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Abstract

Physics, a scientific  discipline
concerned with the characteristics of energy
and matter, draws heavily on principles from
Mathematics, Mechanics, Optics, Electricity,
Magnetism, and Thermodynamics. However,
many students struggle to comprehend these
concepts due to the lack of visual
representation, which contributes to a waning
interest in STEM subjects. To address this
challenge, augmented reality (AR) technology
emerges as a powerful tool, offering students
an immersive experience with lifelike three-
dimensional virtual objects to facilitate
learning.

"This research paper centers on the
creation of an augmented reality (AR)-based
learning environment designed to assist
students in grasping various Physics concepts,
such as magnetic fields, electric current,
electromagnetic waves, Maxwell's equations,
and Fleming's rules for electromagnetism. In
order to evaluate the impact of the AR
intervention on students' learning and critical
thinking abilities, an experimental study was
carried out with a participant pool of 80
engineering students who were divided into
two groups: the AR teaching group (N = 40)
and the conventional teaching group (N = 40).

The AR teaching group experienced the
subject matter through the AR-based learning
environment, while the conventional teaching
group received instruction through traditional
teaching methods. The findings of the
experiment revealed that the AR-based
learning environment had a significantly
positive effect on students' critical thinking
skills and learning outcomes. By providing
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students with the ability to visualize abstract
Physics concepts, the AR experience improved
their comprehension and engagement with the
subject matter."

Keywords: Augmented reality, Virtual
Obijects, Learning , thinking , virtualization.
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I. INTRODUCTION

Conventional teaching involves a teacher mentoring students to gain the knowledge
through reading and memorization method, often relying on text, videos, projections,
traditional learning tools, such as pen or paper, and(2D) images, having lack the ability to
offer actual practice and involvement with 3D content. However, recent research has shown
that using 3D animated content can significantly enhance learners' immersive experience.
Given the evolving pedagogical approach in engineering education, there is a shift towards
incorporating new methods of learning. However, modern methods, particularly those
incorporating augmented reality (AR), offer more benefits to students as they enhance
engagement throughout the learning process [32, 35].Basically, augmented reality (AR)
creates an interactive learning environment by overlaying images, videos, text, and audio
over the real world, making even abstract content more tangible and hands-on for students [1,
21]. This technology encourages interaction and engagement with the educational material,
which enhances learning results. [3, 16, 30].

"Critical thinking plays a vital role in science learning, empowering students to tackle
complex problems through logical reasoning and decision-making skills [10, 20]. Among
various learning methods, AR-based learning media has been proven to effectively encourage
critical thinking. AR achieves this by allowing students to interact with virtual components
using simple operations like drag, drop, grab, and flip, surpassing the limitations of
conventional teaching systems.

Physics holds immense significance in engineering courses as it forms the bedrock for
various engineering concepts and theories. Nonetheless, students often encounter difficulties
in visualizing certain concepts and phenomena [23]. In this study, an AR application is
developed to aid students in understanding electromagnetism. The AR-based learning
environment (ARLE) aims to achieve the following learning objectives:

1. Promote experiential learning over passive reading.
2. Facilitate understanding of abstract Physics concepts.
3. Enable visualization of phenomena in 3D and interaction with virtual objects.

The interactive ARLE focuses on the behavior of magnetic field lines, electric current,
DC operated motors, and the working of generators in Physics. It enables students to
visualize and interact with virtual components related to these concepts, such as bar magnets,
current-carrying conductors, galvanometers, and power supplies. Additionally, students can
gain insight into the significance of Maxwell's equations, such as Gauss's law in magnetism.
The ARLE is designed to enhance students' learning and training skills, thereby improving
their conceptual understanding, critical thinking ability, and knowledge retention [31].
Through the use of ARLE, students can experience fundamental Physics concepts in an
immersive manner." The paper addresses two main research questions:

1. What difference does an AR-based intervention make to students' learning gains from a
traditional teaching approach?

2. How does AR influence students' critical thinking ability compared to traditional teaching
methods?
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The paper's structure includes a literature review on AR in education in Section 2,
followed by the methodology for deploying the ARLE system on engineering students
represented in third section. Fourth section presents the investigation of the results from the
ARLE-based study. Finally, Section 5 contains the discussion and conclusions drawn from
the research.

Il. LITERATURE REVIEW

The use of augmented reality (AR) and virtual reality (VR) in the classroom has
increased student learning and understanding. Several studies have looked into how AR
affects cognition, engagement, and learning abilities. [6, 10, 12]. Various AR/VR-based
experiences are employed in engineering education, but there is little study on their usage in
Physics to help students understand abstract concepts. While certain AR-based interaction
methods have been utilized to instruct students about magnetism, they frequently fall short in
terms of involvement. According to earlier research, although the magnetic field may be
displayed using augmented reality (AR) techniques, the experience is static and lacks a 3D
model and real-time interactivity. [24].

Studies that effectively integrated AR into physics instruction may be found. In order
to teach the fundamentals of magnetism, Dunser et al. [15] employed handheld devices and
augmented reality applications, exemplifying how augmented reality helps interactions with
abstract Physics ideas. In a different research, Sonntag et al. [34] created a magnetic model
using a teaching application and virtually generated magnetic induction lines. By spreading
and charting induction lines using a computer-generated bar magnet, Matsutomo et al. [28]
improved the model even further. Additionally, Ibanez et al. [23] created an AR application
that effectively raises comprehension levels compared to web-based apps for electromagnetic
principles and associated phenomena.

A variety of AR-based learning environments, simulations, and games that employ
computer-generated 3D models to engage students in the study of complicated subjects have
been investigated in earlier studies [11, 14, 22, 26, 39]. The learning process is made more
manageable with AR technology, which also lessens the teacher's burden [25]. Additionally,
AR applications have demonstrated their value in reproducing difficult investigations like
convex imaging-based studies [4] as well as complex theoretical ideas, including interactive
inquiry-based microparticle experiments [7].

1. METHODOLOGY

1. Participants: Students having an electrical engineering background made up the research
sample. The study involved 80 engineering students, all of whom had little to no prior
experience with augmented reality (AR) technology. Detailed information about the
participants is available in Table 1. Throughout the study, both groups were taught by the
same professor in order to minimize any potential instructor bias.
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Tablel Participants
details
Gender AR group Conv_entlonal
teaching group
Male 34 35
Female 6 5
Total 40 40

2. Material : The Augmented Reality Learning Environment (ARLE) proposed in this study
is an interactive application designed to improve students' comprehension of various
Electric Engineering based concepts. These include electric motors and generators,
electromagnetics, the working principles of galvanometers, voltmeters, ammeters, and
Gauss's law in (Maxwell equations). The ARLE incorporates marker-based technology,
interactive 3D models, and animations to enhance virtual objects by overlaying them in
real-time using the device's camera. The 3D replicas and simulations were established
using Autodesk Maya, while the application itself was created using Unity 3D and C#.

3. Design of Experiment: The flowchart of the Augmented Reality Learning Environment
(ARLE) is illustrated in Figure 1. It shows the sequence of actions that take place during
the AR system's gameplay. When the camera identifies the designated marker, the AR
visualization initiates, allowing students to access AR content associated with a specific
learning activity, depending on the type of marker used. Each learning activity is linked to
a different paper marker.

Students can interact with a variety of concepts within the Augmented Reality
Learning Environment (ARLE), including creating magnetic fields, observing the
behavior of a magnetic field produced by a bar magnet's North and South Poles, applying
force to a conductor, and changing the supply DC voltage. Students are guided through
the ARLE experience with the use of audio and video lessons. Five options are available
for choosing various AR learning activities on the user interface. The user's screen
displays the matching AR view as soon as an activity is selected.

Figure 2 displays the AR view associated with the selected learning activity, while
Figure 3 illustrates the visualization of a generator. Additionally, Figure 4 and Figure 5
showcase the AR views of "Maxwell's equation” and "Solenoid carrying current,”
respectively. Students may see how altering the voltage affects in a motor in Figure 4 and
how Gauss's law in magnetism is shown in Figure 5, which allows students to see the
magnetic field that the current-carrying solenoid creates.
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Copyright © 2024 Authors

Page | 35



Futuristic Trends in Computing Technologies and Data Sciences

e-ISBN: 978-93-6252-133-0

1P Series, Volume 3, Book 4, Part 1, Chapter 3

A FRAMEWORK THAT USES AUGMENTED REALITY TO ENHANCE STUDENTS' CRITICAL
THINKING SKILLS AND BOOST THEIR LEARNING OUTCOMES IN THE FIELD OF PHYSICS

Figure 3: AC motor virtualization

Figure 5: Virtualization of Solenoid
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Using 3D representations of bar magnets, conductors, batteries, galvanometers,
spheres, cubes, and tori as game elements, the entire ARLE system is created as a mobile
application. These game elements are managed by C# scripts, which establish the rules
for gaming.

The educational exercise was carried out at a physics research facility. The
students first learned about some of the most basic ideas in physics, such as the Maxwell
equations, magnetism, Gauss's law of magnetism, Fleming's rule, the fundamentals of
motors and generators, and galvanometers. They became acquainted with the topic and
the procedure of experimental research during this introduction session. Students choose
to participate in this educational activity on the basis of their interests. They were made
aware that the results of the pretest and posttest would not be used into the overall course
evaluation.

The students were randomized into two groups at random after the introduction
lesson: the group receiving AR instruction and the group receiving traditional instruction.
To guarantee perfect random distribution of students, the randomization method was
carried out by a faculty member who was uninformed of the experimental investigation.
Prior to the intervention, each student took a pretest to gauge their level of familiarity
with the problem and to guarantee that both groups had similar learning potential. The
pretest consisted of a questionnaire with 15 multiple-choice questions about the material,
where students had 20 minutes to select the best response from four possibilities.

The conventional teaching group also had 40 students who were instructed using
conventional lecture-based techniques, whereas the AR teaching group contained 40
students who were trained utilizing the ARLE methodology. The same instructor taught
both groups while being aware of the various interventions to guarantee unbiased
evaluation.

The AR teaching group got instruction on how to comprehend concepts like
motors and generators, Maxwell's equations, electricity, magnetism, and Fleming's rule
utilizing the ARLE approach throughout the learning process. Through the ARLE, they
were also helped to comprehend how magnetic fields and current-carrying conductors
behave, resolving the issue of seeing the magnetic field lines produced by the current-
carrying solenoids [23, 40]. For each group, the educational activity lasted 60 minutes.

Both groups participated in a posttest that had a maximum score of 20 and was
made up of 10 multiple-choice questions worth 1 mark each and 5 multiple-choice
questions worth 2 marks each. The posttest has a 20-minute time restriction for both
groups to finish it. Students were also requested to complete a Critical Thinking
Questionnaire, and students in the AR teaching group were interviewed to get their
opinions on the ARLE. Figure 6 shows the research design tailed to conduct the entire
procedure.
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Figure 6: Design Flow of the Experiment Conduct.

4. Measuring Equipment’s: The measurement instruments utilized in this study include a
knowledge test and a Critical Thinking Questionnaire. The knowledge test was used to
assess students’ understanding of fundamental Physics concepts, while the Critical
Thinking Questionnaire was employed to evaluate their critical thinking skills.

The knowledge test followed a pretest and posttest design. The pretest aimed to
gauge students’ knowledge before the experiment, while the posttest assessed their
knowledge after the intervention. The pretest comprised 15 multiple-choice questions,
with a maximum score of 15, and the posttest consisted of 15 multiple-choice questions,
with a maximum score of 20. Both the pretest and posttest were designed by a teacher
with six years of experience in the relevant field.

Critical thinking involves the process of analyzing, synthesizing, and evaluating
information to form judgments and draw conclusions. It encompasses various aspects,
including Interpretation, Analysis, Evaluation, Inference, and Explanation. Interpretation
involves expressing the meaning of various experiences, judgments, beliefs, rules, events,
and procedures. Analysis entails identifying relationships among concepts, descriptions,
statements, and questions. Evaluation refers to assessing the credibility of representations
and descriptions based on students' perceptions and experiences. Inference involves
identifying reasonable conclusions and forming hypotheses. Explanation entails
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presenting the results of specific reasoning and providing justifications for that reasoning
based on perceptions and experiences.

The Critical Thinking Questionnaire utilized to measure students' critical thinking
abilities was adapted from a questionnaire created by Chai et al. [9]. It consists of six
items, such as "I will think about whether what | have learned in this learning activity is
correct or not" and "In this learning activity, | will try to understand the new knowledge
from a different point of view." Students were asked to respond on a 10-point scale,
ranging from 1 to 10.

IV. ANALYSIS OF RESULTS

The data obtained from the experimental study underwent analysis using the SPSS
software to determine the study's outcomes. Prior to applying any statistical tests to the
collected data, the normality of the data was assessed. Descriptive statistics for the pretest,
posttest, and critical thinking scores are presented in Table 2, suggesting that the data follows
a normal distribution. As a result, an independent sample t-test can be utilized to determine
the difference between the two groups.

V. ANALYSIS OF KNOWLEDGE TEST

Initially, a t-test was conducted to assess the students’ knowledge of fundamental
Physics concepts before the experiment. The t-test analysis of the pretest, as shown in Table
3, indicates that there is no significant difference between the mean scores of the two groups,
with a p-value greater than 0.05.

Subsequently, after the experiment, Levene's test was performed to examine the
equality of variances in posttest scores for both groups. The p-value of Levene's test was
greater than 0.05, and the F-value was 0.574, suggesting insufficient evidence to conclude a
difference in variances between the two groups. Thus, equal variance was assumed between
the groups. Following this, a t-test was conducted to determine the difference in knowledge
between the two groups after the interventions. Table 4 displays the t-test analysis of posttest
scores.

Table 2: Pretest, Posttest, and Critical Thinking Descriptive Statistics group

Skewness+——— Kurt
N Mean SD Variance Statistic osis
Variable | Statistic | Statistic Statisti Statistic SE Stati | SE
[ stic
Pretest 80 11.385 3.052 9.376 0.423 0.279 -0.81 | 0.52
4 2
Posttest 80 13.935 3.139 9.791 -0.08 0.269 -0.96 | 0.52
6 4 2
Criticalthi | 80 8.187 1.501 2.256 -0.81 0.269 -0.02 | 0.54
nking 2 9 2

Standard Deviation (SD) and standard error (SE) are abbreviations.
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Table 3: Evaluation of the Pretest Group

Interval of
the
difference
Dependent N |[Mean |SD t daf | p Lower
variable
Pretest 40 | 10.09 3.038 | -0.228 | 77 827 | —1.522
Conventional 40 |10.99 3.122
teaching

Standard deviation, augmented reality, and standard error are all abbreviations.

Table 4: Evaluation of the Posttest Group

95% Confidence interval of the difference
Dependnt | Group N | Mean | SD t Dfp Lower | Upper
variable Cohen's d
Posttest Teaching |4 | 1576 | 2533 |6.1 |78 .000 | 2.397 4.702
group of 0 3 1.374
AR
Convention |4 | 12.16 | 2.535
Iteaching 0

Standard deviation, augmented reality, and standard error are all abbreviations.
VI. AN INVESTIGATION OF CRITICAL THINKING

Levene's test was used to gauge the equality of variation in both groups' capabilities
for critical thought. The results of Levene's test yielded a p-value of less than 0.05, and the
corresponding F-value was 8.704, showing that the variance between the two groups is not
comparable. Assuming equal variance between the groups was therefore incorrect. Instead, a
Welch t-test was used to examine how the two groups differed in their capacity for critical
thought. Table 5 displays the findings of the Welch t-test.

Table 5: Welcht- test analysis of critical thinking ability group

Critical |AR based teaching| 40 8.74 [1.1073.69467.22.0010.807 |0.501 [1.748
thinking |group
ability Conventional 40 [7.63 [1.543

based teaching

Standard deviation, augmented reality, and standard error are all abbreviations.
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VIl. CONCLUSION

This study's main goal was to determine how Augmented Reality Learning
Environment (ARLE) affected engineering students' learning gains and critical thinking
skills. The ARLE was created to provide students with an active learning environment that
concentrated on the principles of electromagnetic. In the experimental study, students were
split into two groups and given distinct teaching interventions — one group was taught using
ARLE, and the other group was taught using a traditional teaching strategy. The experiment's
findings show that, when compared to the traditional teaching method, ARLE had a favorable
impact on students' learning gains and critical thinking skills.

The mean posttest score for the AR teaching group was 15.76 in terms of information
gained, compared to 12.16 for the traditional teaching group. This statistically significant
difference suggests that the AR intervention considerably improved engineering students'
learning gains. Students were able to engage with 3D virtual information through the usage of
ARLE, which helped them visualize different physics ideas. This enhanced their capacity to
remember information and use it realistically while also fostering a greater comprehension of
the fundamental ideas. These results are consistent with earlier research by Singh et al.,
Chang et al., and Ibanez et al..

Additionally, the study showed a clear distinction between the two groups' critical
thinking skills. The students' critical thinking skills were greatly improved by the AR
intervention, as evidenced by the mean critical thinking score of 8.7 for the AR teaching
group and 7.6 for the control group. This improvement can be linked to the students' greater
motivation for learning as a result of their higher participation in ARLE-based learning
activities. Students claimed that ARLE improved knowledge by enabling them to picture
complex physics ideas. Students' engagement, participation, and motivation increased
because to the immersive experience offered by ARLE, which allowed for visualization and
interaction with 3D virtual animated content.

Overall, this study offers proof that AR improves students' knowledge, focus, and
practical abilities. It shows that students are eager and motivated to study using digital
learning settings and platforms. AR and VR technologies can show to be useful tools for
instructors and academics in creating successful online learning environments and giving
students an immersive learning experience, particularly during the COVID-19 epidemic.
Academic institutions should encourage researchers and instructors in this attempt even if
creating AR/VR learning environments takes time and money because of its immense
potential as a useful tool for students and teachers during online teaching.
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