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Abstract—Schools as a source of knowledge need to facilitate the 3D
geometric thinking process involving a series of cognitive actions. Therefore, this
research investigates the potential of integrating augmented reality (AR) into the
6E instructional 3D geometric model (6E I3DGM). This is exploratory research
carried out with a teacher and 28 junior high school students in Indramayu Dis-
trict, Indonesia. The data were collected through observations and interviews and
examined, selected, extracted, and coded based on the criteria determined. The
data collected were further interpreted, concluded, and descriptively analyzed
using content analysis. The result showed that learning that integrates AR into
6E I3DGM could raise 3D geometric thinking processes in the dimensions of
representation, spatial structuring, and measurement. This is because, character-
istically, AR can facilitate students to represent and visualize 3D shapes directly.
This will increase students’ ability to measure the surface area and volume of 3D
geometric shapes. Therefore, this learning deserves to be used as an alternative
to 3D geometry learning in the post-COVID 19 pandemics.

Keywords—augmented reality, 3D geometric thinking, junior high school
students, 6E instructional 3D geometric models

1 Introduction

Geometry is one of the oldest formal mathematical domains [1] implemented in var-
ious fields of life such as architecture, art, astronomy, geography, music, etc. [2]-[5].
This makes it relevant in the school curriculum [6]-[8]. Therefore, the purpose of
teaching this topic is not only to develop knowledge of concepts, properties, and the-
orems; instead, it also includes geometric thinking skills, intuition and proof, spatial
awareness, visualization capabilities, problem-solving, estimation, deductive reason-
ing, and logical argument [9]. Even [8] considers that studying geometry aids one to
organize, predict, and possess the ability to represent physical objects and experiences.

Moreover, as a place for formal learning, the school needs to facilitate knowl-
edge development from in-depth thinking processes. Schools must also be able
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to accommodate the technological developments of the twenty-first century [10].
One of such procedures applied in learning this topic is 3D geometric thinking [11].
It requires complex cognitive actions and three components, including the exter-
nal material world, internal spatial abilities, and communication or signs [12]. This
approach starts with the individual’s ability to perceive and interpret geometric objects
by using their spatial skills through communication [10]. Meanwhile, [13] stated that
three dimensions are involved in the 3D geometric thinking process: representation,
spatial structuring, and measurement.

Several preliminary studies have been carried out on these processes. For instance,
[13] analyzed the structure of 3D geometric thinking by testing its relationship with
spatial abilities. Moreover, [11] developed a three-dimensional geometric thinking test
for elementary school students. Then [14] designed an assessment framework of its
thinking representation for high school students and analyzed the difficulties encoun-
tered. Meanwhile, [15] studied 3D geometric thinking skills in children after participat-
ing in the 3D program in Early Childhood (3DinEC). Furthermore, [16] investigated
this process in children using the Dynamic Transformation Context program and [17]
tested the effect of AR on students’ 3D geometric thinking skills during learning.

Although several studies have been carried out on 3D geometric thinking processes,
only a few have investigated the learning potential that integrates AR technology into
I3DGM 6E, a modification of the SE Instructional Model to foster this approach in
junior high school students. It consists of elicit, engage, explore, explain, elaborate,
and evaluate phases. Furthermore, elicit and engage aims to activate prior knowledge
and new concepts learned by the students. Meanwhile, the exploration phase aims
to facilitate a thought process related to developing new concepts, and these need to
be improvised and confirmed through activities in the explanation stage. Moreover,
confirmed new concepts must be internalized and assimilated through elaborate and
evaluation activities. In addition, AR technology facilitates the thinking process of 3D
geometry. This is because digital technology can change how lessons are taught in the
classroom and strengthen didactic situations to bridge teaching mathematics and math-
ematics [18]. AR technology is integrated into the exploration and evaluation phases in
3D geometry in research. In addition, in this study, the use of AR is also integrated into
3D geometry textbooks.

Therefore, in general, this study investigates the potential of implementing learning
that integrates AR technology into 6E I3DGM in fostering junior high school students’
3D geometric thinking process. The specific research questions studied in this study are
as follows:

e The Interactive 3D Geometry Book (I3DGB) design form with AR used in the
I3DGM 6E learning?

e What learning potential integrates AR in 6E I3DGM in developing 3D geometric
thinking skills?
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2 Literature review

2.1 3D geometric thinking ability

The 3D geometric thinking ability was first introduced [13] to distinguish it from
spatial skills. [13] Stated that its reasoning types need to be modeled as different
constructs. Moreover, [13] further explained that these are related to three dimensions,
namely representation, spatial structuring, and measurement. The representation of
geometric objects is divided into 2D and 3D [19]. [20] Considered that 2D geometry
is an external representational mode that is most often used to illustrate 3D geometric
objects in textbooks. Then, [21] generally stated that these are represented using two
concepts, namely decoding and coding. Decoding refers to interpreting structural ele-
ments and properties of 3D geometric shapes, while coding refers to constructing plane
representations and 3D shape nets and translating from one representational mode to
another [21]. The decoding construction consists of 2 factors, the student’s ability to
(a) interpret the representation of 3D shapes, especially in terms of recognizing struc-
tural elements (corner points, plane surfaces, edges) in various modes, such as per-
spective (opaque or transparent) and orthogonal, (b) describe geometric properties of
3D planes [21]. Meanwhile, that coding consists of 3 factors, namely (a) manipulating
and constructing 3D nets, (b) converting 2D images into 3D shapes, and (c) translating
one representational mode such as orthogonal views of 3D shapes to 2D images [21].
The construction process in creating 3D geometric webs requires the ability to translate
objects into 2D by focusing and studying their parts in both representational modes [20].
This is because the transformation process is a mental operation performed by manipu-
lating images [22]. Moreover, the transition from 3D objects to their webs requires the
activation of appropriate mental actions that coordinate the various perspectives [20].
In particular, [23] assumed that its construction process requires coordination between
the mental representation of the object as a whole and the decomposition of its parts.

The dimensions of 3D geometry measurement are a relevant aspect. The importance
of measuring both surface area and volume is evident in daily activities and school
mathematics [24], [25]. [26] stated that five strategies are involved in determining the
arrangement of 3D geometric objects, namely (1) conceptualize a set of cubes arranged
in rectangular form into several layers, (2) visualize them as a space that needs to be
filled without taking advantage of the layered arrangement, (3) conceptualize these
cubes from their front view, (4) use the formula L X W X H, (5) apply strategies other
than those described in numbers 1 to 4. According to [27], students that used the first
two categories [26] showed that they are aware of the spatial structure of 3D objects,
including hidden parts [28]. Meanwhile, those that applied the third strategy expressed
a lack of understanding concerning the volume aspect. They failed to integrate different
views of 3D objects [28]. Related to the fourth strategy, it is not always clear whether
the students that apply it have a conceptual understanding of volume and only use
the formula as a shortcut, or mechanically, without really comprehending the structure
[26]. In this context, the ability to calculate the surface area and volume of 3D geo-
metric shapes is related to the student’s capacity to perform mathematical calculations.
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2.2 Augmented reality

Since it was first introduced in 1968 [29], AR technology has been widely applied
in both commercial and research projects [30]-[32]. This is due to the prevalence
of connected hardware and software in mobile phones, tablets, etc. [36], and [37]
tend to use text, video, and audio components to describe existing images or spaces
[33], which is utilized to assist the learning processes both in and outside the class-
room [34]-[37]. This is due to the characteristics of AR that creates new realities
[38], which provides information, knowledge, experience from something abstract
or difficult to understand and observe [39], thereby enabling users to comprehend
mathematical concept [40]. The AR system is functional when the user can discern an
image created from real (marker) and virtual objects [32]. The most important aspect
is that virtual objects represent real ones with extraordinary and valuable informa-
tion [32]. It consists of a camera, computer unit, and screen [40]. The camera captures
the image; then, the system adds a virtual object on top of it and displays the result
[40]. The computer unit further captures the environment, detects markers and infers
the location and orientation, and adds a virtual object on top of the image displayed
on the screen [40].

2.3 3D geometry model (6E I3DGM) 6E instructional

6E I3DGM is a learning development of the SE Instructional Model, which
Rodger W Bybee first developed in 1997 [41]. It is primarily implemented in science,
although currently, it is widely used and studied in mathematics education [42]. This
is understandable because it is considered one of the best approaches recommended
for teaching in a constructivist learning environment [43], which facilitates how
knowledge is obtained through engaging, exploring, explaining, elaborating, and eval-
uating [44]. The 5E instructional cycle model is called because each stage starts with
“E” [42]. In this study, the 6E I3DGM phases are designed to help students carry out
the construction process of 3D geometric thinking. In the 3D geometry elicit phase,
students’ prior knowledge is triggered. This stage is essential because it is necessary
to carry out the 3D geometric thinking process. They can think adequately, supposing
they possess good retentive memory. Furthermore, the subsequent phase is engaged,
which aids the students’ understanding of new concepts. In this phase, prior knowledge
is connected to the one recently acquired during learning. The next phase is the explo-
ration stage, which facilitates constructing new concepts into their memories. Next is
the explanation phase, where the students discuss the process results. It is assumed that
the knowledge is internalized correctly, supposing they can explain the topic learned.
Subsequently, in the elaborate phase, the students analyze the knowledge acquired
from the 3D geometry obtained in other contexts, aiming to help them memorize cer-
tain information for a long time. The last phase is evaluation, where they are made to
conclude the topic learned, thereby storing the acquired knowledge in cognitive struc-
tures for a lengthy period.
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2.4  Learning framework that integrates AR into 6E I3DGM

The learning framework integrating AR into 6E I3DGM starts with the students’
already prepared application (Figure 1). Afterward, they study the menu and the
instructions provided. In the subsequent process, they learn the concept of 3D geometry
in textbooks which has adopted the 6E I3DGM phases. Meanwhile, AR integration is
in the exploration and evaluation phases. In addition, two exploration stages are carried
out, namely the contextual and concept phase with AR. Students are asked to use AR in
solving 3D geometry problems in the evaluation phase. This is carried out to minimize
their incorrectness in visualizing these shapes.

Application Menu

3D Geometry Textbook with AR )

=

Contextual Exploration Phas&with AR

K e T Animation of 3D geometric objects
3 N =

wm anln'lnlon with AR 17 J
ase with

konyratio

Fig. 1. Framework for integrating AR into the 6E I3DGM

3 Methods

3.1 Design

An exploratory case study design was used to investigate the learning potentials
related to the integration of AR into 6E I3DGM to foster 3D geometric thinking pro-
cesses in junior high school students. This was realized by carefully observing the
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process and the 3D geometric thinking ability test. [45] stated that this approach is used
to investigate a particular event, situation, or condition to provide information about its
occurrence. Furthermore, [46] stated that the case study design also reveals the impact
of using technology in the classroom.

In the context of this study, the research process begins with the selection of schools.
This was done considering that since the beginning of the COVID-19 pandemic, many
school managers have carried out the teaching and learning process via laptops or smart-
phones [47]. Besides, the selected school needs to have good national exam results on
geometry materials. After negotiating with several principals, one of them was taken
and followed by a discussion held with two mathematics teachers that taught 3D geom-
etry in class VIIL. It was concluded that they agreed to implement learning approaches
that integrate AR into 6E I3DGM. The selected class also learned other subjects online.

By the lesson plan in the school curriculum, the study was carried out during ten meet-
ings, namely 9 for the learning process and 1 for the final evaluation. The distribution of
material at each meeting is presented in Table 1.

Table 1. Material distribution

Meeting Learning Objectives
Ist meeting Students were able to identify the elements and properties of 3D geometry
2nd meeting Students were able to draw 3D geometry
3rd meeting Students tend to make nets of prisms, blocks, and cubes
4th meeting Students possess the ability to calculate the surface area of a prism
Sth meeting Students were able to calculate the surface area of blocks and cube
6th meeting Students were able to calculate the volume of a prism
7th meeting Students tend to calculate the volume of the block
8th meeting Students calculated the volume of a cube
9th meeting Students were able to compare 3D geometric volumes based on their properties
10th meeting Evaluation

3.2 Participants

The participants were one male mathematics teacher aged 37 years that possessed
good technological literacy and 28 Class VIII students from a school in Indramayu
Regency, Indonesia. Meanwhile, before the treatment was started, while still observing
the health protocols, the teacher sorted for the students’ permission to participate in
this study. Afterward, the technical implementation of the research was explained.
An agreement was reached with the parents and students regarding their participation,
intended to minimize misunderstandings between all parties.

3.3 Data collection

Observation, test, and interview investigated the learning potential that integrates AR
into 6E I3DGM. It aimed to understand the implementation process involving teachers
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and assistants, carried out during nine meetings. Documentation was made to observe
the active and passive students. The data obtained from the first observation session
were then reflected on to improve the process at the next meeting. Furthermore, the 3D
geometric thinking test was adopted from the indicator framework designed by [13].
The first and second questions were used to measure the dimensional representation,
and then the third and fourth were on the spatial dimension of structuring.

Meanwhile, the fifth test question was aimed to analyze the students’ 3D geometric
thinking on the measurement dimensions. In this study, the preparation of the items was
validated by three experts. The average results of the validators’ assessments show that
the five test items are in an outstanding category and are suitable to measure the ability
to think 3D geometry. After the experts assessed the items, the students conducted a test
to determine the validity, reliability, level of difficulty, and discriminatory power. The
calculation results show that all items are valid to measure KBG3D.

Furthermore, for the reliability calculation, it is obtained that the items are reliable
in the medium category. As for the size level, all items are in the medium category. In
addition, for the difficulty level in item numbers 1, 2, 3, 4, and 5 in the medium cate-
gory. Meanwhile, the level of discriminatory power shows that item number 1 is in a
suitable category, item number 3 and 5 is in the medium category, and item number 2
and 4 is in the weak category. An interview was carried out to obtain more information
about 3D geometric thinking, and it was carried out in 4 sessions. After studying dimen-
sional representation, spatial structuring, and measurement, the first, second, and third
sessions were conducted on four students (2 boys and girls). Conversely, the fourth ses-
sion was performed after they were given test questions to measure their 3D geometric
thinking abilities.

3.4  Data analysis

This study analyzed the data from observations, interviews, and tests qualitatively.
The process was started by acquiring all necessary information obtained from the first
to the fourth observations and interviews. Furthermore, it was examined, selected,
extracted, and coded based on the determined criteria. Next, it was interpreted, and con-
clusions were drawn using content analysis [48] to describe the students’ 3D geometric
thinking. Also, the test results were analyzed by adopting the steps proposed by [49],
which started with the assessment keys. This was continued by creating a framework
based on 3D geometric thinking dimensions. The students’ answers were evaluated and
graded based on the assessment keys. Subsequently, the data from the previous stage
were analyzed descriptively.

4 Results

4.1 Interactive 3D geometry book (I3DGB) with AR

The outer part of an I3DGB consists of a cover page, foreword, table of contents,
instructions for using the book, concept maps, learning objectives, and introduction to
geometric figures, as shown in Figure 2.
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Fig. 2. Cover of I3DGB with AR

The I3DGB user manual contains activities that guide students to develop knowl-
edge of 3D geometry. At each meeting, the learning process follows the 6E I3DGM
phases (elicit, engage, explore, explain, elaborate, and evaluate) which is represented
in the textbook, as “let’s remember (elicit)”, “let’s connect (engage)”, “let’s explore
(exploration)”, “let’s communicate (explanation)”, “let’s elaborate (elaboration)”, and
“let’s evaluate (evaluation)”. Meanwhile, the concept map section contains the flow of
3D geometry concepts in the school curriculum.

Q Ayo Eksplorasi

\
Arahkan kamera handphone pada gambar dadu di bawah ini. Setelah itu, perhatikanlah

titik sudut, rusuk, bidang, diagonal bidang, diagonal ruang dan bidang diagonal dari
bentuk 3D yang muncul pada kamera handphone tersebut.

)
.
.
- - -
s

i
2
o
P .
%
» o i
\ 13i 5
Fig. 3. I3DGB display in exploration phase

Fig. 4. 3D animation display
in the exploration phase
I3DGB contains five materials, namely (1) identifying the elements and properties
of 3D geometry, (2) drawing the shapes, (3) creating nets, (4) calculating the surface

area, and (5) the volume. Each material is equipped with 6E I3DGM phases integrated
with AR technology. This is shown in the exploration (Figures 3 and 4) and evaluation
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phases (Figures 5 and 6). In the exploration stage, the students were asked to point their
cellphone cameras at images (markers) of objects in the form of 3D geometry. After
that, they were made to pay attention to the shape of the 3D animation that appeared on
the screen. Subsequently, students were asked to write down the results of their explo-
ration in the explanation phase. Problems related to materials or topics in the evaluation
phase were then given to reinforce the memorized new concept.

:_?-;J Ayo Evaluasi

Arahkan kamera handphone pada gambar di bawah ini.

Perhatikan permukaan dari bentuk 3D yang muncul pada kamera handphone tersebut.
Setelah itu, selesaikan permasalahan di bawah ini.

Fig. 5. Evaluation phase display Fig. 6. Evaluation phase display

4.2  Potential in growing 3D geometric thinking skills

In this research, five questions were tested; 2 of them measured representation
dimensions and spatial structuring, while one was centered on 3D geometric measure-
ments. Empirically, the results of descriptive statistical analysis are shown in Table 2.

Table 2. 3D geometric thinking ability test results

Dimensions N Minimum Maximum Mean Variant
Representation Dimension 28 36 93 68 217
Structural Spatial 28 43 100 72 316
Measurement Dimension 28 29 100 70 462
Whole 28 42 95 70 211

The maximum value obtained from each dimension or as a whole is 100. Based on
this result, it was realized that the minimum value of each dimension is 36, 43, 29, and
as a whole is 42. Furthermore, the maximum value for the representation is 93, and
the spatial structuring and measurement dimensions are 100, while the overall is 95.
Furthermore, the mean value for each dimension is 68, 72, and 70, and the total is 70.
This shows that, on average, students who answered questions related to the spatial
structuring dimension correctly are more than the other dimensions.
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Furthermore, 217, 316, and 462 were obtained for the variance value in each dimen-
sion, and these indicate that they obtained a diverse outcome for the measurement
dimension. The table shows that AR, which is integrated into 6EI3DGM, can grow 3D
geometric thinking skills.

Furthermore, if we take a more in-depth portrait of students’ 3D geometric thinking
processes on the dimensions of representation, spatial structuring, and measurement, it
shows the diversity of students in solving problems given by the teacher.

1. A 36 unit cubes are arranged into a large block, which each side is colored. After that, several unit
cubes are drawn so that the 3D geometric shape appears in the image below.

a. How many unit cubes are left in the
figure?

b. Explain how to detemuine 1t!

¢. How many unit cubes are left with
uncolored sides?

d. Explain how to determine it!

e. How many residual unit cubes have
one side colored?

f. Explain how to determine it!

2. Dice is a representation of a cube with dots on [ I =,
each side. The sum of the opposite sides of a die ‘e
g 2 < \ L
always has seven points. The following is an \o ®

example of two cube nets.
The number inserted in each square indicates the number of dots. Fill in the appropriate numbers in
the empty squares!

)
415 3

Fig. 7. Question form on the dimension of representation

In the representation dimension, the questions tested determine the number of unit
cubes in a large one. The 3D geometric thinking process was analyzed based on cor-
rectly and incorrectly answered. However, from the results of the first questions, which
were answered correctly by the majority, it was seen that they were able to represent
the unit cubes, including the invisible ones. They already know ways to determine it
by counting the number of unit edges in the first layer both in length and width. Then
multiply the two results, representing the number of unit cubes in the first layer. They
repeated the process to determine the amount in the second one.

Meanwhile, students who did not answer the questions correctly did not seem to
visualize the plane or side of the unit cube that was invisible. They had difficulty iden-
tifying the number of unit sides on a large cube. Furthermore, the students were only
able to represent the visible side of the unit cube.

Students who answered correctly assumed that the opposite fields were not close in
the second question. Therefore, the opposite plane needs to be identified to generate
a 3D geometric shape from a 2D grid. The students were asked to fill in the numbers
in the opposite field in this context. Based on the interview, they paired the field with
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number six with that designated with one because it was assumed to be the farthest.
This pair formed the front and back lines.

Furthermore, the field with the number 5 was paired with the one with 2. They
assumed its position is adjacent to the field with number 4. The opposite ones produce a
field positioned both on the right and left sides. Furthermore, the field with the number
4 is opposite the one designated with three, which is in the middle. The numbers 4 and
2 were used to produce the bottom and top fields. The process was repeated to answer
the following question.

3. Look at the 3D geometry image below!

it

[

Draw the front view, side view and top view of the unit cube arrangement!

4. Look at the 3D geometry image below!

The arrangement of the unit cubes above is a representation of a
multi-storey building.

a. How many floors are there in the building?

b. Explain how it 1s calculated!

c. How many rooms are there on each level?

d. Explain how it is calculated!

€. Write down the total number of rooms in the building.

f. Explain how 1t is calculated!

Fig. 8. Question form on the spatial dimension of structuring

Related to the students’ thinking process in solving problem number 3, they needed
to understand the meaning of drawing the front, side, and top views. The data from
the interviews showed that they could comprehend the meaning of the front view,
which depicts drawing two dimensions from the anterior point of a 3D geometric
image. However, most of those that answered correctly arranged the parts of the 2D
image. Therefore, producing a complete 3D geometric shape is inseparable. This is
similar to drawing from the side or top view. It shows that the students could translate
2D geometric parts formed from 3D. Furthermore, those that failed to answer cor-
rectly drew the front, side, and top views separately without combining them into a
two-dimensional image.

In the fourth question, the students that answered correctly counted the parts at the
lower level and so on. First, those in width multiplied the number of rib structures in the
lengthy section. The second and third levels were realized by mere observation. Those
whose thinking processes were not precise could not see the unit cubes that were not
visible at every level. This includes determining the structure of its edge on the base or
invisible side.
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5. Look at the picture of the container below

et 4-2:‘_1':" A container will be modeled in the form of a block. If

every 2 meters on the container will be expressed as 5

cm on the model.

a. Calculate the surface area of the container!

b. Calculate the surface area of the block model!

ameter  C. Calculate the ratio between the surface area of the
container and the surface area of the block model!

d. Calculate the volume of the container!

e. Calculate the volume of the model block!

f Calculate the ratio between the volume of the
container and the volume of the block model!

Fig. 9. Question form on measurement dimensions

The students that answered correctly applied the formula for calculating surface area
and volume. They understood the concept of geometric models with actual shapes.
The majority carried out the comparison to determine their length, width, and height.
Besides, determining the actual geometric shape was obtained by using the formula for
surface area and volume. Although they could solve the problem, they did not under-
stand the concept correctly.

On the contrary, those who answered incorrectly did not clearly understand the con-
cepts involved in solving the problem. They had difficulty in conceptualizing the for-
mula for surface area and volume. Furthermore, some students did not understand the
comparison concept in determining the length, width, and height of the 3D geometric
model. Besides, some errors were made when calculating the surface area and volume.
Some were able to determine their values but mistakenly failed to compare the volume
of the model with the actual one. This is because they were not careful in determining
the surface area and calculating the volume of the model and its actual shape.

Based on the analysis of students’ 3D geometric thinking processes, it is evident that
the average majority could answer questions about representational dimensions, spatial
structuring, and measurement. Most of them solved problems related to determining
the elements and construction of 3D geometric shapes from 2D grids visible to the
students, its translation, counting the number of cubes, and calculating surface area and
volume. They started to visualize invisible elements. The ability to represent 3D geo-
metric shapes correctly helps students acquire knowledge. Furthermore, in structuring
the spatial dimensions, they can also analyze the side structures and plane shapes that
are not directly visible. The majority could calculate and compare the surface area and
volume when measuring dimensions. This shows that using learning approaches that
integrate AR technology into 6E I3DGM can help students represent 3D geometric
objects correctly.

5 Discussion
Schools as places for formal learning need to facilitate knowledge development.

One of the processes applied in this research context is geometric thinking, especially
3D. Ontologically, it is built on dimensional representations, spatial structuring, and
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measurements [13]. Meanwhile, theoretically, the 3D geometric thinking ability in the
representation aspect is based on Duval’s theory (visualization, construction, and rea-
soning) [50]-[52], Fischbein’s Figural Concepts [53], [54], and Van Hiele’s levels of
geometrical thought [55]. Meanwhile, spatial structuring is developed from the theory
of mental model [56] and imagery [57], including visuospatial processing [58]. Mea-
surement is built from the child’s conception of space, a theory proposed by Piaget
[59]. Furthermore, [60] Harel formulated the term way of thinking, defined as a series
of cognitive mental actions that produce mathematical understandings. On this basis,
one’s understanding of mathematics continues to grow through the process of assimi-
lating new knowledge [60]. Moreover, how an individual thinks and gains knowledge
or understanding of mathematics are also accommodated in APOS theory, actions, pro-
cesses, objects, and schemas [61]. Newly memorized schemas realized through assim-
ilation, accommodation, and equilibration become prior knowledge, known as Piaget’s
cognitive development stage [62]. 3D geometric thinking is defined as cognitive pro-
cesses involving objects, memory, senses, and prior knowledge. These are interrelated,
starting from 3D geometric objects visualized with the five senses through the repre-
sentation process [21]. Additionally, these are memorized through the perception pro-
cedure [63]. Memory in the form of knowledge is stored either for a long or short term
depending on the internalization process [64]-[66]. Newly acquired knowledge forms a
prior schema. Furthermore, it tends to be reactivated through the connection procedure
[67]. This rotational process leads to the acquisition of knowledge by others.

The learning design that facilitates this process is the 6E instructional 3D geom-
etry model. Furthermore, technological aspects significantly augmented reality, also
assisted in representing and constructing 3D geometric shapes from 2D nets seen by
the students, translating and calculating the number of cubes and surface area and vol-
ume. The findings confirm that the phases in 6E I3DGM, such as to elicit, engage,
explore, explain, elaborate, and evaluate, facilitate students’ 3D geometric thinking. In
the elicit phase, they are instructed to perform cognitive actions by activating their prior
knowledge. This is done by asking questions to stimulate students’ understanding of 3D
geometry [68] and foster their motivation and interest [69].

Furthermore, in the elicit phase, the students are advised to participate in the engage
phase, and both parties connect prior knowledge with the newly acquired ones in this
stage. Moreover, the teacher must create an interactive relationship between the stu-
dents and the subject matter in the engage phase. This is inconsistent with the study
[70], which stated that real engagement in the mathematical ideas learned needs to be
meaningfully related to past experiences (knowledge and mathematical identity). This
is achieved through exploration, conjecture, logical reasoning, and communication pro-
cesses [70].

Furthermore, several strategies are adopted in the exploration phase, such as using
challenging tasks [71] to carry out various technological products [72]. This study
applied AR technological product because it has been widely used in 3D geometric
learning [17], [73]-[79] and helped students in understanding the representation [17],
visual-spatial [82], [83], and measurement dimensions [17]. In addition, the use of AR
can facilitate interaction between teachers and students to learn certain concepts [84],
[85]. This finding shows that most could answer the 3D geometric thinking ability test
questions. This is understandable because the AR characteristics help students visualize
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3D geometric objects directly. They can discern the shapes from various angles, includ-
ing back, front, and even rotate them. The continuous visualization process molds
the students’ cognitive mental actions in understanding the structure of 3D geometric
shapes, which leads to better test results. The explaining and elaborate phases follow the
exploration stage using AR. The explain stage aims to internalize and confirm answers
from the exploration results [80] through active communication between teachers and
students [81]. In addition, the learners can describe the material they have been taught
while the teacher provides formal definitions and academic explanations [81]. Further-
more, in the elaborate phase, the students are asked to work individually to internalize
the knowledge gained from the previous stage [81]. Additionally, they are presented
with new situations (e.g., real-life related problems) that are challenging [81] for them
to apply the acquired knowledge and relate it to existing ones [80].

6 Conclusion

In conclusion, this study showed that learning potentials that integrate AR into
6E I3DGM facilitate the thinking process of 3D geometry in representation, spatial
structuring, and measurement dimensions. This is because, first, characteristically, AR
integrated interactive 3D geometry books can help students represent, visualize, con-
struct, and form awareness of the size of 3D geometric shapes directly. In addition, the
use of AR in 6E I3DGM learning can bridge students to interact directly with 3D geom-
etry objects and minimize students’ incorrectness in understanding questions and solv-
ing 3D geometry problems. The phases of 6E I3DGM (elicit, engage, explore, explain,
elaborate, evaluate) also can help them develop their 3D geometric thinking abilities. In
the representation dimension, the majority could represent the elements and determine
the number of unit cubes that were not directly visible. They have also been able to con-
struct 3D geometric objects from 2D nets by first identifying opposite planes and believ-
ing they are not adjacent. Meanwhile, in the spatial structuring dimension, students
already understand the meaning of drawing from the front, side, and top views. They
can compare the model’s length, width, and height with the actual shape based on the
measurement dimension. They can also determine its surface area; although some have
difficulties carrying out a series of 3D geometric thinking processes, it does not mean
that the learning design factors cause it. This is influenced by many other attributes, such
as prior knowledge, learning, and cognitive styles, including design. The results of this
study are also in line with the results of other international studies which conclude that
the use of new technology in 2D and 3D geometry learning is effective for improving
understanding of geometry at both the school and university level [86]-[89].
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