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Abstract—Learning three-dimensional (3-D) shapes in geometry are essen-
tial to improve students’ spatial abilities. However, the concept of three-dimen-
sional shape is still considered as a difficult topic to be taught by some math
teachers and to be learned by students in Indonesia. Therefore, an alternative
media which can facilitate the learning process of geometry is required for teach-
ers and students so that they can easily understand the concept. This present study
attempts to implement mobile-based augmented reality (AR) as a media which
can aid junior high schools’ teachers and students, specifically, in comprehending
the concept of three-dimensional shapes in geometry for knowing students spatial
learning activities. The results of the study reveal that by using mobile-based
augmented reality can increase students spatial learning activities.

Keywords—Augmented reality, geometric shapes, mobile-based, spatial abil-
ity, three-dimensional shape.

1 Introduction

The three-dimensional (3-D) shape is one of many concepts in geometry which is
taught in junior high schools in Indonesia. This concept introduces students to recog-
nize geometric objects, problem-solving abilities, and other mathematical abilities [1].
These abilities are vital in human life. Geometry appeals to visual, aesthetic and intui-
tive senses, which are intimately connected with the development of mathematics [1].
Geometry is one of the practical elements in mathematics. Studying geometry suits to
improve one's mathematical abilities [1]. Learning geometry is also considered as an
important activity to improve spatial ability. Spatial ability is the ability to generate,
retain, retrieve, and transform well-structured visual patterns. It is an essential compo-
nent of human intelligence and it hugely influences Science, Technology, Engineering,
and Mathematics (STEM) domains [2]. It may give a new perspective of spaces and
provide a way to interpret and reflect on our physical world. Although this ability is
one of the important human abilities, it is difficult to develop it. Many studies show that
providing students with geometry learning activities proven as a powerful strategy to
improve students’ performance in spatial ability tasks [3]. However, these activities
generally require skills to generate and manipulate three-dimensional mental images
from two-dimensional (2-D) objects which may cause some difficulties for some
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students [4]. Furthermore, there is an assumption that geometry or mathematics is one
of the most difficult subjects and it is not preferred by most students [5].

Technology has influenced the process of learning in the last decade. Various tools
are widely used to enhance the results of students’ performance, such as mobile tools
and mobile instructional [6], cyber blog [7], and augmented reality [8]. Augmented re-
ality (AR) is a kind of technology that is capable to combine and overlay computer-
generated content onto the real-world object or real-world environment. It allows dis-
playing both 2-D and 3-D objects and showing every part of the objects in various
viewpoints. Moreover, this technology could be combined with mobile technology, so
it can give more experience to the user [9]. The studies focusing on the use of Mobile-
Based Augmented Reality (MB-AR) in mathematics, especially in geometry is still very
limited. AR has many advantages that can be utilized for learning purposes [10]. With
AR’s advantages, teachers are expected to teach geometry easily which makes students
can quickly understand the concept of geometry, especially concerning the concept of
2-D and 3-D shapes.

Cell phone technology is developing very rapidly today [6] and is broadly used by
almost everyone worldwide including students in schools. Generally, students have ac-
customed to using a camera in their cell phones with advanced technology such as An-
droid. However, it is usually used merely for entertainment purposes, such as playing
games, opening video websites, or taking selfies [11]. Thus, it can be said that the use
of cell phones for learning purposes is still limited, when in fact; it is possible to be
utilized for learning processes. By considering these advantages, a tool can be created
to assist the process in learning geometry and hopefully help students overcome the
difficulties in understanding it. This present study exhibits a type of mobile-based aug-
mented reality to learn three-dimensional shapes in geometry which is different from
other conventional learning media. The mobile application can visualize the nets of 3-
D shapes through animations as well as the vertex, edges, space diagonals, and diagonal
plane of 3-D objects. All of the objects can be viewed in all directions by using mobile-
based augmented reality. In particular, the system uses unity 3D and vuforia AR soft-
ware as the development platform. This media is expected to make geometry learning
easier and more attractive to students.

2 Literature Review

2.1  Three-dimensional shapes in geometry

The concept of volume and surface areas of three-dimensional shapes in geometry
are still difficult to be grasped by some students ([12]; [13]; [14]), for example, calcu-
lating the surface areas and volumes of cylinders, prisms, pyramids, and cones. Students
mostly are still facing difficulties in understanding these geometrical concepts. Most
teachers only use conventional media or books in teaching these concepts so students
find it difficult to visualize the whole areas of three-dimensional shapes, especially
when they want to observe and calculate various parts of a certain shape such as the
inner side, diagonal, and space diagonal of the 3-D shapes. 3-D shapes are often found
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in daily life; therefore, the concept of 3-D shapes should already be understood by stu-
dents. Three-dimensional shapes in geometry are studied at school in Indonesia because
this concept is required by students so that they can identify the geometric objects that
they later will encounter in real-life.

2.2 Spatial ability

The ability resulting from studying geometry is the spatial ability or the ability to
examine geometric spaces. This is a basic ability for students [15] so that by under-
standing the concept they can interact and adapt well with the surroundings. To develop
this ability, teaching and learning processes are required to be properly managed. None-
theless, in reality, teachers do not have an adequate ability to teach geometry by relating
to its application in real-life [16]. In addition, many students in Indonesia face difficul-
ties in understanding this concept. Spatial abilities include understanding three-dimen-
sional shapes. The accomplishment of this ability is characterized by the capability of
students in identifying the three-dimensional shapes including their elements. The spa-
tial ability of three-dimensional shapes can be classified based on its objectives:

— The characteristics or properties of the shapes.

— The use of appropriate terms to describe geometric shapes, depending on the level
of students' thinking abilities.

— The ability to show the evidence of geometrical thinking in solving puzzles, explor-
ing shapes, designing, and analyzing shapes.

— The ability to recognize shapes in their environment.

— The ability to solve problems.

Spatial ability is an essential mathematical ability, especially in geometry. There are
numerous definitions of spatial ability:

o Able to analyze the geometry characteristics and properties of both two-dimensional
and three-dimensional.

o Able to construct mathematics arguments concerning geometric relationships and so
on.

o Able to identify, classify, compare, and analyze the characteristics of properties and
relationships of one, two, and three-dimensional geometric shapes [17].

2.3 Augmented reality

Augmented Reality (AR) technology is a combination of the real world and the vir-
tual world ([18]; [19]; [20]). AR is currently used in various fields of science and train-
ing that require simulations. In the educational field, AR has also been used from basic
education to tertiary education. Several studies present that AR can increase students’
attention [21] and motivation [22]; [23]. AR allows the users to see the real situation,
through the created virtualization [24]. The use of AR in learning processes is still very
limited, whereas one of the advantages of AR is to improve the quality of learning in
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schools and even universities. Moreover, it can especially be used by schools that have
limited laboratory equipment.

Mobile-based AR (MB-AR) used in this study is the result of the development done
by the previous researchers. This MB-AR comprises of two parts namely MB-AR An-
droid-based application which is stored in cell phones and a magic book. MB-AR An-
droid-based application is integrated to a camera phone and works to recognize the
markers on the magic book. On the other hand, the magic book can be used a guideline
for students in learning 3-D shapes in geometry. When students want to see the visual
of 3-D shapes based on the materials that they learn, they can highlight the anime image
using a camera attached in the Android phone that has MB-AR application.

3 Methodology

This study attempts to implement a mobile-based augmented reality media to the
process of learning mathematics in middle school. MB-AR serves as a learning aid to
explain the concept of 3-D shapes. The development of MB-AR media is explained in
this study and has been considered appropriate to be used in the learning processes. The
media has been assessed by material experts, media experts and has been previously
tested on students. The MB-AR media has been used by 150 junior high school students
in Bandung, Indonesia, during their learning processes. To uncover their spatial learn-
ing activities, all students are observed when they are learning 3-D shapes in geometry.
In this learning observation, the elements which are investigated consisting how stu-
dents analyze the characteristics of geometric objects; construct mathematical argu-
ments geometrically; identify, classify, and compare geometric shapes; transform and
use the media systematically in analyzing mathematical situations geometrically; and
visualize, think spatially, and model the concept of geometry on problem-solving. The
learning process is carried out in 3 stages and each of them is observed. These three
stages discuss different materials that will be described. The first stage focuses on the
discussion of cube and cuboid. Then, students' spatial learning activities are observed.
The second stage talks about pyramid and prism. Similarly, after that, the observation
of spatial learning activities are examined. On the third stage, the material concerning
surface area and volume of the 3-D shapes are discussed. As it has been conducted on
the first and second stages, spatial learning activities of students are investigated fol-
lowing the discussion of the material. The results of students' spatial learning activities
observation are then added in terms of each characteristic and stage. The sum then is
converted into percentages and categorized based on the type of spatial learning activ-
ity. By having the percentage of students' spatial learning activities from stages 1 to 3,
the development of their results can be examined.
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4 Result and Discussion Review

4.1  Mobile-based augmented reality media

The steps in producing MB-AR that can be utilized in learning processes begin with
the analysis of the user, material, software, and hardware, followed by designing, de-
veloping, and testing [25]. User analysis is conducted to discover the characteristics of
users who will later use MB-AR. It is carried out to see if the AR display design meets
the users’ preferences; whether the users are interested in the AR display, and whether
the users will possibly have any difficulty in operating the AR. Material analysis is
intended to estimate the format of the material that is suitable for MB-AR display
whether it is a video, text, graphic, or other formats. The determination of the format of
this material is adjusted to the abilities that are expected to be achieved by the students
after using MB-AR in learning processes. The next step is software and hardware anal-
ysis. This analysis is intended to determine and anticipate whether the software and
hardware used in MB-AR are suitable with the characteristics of the user's software and
hardware. This step must be performed so that when MB-AR is used by the user, it will
be compatible with all software and hardware owned by the user. Additionally, this
MB-AR can be used for a long time which means that although software and hardware
continue to develop, this MB-AR can continuously be used for the next few years. This
analysis step is an anticipatory step that is required to be completed in the development
of the MB-AR so that the media will meet the user’s needs.

The next step in developing MB-AR is designing. In this step, the design of flow
charts, storyboards, interface views, menus, and icons of the MB-AR are developed.
The next step is to design the material that will appear in MB-AR. The MB-AR is de-
veloped to train junior high school students to understand spatial concepts, so the ma-
terials will be shown in the form of simulation and animation. The format of the mate-
rial, which is in the form of simulation and animation, allows students to learn the con-
cept of geometry more comprehensively. Furthermore, the learning processes will be
encouraged by the advantages of AR, where the form of geometric shapes can be seen
from various points of view. Therefore, by learning about 3-D shapes using MB-AR, it
is expected that the spatial ability of students in geometry can be further trained. After
the design step is complete, the process is followed by MB-AR development. MB-AR
development uses unity 3D and vuforia AR. This platform is chosen because its practi-
cality so the MB-AR can be accessed via an Android phone. Another consideration for
the development of the MB-AR s to allow students accessing the MB-AR anywhere
and anytime depends on the users’ needs. The final step in this media development is
testing. The testing process is conducted based on the judgment of media experts and
material experts. The results indicate that MB-AR is considered appropriate for learning
activities.

The MB-AR is developed using markers in the form of anime images which are very
popular among middle school students, such as is shown in Figure 1.
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Fig. 1. Anime characters used for markers in MB-AR

If the anime character in Figure 1 is scanned using a cell phone camera, it will di-
rectly display the image of three-dimensional shapes above the character. The order of
the appearance of the three-dimensional shapes is following the order of materials pre-
sented in the MB-AR student handbook. The marker that is used is in the form of a
figure which is deliberately made to display three-dimensional objects. The three-di-
mensional objects which are covered in the lesson include cubes, prisms, cuboid, pyra-
mids, and cones. In this lesson, students learn how to determine the face diagonal, space
diagonal, height or altitude, and slant height on three-dimensional objects. The AR me-
dia illustration used is presented in Figure 2.

Fig. 2. The main display of AR geometry media

Figure 2 is the main display of the MB-AR that has been developed. On this initial
display, there is an instruction menu of the MB-AR,; a start and exit menu. The instruc-
tion menu explains how to operate the MB-AR,; thus, the users are not confused about
using the media. The start menu is used to open the MB-AR. It can be operated by
logging in using the user ID and password that have been given to students. After suc-
cessfully logging in, the media will go to the next display which is the material to learn
3-D shapes.

In Figure 3a and 3b, the material related to a rectangular prism is displayed. In this
picture, students can understand the parts of a prism, such as the sides, diagonals, and
ribs. In addition, because it applies AR technology, the image of the prism and its parts
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can be rotated according to the user's needs so they can see the structure of the prism in
more detail.
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Fig. 3. A three-dimensional view of a prism and its parts
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Fig. 4. A three-dimensional view of a square-based pyramid

Figure 4 (a) and (b) show a square-based pyramid. In its AR display, some menus
can be commenced by the user such as the formula to measure the area and volume of
a square-based pyramid, display of the side, ribs, and diagonal parts of the 3-D object.
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Fig. 5. A three-dimensional view of a cuboid
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Figure 5 (a) and (b) shows a cuboid. In the display of the cuboid material, the user
can try to identify parts of the cuboid, including the sides, ribs, diagonal, diagonal plane,
as well as learn the formula to calculate the area and volume of the cuboid. Additionally,
similar to the previous display, the user can rotate the camera position to get a full view
of the 3-D object they are observing. With the advantages possessed by this MB-AR,
the spatial ability of the users or students can be trained and improved [26].

Based on Figures 3, 4, and 5, MB-AR provides an opportunity for students to explore
all parts of three-dimensional objects in geometry comprehensively so they can better
understand the concept of three-dimensional objects. It is possible to occur because the
MB-AR can be played according to the users’ needs. Students can see almost all parts
of the three-dimensional objects from various perspectives so it helps those who have
been struggling in visualizing parts of geometric shapes by merely using immovable
media or non-visual media. By using this MB-AR, students can overcome such prob-
lems. This MB-AR provides opportunities for students as if they are observing real
three-dimensional objects through live experience because three-dimensional objects
can emerge above the highlighted anime character image.

The live experience is a kind of learning experience that must be provided for stu-
dents [27] because it will encourage high learning outcomes. Through live experience
in learning three-dimensional objects using MB-AR, students' ability to observe spaces
is expected to increase. Student’ handbook is also provided in developing MB-AR ma-
terials. The handbook can be used by students as a guide in learning three-dimensional
objects. In this handbook, the materials have been organized along with the anime im-
age markers that can be highlighted by students’ and teachers' camera phones. When
the anime image is highlighted, a three-dimensional object will appear above the image.
With this handbook, students can adjust their study time according to their needs.

Therefore, the use of MB-AR, which is equipped with a handbook as a guide for
students in learning about three-dimensional objects, can both provide opportunities for
students to explore AR-assisted material and help students to learn individually. Indi-
vidual learning is a process that must be trained because it can improve students' prob-
lem-solving abilities [28]; [29].

4.2 Students activities of spatial abilities

Based on the implementation of the MB-AR at schools, an overview of how students
learn in classrooms when using MB-AR is obtained. This learning activity is under the
spatial ability of students which is investigated through classroom observation by using
observation guidelines. Students’ learning activities can be seen in Table 1.
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Table 1. Students’ activities towards the use of geometry using mobile-based AR

Indicators 1 Phase | 2" Phase | 3™ Phase

Able to analyze the geometrical characteristics and properties of three-
dimensional objects

Able to construct mathematical arguments concerning geometric rela-
tionships and so on

Able to identify, classify, and compare geometric objects 75% 76% 80%
Apply the transformation and use it systematically in analyzing mathe-

65% 70% 78%

69% 2% 75%

0, 0, 0,
matical situations 74% 7% 80%
Use visualization, spatial thinking, and geometric model in solving 0 o o
problems 78% 82% 85%
Average 72% 75% 80%

Based on the observation that has been conducted, it is shown in Table 1 that there
is an increase in all indicators. Students are found to have the ability to analyze the
geometrical characteristics and properties of three-dimensional objects by using MB-
AR. This is indicated by an increase in spatial activity in the aspect of being able to
analyze the characteristics and properties of 3D shapes from 65% to 78%. In terms of
constructing mathematical arguments concerning geometric relationships and so on, the
increase has occurred from 69% to 75%. This is proven by their ability to understand
the diagonal calculation of the observed objects using MB-AR. They find it helpful
since they can directly map the concept of diagonal even of the hidden parts of 3-D
shapes which makes the calculation more accurate. It is in line with the statement in an
earlier study that believes that the augmented reality mode performs significantly better
than those in the simulation mode in achievements and visual thinking [30]. The per-
centage of students’ ability in identifying, classifying, and comparing has also improved
from 75% to 80%. This means that by learning three-dimensional shapes geometric
using MB-AR students can identify geometric shapes, including cube, prism, cuboid,
and so on. Students are also able to classify the three-dimensional shapes clearly and
compare one shape with another. Moreover, the percentage of applying the transfor-
mation and using it systematically in analyzing mathematical situations rises from 74%
to 80%. These results mean that they are able to transform various geometric shapes
and use them systematically to analyze geometric shapes into mathematical situations.
they understand the volume of three-dimensional shapes, determine diagonals of three-
dimensional shapes, and other parts Lastly, the percentage of the use of visualization,
spatial thinking, and geometric model in solving problems has grown from 78% to 85%.
These results mean that they are able to solve three-dimensional visualization and solve
three-dimensional problems. Overall, students’ responses towards the use of geometry
learning media based on AR have averagely increased in all phases from 72% to 80%.
this means that on average the spatial activity of students after learning three-dimen-
sional geometry using MB-AR is in the high range. This shows that the use of MB-AR
is effective in increasing students' spatial activity.

Furthermore, by using MB-AR, teachers can explain the material of three-dimen-
sional objects clearer as this media assists them in showing the students the important
parts of three-dimensional objects. A learning media is one factor that determines teach-
ers’ quality in teaching processes [31], [32]; thus, by utilizing a particular media,
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students are likely to understand the materials taught by the teachers faster [33]. This
later leads to the growth of students’ spatial learning activities.

5 Conclusion

According to the results of the study, it can be concluded that all students' spatial
learning activities that are observed which consist of; the ability to analyze the geomet-
rical characteristics; the ability to construct mathematical arguments geometrically; the
ability to identify, classify, and compare geometric objects; the ability to transform and
use the media systematically in analyzing mathematical situations geometrically; and
the ability to visualize, think spatially, and model geometric concepts in solving prob-
lems, are seen to be increasing. This indicates that the use of MB-AR has effectively
contributed to the growth of students' spatial learning activities.
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