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Abstract — In this contemporary epidemic era,
learning media that is easily accessible and engaging to
learners is genuinely required. So far, students at PGRI
Semarang University and University Teknologi
Malaysia have previously been required to apply a
compass and ruler to construct flat shapes and spaces,
to establish active learning strategies that can
encourage students in virtually sketching flat shapes.
The ADDIE model was employed in the research, the
outcome of this research is a virtual geometry lab.
According to student responses, as much as 96 percent
agree that the use of virtual media the geometry lab
can enhance students' cognitive and spatial abilities.

Keywords — Development, Virtual Lab, Geometry,
Cognitive ability, spatial ability.

1. Introduction

Various challenges appear in the educational field
during this contemporary epidemic era, such as
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online learning, which makes it difficult for learners
to comprehend mathematics lessons [1], [2]. The
educator then struggles in presenting content that
requires student to practice and creative [3]. Then,
when it comes to understanding mathematics at
college, one of which is the geometry course,
students struggle to understand the content that is
arranged without practicee When the Covid-19
disaster has not yet occurred, students are required
to sketch flat shapes and build spaces using a
compass and ruler. Nonetheless, students should
sketch with correctness, precision, and effort.
Finally, based on interviews with various students
from Universitas P@RI Semarang and Universiti
Teknologi Malaysia revealed that virtual learning is
essentiff)to assist students comprehend geometry
subject in theory and practice. The next issue is that
mathematics education students at PGRI Semarang
University and Universiti Teknologi Malaysia
struggle to comprehend geometry content. The
findings of the 2019-2020 academic year'’s Final
Semester Examinations revealed that 60% of PGRI
Semarang and Universiti Teknologi Malaysia
students haven't yet grasped the theory and practice
of geometry effctively and appropriately. This
tends to make it our concern as educators to deliver
the best intention so that they can comprehend
geometry material properly and adequately, one
alternative being to provide learning equipment that
can enhance their cognitive and spatial abilities in
studying geometry material, the device in question
being a well-packaged and up-to-date virtual
geometry lab media.

Because mathematics laboratories associated to
geometry are still packed conventionally, there are
few individuals in Indonesia who apply virtual labs
in the design of geometry learning. [4] Those who
employ virtual lab§lare commonly in healthcare and
science, whereas no one has established a virtual
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geometry lab using virtual reality for studying
mathematics, especially geometry, notwithstanding
the fact that many campuses around the world have
formed and utilize wvirtual labs for learning
mathematics and science. Because it is essential to
attempt to develop a virtual reality application that
can demonstrate tl placement of flat wakes and real
space based on wirtual reality, this needs to be
attempted in Indonesia so that leaming geometry,
which has been a scourge in various universities and
the private sector in Indonesia, becomes a
possibility. Especially the in light of Covid-19
epidemic. As educators, we are responsible to
compress material that students may access
anywhere, both online and offline, and one of them
is to develop a virtual geometry lab application using
the TPACK framework that successfully and
correctly blends technology, pedagogy, and material
content. The urgency in this research is to design an
application which can be performed with a VR
camera, stick, smartphone, or computer connected to
the Virtual lab application on geometry material,
notably congruence and parallelism materials, that
can be understood both online and offline.

In domestic, there are currently virtual laboratories
for scientific or health education run by[5] indicates
that using mobile virtual reality to acquire physics
curriculum may help students improve their
analytical abilities enhanced by [6]. It illustrates how
virtual reality packaged as a game may increase
students' engagement and learning outcomes in
biology, and [7] demonstrated how using a virtual
reality-based virtual lab might improve kindergarten
children's cognition in leaming a variety of fish. On
the other hand, [8], [9] stated that they were
enabled to increase their proficiency by learning
mobile-based augmented reality-base@)geometry
materials. In addition, [10]demonstrate that Mobile
augmented reality is really helpful in learning
geometry at the college level. The TPACK
framework, which has been used effectively in
numerous schools or institutions, is used to integrate
technology, pedagogy, and material in a helpful and
interesting way. According to[11], The TPACK
methodology,  which  integratesff) technology,
pedagogy, art, and material content, makes it easier
for students to understand the knowledge since it is
well-packed with sustainable technology and the
content is appropriately conveyed.. [12] mentioned
that TPACK makes it easier for instructors to link
course content with renewable technology, making
studying more pleasurable for students. In this
example, research was undertaken at PGRI
University Semarang and Universiti Teknologi
Malaysia on establishing a virtual geometry lab for
online learning.

TEM Journal — Volume 12 / Number 1 /2023.

2. Related Works

This section discusses the relevant works that fall
within the scope of this research.

2.1. Virtual Reality

Virtual reality (VR) is a technology that enables
users to communicate with an environment that has
been generated by a computer, an actual world that
has been copied, or a totally imaginary one.
Contemporary virtual reality environments mostly
present a visual experience, which is exhibited on a
computer screen or through a stereoscopic viewer,
but some simulations also contain extra sensory
information, such as sound through speakers or
headphones [13]. Virtual Device Reality Sensory-
immersion VR interface technologies that directly
engage sensory feelings, such as headmounted
displays (VR helmets), data gloves (gloves), and
bodysuits (VR vests). A blindfolded helmet
(headmounted display) gives a new viewpoint on the
item being viewed. Once moved, the visuals will
change so quickly that we will feel as though we are
causing these changes with the movement of our
heads. Humans are the source of the effect, not the
result. Projection Interaction with an item projected
on a large screen that portrays an artificial virtual
world, such as CAVE (Cave Automatic Virtual
Environment) or Responsive Work, is included in
VR. A physical environment is included in the VR
Simulator in order to bring the environment closer to
the user.[ 14] In the automotive industry, a mockup of
the passenger cabin is typically built, complete with a
monitor that serves as a windshield and a VR device,
so that the mock up can dynamically provide natural
sensations such as vibration or shock. Desktop VR
refers to the device that displays the VR modeling
process on a computer screen. Virtual reality
applications in everyday life include 1) education and
training, The purpose of using virtual reality (VR) in
training 1s to assist professionals in conducting
training in a true artificial environment where they
may enhance their talents without possibility of

injury[ 15].
2.2. Technological Pedagocal Content Knowledge

Technological Pedagocal Content Knowledge
(TPACK) (formerly TPCK) is the knowledge
required to incorporate technology into learning. This
knowledge framework is based on Shulman's (1986)
Pedagogical Content Knowledge construct (PCK).
[16] argues that separately equipping instructors or
potential teachers with broad pedagogical skills and
subject matter expertise, such as mathematics and
physics, is insufficient. Instead, a teaching
foundation that is at the confluence of subject matter
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material and pedagogy is required. A good PCK is
demanded of a MIPA instructor in order to carry out
an effective scientific learning process. Furthermore,
teachers' development of TPACK from PCK is
critical in order for technology-integrated teaching to
be effective. Teacher candidates and instructors, like
PCK developers, are actively analyzing various
techniques for training teachers to teach using
various technologies [17].

2.3. Geometry

According to [18].states that: "The study of the
relationships between points, lines, angles, surfaces,
and solids is known as geometry." Geometry is the
study of the connection between points, lines, angles,
planes, and spatial forms. Geometry is a discipline of
mathematics that investigates the intricacies of flat
forms and shapes. The comprehension of geometry is
organized in stages, beginning with the simplest
things and is called the basic notion, leading to
elements that require boundaries/ definitions by using
the basic comprehension, then axioms/postulates
have been compiled, namely the basic assumptions
that are approved upon are true and do not need to be
proven, based on the existing axioms/postulates and
derivations. [18].

2.4. Spatial Thinking

Considering that many earlier rescarch revealed
that children struggled to comprehend geometric
objects or figures, the topic of spatial thinking is
highly intriguing to examine. Spatial thinking is a
combination of cognitive skills comprised of three
components: spatial conceptions, representational
tools, and reasoning processes [19]. Spatial leaming
outcomes are a concept in spatial thinking. It is
capable of categorizing spatial leaming results into
three groups: (1) spatial perception, (2) mental
rotation, and (3) spatial visualization. According to
the findings of the following research, spatial student
achievement are very essential to enhance in the
context of mathematics, particularly geometry, so
that every student should attempt to develop learning
outcomes and spatial sensing that are very useful in
understanding relations and properties in geometry to
solve mathematical problems and problems in
everyday life [21], [20].

3. Research Methodology

This research involves theuse of research and
development (R&D). Development research is a
research approach used to generate particular items
and evaluate their effectiveness. The ADDIE
technique is used in this development research,
which comprises five stages: Analysis, Design,
Development, Implementation, and Evaluation.
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3.1. Research Design

The ADDIE model was employed as the research
design in this research, which was separated into five
phases: analysis, design, development,
implementation, and evaluation. These five stages are
followed in a consistent and systematic way.

3.2. Population and Sample/ Study
Group/Participants

Students from the Mathematics Education study
program at the University of PGRI Semarang and
students from Mathematics Education at the
Universiti Teknologi Malaysia involved in this
research, with each taking two experimental classes
and one control class.

3.3. Data Collection Tools

The research data was pgathered through a
Questionnaire response validation of material
experts, learning media experts, and user responses
was followed by pretest and posttest tests to evaluate
students' cognitive and spatial abilities, and then a N
Gain test to evaluate the improvement of process
skills and cognitive leaming consequences between
before and after studying at PGRI University
Semarang and a student at Universiti Teknologi
Malaysia.

3.4. Data Collection

The data was collected using Google form with
validation from material professionals and leaming
media professionals, followed by the student
response questionnaire, which was also accomplished
using Google form, while the pretest and posttest
were completed in writing and scanned results were
sent via email to be evaluated in detail.

3.5. Data Analysis

The average score and N Gain test were used to
examine the advancement of process skills and
cognitive leaming consequences of students for the
evaluation of the outcomes of the acquisition of
research data done using a Likert scale connected to
user responses and expert validation.

4. Findings
In this study, the ADDIE paradigm was employed
to construct a Geometry Virtual Lab product. A full

summary of the product development results based on
the ADDIE development approach is provided below:

TEM Journal — Volume 12 / Number 1/ 2023.
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4.1. Analysis

An analysis of the problems of learning geometry
at PGRI University Semarang and Universiti
Teknologi Malaysia in the Mathematics Education
study program has discovered that 60% of students
are still inadequate in acknowledging geometry
material, especially flat and spatial shapes,
cognitive and spatial abilities, at this stage in the
analysis. Based on the preliminary pretest results,
they were still below 70, and the students stated that
during the 2020-2021 pandemic, 90% of the

students at PGRI Semarang University and
Universiti Teknologi Malaysia desperately need
learning media that can improve their
understanding and spatial abilities related to
geometry material, specifically congruence and
parallelism.

4.2. Design

The product design is focused on the
requirements and achievement of learning

objectives, particularly constructing a Geometry
Virtual Lab application that concentrates on the
material Congruence of triangles with virtual
reality technology, interpretations referring to
Alignment become understandable, and it is hoped
that students' geometric spatial competence will be
preferable when compared to other traditional
media. This virtual geometry lab is designed in
Corel Draw, with animations generated in Unity
3D, Blender software, and Vuforia Development.
Following the implementation of the application
design product, a focus group discussion is
planned that takes into account the design
presentation and the depth of the material
exhibited, namely congruence and parallelism. The
outcomes of the focus group discussion indicate
that students require practice selecting the
placement of congruence and alignment of flat
forms in order to understand the mathematics
conceptually adequately.

4.3. Development

During this stage of development, the suggested
framework is completed in order to produce a
deliverable item. The Geometry Virtual Lab media is
built in accordance with the congruence and
alignment materiaJafter the android-based media is
completed, it is validated by media experts and
material experts by the validator to obtain feedback
and appraise based on the validator's feedback. As a
result, the Virtual Reality-based material is modified
in response to validator comments in order to
develop the product.
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A virtual geometry lab was developed during this
stage of development that was modified to the
outcomes of a focus group discussion between
lecturers and students, which covered the design of
virtual geometry Ib media and the scope of the
geometry material obtained, and then the product was
expert validated before being tested in the field,
which included experts in geometry materials and
virtual reality-based leaming media experts. The
following graphic depicts the Visually Developed
Geometry Virtual Lab products:
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Figure 1. Virtual Lab product Geometry congruence
triangle material front view
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Figure 2. Display of materials Virtual Labomm;y
Material congruence and parallelism in geometry

The Geometry Virtual Lab product was validated
by media experts, obtaining the following results: (1)
The appearance of this virtual geometry lab product
is suitable as a virtual supplement to geometry course
content. (2) Color gradations associated with
geometric alignment material can be visualized
digitally and attractively, (3) The virtual geometry
lab application is enjoyable for lectures because the
quizzes are illustrated with fascinating animations;
(4) the menu options in the virtual geometry lab
application can be used in a pleasurable, convenient,
and interesting way; and (35) the product can correlate
this congruence and parallel material to students'
spatial skills with 3D objects. (6) Established
questions must be related to the perspective of the
most recent triangular congruence problems, (7)
virtual geometry lab applications can be used
appropriately and in accordance with the IQF
material, and (8) students can overcome geometric
congruence and parallelism questions in a
chronological and captivating circumstance., and (9)
This virtual geometry lab application product has no
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complication for consumers. ((10) In terms of the
practicality of the geometry virtual lab product
design, the validation findings show that the average
outcome of the learning media expert evaluation is
93, suggesting that the virtual geometry lab item is
extremely appropriate to be used in leaming,

Learning Media Expert Validation Value

96%
94%
92%
90%
88% .
86%

\0 "\‘,\.I \0 é\-l
& & &
2R s & &

< & o

Figure 3. The findings of the virtual geometry lab
product evaluation by learning media specialists

Moreover, based on material expert evaluation, the
following conclusions were reached: (1) This virtual
geometry lab product is ideal as a virtual adjunct to
geometry course content; (2) principles linked to
congruence and geometrical alignment material may
be understood virtually; and (3) The virtual
geometry lab program is fascinating to use in other
courses, and (4) the wvirtual geometry lab
application's menu options may be used in an
exciting and pleasant manner. (5) This geometry
congruence and parallelism content might be related
to students' spatial cognition; (6) Recent issues must
be linked to the framework of the most recent
congruence and alignment challenges; and (7) This
virtual geometry lab application can be utilized
appropriately and in accordance with KKNI content;
and (8) Students can address congruence and
parallelism problems sequentially, and (9) This
virtual geometry lab program is simple to use. (10)
According to an expert evaluation of geometry
educational materials, the data provided in the
virtual geometry lab media is very conceivable to be
implemented in learning geometry courses with an
average value of 95, revealing that the geometry
material used is arranged in a manner that is very
adequate to be utilized in learning.

Value of Expert Validation of Learning
Materials

material subtantion
aspect

97%
96%
95%
94%
93%

language aspect

Figure 4. The findings of the learning material experts'
certification of the depth of the geometry lab virtual
product material
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4.4, Implementation

At this stage, students from PGRI Semarang
University and Universiti Teknologi Malaysia use
the Virtual Lab Geometry product to study and
understand Geometry classes on congruence and
parallelism materials by first installing the virtual
application geometry lab for congruence material,
followed by a pretest before studying geometry and
a post-test. Following participating in the Virtual
Lab Geometry study, this activity is completed
online using Zoom meetings.

QurcRis @UIM

Intraduction of Virteal Geometry Lab Product

= | QR

a\

Figure 5. UPGRIS-UTM Geometry Virtual Lab Product
Implementation

4.5. Evaluation

This research and development involves assessing
the quality of virtual geometry lab instructional
media products as well as the influence of using
virtual geometry laboratories at PGRI Semarang
University and Universiti Teknologi Malaysia,
particularly:

a. Evaluation of the quality of teaching media is
depending on the outcomes of a questionnaire
evaluation of teaching material given to learning
media experts, learning material experts, and
trial participants This evaluation can be used to
improve the virtual geometry lab application.
The virtual geometry lab product is valid and
beneficial according to the outcomes collected
from material experts and media development
experts, by meeting the material and media
indicator criteria with an average score of 94,
demonstrating that the virtual geometry lab
product is generally useful.

b. Assessment of the impact of employing a
virtual geometry lab application to measure
students' cognitive and spatial abilities while
focusing on posttest questions. This assessment
is used as a consideration in the use of android-
based instructional material with Virtual Reality
in online or offline classrooms. The post test
results of 86.25, which is deemed good, are one
of the benefits of using this Geometry Virtual
Lab Application. The following is one of the
outputs of the alignment material pretest and
posttest:

TEM Journal — Volume 12 / Number 1/ 2023.
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Figure 6. Students’ pretest result

According to the pretest results, the research
sample created an error in estimating the angle
referred to in the question. One of the sources of the
mistake is inaccuracy in determining the matching
angle in the preceding stage. As a result, the
magnitude of the angle at angle 3 was estimated
inaccurately.
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Figure 7. Students’ posttest result

According to Figure 7, students can calculate the
angle. By constructing parallel auxiliary lines and
connecting them with the angle generated by two
more parallel lines, researchers may find the value of
x. To establish the efficacy of the final product, the
data from the pre-test and post-test findings will be
examined for N-Gain. The [22] criteria are utilized
in the categorization of N-Gain interpretations.

TEM Journal — Volume 12 / Number 1 /2023.

Table 1. Criteria N-Gain scoref{22]

Index N-Gain Criteria
g<0,03 Low

0,03< g < 0,70 Medium
0,07< g <1,00 High

Meanwhile, it relates to [23] in the following table
when interpreting the success of attaining N-Gain as
a percentage:

Table 2. Product Effectiveness Interpretation through N-
Gain Score[23]

Presentation Effectiveness
< 40 Ineffective
40-55 Less effective
56-75 Effective enough
>76 effective

The pre-test average is 98.33, whereas the post-test
average is 88. This outcome could be used to gauge
the improvement in students' spatial geometry ability
using the N-Gain score test.

The following N-Gain formula was used:

skor postest — skor pretest

N-Gain = .
skor maksimal— skor pretest
88-98,33 -=10.33
= =-6.18
100 - 98.33 1.67

The g value obtained is in the low and ineffective
range, according to the N-Gain Score data. This is
demonstrated by a decrease in the post-test value.
This decrease in value was caused by the sample's
numerous errors in post-test question number two.
This question is more difficult than question number
2 on the pre-test.

PROGIAM STUDI
PENDIDIEAN MATEMATIEA

[ rvERSITAS o [ RS TR O
SEMARANG | MALAYSIA
3 Given LCEF-100°2CER-100%, L ABC-MPLABC=30°, £BCE2x 1
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Figure 8. The comparison of question number 2 on
Pretest as in figure 6 and Post test
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It is also based on a response questionnaire that
contains the following achievement indicators:

Table 3. Students” responses to the use of virtual lab geometry

The responses of s s g ¢
using virtual lab Es & > g
geometry £ = = 2 S8
I can virtually
rephrase a ge:_:metrlc 4% 66% 0% 0%
notion to address an
issue.
Virtually, 1
comprehend an idea 6%  64% 0% 0%

connected to material
geometry.

I am interested in
using the Geometry lab
application

I can view and utilize
the virtual geometry
lab application's menus
in a fascinating and
entertaining manner.

I can connect the
geometry content in
the virtual lab medium
to the spatial abilities
of the learners.

I try to solve
problems related to
geometry properly and
correctly

I can apply geometric
formulas well and
according to the
application

I can solve questions
about geometry in
order

I'm sure this virtual
geometry lab
application product is
simple to use.

This application is
able to improve the
cognitive abilities of
students

48%  52% 0% 0%

52% 48% 0% 0%

4% 62% 4% 0%

48% 52% 0% 0%

28% T72% 0% 0%

32%  66% 2% 0%

36% 60% 4% 0%

52% 48% 0% 0%

The virtual geometry lab greatly enhances students'
cognitive and spatial abilities in leaming geometry,
based on student response data from PGRI Semarang
University and Universiti Teknologi Malaysia.

4.6. Discussion

Throughout the ADDIE model's research
development stage, the following components were
particularly developed:

420

During the analysis stage, it was encountered that
up to 60% of students in the Mathematics Education
study program at PGRI University Semarang and
students at Malaysia University of Technology were
still weak in mastering geometry —material,
particularly congruence and parallelism material, due
to the majority's inability to practice virtually during
the pandemic. The appropriate solution analysis is to
construct media that can optimize students' practical
skills in geometry material, with students being able
to practice virtually during a pandemic, one of which
is by using interesting virtual reality-based media
that can improve students' cognitive and spatial
abilities. [24] Proved that using a virtual lab to teach
biology boosted students' interest and leaming
experience. then D.[14]. Explaining that studying
through virtual labs By combining e-leaming,
students become more interested about studying,
which is backed by [25], who indicates that virtual
reality-based online learning makes it easier for
students to acquire leaming information.

A virtual geometry lab learning media design that
can be installed on all Android devices was created
throughout the design process. Geometry course
content is offered in virtual media design, which
includes flat and space-building materials that are
cleanly and aesthetically packed with color
gradations and animations capable of captivating
students' cognitive and spatial abilities through
exercise. [13] stated that Implementing a virtual
physics laboratory enabled students to be more
critical when researching a problem, but [26]found
that wvirtual reality-based chemistry teaching
increased abilities. Students who are creative in
combining substances that have been tested in the
laboratory, Then [27] the difference in efficiency in
comprehending learners of a leaming material
between virtual-based learning and conventional
leaming is relatively obvious.

During the development stage, a virtual geometry
lab product was developed and assessed by leaming
media and learning material specialists, who
concluded that the virtual geometry lab product is
well-suited for use in the geometry leaming process.
The virtual geometry lab product was integrated in
the Mathematics Education study program at PGRI
University Semarang and Universiti Teknologi
Malaysia after expert evaluation. [28] demonstrated
that the use of augmented reality, the Android-based
Hijaiyyah Letter Recognition application built with
Unity 3D was able to make it easier for students to
absorb the Koran study material. [29] subsequently
determined that educational games based on virtual
augmented reality can boost students' motivation and
spatial abilities by delivering entertaining activities.
Then, [15] show how The virtual lab in physics
leaming assists students in better understanding the
material's structure. According to [30], virtual reality

TEM Journal — Volume 12 / Number 1/ 2023.
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is a renewable creation that makes school and college
learning more interesting and engaging. It will be
fascinating for the students.

During the implementation phase, students at PGRI
University Semarang and Universiti Teknologi
Malaysia were very enthusiastic about using virtual
geometry lab products because the virtual geometry
lab application displayed enjoyable objects and
pushed students to master measuring angles,
congruences, and parallels in geometry lab virtual
app.

As stated by [31] Students in the vocational
education study program at UTM acquired
internships based on their abilities in mastering
technology; one of the media taught is virtual reality,
which is particularly useful in studying geometry and
design-based computer science. Then,
[32]emphasized Campuses must provide students
with mastery of virtual reality tools so that they may
package leaming in an engaging and meaningful
manner., In addition, L. [33] stated that the novelty
of studying with virtual reality media pushes students
to learn and try to produce interesting media
supplements to their leaming [34] clarified that in
today's pandemic era, the world of education cannot
be distinguished from augmented reality and virtual
reality, both of which are very encouraging of the
learning process, with students encouraged to
adventure in the virtual world and the existence of an
entertaining augmented reality.

In the evaluation phase, Students from PGRI
University Semarang and Universiti Teknologi
Malaysia completed the pretest and posttest, and the
results show that using a virtual geometry lab product
improved students” cognitive and spatial ability. The
N Gain test also demonstrates a considerable gain in
cognitive abilities and student spatial; however, one
student's score is lower than the maximum since the
pretest and posttest were administered at separate
sites.[35] revealed that the training approach that
combines virtual reality in its education astounds and
encourage participants [36] indicated that virtual
reality for education is incredibly intriguing to listen
to since virtual reality makes studying more exciting
and entertaining at all educational levels. [37]
explained that vocational education in Malaysia has
learnt a lot about utilizing virtual reality in
mathematics instruction since leamers are believed to
be comfortable with using sustainable media and in
accordance with the times.

5. Conclusion

According to the findings and discussions, the
virtual geometry lab product development is a virtual
geometry lab application based on the TPACK
framework that is valid and feasible for use as one of
the online learning media alternatives at PGRI
Semarang University and Universiti Teknologi
Malaysia. Although the N-Gain acquired is negative,

TEM Journal — Volume 12 / Number 1 /2023.

this is due to the fact that the posttest questions are
more harder than the pre-test questions. However,
based on student response, the Virtual Lab Geometry
product was well appreciated. Consequently, more
emphasis should be placed on the development of
test instruments for the degree of difficulty in the
pretest and posttest equivalent for future research.
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