AR-based learning activities. This helps to overcome this obstacle and
achieve better level of confidence. Our results match Khan’s regarding motivation in
both attention and satisfaction dimensions, but contravene with relevance and

confidence dimensions (Khan et al., 2019).

In addition, results indicate no significant differences due to gender on the motivation
for both courses using AR technology. This result is considered logical, since the
students are among the digital generation who live in the similar circumstances, and
they are supposed to be digitally literate with similar ICT skills, indicating a narrowing
of the gender digital gap as some studies suggest (Korlat et al., 2021). Other studies
indicated enhanced learning motivation in digital contexts, which made the content
meaningful and relevant for both genders.

In general, our results agree with Moreno-Guerrero et al. (2020) results which indicated
that all of the motivation dimensions had a very high significant relationship. They
concluded that AR was effective in teaching high school students in physical education,

especially for the acquisition of spatial-oriented content.

In addition, AR-based educational methods take into account the individual differences
among the students, and thus increases the students’ self-confidence as each student
proceeds in the educational process according to his ability, desire and speed. Therefore,
students could learn without fear, which positively affects the development of

motivation among them.
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Furthermore, results show that AR methods simplifies the complicated and abstract
concepts, which has an impact on motivation. This can be attributed to the diversity of
activities and teaching methods, since the difficulty of the topics assigned to the
students reduces his motivation, as stated by Alhanai & Almanthari (2019). This result
can also be justified by the fact that AR-based methods improve the student’s
engagement into the lessons and increase their educational interaction that allow better
understanding. This agrees with Ivanova & Ivanov (2011) who reported a positive

impact of AR technology on the development of students” motivation.

As for the result showing significant differences in achievement between the
experimental and the control groups, it is consistent with other relevant research such
as Badilla-Quintana et al. (2020), Ibafez et al. (2020), Sahin & Yilmaz (2020) and
Ziden et al. (2022). This includes different aspects, such as the increased student
engagement and enjoyment (Cen et al., 2017; Ozdamli & Hursen, 2017), the increased
student interaction (Safar et al., 2017a), interest (Medina Herrera et al., 2019) and fun

learning (Chang & Hwang, 2018), which all improve students motivation.

According to the research findings, AR applications and activities developed for the
digital communication course were extremely enjoyable, motivating, and intriguing to
affect student success. In addition, a positive correlation of 0.619 was found between
motivation and reflective thinking, which agrees with previous studies like (Cavilla,
2017; Nur’Azizah et al., 2021) quantitative research with a correlation coefficient of
0.931. This result indicates evidence of a strong relationship between the research
variables of our research. It supports the researcher’s suggestion that reflective thinking
assists students to reflect on their practices, activities and lessons that improves
students’ self-efficacy and motivation. This result matches (Phan, 2009), which can be
attributed to the fact that the learning outcomes are reflections of students’ abilities,
such as cognitive abilities which cover six domains: knowledge; understanding;
application; analysis; synthesis; and evaluation. Moreover, reflection helps the alumni
to focus being motivated to continue innovation while identifying their career path.
Clarke (2008) reported that reflective thinking model represents an excellent reflection
tool to detect improvement opportunities and an effective method to learn from others’

experience.
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Our findings show that the experimental groups’ reflective thinking supplemented with
AR applications are significantly higher in dimensions such as Habitual Action,
Understanding and Critical Reflection in the digital communication course. The
researcher explained this result that a student begins to design an AR model many times
and to solve the related activity without difficulty (i.e., a habitual action activity). This
lets him understand the concept in a better way (i.e., understanding activity), think about
his work (i.e., a reflection activity) and then try to make work better in a different way
in the second time (i.e., critical thinking activity). Our results in this regard conform
with (Chang, 2019; Ozdamli & Hursen, 2017), which point to positive views toward AR

applications in education, where the AR group achieved higher scores.

Our findings show that the reflection dimension was not significant, since reflection
appears on exploring an action reasons or assumptions that usually occur but rarely are
observed (Kember et al., 2000). In addition, reflection may affect students’ affective
levels rather than cognitive levels. In order to improve the students’ reflection, the
researchers suggest that students should be provided with training on writing
reflections. Moreover, reflection should be implemented in a structured and intentional
manner throughout the students’ academic career to improve their academic
performance (Cavilla, 2017). In this research, the experimental groups’ reflective
thinking supplemented with AR was significantly higher than the control one’s. Even
though, both groups’ skills increased since both implemented reflective learning
activities, but still AR-based learning have more significant impact on reflective
thinking. (Tok, 2008)supports our findings that reflective thinking has a positive impact

on the students’ performance.

Reflective thinking can contribute to motivation by helping individuals better
understand their own thoughts, feelings, and behaviors. When we reflect on our
experiences, we are able to identify patterns and insights that can inform our future
actions and decision-making. This increased self-awareness can also help individuals set
more meaningful goals, as they are better able to align their aspirations with their values

and interests.

Furthermore, reflective thinking can help individuals build resilience and perseverance

in the face of challenges. By examining setbacks and failures in a constructive manner,

individuals can identify the underlying causes and develop strategies to address them.
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This can lead to a greater sense of control and agency over one's life, which in turn can
foster a stronger sense of motivation and commitment to achieving one's goals. Overall,
reflective thinking can serve as a powerful tool for self-improvement and personal
growth, and can help individuals cultivate a more positive and motivated outlook on
life.

The discussion above relates to the quantitative approach. This point forward provides
discussion of the qualitative approach, mainly the interviews. Our findings revealed
seven themes in the codebook: Prior Experience, Initial Impression, Benefits,
Challenges, Attitudes, Hope for the Future, and Reflection. Some codes have two or
more subthemes. Benefits yielded Deep Understanding, Interest and Enjoyment,
Building Student-Instructor Relationship, Usability and Risk, Cost and Time Reduction.
Challenges yielded AR Technology Resistance, Lack of Relevant Models, Technical
Issues, Time Issues, and Negative Health Effects. Hope for the Future yielded
Developing Ideas, ldentifying Career Path, Spotting Opportunities, and Tracking

Learning.

The above themes agree with either themes or subthemes of the previous studies. For
instance, Ozdamli & Hursen (2017) reveled advantages theme that includes subthemes
like Enhanced enjoyment, Increased interest, and Help to understand. Moreover,
Karagozlu (2021) proposed codes such as easing understanding, getting excited, being
happy, making the lesson fun, and permanence of what is learnt. More similar themes
include feeling interested and motivated, wasting time (Medina Herrera et al., 2019),
ease learning process, increase interest, interactive, assist visualization task, increase
concept (Omar et al.,, 2019). In addition, Motivation and engagement and Teacher
acceptance themes were suggested (Delello, 2014), as well as opportunity for
collaborative communication and problem-solving among students (Kamarainen et al.,
2013). These themes and/or subthemes match with themes/subthemes of our codebook

such as benefits, hope for the future and challenge.

Our codes and evidence segments quoted from the sample students in both Microwave

Engineering and Digital communication courses revealed that the AR videos through

EON-XR platform assisted to explain the complex concepts being taught. The AR

features increased students’ motivation to memorize these concepts as well.

Furthermore, design of AR models enabled students to align the lessons learnt with their
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life skills, and the related activities were useful in engaging students and asking more
questions. These activities were more student-driven and less teacher-directed, which
enhanced their learning, and therefore, performed better on their assignments and

exams.
4.2 Limitations

This research has some limitations that should be addressed later in the future research.
The sample size is relatively small. In addition, the experiment focused on one course in
telecommunication engineering and needs to be implemented on other subject areas. In
addition, practicing the AR-based learning was based on one 16-weeks semester, which
is too short to get results that could be generalized. Moreover, AR applications and
models require considerable resources and special training for students that is
insufficient within one semester. As for the research instruments based on (ARCS-V)
motivation and reflective thinking scales, they need to be tested more frequently in the
Palestinian education context on AR-based courses. Furthermore, the novelty of the
Augmented and Virtual Reality Center at An-Najah National University, where AR is
employed in teaching and learning for the first time in the semester of our experiment.
Accordingly, the participants expressed that the implementation of AR needs

experience, training and evaluation for the next experiments.
4.3Conclusion

This research adds a new contribution to the field of teaching and learning. It
investigates two important factors that affect students’ learning and instructors’ teaching
methods, motivation and reflective thinking, while implementing a new experience in
education with an emerging technology for both students and instructors. This
technology shapes the future of several aspects of the met averse, namely in education,
which is Augmented Reality (AR). It is a comprehensive study that uses the ARCS-V
model, which added volition variable to the ARCS model. This section provides a
summary of our main conclusions after an intensive work with students and instructors
practicing AR via EON-XR platform in learning and teaching two telecommunication

engineering courses at An-Najah National University.

This research approved that AR-based learning contributes to improve students’

motivation, since it assists learners to communicate with each other effectively. It
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enables learners to develop their motivation via appropriate feedback, sharing AR
projects, exchange of experience, time/place flexibility, and discussion among students
and their instructor. The AR-based methods improve engagement into the lessons and
increase their educational interaction for better understanding. Furthermore, AR
applications and activities make learning extremely enjoyable, motivating, and interest
to affect student success. In addition, AR-based educational methods consider the
individual differences among the students, where each student learns without fear
according to his ability, desire and speed. Moreover, AR lessons assist instructors to
explain the complex concepts being taught and enable students to memorize them.
Design of AR models and related student-driven activities enhance students’ learning
and engagement and therefore, perform better on their assignments and exams. They

acquire more skills that enable them to align what they have learnt with life skills.
4.4 Recommendations

Since AR is an emerging technology, the Palestinian education system could benefit
from its advantages by integrating AR into the learning process in the Palestinian
schools and universities. Accordingly, the researcher suggests that the curricula in the
Palestinian HEIs should be supported with AR in science, technology and engineering
courses in the first phase, as these courses are plentiful with complex concepts that
require imagination skills. In the next phases, this experience can be transferred

gradually to other courses in different disciplines.

In order to succeed in this initiative, essential training programs should be developed
and delivered for teachers and supervisors to design their courses and lessons based on
both AR and VR applications. Also, it is suggested that teachers optimize the existing
features according to the available ICT infrastructure to better facilitate students
learning. Moreover, networking with peer institutions in other countries is necessary to
work on joint projects that provide the necessary equipment and requirements to
implement this technology, like applications, technical equipment, tutorials and training
and exchange of experience and best practices. This initiative should be lead with
developing educational policies and strategies towards integrating AR into education.
This will raise the opportunities for students to be highly motivated and weaponed with

reflective thinking skills in their learning and lifelong practices.
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As the results show, AR technology does not foster better levels of confidence.
Therefore, further research will be conducted to identify the students’ feel in control
while using AR in learning and to measure their perceptions toward success in
performing AR-based learning activities. This helps to achieve better level of
confidence. Moreover, some previous studies show that enhancing motivation in the
digital context makes the content meaningful and relevant. So, further research will be
done to investigate the importance of interaction with AR in learning different

disciplines.
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Appendices

Appendix A: ARCS-V Scale (Original Version in English)

1. When I first looked at this lesson, | had the impression that it would beeasy for me.
2. There was something interesting at the beginning of this lesson that got my

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24,
25.

26.
27.

attention.

This material was more difficult to understand than | would like for it to be.

After reading the introductory information, | felt confident that | knew what | was
supposed to learn from this lesson.

Completing the exercises in this lesson gave me a satisfying feeling of
accomplishment.

It is clear to me how the content of this material is related to things | already know.
Many of the pages had so much information that it was hard to pick out and
remember the important points.

These materials are eye-catching.

There were stories, pictures, or examples that showed me how this material could
be important to some people.

Completing this lesson successfully was important to me.

The quality of the writing helped to hold my attention.

This lesson is so abstract that it was hard to keep my attention on it.

As | worked on this lesson, | was confident that | could learn the content.

| enjoyed this lesson so much that | would like to know more about this topic.

The pages of this lesson look dry and unappealing.

The content of this material is relevant to my interests.

The way the information is arranged on the pages helped keep my attention.

There are explanations or examples of how people use the knowledge in this lesson.
The exercises in this lesson were too difficult.

This lesson has things that stimulated my curiosity.

I really enjoyed studying this lesson.

The amount of repetition in this lesson caused me to get bored sometimes.

The content and style of writing in this lesson convey the impression that its
content is worth knowing.

I learned some things that were surprising or unexpected.

After working on this lesson for awhile, I was confident that | would beable to pass
ateston it.

This lesson was not relevant to my needs because | already knew most of it.

The wording of feedback after the exercises, or of other comments in this lesson,
helped me feel rewarded for my effort.
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28.

29.
30.

31.
32.
33.
34.
35.

36.
37.

38.
39.
40.

41.
42,
43.

44,
45,
46.

47.
48.
49,

The variety of reading passages, exercises, illustrations, etc., helped keep my
attention on the lesson.

The style of writing is boring.

I could relate the content of this lesson to things I have seen, done, or thought about
in my own life.

There are so many words on each page that it is irritating.

It felt good to successfully complete this lesson.

The content of this lesson will be useful to me.

I could not really understand quite a bit of the material in this lesson.

The good organization of the content helped me be confident that I would learn this
material.

It was a pleasure to work on such a well-designed lesson.

My commitment to achieve the goals in this class was strong relative to the goals in
my other classes.

| set up goals for my learning.

I was confident that I could avoid obstacles while doing my work.

| was prepared to work hard to achieve my goals no matter what my other classes
required.

| was able to prepare a study plan that listed concrete tasks.

| kept my feelings under control while working to complete this class.

| added more effort to stay on task if my focus on my goal in this class began to
decline.

| was able to avoid being distracted by competing goals.

| was able to create a setting free of uncontrollable distractions.

| was able to know when to stop looking for more information to prepare for an
exam.

I didn’t let social pressure affect my performance.

| anticipated personal or social events that might cause me to get behind.

When my motivation decreased, | was able to think of things to do to build it back
up again.
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Appendix B: Reflective Thinking Scale (Original Version in English)
Habitual Action
1. When I am working on some activities, | can do them without thinking about
what | am doing.
2. In this course we do things so many times that | started doing them without
thinking about it
3. Aslong as | can remember handout material for examinations, | do not have
to think too much.
4. If | follow what the lecturer says, | do not have to think too much on this
course.
Understanding
1. This course requires us to understand concepts taught by the lecturer.
2. To pass this course you need to understand the content.
3. I need to understand the material taught by the teacher in order to perform
practical tasks.
4. In this course you have to continually think about the material you are being
taught.
Reflection
1. 1 sometimes question the way others do something and try to think of a better
way.
2. | like to think over what I have been doing and consider alternative ways of
doing it.
3. | often reflect on my actions to see whether | could have improved on what |
did.
4. | often re-appraise e my experience e so | can learn from it and improve for
my next performance
Critical Reflection
1. Asaresult of this course, | have changed the way | look at myself.
2. This course has challenged some of my firmly held ideas.
3. Asaresult of this course, | have changed my normal way of doing things.
4. During this course, | discovered faults in what | had previously believed to
be right.
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Appendix C: Motivation Scale (Initial Version in Arabic)
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Appendix D: Reflective Thinking Scale (Initial Version in Arabic)
el sl bl 0441 Aa)
13/ L) u-"/d)-'.ﬁ
(29 Ayl dgas
Al alaill Ll al) g dmdlall 3 adaill 8 5 Jmal) ) gl ad Aol 1l giny Gy Rial) o 5
ISl all e Aday) a3 e IS8 Bl ol 58 Be) 8 aSia ela e Cpunaladl Al
eodas\w\eﬁy}c“’_am‘g_w M iaiaia @@Y\\&QUQQLLJQ‘@L;@M}&P)A
B pde e ST ) A Sie (3 priun o cadd alall Caad) (ol e Y il
L EL) g o) a5l ) LS
sl

Ldjaasal) byl Yl

‘:’\:ﬁt}“ C'_ibsﬂ\ ‘g &_u.u\.m]\ Jl:\;l‘ d}; 3)3‘.3 &4} =Sy

s KA I |
Layad oo il 1de ganal) .2
alead) .3

.(Digital Communication) Zdll cyLa).f
.(Microwave Engineering) dagal =15} .o
dmalad) 43014

Sl sy Lo ak .z IR S

104



i laal) Ll

2l b Ul gy il paiy 3 A Y1 ) e dalial Bl L) e

Aaud | daud | daudk | daun | daun 2gial) A8
ALB | AL | Ahagie | BumS | B
aa Jaa

L oSl ) Aalal g0 ARt G il | L]

leapd ) anliall Claind Glad Vs illsy | .2

callact (gAY L 2y ) dlal) e Jelus] 3
S Juadl A4k, Sl

caball 138 2ay s ) plas < 4

il Aaal (Blsall 028 8320 iy Cilagal) 24
SE ) Al e ladasl Caapal

LGbsal 138 5Ly sl agd ) 7 sl

Alill ASan g A Jiladls 43 o) Ly Lle SHl
e

IS8 (mmy Jaanil Laas 3ladl) 138 (S .8
L))l

S clilaiel) sale liadle (€31l Wil 9
DS e sl oY dals

] jualaal) sy S salall agd ) zlial |10
Agleal) Clagal

by A Al ay Jadl Led Jatl | L1

salinadl o) digyla cupe lasall 13g) AngiS | .12
.;Q.&‘J\ ) .\:maﬂ

Lo &l ehy Y ualaall ciloded ol Lxie | .13
 Bhsall 13g

G sald) Jaiy & of elle L) 138 3| .14

< bl Lgas )i

S pead e (R haialy st i xel |15
Sl

L) caie] e Uad) e Bluall Jiulys csiS .16

.t._\\};a

il 38 4 ciaill Slae P
105




Appendix E: Motivation Scale (Final Version in Arabic)
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Appendix F: Reflective Thinking Scale (Final Version in Arabic)
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Appendix G: Interview Questions (Final Version in Arabic)
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Appendix H: Interview Transcripts

On the following link or QR code:

https://docs.google.com/document/d/1qCpXJSKTE2Bww382iRItmGenWrdQAFMOQ/ed

it?usp=sharing&ouid=105701049519119246792&rtpof=true&sd=true
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https://docs.google.com/document/d/1qCpXJSKTE2Bww382iRltmG6nWrdQAFMQ/edit?usp=sharing&ouid=105701049519119246792&rtpof=true&sd=true

Appendix I: Published Papers

Paperl title: Augmented Reality Based Learning: The Efficacy on Learner’s Motivation
and Reflective Thinking.

Journal Title: International Journal of Information and Education Technology (1JIET)

http://www.ijiet.org/

Paper? title: Role of Augmented Reality Learning in Enhancing Palestinian University

Students' Motivation and Reflective Thinking.
Journal Title: Journal of Social Studies Education Research

https://www.jsser.org/index.php

paper3 tile: Augmented Reality in Higher Education: Perspectives of
telecommunication Engineering Students
Conference title: First International Conference and Expo on "Innovation and

Sustainability in Engineering & Technology" ICEISET-2023, An-Najah National
University, Nablus, Palestine, June 14-15, 2023.

https://easychair.org/my/conference?conf=iceiset2023
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Appendix K: Training Material for Developing Lessons using EON-XR Platform

On the following link or QR code:

https://docs.google.com/presentation/d/1A r0274990HZDjgROwaO5i0EKs4jgcSr/edit?
usp=sharing&ouid=105701049519119246792&rtpof=true&sd=true
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https://docs.google.com/presentation/d/1A_r0274q90HZDjqR0waO5iOEKs4jqcSr/edit?usp=sharing&ouid=105701049519119246792&rtpof=true&sd=true

Developing sample lesson
steps using EON

we2on )R unwany ey wonkspacs HO® o A

=> Make changes to an existing lesson.

AT
Share Lesson

cell tower-ahmadghabbish

> START LESSON S0, START MEETING

Q AHMAD GHABBISH

Sign in to your account to continue.

EMAIL *

PASSWORD *

‘ EON-XR - Sign In

Library® @« ©

I 3D assists -
Scleet Assel(s) For The Lesson
Lol
(S) &3 © sketchfab
ok
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OVERVIEW ABOUT

LESSON OBJECTIVES
write your Lesson objectives using action verbs from
REVISED BLOOM’S TAXONOMY

oveRvIEW ABoUT

LESSON MATERIAL
=3

This is an additional support material to your lesson for the learner
ENVIRONMENT

LESSON COMPOSITION

—_—
Lists the number of
associated activities
with the lesson

@ rsoncowe
@ Vot
@ ocoe acoves
@ oenty” Activies
@ o rcowes

@ 30 rocson fecorsng:

@ s Acees

CATEGORY
can be dto (
alesson from the
drop down menu

)

TAGS tpresz enten 10 400 The TaG Fusenl

-

The keywords, through which a lesson can be searched in the library

% EON-XR - 9.5.175

5 EON-XR - 9.5.175
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& EON-XR-9.5.175

ADD ACTIVITIES

Audio

Video

Identify

Quiz

Recording

PDF

image

X

——
1 2 ® Audo 1

® fecors B oo ® weo 2 3 - —

Q  identify 3 <

Text To Speech & v

4 upload B Quz Answer. Cell_Tower
4 upload — Uplosd. 4
(onty mp3 file allowed) i £
e £H Recording 5
CANCEL SARCES PDF 6
B image 7
-“” - I
4 < Set Camera View
What is this?
A c =
B. | paraliel plate antenna 1
[ selectFile
o
Your interactions and movements CANCEL
Type:  Single Answer Time Umic: (@ 30see =

will be recorded with your voice.

oo cance

6 Seliemsr 7

[ selectFile

CANCEL
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cell tower-ahmadghabbish

EON Lesson functions

Annotations: add labels to represent the name of each part of the 3D model.
AR Mode: A 3D model can be viewed / manipulated against a real
background.

Build Puzzle: solving activity for evaluating learner’s understanding.

Create: Create a new lesson by using a 3D asset / 360 image.

Edit: Make changes to an existing 3D / 360 lesson.

Identify: activity for evaluating learner’s understanding.

Intro: first screen in a 3D/360 lesson. Shows the whole model with audio
and video.

Locate: Allows the user to spot an evaluation activity for model part in a 3D

lesson.

e Memo: Smaller parts of a 3D model/ image (360). Can include audio and
video content.

e Model Parts: The hierarchy and parts of a 3D model.

e 3D Recording: The whole interaction of screen manipulation of 3D model
parts and simultaneous voice-over gets recorded. This can be played later as an
AV animation.

e Quiz: An activity for evaluating learner’s understanding. Multiple and single
choice.

e Touch Mode: Use finger to touch and manipulate the objects.

e TTS (Text to speech): Converts the typed text to a computerized voice.

e VR Mode: User can experience the 3D model in a real time environment.
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Appendix L: Tables
Table 11

Pearson Correlation Coefficients of Volition items with Volition dimension and total

score (n =77)

Items Volition Total
My commitment to achieve the goals in this class was strong relative ~ .594** .646**
to the goals in my other classes.
| set up goals for my learning. .650** .591**
I was confident that I could avoid obstacles while doing my work. 692** 616**
I was prepared to work hard to achieve my goals no matter what my 644**  649**
other classes required.
I was able to prepare a study plan that listed concrete tasks. .698** 598**
| kept my feelings under control while working to complete this class. .661** .465**
| added more effort to stay on task if my focus on my goal in this class .632** .480**
began to decline.
I was able to avoid being distracted by competing goals. 706** . 543**
I was able to create a setting free of uncontrollable distractions. 652**  425**
| was able to know when to stop looking for more information to J79%*  695**
prepare for an exam.
I didn’t let social pressure affect my performance. .659** . 490**
When my motivation decreased, | was able to think of thingstodoto ~ .583** .649**

build it back up again.

*p < 0.05. **p < 0.01
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Table 12
Pearson Correlation Coefficients of Habitual Action items with their dimension and the

total score (n = 77)

Items Habitual Total
Action

When | am working on some activities, | can do them without 655  .296
thinking about what | am doing.
In this course we do things so many times that | started doing them  .627  .306 "
without thinking about it
As long as | can remember handout material for examinations, | do ~ .544~ 243"
not have to think too much.
If | follow what the lecturer says, | do not have to think too muchon ~ .628"  .388"

this course.
*p <0.05. **p < 0.01

Table 13
Pearson Correlation Coefficients of Understanding items with their dimension and the

total score (n = 77)

Items Understanding Total
This course requires us to understand concepts taught by the 6977 2797
lecturer.
To pass this course you need to understand the content. 6927 408"
| need to understand the material taught by the teacher in order to 756 5297
perform practical tasks.
In this course you have to continually think about the material 6607 4127

you are being taught.
*p < 0.05. **p < 0.01
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Table 14
Pearson Correlation Coefficients of Reflection items with dimension and total score (n
=77)

Items Reflection  Total
| sometimes question the way others do something and try to 5507  .368"
think of a better way.
| like to think over what | have been doing and consider 7617 5337
alternative ways of doing it.
| often reflect on my actions to see whether | could have 7597 656
improved on what 1 did.
| often re-appraise e my experience e so | can learn from it and 7357 5407

improve for my next performance
*p <0.05. **p <0.01

Table 15
Pearson Correlation Coefficients of Critical Reflection items with dimension and total

score (N =77)

Critical ~ Total
Items Reflection
As a result of this course, | have changed the way | look at myself. J87**  625**
This course has challenged some of my firmly held ideas. 791**  593**
As a result of this course, | have changed my normal way of doing .740**  558**
things.
During this course, | discovered faults in what | had previously 718**  506**

believed to be right.
*p < 0.05. **p < 0.01
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Table 16

Results of confirmatory factor analysis.

Habitual _ _ Critical
Item ) Understanding Reflection o
Action thinking

HA1 187

HAZ2 165

HA3 410

HA4 409

Ul .826

U2 15

U3 337

U4 317

R1 .759

R2 .662

R3 .651

R4 .382

CR1 a7
CR2 117
CR3 A

CR4 .589

Variance % 23.361 8.787 9.189 13.886

Table 17
Cronbach’s Alpha coefficients of ARCS-V dimensions and total score of all dimensions.

Measure Cronbach’s Alpha Guttmann Split- Half
Attention 702
Relevance 172
Confidence 824
Satisfaction 717
Volition .883
Total 901 .864
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Table 18
Cronbach’s Alpha coefficients of Reflective Thinking dimensions and total score of all

dimensions.
Measure Cronbach’s Alpha Guttmann Split- Half
Habitual Action 621
Understanding .652
Reflection .651
Critical Reflection 739
Total 749 .657
Table 19

A sample lesson for microwave engineering course based on ADDIE model.

LESSON TITLE

Power Divider.
LESSON INTRODUCTION

Power dividers and directional couplers are passive devices used mostly in the field of radio
technology. They couple a defined amount of the electromagnetic power in a transmission
line to a port enabling the signal to be used in another circuit.

INTENDED LESSON LEARNING OUTCOMES/OBJECTIVES

(What do you expect users to know and be able to do by the end of the lesson?)
The aims of this project are:
1. Describe the shape of the main components of the power divider.

2. List the types of power dividers.

DESCRIPTION USER ACTIONS

(What will users see, what happens in this (e.g. explore model, Xray, exploded view)
lesson?) Digital Asset/Model Name:The model Xra

added from the grabcad site, which have tone y

input port and three output ports.

SCRIPT INFORMATION:

Text to Speech: Yes

Audio uploaded file:  Yes

SUPPLEMENTARY MATERIALS VIDEO DESCRIPTION

Video Used: Yes Copyrights: Yes The video talk about the describe model.
LESSON OPTIONS AR APPROACH

The lesson can be presented using VRwith (How will learners use AR?)

oculus and using ARwithsmartphone. Both

require an EON-XRaccount and the App. Download EON-XR mobileApp, then

open the App and start the lesson, and
click the option that operates AR.
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SCREEN RECORDING

Components of power divider
Type of power divider
Applications of power divider
Uses of power divider
How the power divider works.

6. The other names of power divider.
IDENTIFY

arwdE

The main aim of this project is showing the power divider using virtual reality, and the basic
concept of strip line in practical example, not in theoretical equation.
QUIZZES: (How many quizzes are there, and where will they be located?)

Four questions are designed:

Q1. This model is called: Q2. What is the type of power divider?
a) Power splitter a) reactive
b) Power compiler b) resistive
c) Power divider c) A&B
d) Al d) No type
Q3: What are the uses of power divider: Q4: The model is:
a) To divide a power source equally a) 2 ports
between the output signals b) 4 ports
b) A&D c) 5ports
¢) Not mention d) 8 ports

d) Test system to measure two different
characteristic signals.
THE LESSON’S LINK

https://share.eon-xr.com/lesson/424/312534

LESSON TITLE

Power Divider.
LESSON INTRODUCTION

https://share.eon-xr.com/lesson/424/312534

&1 e |

0]

124


https://share.eon-xr.com/lesson/424/312534
https://share.eon-xr.com/lesson/424/312534

Table 20
A sample lesson for digital communication course based on ADDIE model.

LESSON TITLE

Matched filter
LESSON INTRODUCTION

The matched filter is the optimal linear filter for maximizing the signal-to-noise ratio
(SNR) in the presence of additive stochastic noise. Matched filters are commonly
used in radars.

INTENDED LESSON LEARNING OUTCOMES/OBJECTIVES:

(What do you expect users to know and be able to do by the end of the lesson?)
1. Describe the matched filter.
2. Understand how a matched filter operates.
3. Identify the parts of the filter.

DESCRIPTION USER ACTIONS

(What will users see, what happens in this (e.g. explore model, Xray, exploded
lesson?) view)

The user will see the parts of matched filter X-ray

andunderstand this concept and its Exploded view

operation.

SCRIPT INFORMATION

Text to Speech: Yes

Audio uploaded file:  No

SUPPLEMENTARY MATERIALS: VIDEO DESCRIPTION:

Video Used: Yes The video talks about the filter and how
Copyrights: Yes to improve its (SNR). Other videos

explain the parts of the matched filter.

LESSON OPTIONS AR APPROACH
We can display the lesson with both (How will learners use AR — in groups?)
AR&VR By using AR smart glasses, VR glasses

and controllers.
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IDENTIFY

PCB CCT, Delay IC, Integrator IC, Differential IC, Capacitor
QUIZZES (How many quizzes are there, and where will they be located?)

Three questions have been developed:

1. Where can we use the matched filter?

2. Why is the matched filter important?

3. What are the objectives of a matched filter?
THE LESSON’S LINK

https://core.eon-xr.com/Lesson/Lesson3DDetail?id=309859

e ~—

00

() 2] IMAGE X

What is an Integrated
Circuit?

1ed i iy
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Table 21

Means, standard deviations and Median for the experimental groups on pre and post

tests for motivation scale.

Pre test Post test
Dimensions M S.D  Median M S.D Median
Attention  3.2564 .70091 3.3333 3.8718 .68179 3.5000
Relevance  3.6752 .65336 3.5556 4.0513 .56586 4.0000
Confidence  3.3504 .65396 3.2222 3.9316 .60780 3.8889
Satisfaction  3.6410 55213 3.6667 4.0897 57581 3.8333
Volition 3.3205 55886 3.2500 3.8590 53401 3.6667
Total 3.4167 57181 3.3333 3.9407 56249 3.6458
Table 22
Mann-Whitney U test on pre- motivation and post- motivation due to gender.
] Mean Sumof Mann- Wilcoxo )
Test Variable N ) Sig
Rank Ranks WhithneyU nW
5 Female 11 6.45 71.00
re-
o Gender 20.00 5000 71.000 -1.188 .235
Motivation Male 2 10.00
Post- Female 11 6.91 76.00
o Gender 10.000 76.000 -.198 .843
Motivation Male 2 75 15.00
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Table 23

Wilcoxon's signed ranks test for the pre-test and post-test for the motivation scale.

Mean  Sum of _
Test Ranks N Z Sig
Rank  Ranks

Negative Ranks 4.00 12.00
Post-Pre-Total -2.343 .019

w

Positive Ranks 10 7.90 79.00
Ties 0
_ Negative Ranks 3 3.17 9.50
Post-Pre-Attention . -2.090 .037
Positive Ranks 8 7.06 56.50
Ties 2
Negative Ranks 2 2.50 5.00
Post-Pre-Relevance . -2.077 .038
Positive Ranks 7 571 40.00
Ties 4
Negative Ranks 3 4.50 13.50

Post-Pre-Confidence -2.238 .025

Positive Ranks 10 7.75 77.50
0
) ~ Negative Ranks 4 3.00 12.00
Post-Pre-Satisfaction . -2.357 .018
Positive Ranks 9 8.78 79.00
Ties 0
. Negative Ranks 4 4.38 17.50
Post-Pre-Volition o -1.959 .050
Positive Ranks 9 8.17 73.50
Ties 0
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Table 24
Means, standard deviations and medians for the experimental group on pre-test and
post-test for the reflective thinking scale.
Pre-test Post-test
Dimension M S.D Median M S.D Median

Habitual Action  3.0962  .69626  3.0000 3.6346 .67404 3.7500
Understanding  4.0769  .44936 4.0000 4.6731 37339 4.7500
Reflection 4.0192 .60778  4.0000 4.3077 46942 4.2500
Critical Reflection 3.3462 1.14354 3.7500 4.2115 .88886 4.5000

Total 3.6346 .55718 3.5000  4.2067 45742 4.1875
Table 25
Mann-Whitney U test on pre-reflective thinking and post-reflective thinking due to
gender.
Mann-
) Mean Sum of ) Wilcoxon )
Test Variable N Whitney Z Sig
Rank Ranks W
Pre-Reflective Gend Female 11 7.36 81.00 7.000 10.000 -.790 .430
ender
thinking Male 2 5.00 10.00
Post- Female 11 7.41 815 6.5 9.5 -.891 .373
Reflective  Gender 2 475 95
o Male
Thinking
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Table 26
Wilcoxon’s signed ranks test for pre and posttests of reflective thinking scale for the

Microwave Engineering course.

N Mean Sumof Z Sig

Test Ranks Rank Ranks
Post-Pre-Habitual Action  Negative Ranks 2 6.75 1350 -2.254 .024
Positive Ranks 11 7.05 77.50
Ties 0
Post-Pre-Understanding ~ Negative Ranks 2 200 4.00 -2590 .010
Positive Ranks 9 6.89 62.00
Ties 2
Post-Pre-Reflection Negative Ranks 5 440 2200 -985 .324
Positive Ranks 6 7.33 44.00
Ties 2
Post-Pre-Critical Reflection Negative Ranks 1 700 7.00 -2520 .012
Positive Ranks 11 6.45 71.00
Ties 1
Post-Pre-Total Negative Ranks 1 8.00 800 -2.623 .009

Positive Ranks 12 6.92 83.00
Ties 0

Table 27
Independent t-test on pre-motivation due to group and gender.
Test Variables N M S.D t-value p-value
Group Control 12 3.0104 .47991 -2.280 .334
Pre- motivation Experiment 12 3.4080 .36697

Gender Female 12 3.3333 52419 1.331 442
Male 12 3.0851 .37788
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Table 28
Means, standard deviations and Median for the experimental and control group on pre-

test and post-test for the motivation scale.

Dimension Group N Pre-test Post-test
M S.D M S.D
Attention Control 12 2.9722 37493 3.0556 45273
Experiment 12 3.3264 .26699 3.7083 44735
Female 12 3.2083 .35266 3.4375 61456
Male 12 3.0903 38511 3.3264 50309
Total 24 3.1493 .36612 3.3819 55218
Relevance Control 12 3.2315 .31590 3.4444 .37605
Experiment 12 3.3796 47011 4.0093 .33986
Female 12 3.4167 42409 3.9537 .38038
Male 12 3.1944 .35494 3.5000 41709
Total 24 3.3056 .39894 3.7269 45398
Confidence Control 12 2.9630 .38587 3.1759 51783
Experiment 12 3.2870 43022 3.7593 A8277
Female 12 3.2407 51864 3.6574 .58882
Male 12 3.0093 .30506 3.2778 51137
Total 24 3.1250 43259 3.4676 57313
Satisfaction Control 12 3.3194 65697 3.3611 .50669
Experiment 12 3.1806 63746 3.9861 49979
Female 12 3.3889 60442 3.8472 62546
Male 12 3.1111 66414 3.5000 51247
Total 24 3.2500 63702 3.6736 58665
Volition Control 12 3.1458 30177 3.0486 72948
Experiment 12 3.2222 .38817 3.7639 44215
Female 12 3.2639 .39542 3.6389 67076
Male 12 3.1042 27323 3.1736 66235
Total 24 3.1840 34225 3.4063 .69388
Total Control 12 3.1059 29973 3.1753 .38409
Experiment 12 3.2847 33231 3.8229 35417
Female 12 3.2899 .36900 3.6667 49357
Male 12 3.1007 24902 3.3316 44368
Total 24 3.1953 .32268 3.4991 48984
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Table 29
Analysis of covariance (ANCOVA) for total score of the motivation scale due to group
and gender

I sce S M
Squared
Total Pre-test 547 1 547 4.589 .045 0.195
Motivation Group 1.468 1 1.468 12,322  .002 0.393
Gender .018 1 .018 149 .704  0.008
Group * Gender  .139 1 139 1.169 293
Error 2.264 19 119
Total 299.373 24
Table 30.

Multiple analysis of covariance (MANCOVA) for the motivation dimensions due to
groups and gender.

_ sum Mean _ Partial

Dependent Variable Source Squares df Square F Sig. Eta
Square

Attention(post) 728 1 728 4573 046  0.243
Relevance(post) 1.125 1 1.125 9.240 .007 0.332
Confidence(post) Group 776 1 776 3.246 .087 0.255
Satisfaction(post) 2.242 1 2.242 9.732 .006 0.498
Volition(post) 1.977 1 1.977 7.286 014 0.466
Attention(post) 077 1 077 480 497 0.033
Relevance(post) 425 1 425 3.490 077 0.158
Confidence(post) Gender 122 1 122 509 484 0.051
Satisfaction(post) .005 1 .005 021 .886 0.002
Volition(post) .091 1 .091 337 568  0.039
Attention(post) .189 1 189 1.186 290  0.077
Relevance(post) Group * Gender  .032 1 .032 .266 612 0.014
Confidence(post) 347 1 347 1.452 243 0.133
Satisfaction(post) 114 1 114 495 490 0.048
Volition(post) 1.497 1 1.497 5.515 .030 0.398
Attention(post)  Attention(pre)  1.311 1 1.311 8.231 .010  0.367
Relevance(post) Relevance(pre)  .005 1 .005 .045 .835 0.002
Confidence(post) Confidence(pre) .539 1 539 2.254 150 0.192
Satisfaction(post) Satisfaction(pre) .993 1 993 4.311 .052 0.305
Volition(post) Volition(pre) 1.551 1 1.551 5.716 027 0.407
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Table 31

Independent t-test on pre-reflective thinking due to group and gender.

Test Variable N M S.D t-value p-value
Group Control 12 3.1458 23436 -.195 .587
Pre-Reflective Experiment 12 3.1667 .28620
Thinking Gender Female 12 3.2240 .24923 1.316 940

Male 12 3.0885 25487

Table 32
Means, standard deviations and medians for the experimental and control groups on
pre-test and post-test for reflective thinking scale and its dimensions.

Pre-test Post-test
M S.D M S.D

Dimensions Variable N

Group Control 12 2.7292 48216  3.5833  .35887

Experiment 12 2.9167  .40358 3.9792  .37626

Habitual Action  Gender Female 12 2.9375  .41458 3.7500  .52223
Male 12 2.7083  .46262  3.8125  .28455

Total 24 2.8229 44526  3.7812  .41252

Group Control 12 3.4167  .35887  3.7917  .49810

Experiment 12 3.3958 24905  4.4167  .24618

Understanding ~ Gender Female 12 3.5000 .28204 4.0625  .55519
Male 12 3.3125  .30386  4.1458  .45799

Total 24 3.4063  .30228  4.1042  .49955

Group Control 12 3.5417  .39648 3.7292 43247

Experiment 12 3.3125 47822  4.0833  .62462

Reflection Gender Female 12 3.3958  .45799 3.7917  .64696

Male 12 3.4583 45017  4.0208  .44541

Total 24 3.4271 44526  3.9063  .55566

Group Control 12 2.8058  .34474  3.7500  .42640

Experiment 12 3.0417  .39648  4.2500  .36927

Critical Reflection Gender Female 12 3.0625  .41458 39792 51631
Male 12 2.8750 .31079  4.0208  .43247

Total 24 2.9688 .37090  4.0000  .46625

Group Control 12 3.1458  .23436 3.7135  .29850

Experiment 12 3.1667  .28620 41823  .27754

Total Gender Female 12 3.2240 .24923 3.8958 45096
Male 12 3.0885 .25487 4.0000 .27696
Total 24 3.1563 .25604 3.9479 .36983
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Table 33

Analysis of covariance (ACNOVA) for total score of Reflective Thinking scale due to

group and gender.

Partial
Dependent Sum Mean ]
) Source df Sig. Eta
Variable Squares Square
Square
Total Pretest  .001 1 .001 .008 931 0.001
Reflective Group 1.459 1 1.459  19.958 .000 0.512
Thinking Gender 195 1 195 2.674 118 0.123
Group * Gender  .217 1 217 2973 101
Error 1.389 19 .073
Total 377.211 24
Table 34

Multiple analysis of covariance (MANCOVA) for reflective thinking dimensions due to

group and gender.

. Sum Mean . Partial
Dependent Variable Source S Sig. Eta
quares Square
Square
Habitual Action(post) 1459 1 1.459 19.958 .000 0.512
Understanding(post) Group 2474 1 2.474 16.270 .001 0.640
Reflection(post) 694 1 694 2352 .142 0.333
Critical 1336 1 1.336 8.235 .010
Reflection(post) 0.490
Habitual Action(post) 195 1 195 2.674 .118 0.123
Understanding(post) Gender A72 1 172 1.134 .300 0.110
Reflection(post) 530 1 530 1.797 .196 0.276
Critical 175 1 175 1.079 312
Reflection(post) 0.112
Habitual Action(post) 217 1 .217 2973 .101 0.135
Understanding(post) ~ Group * Gender 228 1 .228 1.496 .236 0.141
Reflection(post) 087 1 .087 .296 .593 0.059
Critical 015 1 .015 .095 .762
Reflection(post) 0.011
Habitual Action(post) Habitual Action(pre) .001 1 .001 .008 .931 0.001
Understanding(post) Understanding(pre) .004 1 .004 .025 .876 0.003
Reflection(post) Reflection(pre) A77 1 177 602  .447 0.113
Critical Reflection  Critical Reflection .226 1 .226 1.391 .253
(post) (pre) 0.140
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Table 35

Means, standard deviations and paired samples T-Test for Motivation scale and its

dimension.
Dimension Test Mean S.D T-value Df Sig
Attention Post-Test 3.7083  .44735 -3.142 11 .009
Pre-Test 3.3264  .26699
Relevance Post-Test 4.0093  .33986 -3.928 11 .002
Pre-Test 3.3796  .47011
Confidence Post-Test 3.7593  .48277 -2.517 11 .029
Pre-Test 3.2870  .43022
Satisfaction ~ Post-Test 3.9861  .49979 -4.120 11 .002
Pre-Test 3.1806 .63746
Volition Post-Test 3.7639  .44215 -3.540 11 .005
Pre-Test 3.2222  .38817
Total Post-Test 3.8229  .35417 -4.346 11 .001
Pre-Test 3.2847  .33231
Table 36

Means, standard deviations and paired samples T-Test for Reflective Thinking scale

and its dimension.

Dimension Test Mean S.D T-value Df Sig

Habitual Action Post-Test 3.9792  .37626 -8.110 11 .000
Pre-Test 2.9167  .40358

Understanding Post-Test 4.4167  .24618 -9.043 11 .000
Pre-Test 3.3958  .24905

Reflection Post-Test 4.0833  .62462 -3.458 11 .005
Pre-Test 3.3125  .47822

Critical Reflection Post-Test 4.2500  .36927 -9.570 11 .000
Pre-Test 3.0417  .39648

Total Post-Test 4.1823  .27754 -10.921 11 .000
Pre-Test 3.1667 .28620
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Table 37

Pearson Product Moment Correlation Coefficient to investigate the relationship

between motivation and reflective thinking.

Reflective Thinking Motivation r Sig
Mean S.D Mean S.D
4.1823 27754 3.8229 35417 .619* 0.032
Table 38
Linear regression to predict motivation.
Predictor B S.E B T P
Reflective Thinking .500 201 619 2.492 .032*
Table 39

Independent t-test on students’ achievement scores due to group.

Test Variables N S.D t-value p-value
Achievement Control 12 68.9596 26.89358 -1.368 .017

S Group

core
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