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The purpose of this study was to determine the effectiveness of using hybrid
learning with augmented reality to improve the high-level thinking skills of
junior high school students in the area of geometry. In addition, the effects of
hybrid learning with augmented reality on students’ motivation to study
geometry are also examined. This research technique uses a sequential
mixed methods approach, combining quantitative and qualitative methods in
sequence. Quantitative approaches were used in the first phase to collect
quantifiable data, and qualitative methods were used in the second phase to
explore the results of the first phase. A two-group pretest-posttest design is
the quantitative research method used. In order to establish an experimental
class and a control class, the research sample was selected using the cluster
random sampling method. In addition, while the control class uses hybrid
learning without augmented reality, the experimental class takes advantage
of it. Interviews and observation sheets are used in the qualitative design
dimensions. The quantitative part of the data shows that students who
receive hybrid learning with augmented reality have higher order thinking
skills (HOTS) in terms of ideas in geometry than students who receive hybrid
learning without augmented reality. The HOTS N-Gain scores from hybrid
learning with augmented reality are 0.62, while the HOTS N-Gain scores from
hybrid learning without augmented reality are 0.43, both of which support
this conclusion. In addition, according to the findings in the qualitative
dimension, students are more motivated and engaged in learning when using
augmented reality applications than when they are not. These qualitative
findings suggest that augmented reality software can be successfully used as
a teaching tool for geometry topics.

© 2023 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

spaces, describing pictures, drawing shapes, dotting
certain labels, and the capacity to distinguish

Geometry is one of the concepts of mathematics
that must be studied in the 2013 curriculum in
Indonesia. This knowledge helps students identify
shapes and spaces around them. Understanding
geometric concepts and models can provide new
perspectives for students (Chen et al, 2022).
Students must have a solid understanding of
geometry to use their geometric skills, such as
visualization, recognition of diverse forms and

between geometric shapes that are similar and
different from one another (Yao, 2020; Zhang and
Shi, 2020). Understanding geometry is designed to
introduce students to simple geometric shapes by
adjusting them to the level of students' thinking
(Algahtani and Powell, 2017; Komatsu et al., 2017).
Several things that support the implementation of
this research have been carried out through
preliminary research using observation and
interview methods to the ten best schools in the city
of Serang, Banten, Indonesia. The results show that
students struggle to visualize images, especially
three-dimensional  shapes.  Furthermore, we
interviewed teachers with the development that the
media used to explain Geometry concepts in schools
is mostly still in the form of conventional media in
the form of LKS (Student Work Sheets) and book
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packages that do not attract students' learning
interest. Apart from that, sometimes PowerPoint
media is also used, but it is only partially capable of
displaying good visualization because it is still a 2D
image.

Learning outcomes in geometry learning also
encountered several problems, including students’
difficulties in understanding higher order thinking
skills (HOTS) on flat-sided geometric concepts.
Obtained percentage data of 68.97% of students had
difficulty in comparing flat-sided geometrical nets,
41.48% of students had trouble identifying elements
of flat-sided geometrical shapes, 89.66% of students
had a problem applying geometrical properties flat
side, and 87% of students had difficulty in changing
story questions into image form. So, image
representation is the main problem.

Generally, in the learning process, most students
only memorize the general formula of geometric
shapes without knowing how the basic concept is to
find the formula (Ben-Dor and Heyd-Metzuyanim,
2021; Ko and Rose, 2022). So, when there is a
question development with the HOTS category,
students have difficulty working on it. This is
reflected in the 2022 PISA (Program for
International Student Assessment) scores in the field
of mathematics for Indonesian students, which are
classified as concerning because they are below the
standard score set. The questions used in the test are
based on HOTS questions. This happens because
solving HOTS questions requires more than rote
memorization and applying the basic concepts. High
mathematical visualization abilities are needed to
discover this concept, so a media that can help
students is required. Therefore, we need a learning
innovation technology so that the material presented
is more attractive to students' interest and
motivation to learn. The presence of innovative
technology in learning media, which supports the
learning process, is believed to improve HOTS.

HOTS are essential abilities that need to be
mastered through the learning process (Kao et al,,
2017; Ung et al, 2022). HOTS is a decision-making
process that excels beyond memorization, facts, and
concepts (Tsai et al, 2016; Lee and Choi, 2017;
Birgili and Demir, 2022). An appropriate learning
style is required to facilitate the mastery of HOTS in
students (Baylor and Ritchie, 2002; Brecka et al,
2022). One of the HOTS can be improved through
mastery learning with the help of Android
interactive multimedia. Students' HOTS influence the
development of education in communicating in
tertiary institutions (Baylor and Ritchie, 2002;
Brecka et al,, 2022). The higher the HOTS, the better
the use of everyday language (Yang, 2015; Huang et
al., 2022). If students already have HOTS, they will
work well with a team when they enter the world of
work (Mamun et al., 2020; Jansen and Méller, 2022).
In order to succeed in the 21st century, students
need to have a variety of skills, including 1) analysis,
2) assessment, 3) decision-making and critical
thinking, 4) problem-solving, and 5) creativity and
creative thinking. The skills of analysis (C4),

evaluation (C5), and creation (C6) are indicators for
gauging HOTS talents (Klein et al., 2000; Jyothi et al,,
2012; Chang-Kredl and Colannino, 2017).

AR (Augmented Reality) learning media
innovation technology can assist in spatial
visualization to improve students' HOTS abilities.
But until now, multimedia learning using AR
technology has been very limited. Meanwhile, AR
technology is up-and-coming and has advantages if it
is applied to the learning process to replace visual
aids. Therefore, this research was conducted to
facilitate the learning process of geometry, attract
students' interest, and provide new experiences in
interacting through learning media. Mastery of AR is
very important for a teacher. The use of AR in the
ongoing learning process will create a new condition
that can support the effectiveness of the process
itself. Smartphone is one of the technological
advances from the development of cellular phones.
Currently, as many as 95% of students use
smartphones. Of course, this is an opportunity in
education to develop technology to assist the hybrid
learning process. One of them is developing
innovative technology for learning media based on
augmented reality, which can create effective,
efficient, and practical learning conditions for
students and teachers. In the context of geometric
visualization, AR technology exists as a technology
that can improve HOTS capabilities.

AR is defined as something that can combine real
and virtual objects in one spatial thing (Bujak et al,,
2013; Ibanez and Delgado-Kloos, 2018; Yip et al,
2019). It is also interactive in real time and can
display geometric shapes in three dimensions. Over
the past decade, this technology has developed
rapidly. Now, AR is running on smartphones (Bujak
et al, 2013; Ibanez and Delgado-Kloos, 2018;
McLean and Wilson, 2019; Oyman et al, 2022).
There are many advantages of using smartphone
technology to support AR applications. Mobile AR is
perfect for ideas like "learning everywhere," where
everyone is learning all the time, wherever they are,
and when they need to (Bujak et al,, 2013). Mobile
AR can also help student learning activities by
utilizing their smartphones to display more
attractive 3D and 2D image illustrations (El Sayed et
al,, 2010; Lee et al,, 2016; Yang et al,, 2023; Yang and
Wang, 2023).

AR technology can be used as a learning medium
to overcome learning difficulties in image
representation problems and improve student
learning outcomes (Pujiastuti and Haryadi, 2023).
Based on the research, it was found that 2D images,
textbooks, and presentation slides can be designed
into AR-based learning media so that they become
more interactive (Pujiastuti and Haryadi, 2020).
Besides that, the results of other studies concluded
that student learning outcomes with AR media were
more significant than students who wused
conventional lecture learning methods (Haryadi and
Pujiastuti, 2022; Pujiastuti and Haryadi, 2022). In
this study, for the AR camera to be able to display
objects from all points of view, in the surface area
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material, variations of other nets were made to make
animations on volume explanations so that users
were more interested and could be understood
better. Learning is currently entering the era of
hybrid learning. Seeing today's rapid technological
developments, of course, hybrid learning can have a
positive impact on the learning process in schools if
appropriately used (Arrosagaray et al, 2019;
Mumford and Dikilitas, 2020). Education must be
able to produce generations that are innovative,
creative, and competitive (Pujiastuti et al., 2020a).
The role of the teacher must be able to take
advantage of technological developments creatively
and innovatively to maximize the learning process
(Pujiastuti et al, 2020b). Teachers must facilitate
students' learning to find the core of learning
independently (Haryadi and Pujiastuti, 2020).
Hybrid learning aims to provide the most
effective and efficient learning experience (Klasnja-
Milic¢evi¢ et al.,, 2018; Zydney et al.,, 2020; Hartnett et
al, 2023). The hybrid composition often used is
50/50, meaning that from the allocated time, 50% is
for face-to-face learning activities, and 50% is done
online learning. Some use a 75/25 composition,
meaning 75% face-to-face and 25% online learning.
Likewise, 25/75 can be done, representing 25% face-
to-face and 75% online learning. Considerations for
determining whether the composition is 50/50,
75/25, or 25/75 depending on the competency
analysis to be produced, subject objectives, student
characteristics, face-to-face interactions, online
learning delivery strategies or a combination,
features, learner location, characteristics and
teaching capabilities, and available resources (Cheng
et al,, 2023; Guo and Jin, 2023; Wang et al,, 2023).
The teacher can determine the most appropriate
learning composition (presentation) based on the
cross-analysis of these various considerations
(Jossan et al., 2021). However, the main concern in
designing learning composition is the provision of
learning  resources suitable  for  various
characteristics of students so that they can learn
more effectively, efficiently, and interestingly. In the
following learning scenario, of course, you must
decide for which purposes face-to-face learning is
carried out and which parts are offline and online.
The learning phases of Hybrid Learning refer to
direct learning, which consists of the planning,
implementation, and assessment stages (Pedaste et
al,, 2015). The implementation phase consists of the
introduction, core, and closing (Abdullah and
Zakaria, 2013; Soler et al.,, 2017). Direct and hybrid
learning differ in the main or core learning phases
(Bosica et al, 2021; Bygstad et al, 2022). The
difference is that in direct learning, information is
transferred by the teacher directly face-to-face in
class (Kusumawati, 2020; Murad et al, 2020). In
hybrid learning, the teacher's information is
transmitted directly in class and delivered directly
through information technology networks (Gounden
et al, 2015; Xu et al, 2021). Face-to-face using
information technology can be designed online or
delay the structure. Hybrid Learning needs to be

planned, implemented, and evaluated to get learning
outcomes as expected (Olsson et al, 2013;
Rademaker et al., 2021).

The ability to implement hybrid learning depends
on a number of factors, including the availability of
certain resources and infrastructure, such as an
internet network, as well as the professional
development of teachers in using ICT. Additionally,
students must have the necessary skills to use
computers and the internet (Genlott and Gronlund,
2016; Letchumanan et al., 2020; Mardhatillah, 2020).
Hybrid Learning is also often called blended
learning, which, in principle, takes advantage of the
strengths of face-to-face and online learning while
covering the weaknesses in each learning (Basogain
et al,, 2018; Boelens et al,, 2018; Naidoo and Singh-
Pillay, 2020).

Based on the description of the background
above, the formulation of the problem in this study
can be broken down as follows: 1) Students' mastery
of HOTS is still low; 2) Various components of
preparation for implementing hybrid learning are
inadequate; 3) The available learning tools have not
fully accommodated the needs of hybrid learning,
including the need for media availability that is in
accordance with the hybrid learning mode of
learning; 4) The availability of learning media based
on Augmented Reality is inadequate. In general, the
media used in learning is only limited to media that
meets the needs of the material content. In this case,
it still needs to be fully ready for hybrid learning.

This study was limited to grade 8 junior high
school students with an average age of 13 years. The
material is also limited to Geometry concepts, mainly
geometric shapes. While the objectives of this
research include:

1.Knowing the results of testing the effectiveness of
using AR applications to support learning
Geometry in the hybrid learning process on higher
order thinking skills of middle school students.

2.Describe AR products as a support for learning
Geometry in the hybrid learning process for higher
order thinking skills of middle school students.

2. Method
2.1. Research design

This study uses a sequential mixed method with a
combination of quantitative and qualitative methods
sequentially (Creswell and Creswell, 2017). The first
stage was carried out using quantitative methods to
obtain measurable data. The second stage used
qualitative methods to explore the findings obtained
from the first stage. Fig. 1 describes the stages of
conducting the research.

2.2. Population and research sample

The population of this study was all junior high
school students, grade 8, in the city of Serang,
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Banten, Indonesia. The research was conducted in
2022. The entire population consists of 200 students

divided into five classes with the distribution
according to Table 1.

Quantitative dimension

Experimental Group (Hybrid Learning with AR)

Control Group (Hybrid Learning without AR)

Quantitative Data Analysis

Qualitative dimension

St opiions ver ke sing AR chnoogyfer eaming gomery
Stdnsviewsof AR plisionveredokmined

Fig. 1: Research method

Table 1: Distribution of the study population

Class A B C D E

Number of students 39 41 41 40 39

The placement of students in the class is not
determined based on certain rules. Students are free
to choose a class according to the capacity provided.
This independent placement has implications for the
absence of superior-inferior classes in terms of
academic ability. The research sample was selected
using the cluster random sampling technique to
determine one experimental and one control class.
Of the five available classes, one was selected as the
experimental class and 1 class as the control class.
Furthermore, the experimental class received
lectures on hybrid learning with AR, and the control
class received lectures on hybrid learning without
AR.

2.3. Research instruments

In order to gather information on students’
happiness with utilizing AR, this research employed
tools, including observation sheets and examinations
of higher order thinking abilities on evaluation
sheets for ideas in geometry. Ten essay questions
that were designed have been included on the HOTS
evaluation form. The instrument was evaluated for

validity, discriminating power, difficulty, and
dependability index before being employed in the
research class. The experiment was run in one class
with 40 pupils.

2.4. Validity of question items

The validity of the items from a test is the
accuracy of measuring what an item owns in
measuring what should be measured through the
item. An item is said to be valid if it has great support
for the total score. Following are the results of
testing the validity of the test items for students'
initial abilities, the results of which are presented in
Table 2.

2.5. Reliability

Reliability refers to the consistency of scores the
same person achieves when tested again with the
same test on other occasions. To test the reliability of
the test using the Alpha formula. Based on these
calculations, the question reliability index was
obtained at 0.753. If the questions that do not meet
the good validity criteria, namely number 9, are
omitted, then a reliability index of 0.785 is obtained
and meets the high category reliability criteria.
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Table 2: Results of testing the validity of items testing students' initial ability

Number 1 2 3 4 5 6 7 8 9 10
Validity index 0.534 0.513 0.442 0.458 0.427 0.467 0.407 0.406 -0.102 0.484
Criteria \ \ \ \ \ \ ) ) I )

V: Valid; I: Invalid

2.6. Difficulty level or difficult. The difficulty level is a number that
indicates how difficult or easy a question is. The
Analysis of the difficulty level is intended to calculation results are presented in Table 3.

determine whether the question is classified as easy

Table 3: Results of testing the difficulty level of items testing students' initial ability

Number 1 2 3 4 5 6 7 8 9 10
Difficulty index 0.87 0.67 0.65 0.25 0.83 0.87 0.85 0.57 0.83 0.23
Criteria E M M D E E E M E D

D: Difficult; M: Moderate; E: Easy

2.7. Discriminatory power abilities is referred to as its discriminating power.
Table 4 displays the results of the different power
A question's capacity to discriminate between criterion calculations.

pupils with high capabilities and those with poor

Table 4: Results of the test of discriminatory power items on students' initial ability trial

Number 1 2 3 4 5 6 7 8 9 10
Discriminatory power index 0.22 0.59 0.43 0.59 0.27 0.22 0.22 0.54 0.13 0.43
Criteria En G G G En En En G B G

G: Good; En: Enough; B: Bad

Based on the consideration of validity, difference The average N-gain is derived by dividing the sum
in power, difficulty level, and reliability index, they of each person's N-gains by the total number of
chose nine items, namely numbers 1, 2, 3,4, 5,6, 7, 8, people, where Equation 1 represents the individual
and 10. The nine items have a Cronbach's Alpha N-gain. In Table 5, the N-gain interpretation is
reliability index of 0.797. Furthermore, the initial shown.
ability test instruments were given in the
experimental and control classes. The initial ability Table 5: Interpretation of N-gain values
test results were used as the basis for the two N-gain score Criteria
research classes and for grouping students' initial 0.7g<2g0.<703 M ggfgte
abilities into high, medium, and low categories in the g<03 Low

two research classes.
The two group pretest-posttest methodology was

2.8. Quantitative stage employed in this study, which also used a
quantitative research methodology. Fig. 2 shows the
One group served as the experimental group and flow of how the research was conducted (Gall et al.,
the other as the control group throughout the initial 2003).
study phase. There were 82 junior high school Before engaging in any learning activities,
students from two classes that participated in this students were asked to assess their implementation
study. A class of 41 students was divided into an competency at the beginning of the meeting. They
experimental group and given a hybrid learning also take a pretest to gauge their understanding of
system with augmented reality as their teacher. The the fundamentals of geometry. In hybrid learning
control group is another class of 41 students, which classrooms, every student takes part in the learning
learns with hybrid learning without AR. The activities. They must watch the pre-class videos and
difference between the N-gains (posttest-pretest do the homework assignments at home. As a result,
scores) of the experimental group and the control the experimental group's pupils learn through in-
group was used to calculate the impact of the class conversation and the Augmented Reality
experimental therapy. N-gain should look like this operational guidance system. In contrast, the
(Hake, 1998): instructor assisted the control group's pupils in
completing worksheets and discussing them in class.
N — gain = % (@8] Students have 210 minutes over the course of two

weeks to complete their learning tasks. The identical
educational materials, including images and videos,

where,

N-g = N-gain were used by both groups. Additionally, the
Spos = Posttest score educational material that the instructor delivers is
Spre = Pretestscore the same material that the Augmented Reality
Smaks = Maximum score guiding system uses.

11
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Experimental Group (N = 41)

Control Group (N =41)

A 4

Introduction syllabus and learning

Hybrid Learning with Augmented Reality Reality

Hybrid Learning without Augmented

Week 2 -5

Week 6

Fig. 2: Quantitative dimension design

2.9. Qualitative stage
2.9.1. AR application usage observation sheet

An observation activity to document specifics of
the abilities utilized throughout the learning
activities in the experimental class is the usage of the
AR application observation sheet. At this point,
observations are made on the gaps and challenges
that still exist when using augmented reality for
hybrid learning of geometry concepts. The
observation sheet is a checklist that will be
completed by the observer throughout the learning
session. The observation sheet includes markers of
competence in watching, categorizing, and
interpreting when using AR apps. In this study, data
were collected from four groups by two observers as

they observed. Two groups will be observed by each
observer.

2.9.2. Interview

The interview instrument in this study was
conducted on students. The interviews aimed to
obtain an overview of students' motivation to learn
about hybrid learning with augmented reality in
Geometry concepts.

3. Results and discussion

The comparison results from the N-gain pretest
for the experimental and control groups in hybrid
learning with Geometry concepts can be seen in Fig.
3.

e
VISLIILL TSI LA TSI LITA

TS
SIS AL AL LSS LSS SIS IS SIS IS TA I 55

Evaluate

0 10 20 30 40 50 60

Analyze Evaluate Create
OControl 65 45 50
@Experiment 60 55 40

wasee SOOI es
AP A A

70

Fig. 3: Pretest data from hybrid learning

The average outcomes for each experimental and
control class are displayed in Fig. 3. Prior to
receiving the hybrid learning approach, the pretest
was administered at the beginning of the learning
process. Additionally, the posttest results from the
hybrid learning approach are shown in Fig. 4.

A change in value following hybrid learning is
seen in Fig. 4. The taught geometry idea is beginning
to make sense to the kids. Although there have been
more changes in the two classes' values, there are

12

still discrepancies between the experimental and
control classes. As opposed to the control class,
which received hybrid learning without augmented
reality, the experimental class received treatment
utilizing hybrid learning with augmented reality.
Additionally, students in junior high school who
participated in hybrid learning with and without
augmented reality therapy may view the overall
outcomes of N-gain higher order thinking skills in
Fig. 5.
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Create

Evaluate

Analyze

0 10 20 30
Analyze
B Control 85
OExperiment 90

A IAAIIRIIEA) 7

] 0

40

50 60 70 80 90 100
Evaluate Create
65 70
75 80

Fig. 4: Posttest data from hybrid learning

82

0 10 20 30

Pretest
B Control 53

BElExperiment 52

40

50 60 70 80 90
Posttest N-gain
73 43
82 62

Fig. 5: N-gain HOTS from hybrid learning with and without augmented reality

Fig. 5 illustrates the HOTS N-Gain findings for
hybrid learning with and without augmented reality,
which are both 0.62 and 0.43, respectively. This
suggests that HOTS students who benefit from
augmented reality-hybrid learning are in the
moderate  range. This medium  category
demonstrates how hybrid learning may be successful
without augmented reality. To increase higher order
thinking abilities (HOTS), hybrid learning with
augmented reality is more comprehensive and
comparably successful than hybrid learning without
augmented reality, according to the N-Gain results.
The learning process is made more student-centered
via hybrid learning using augmented reality. In order
to assess how well students have understood the
Geometry ideas covered, instructors can adjust the
content and scope of the learning material by
utilizing hybrid learning with augmented reality.
Furthermore, Fig. 6 displays the outcomes for each
HOTS component.

Based on the findings in Fig. 6, students' HOTS
may be raised by teaching geometry using a hybrid
learning approach that incorporates augmented
reality. The N-gain at the analysis stage was 75%, or
0.75. The analytical aspect 0.75 falls under the high
group based on the N-gain results. The hybrid
learning sans augmented reality treatment, which
got an N-gain value of 57% or 0.57, had a different

13

outcome. The medium category is shown in these
results. One may argue that augmented reality and
hybrid learning help pupils analyze properly. A fact,
concept, opinion, assumption, hypothesis, or
conclusion can be broken down into its component
parts or pieces and examined to determine if there
are any conflicts during the analysis step (Saadé et
al, 2012; Tsybulsky and Muchnik-Rozanov, 2019).
The analysis places a strong emphasis on describing
the primary content in order to identify the
connections between each section that is ordered
methodically (Scott et al., 2018; Mallawaarachchi et
al, 2023). By dissecting the content into its
component pieces, they are analyzing it and
explaining how those elements interact with one
another, form an overall structure, or serve a
particular function. At this point, students can
demonstrate the connections between different
concepts by contrasting them with standards,
guidelines, or practices that have been examined. In
addition, students’ analytical abilities have
improved, enabling them to creatively apply
geometry concepts to novel contexts. According to
the findings of previous research, analytical ability is
the capacity to dissect a subject into its component
components and relate them together in order to
comprehend the concepts.
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Control

;;;;;;;;;;;;;;;;;

e e e s i i i

]

Experiment
0 10 20 30
Experiment
Create 67
ElEvaluate 44
BAnalyze 75

40 50 60 70 80
Control
40
36
57

Fig. 6: N-gain HOTS for each indicator

In addition, the evaluation of the N-gain from
hybrid learning with augmented reality yielded a
value of 44%, or 0.44. These findings suggest that the
capacity for conclusion belongs to the adequate
group. The N-gain assessment findings for hybrid
learning without augmented reality, however, were
36% or 0.36. These findings suggest that the
category of evaluative ability is medium. These
findings imply that augmented reality-enhanced
hybrid learning can improve students' assessment
skills more than traditional hybrid learning. Making
choices based on established criteria is what is
meant by assessing at this point. The cognitive
processes of analyzing and critiquing judgments
produced in accordance with criteria are included in
the evaluating category (Mamun et al, 2020;
Strasser et al, 2021). Here, the term "ability to
evaluate" refers to pupils' capacity to make accurate
assumptions or judgments in light of the
circumstances or body of knowledge at hand.
Students can evaluate the techniques and answers
employed at this evaluation stage, critique the work
procedures, and retest a number of questions on the
principles of geometry.

It receives a 67% or 0.67 value at the generate N-
gain stage from hybrid learning with augmented
reality. The capacity to produce falls into the
medium group according to the N-gain statistics.
This middle category, which is 40% or 0.4, is
likewise achieved through hybrid learning without
augmented reality. Students can develop solutions to
issues, generalize ideas or perspectives, and arrange
components into previously unimagined structures
based on these findings. Students can combine work
steps into a new unit, develop work processes, and
find or explain solutions to a number of questions
during the creation stage. The capacity to blend
materials to create a singular structure is known as
creativity (Mamun et al., 2020). A creative person
can come up with several answers to a problem,
design a solution, or create something entirely new
(Howe and Xu, 2013; Kulikovskikh et al., 2017). This
is because students need a more authentic
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atmosphere. After all, AR is only limited to Maya's
(pseudo) vision. Furthermore, the results from the
qualitative dimension, namely on the observation
sheet, show that students can analyze, evaluate, and
create from the learning process. In hybrid learning
with augmented reality, teachers can create a
positive learning environment and empower
students to realize effective and innovative
classroom management to produce students with
HOTS abilities.

An essential part of learning is hybrid learning
using augmented reality. The findings of the
observation sheet demonstrate the benefits of using
hybrid learning with augmented reality, including
the following: a) hybrid learning with augmented
reality is very helpful in the learning process so that
learning objectives are more easily achieved; b)
hybrid learning with augmented reality can provide
helpful information for students in the learning
process; c) hybrid learning with augmented reality
can provide student learning motivation, avoid
boredom, and will increase student engagement.

Hybrid learning with augmented reality can help
clarify procedures, relationships, and the overall
state of what is being designed. Furthermore, the
advantages of hybrid learning with augmented
reality include:

a) Clarify the functional relationship between a
particular system's various components, elements,
or elements.

b) The procedures to be followed in carrying out
activities can be identified precisely.

c) With the existence of hybrid learning with
augmented reality, the various activities it covers
can be controlled.

d) If the activities are ineffective and unproductive,
Hybrid learning with augmented reality will make
it easier for educators to identify component
elements that experience obstacles.

e) Identifying ways to make changes if the opinion
needs to follow what has been formulated.
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f) Using hybrid learning with augmented reality,
educators can organize student assignments into
an integrated whole.

Hybrid learning with augmented reality is a
determining factor in the success of the learning
process. Augmented reality applications can
stimulate teachers to think about pedagogical
strategies. This is also in line with the research
results showing that the effectiveness of using AR

applications guided by educators can activate
student learning. Furthermore, identifying learners’
learning styles can be an initial guide in developing a
more effective and conducive learning-teaching
environment for learning higher order thinking
skills.

Then, the results of interviewing students on
their learning motivation in hybrid learning with
augmented reality can be seen in Table 6.

Table 6: Results of students' motivation toward hybrid learning with augmented reality

Response (%)

No Statements Yes No
1 I like hybrid learning with augmented reality 87 13
2 The incentive expressed arouses interest in learning 84 16
3 The process of hybrid learning with augmented reality adds enthusiasm to learning 88 12
4 There is an update on learning activities, teaching materials, learning media, and learning atmosphere using hybrid learning 93 7

with augmented reality
5 Hybrid learning with augmented reality makes me more independent in learning activities 90 10
6 Activities combining hybrid learning and augmented reality are of interest to me 92 8

The high motivation of students toward hybrid
learning with augmented reality will facilitate the
learning process. The learning process using
Augmented Reality can increase enthusiasm for
learning. Hybrid learning with augmented reality can
make students learn independently to explore their
respective abilities later.

The quantitative dimension data states that
students are happy with hybrid learning with
augmented reality. The reason students expressed
joy, motivation, and enthusiasm was that students
better understood the concept of Geometry by using
hybrid learning with augmented reality. Students are
allowed to discuss, ask questions, and criticize the
work of others; the learning atmosphere is fun, and
they happily respond to student questions. This
result is also in line with the results of other studies
that use augmented reality applications to be an
essential factor in the success of the learning process
(Joo-Nagata etal., 2017; Yang et al., 2023).

4., Conclusion

The results showed that students who studied
geometry using hybrid learning with augmented
reality (experimental group) performed better in
higher order thinking skills when compared to
students who studied geometry using hybrid
learning without augmented reality (control group).
Overall, it was discovered that students in the
experimental group were more successful than those
in the control group despite the fact that both
student groups demonstrated week-to-week gains in
their success scores. In addition, after four weeks of
study, students in the experimental group
understood analysis, evaluation, and creation better
than those in the control group. Higher order
thinking skill scores were found to be significantly
lower in the control group than in the experimental
group. These scores were below average as
compared to those obtained during the initial weeks
of implementation. The experimental group's
students were shown to be more passionate about
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learning than those in the control group. At the
conclusion of the implementation, interviews with
students in the experimental group produced
findings that corroborated the study's conclusions.
The students expressed the following opinions: that
augmented reality applications made geometry
concepts more enjoyable and exciting, that this
increased learning motivation for geometry
concepts, and that students wanted to use
augmented reality tools on other materials. Finally,
students in the experimental group experienced
satisfaction in participating in augmented reality
activities. The interview results also concluded that
students were relaxed about using augmented
reality applications.

Based on the research results, the suggestions for
further research development are as follows:

1.The effect of wusing hybrid learning with
augmented reality at different school grade levels
should be investigated further by extending this
research to other classes.

2. This research focuses on higher order thinking
skills as skills that must be possessed in the 2013
curriculum in Indonesia. This capability needs to
be expanded on other aspects.

3. A mixed model was used to create this study. To
get more detailed data, future studies should
concentrate on either the qualitative or
quantitative components. In this study, the
demographic traits of pupils have not yet been
examined. Future studies might compare student
success rates by looking at factors like gender,
learning styles, and socioeconomic status among
students.

4. The concept used is only geometry concepts, so it
needs to be done on other concepts.

Acknowledgment
We thank the Institute for Research and

Community Service, Sultan Ageng Tirtayasa
University (LPPM Untirta), for providing research



Heni Pujiastuti, Rudi Haryadi/International Journal of Advanced and Applied Sciences, 10(12) 2023, Pages: 7-18

grants under the Professorship Acceleration
Program (PPGB) scheme.

Compliance with ethical standards
Conflict of interest

The author(s) declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

References

Abdullah AH and Zakaria E (2013). The effects of Van Hiele's
phases of learning geometry on students’ degree of
acquisition of Van Hiele levels. Procedia-Social and Behavioral
Sciences, 102: 251-266.
https://doi.org/10.1016/j.sbspro.2013.10.740

Al Mamun MA, Lawrie G, and Wright T (2020). Instructional
design of scaffolded online learning modules for self-directed
and inquiry-based learning environments. Computers and
Education, 144: 103695.
https://doi.org/10.1016/j.compedu.2019.103695

Algahtani MM and Powell AB (2017). Mediational activities in a
dynamic geometry environment and teachers’ specialized
content knowledge. The Journal of Mathematical Behavior, 48:
77-94. https://doi.org/10.1016/j.jmathb.2017.08.004

Arrosagaray M, Gonzdlez-Peiteado M, Pino-Juste M, and
Rodriguez-Lépez B (2019). A comparative study of Spanish
adult students’ attitudes to ICT in classroom, blended and
distance language learning modes. Computers and Education,
134: 31-40. https://doi.org/10.1016/j.compedu.2019.01.016

Basogain X, Olabe MA, Olabe JC, and Rico M] (2018).
Computational thinking in pre-university blended learning
classrooms. Computers in Human Behavior, 80: 412-419.
https://doi.org/10.1016/j.chb.2017.04.058

Baylor AL and Ritchie D (2002). What factors facilitate teacher
skill, teacher morale, and perceived student learning in
technology-using classrooms? Computers and Education,
39(4): 395-414.
https://doi.org/10.1016/S0360-1315(02)00075-1

Ben-Dor N and Heyd-Metzuyanim E (2021). Standing on each
other’s shoulders: A case of coalescence between geometric
discourses in peer interaction. The Journal of Mathematical
Behavior, 64: 100900.
https://doi.org/10.1016/j.jmathb.2021.100900

Birgili B and Demir O (2022). An explanatory sequential mixed-
method research on the full-scale implementation of flipped
learning in the first years of the world's first fully flipped
university: Departmental differences. Computers and
Education, 176: 104352.
https://doi.org/10.1016/j.compedu.2021.104352

Boelens R, Voet M, and De Wever B (2018). The design of blended
learning in response to student diversity in higher education:
Instructors’ views and use of differentiated instruction in
blended learning. Computers and Education, 120: 197-212.
https://doi.org/10.1016/j.compedu.2018.02.009

Bosica ], Pyper ]S, and MacGregor S (2021). Incorporating
problem-based learning in a secondary school mathematics
preservice teacher education course. Teaching and Teacher
Education, 102: 103335.
https://doi.org/10.1016/j.tate.2021.103335

Brecka P, Valentova M, Lancari¢ D (2022). The implementation of
critical thinking development strategies into technology
education: The evidence from Slovakia. Teaching and Teacher
Education, 109: 103555.
https://doi.org/10.1016/j.tate.2021.103555

16

Bujak KR, Radu I, Catrambone R, Maclntyre B, Zheng R, and
Golubski G (2013). A psychological perspective on augmented
reality in the mathematics classroom. Computers and
Education, 68: 536-544.
https://doi.org/10.1016/j.compedu.2013.02.017

Bygstad B, @vrelid E, Ludvigsen S, and Dahlen M (2022). From
dual digitalization to digital learning space: Exploring the
digital transformation of higher education. Computers and
Education, 182: 104463.
https://doi.org/10.1016/j.compedu.2022.104463

Chang-Kredl S and Colannino D (2017). Constructing the image of
the teacher on Reddit: Best and worst teachers. Teaching and
Teacher Education, 64: 43-51.
https://doi.org/10.1016/j.tate.2017.01.019

Chen Q, Hao W, and He ] (2022). A weight initialization based on
the linear product structure for neural networks. Applied
Mathematics and Computation, 415: 126722.
https://doi.org/10.1016/j.amc.2021.126722

Cheng Z, Wang H, Zhu X, West RE, Zhang Z, and Xu Q (2023). Open
badges support goal setting and self-efficacy but not self-
regulation in a hybrid learning environment. Computers and
Education, 197: 104744.
https://doi.org/10.1016/j.compedu.2023.104744

Creswell JW and Creswell JD (2017). Research design: Qualitative,
quantitative, and mixed methods approaches. SAGE
Publications, Thousand Oaks, USA.

El Sayed NA, Zayed HH, and Sharawy MI (2010). ARSC:
Augmented reality student card. In the 2010 International
Computer Engineering Conference, IEEE, Cairo, Egypt: 113-
120. https://doi.org/10.1109/ICENC0.2010.5720437

Gall MD, Borg WR, and Gall JP (1996). Educational research: An
introduction. 7th Edition, Allyn and Bacon, Boston, USA.

Genlott AA and Grénlund A (2016). Closing the gaps-Improving
literacy and mathematics by ICT-enhanced collaboration.
Computers and Education, 99: 68-80.
https://doi.org/10.1016/j.compedu.2016.04.004

Gounden C, Irvine JM, and Wood R] (2015). Promoting food
security through improved analytics. Procedia Engineering,
107: 335-336. https://doi.org/10.1016/j.proeng.2015.06.089

Guo X and Jin Y (2023). Novel algorithm for flexible multibody
systems with hybrid uncertainties. Applied Mathematical
Modelling, 113: 573-595.
https://doi.org/10.1016/j.apm.2022.09.029

Hake RR (1998). Interactive-engagement versus traditional
methods: A six-thousand-student survey of mechanics test
data for introductory physics courses. American Journal of
Physics, 66(1): 64-74. https://doi.org/10.1119/1.18809

Hartnett M, Brown C, Forbes D, Gedera D, and Datt A (2023).
Enhanced or diminished attitudes: University students’
agency. Computers and Education, 198: 104773.
https://doi.org/10.1016/j.compedu.2023.104773

Haryadi R and Pujiastuti H (2020). PhET simulation software-
based learning to improve science process skills. In Journal of
Physics: Conference Series, IOP Publishing, Bandung,
Indonesia, 1521(2): 022017.
https://doi.org/10.1088/1742-6596/1521/2/022017

Haryadi R and Pujiastuti H (2022). Fun physics learning using
augmented reality. In AIP Conference Proceedings, AIP
Publishing, Bandung, Indonesia, 2468: 020016.
https://doi.org/10.1063/5.0102799

Howe ER and Xu S (2013). Transcultural teacher development
within the dialectic of the global and local: Bridging gaps
between East and West. Teaching and Teacher Education, 36:
33-43. https://doi.org/10.1016/j.tate.2013.06.010

Huang YM, Silitonga LM, and Wu TT (2022). Applying a business
simulation game in a flipped classroom to enhance
engagement, learning achievement, and higher-order thinking


https://doi.org/10.1016/j.sbspro.2013.10.740
https://doi.org/10.1016/j.compedu.2019.103695
https://doi.org/10.1016/j.jmathb.2017.08.004
https://doi.org/10.1016/j.compedu.2019.01.016
https://doi.org/10.1016/j.chb.2017.04.058
https://doi.org/10.1016/S0360-1315(02)00075-1
https://doi.org/10.1016/j.jmathb.2021.100900
https://doi.org/10.1016/j.compedu.2021.104352
https://doi.org/10.1016/j.compedu.2018.02.009
https://doi.org/10.1016/j.tate.2021.103335
https://doi.org/10.1016/j.tate.2021.103555
https://doi.org/10.1016/j.compedu.2013.02.017
https://doi.org/10.1016/j.compedu.2022.104463
https://doi.org/10.1016/j.tate.2017.01.019
https://doi.org/10.1016/j.amc.2021.126722
https://doi.org/10.1016/j.compedu.2023.104744
https://doi.org/10.1109/ICENCO.2010.5720437
https://doi.org/10.1016/j.compedu.2016.04.004
https://doi.org/10.1016/j.proeng.2015.06.089
https://doi.org/10.1016/j.apm.2022.09.029
https://doi.org/10.1119/1.18809
https://doi.org/10.1016/j.compedu.2023.104773
https://doi.org/10.1088/1742-6596/1521/2/022017
https://doi.org/10.1063/5.0102799
https://doi.org/10.1016/j.tate.2013.06.010

Heni Pujiastuti, Rudi Haryadi/International Journal of Advanced and Applied Sciences, 10(12) 2023, Pages: 7-18

skills. Computers and Education, 183: 104494.
https://doi.org/10.1016/j.compedu.2022.104494

Ibanez MB and Delgado-Kloos C (2018). Augmented reality for
STEM learning: A systematic review. Computers and
Education, 123: 109-123.
https://doi.org/10.1016/j.compedu.2018.05.002

Jansen T and Maller ] (2022). Teacher judgments in school exams:
Influences of students' lower-order-thinking skills on the
assessment of students’ higher-order-thinking skills. Teaching
and Teacher Education, 111: 103616.
https://doi.org/10.1016/j.tate.2021.103616

Joo-Nagata ], Abad FM, Giner ]G B, and Garcia-Pefalvo FJ (2017).
Augmented reality and pedestrian navigation through its
implementation in m-learning and e-learning: Evaluation of an
educational program in Chile. Computers and Education, 111:
1-17. https://doi.org/10.1016/j.compedu.2017.04.003

Jossan KS, Gauthier A, and Jenkinson ] (2021). Cultural
implications in the acceptability of game-based learning.
Computers and Education, 174: 104305.
https://doi.org/10.1016/j.compedu.2021.104305

Jyothi S, McAvinia C, and Keating ] (2012). A visualisation tool to
aid exploration of students’ interactions in asynchronous
online communication. Computers and Education, 58(1): 30-
42. https://doi.org/10.1016/j.compedu.2011.08.026

Kao GYM, Chiang CH, and Sun CT (2017). Customizing scaffolds for
game-based learning in physics: Impacts on knowledge
acquisition and game design creativity. Computers and
Education, 113: 294-312.
https://doi.org/10.1016/j.compedu.2017.05.022

Klasnja-Mili¢evi¢ A, Vesin B, and Ivanovi¢ M (2018). Social tagging
strategy for enhancing e-learning experience. Computers and
Education, 118: 166-181.
https://doi.org/10.1016/j.compedu.2017.12.002

Klein PS, Nir-Gal O, Darom E (2000). The use of computers in
kindergarten, with or without adult mediation; effects on
children's cognitive performance and behavior. Computers in
Human Behavior, 16(6): 591-608.
https://doi.org/10.1016/S0747-5632(00)00027-3

Ko YY and Rose MK (2022). Considering proofs: Pre-service
secondary mathematics teachers' criteria for self-constructed
and student-generated arguments. The Journal of
Mathematical Behavior, 68: 100999.
https://doi.org/10.1016/j.jmathb.2022.100999

Komatsu K, Jones K, lIkeda T, and Narazaki A (2017). Proof
validation and modification in secondary school geometry.
The Journal of Mathematical Behavior, 47: 1-15.
https://doi.org/10.1016/j.jmathb.2017.05.002

Kulikovskikh IM, Prokhorov SA, and Suchkova SA (2017).
Promoting collaborative learning through regulation of
guessing in clickers. Computers in Human Behavior, 75: 81-
91. https://doi.org/10.1016/j.chb.2017.05.001

Kusumawati A] (2020). Redesigning face-to-face into online
learning for speaking competence during COVID-19: ESP for
higher education in Indonesia. International Journal of
Language Education, 4(2): 276-288.
https://doi.org/10.26858/ijole.v4i2.14745

Lee IJ, Chen CH, and Chang KP (2016). Augmented reality
technology combined with three-dimensional holography to
train the mental rotation ability of older adults. Computers in
Human Behavior, 65: 488-500.
https://doi.org/10.1016/j.chb.2016.09.014

Lee ] and Choi H (2017). What affects learner's higher-order
thinking in technology-enhanced learning environments? The
effects of learner factors. Computers and Education, 115: 143-
152. https://doi.org/10.1016/j.compedu.2017.06.015

Letchumanan M, Husain SKS, Chau KT, and Ayub AFM (2020).
Investigating the use of ICT tools by academicians to promote
higher-order thinking skills among university students. In AIP

17

Conference Proceedings, AIP Publishing, Bangi, Malaysia,
2266: 020002. https://doi.org/10.1063/5.0019887

Mallawaarachchi SR, Tieppo A, Hooley M, and Horwood S (2023).
Persuasive design-related motivators, ability factors and
prompts in early childhood apps: A content analysis.
Computers in Human Behavior, 139: 107492.
https://doi.org/10.1016/j.chb.2022.107492

Mardhatillah M, Kasmini L, Fatmawati F, Rambe T, and Yasrizal Y
(2020). The influence of information technology and
communication technology (ICT)-based learning media on
student learning outcomes in mathematics learning in
elementary school. Advances in Mathematics: Scientific
Journal, 9(12): 10569-10576.
https://doi.org/10.37418/amsj.9.12.42

McLean G and Wilson A (2019). Shopping in the digital world:
Examining customer engagement through augmented reality
mobile applications. Computers in Human Behavior, 101: 210-
224. https://doi.org/10.1016/j.chb.2019.07.002

Mumford S and Dikilitag K (2020). Pre-service language teachers
reflection development through online interaction in a hybrid
learning course. Computers and Education, 144: 103706.
https://doi.org/10.1016 /j.compedu.2019.103706

Murad DF, Hassan R, Heryadi Y, and Wijanarko BD (2020). The
impact of the covid-19 pandemic in Indonesia (face to face
versus online learning). In the 2020 3rd International
Conference on Vocational Education and Electrical
Engineering, IEEE, Surabaya, Indonesia: 1-4.
https://doi.org/10.1109/ICVEE50212.2020.9243202
PMCid:PMC7319809

Naidoo ] and Singh-Pillay A (2020). Teachers' perceptions of using
the blended learning approach for STEM-related subjects
within the fourth industrial revolution. Journal of Baltic
Science Education, 19(4): 583-593.
https://doi.org/10.33225/jbse/20.19.583

Olsson T, Lagerstam E, Karkkdinen T, and V&dinidnen-Vainio-
Mattila K (2013). Expected user experience of mobile
augmented reality services: a user study in the context of
shopping centres. Personal and Ubiquitous Computing, 17:
287-304. https://doi.org/10.1007/s00779-011-0494-x

Oyman M, Bal D, and Ozer S (2022). Extending the technology
acceptance model to explain how perceived augmented reality
affects consumers' perceptions. Computers in Human
Behavior, 128: 107127.
https://doi.org/10.1016/j.chb.2021.107127

Pedaste M, Méeots M, Siiman LA, De Jong T, Van Riesen SA, Kamp
ET, and Tsourlidaki E (2015). Phases of inquiry-based
learning: Definitions and the inquiry cycle. Educational
Research Review, 14: 47-61.
https://doi.org/10.1016/j.edurev.2015.02.003

Pujiastuti H and Haryadi R (2020). The use of augmented reality
blended learning for improving understanding of food
security. Jurnal Pendidikan IPA Indonesia, 9(1): 59-69.
https://doi.org/10.15294/jpii.v9i1.21742

Pujiastuti H and Haryadi R (2022). Development of augmented
reality with the ADDIE model in mathematics learning. In AIP
Conference Proceedings, AIP Publishing, Bandung, Indonesia:
2468: 070008. https://doi.org/10.1063/5.0102802

Pujiastuti H and Haryadi R (2023). Enhancing mathematical
literacy ability through guided inquiry learning with
augmented reality. Journal of Education and e-Learning
Research, 10(1): 43-50.
https://doi.org/10.20448/jeelr.v10i1.4338

Pujiastuti H, Suvati DA, Haryadi R, and Marethi I (2020a).
Development of mathmodule based on local wisdom and
21stcentury skills: Linear equation system. In Journal of
Physics: Conference Series, IOP Publishing, BostonKota
Palembang, Indonesia, 1480: 012052.
https://doi.org/10.1088/1742-6596/1480/1/012052


https://doi.org/10.1016/j.compedu.2022.104494
https://doi.org/10.1016/j.compedu.2018.05.002
https://doi.org/10.1016/j.tate.2021.103616
https://doi.org/10.1016/j.compedu.2017.04.003
https://doi.org/10.1016/j.compedu.2021.104305
https://doi.org/10.1016/j.compedu.2011.08.026
https://doi.org/10.1016/j.compedu.2017.05.022
https://doi.org/10.1016/j.compedu.2017.12.002
https://doi.org/10.1016/S0747-5632(00)00027-3
https://doi.org/10.1016/j.jmathb.2022.100999
https://doi.org/10.1016/j.jmathb.2017.05.002
https://doi.org/10.1016/j.chb.2017.05.001
https://doi.org/10.26858/ijole.v4i2.14745
https://doi.org/10.1016/j.chb.2016.09.014
https://doi.org/10.1016/j.compedu.2017.06.015
https://doi.org/10.1063/5.0019887
https://doi.org/10.1016/j.chb.2022.107492
https://doi.org/10.37418/amsj.9.12.42
https://doi.org/10.1016/j.chb.2019.07.002
https://doi.org/10.1016/j.compedu.2019.103706
https://doi.org/10.1109/ICVEE50212.2020.9243202
https://doi.org/10.33225/jbse/20.19.583
https://doi.org/10.1007/s00779-011-0494-x
https://doi.org/10.1016/j.chb.2021.107127
https://doi.org/10.1016/j.edurev.2015.02.003
https://doi.org/10.15294/jpii.v9i1.21742
https://doi.org/10.1063/5.0102802
https://doi.org/10.20448/jeelr.v10i1.4338
https://doi.org/10.1088/1742-6596/1480/1/012052

Heni Pujiastuti, Rudi Haryadi/International Journal of Advanced and Applied Sciences, 10(12) 2023, Pages: 7-18

Pujiastuti H, Utami RR, and Haryadi R (2020b). The development
of interactive mathematics learning media based on local
wisdom and 21st century skills: Social arithmetic concept. In
Journal of Physics: Conference Series, IOP Publishing,
Bandung, Indonesia, 1521: 032019.
https://doi.org/10.1088/1742-6596/1521/3/032019

Rademaker F, de Boer A, Kupers E, and Minnaert A (2021). It also
takes teachers to tango: Using social validity assessment to
refine an intervention design. International Journal of
Educational Research, 107: 101749.
https://doi.org/10.1016/j.ijer.2021.101749

Saadé RG, Morin D, and Thomas JD (2012). Critical thinking in e-
learning environments. Computers in Human Behavior, 28(5):
1608-1617. https://doi.org/10.1016/j.chb.2012.03.025

Scott CE, McTigue EM, Miller DM, and Washburn EK (2018). The
what, when, and how of preservice teachers and literacy
across the disciplines: A systematic literature review of nearly
50 years of research. Teaching and Teacher Education, 73: 1-
13. https://doi.org/10.1016/j.tate.2018.03.010

Soler R, Soler JR, and Araya I (2017). Diagnosis of educational
needs for the implementation of blended courses based on the
blended learning model: The case of the social sciences faculty
of the National University of Costa Rica. Procedia-Social and
Behavioral Sciences, 237: 1316-1322.
https://doi.org/10.1016/j.sbspro.2017.02.216

Strasser K, Barra G, and Mendive S (2021). The role of video
analysis and deliberate rehearsal in the development of
language stimulation skills in pre-service preschool teacher
preparation: An experimental study. Teaching and Teacher
Education, 106: 103459.
https://doi.org/10.1016/j.tate.2021.103459

Tsai MJ, Huang L], Hou HT, Hsu CY, and Chiou GL (2016). Visual
behavior, flow and achievement in game-based learning.
Computers and Education, 98: 115-129.
https://doi.org/10.1016/j.compedu.2016.03.011

Tsybulsky D and Muchnik-Rozanov Y (2019). The development of
student-teachers' professional identity while team-teaching
science classes using a project-based learning approach: A
multi-level analysis. Teaching and Teacher Education, 79: 48-
59. https://doi.org/10.1016/j.tate.2018.12.006

Ung LL, Labadin ], and Mohamad FS (2022). Computational
thinking for teachers: Development of a localised e-learning
system. Computers and Education, 177: 104379.
https://doi.org/10.1016/j.compedu.2021.104379

18

Wang ], Guo H, Li Z, Song A, and Niu X (2023). Quantile deep
learning model and multi-objective opposition elite marine
predator optimization algorithm for wind speed prediction.
Applied Mathematical Modelling, 115: 56-79.
https://doi.org/10.1016/j.apm.2022.10.052

Xu Z, Liu ], Lu W, Xu B, Zhao X, Li B, and Huang ] (2021). Detecting
facial manipulated videos based on set convolutional neural
networks. Journal of Visual Communication and Image
Representation, 77: 103119.
https://doi.org/10.1016/j.jvcir.2021.103119

Yang FCO, Lai HM, and Wang YW (2023). Effect of augmented
reality-based virtual educational robotics on programming
students’ enjoyment of learning, computational thinking skills,
and academic achievement. Computers and Education, 195:
104721. https://doi.org/10.1016/j.compedu.2022.104721

Yang FY and Wang HY (2023). Tracking visual attention during
learning of complex science concepts with augmented 3D
visualizations. Computers and Education, 193: 104659.
https://doi.org/10.1016/j.compedu.2022.104659

Yang YTC (2015). Virtual CEOs: A blended approach to digital
gaming for enhancing higher order thinking and academic
achievement among vocational high school students.
Computers and Education, 81: 281-295.
https://doi.org/10.1016/j.compedu.2014.10.004

Yao X (2020). Unpacking learner’s growth in geometric
understanding when solving problems in a dynamic geometry
environment: Coordinating two frames. The Journal of
Mathematical Behavior, 60: 100803.
https://doi.org/10.1016/j.jmathb.2020.100803

Yip ], Wong SH, Yick KL, Chan K, and Wong KH (2019). Improving
quality of teaching and learning in classes by using augmented
reality video. Computers and Education, 128: 88-101.
https://doi.org/10.1016/j.compedu.2018.09.014

Zhang F and Shi Y (2020). Geometry on the statistical manifold
induced by the degradation model with soft failure data.
Journal of Computational and Applied Mathematics, 363: 211-
222. https://doi.org/10.1016/j.cam.2019.06.003

Zydney JM, Warner Z, and Angelone L (2020). Learning through
experience: Using design based research to redesign protocols
for blended synchronous learning environments. Computers
and Education, 143: 103678.
https://doi.org/10.1016/j.compedu.2019.103678


https://doi.org/10.1088/1742-6596/1521/3/032019
https://doi.org/10.1016/j.ijer.2021.101749
https://doi.org/10.1016/j.chb.2012.03.025
https://doi.org/10.1016/j.tate.2018.03.010
https://doi.org/10.1016/j.sbspro.2017.02.216
https://doi.org/10.1016/j.tate.2021.103459
https://doi.org/10.1016/j.compedu.2016.03.011
https://doi.org/10.1016/j.tate.2018.12.006
https://doi.org/10.1016/j.compedu.2021.104379
https://doi.org/10.1016/j.apm.2022.10.052
https://doi.org/10.1016/j.jvcir.2021.103119
https://doi.org/10.1016/j.compedu.2022.104721
https://doi.org/10.1016/j.compedu.2022.104659
https://doi.org/10.1016/j.compedu.2014.10.004
https://doi.org/10.1016/j.jmathb.2020.100803
https://doi.org/10.1016/j.compedu.2018.09.014
https://doi.org/10.1016/j.cam.2019.06.003
https://doi.org/10.1016/j.compedu.2019.103678

	Hybrid learning impact with augmented reality to improve higher order thinking skills of students
	1. Introduction
	2. Method
	2.1. Research design
	2.2. Population and research sample
	2.3. Research instruments
	2.4. Validity of question items
	2.5. Reliability
	2.6. Difficulty level
	2.7. Discriminatory power
	2.8. Quantitative stage
	2.9. Qualitative stage
	2.9.1. AR application usage observation sheet
	2.9.2. Interview


	3. Results and discussion
	4. Conclusion
	Acknowledgment
	Compliance with ethical standards
	Conflict of interest
	References




