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Abstract

Learning geometry began in elementary school and continued through high school, as well as
at more advanced levels in the area of interest of higher education. This is because studying
geometry can enhance students' problem-solving skills and mathematical reasoning. Prioritized
in geometry are the acquisition of spatial reasoning skills and an understanding of geometrical
shapes and properties. This research aims to describe the spatial abilities of high school students
in solving geometry problems. This study used qualitative research methods using descriptive
design. The research subjects in this study were ten grade students in a senior high school in
Aceh, Indonesia, consisting of three subjects with high, medium and low geometry abilities.
Data collection techniques used were tests and interviews. The instruments in this study were
geometric ability tests, spatial ability tests and interview guidelines. Data analysis techniques
use data analysis techniques; data reduction, data display and draw a conclusion. The results of
the study show that the spatial ability profile of students in the high and medium categories in
solving geometry problems is that they have good abilities in showing correct perception of the
position of geometric objects; have good ability to show correct perception of the shape of a
geometric object. The low category students have good abilities in spatial perception but have
poor abilities in visualization abilities. Students with high, medium and low abilities in solving
geometry problems have good abilities in demonstrating mental rotation abilities.
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Introduction

The features and relationships between points, lines, planes, and spaces are covered in one
of the mathematical courses known as geometry (Akinct & Geng, 2020; Bergstrom & Zhang,
2016). Learning geometry began in elementary school and continued through high school, as
well as at more advanced levels in the area of interest of higher education. The study of
geometry is important for mathematics. This is because geometry teaches students how to
analyze and solve complex problems in a logical and structured manner (Kaufmann, 2011).
Through geometry, students learn to think abstractly and logically, developing the ability to
prove and understand mathematical concepts (Septia et al., 2017). Students who study
geometry should be able to examine the features of two and three-dimensional geometries and
draw links between them. They should also be able to employ visualization, spatial reasoning,
and geometry modelling to solve mathematical problems (NCTM, 2000). Even though
geometry is relatively difficult mathematical material (Adolphus, 2011; Cesaria & Herman,
2019; Soedjadi, 1991), a good understanding of geometric concepts can be a strong basis for
growing students' interest in studying more difficult and extensive mathematics (Jones, 2003).
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The development of spatial reasoning abilities and knowledge of geometrical shapes and
attributes are prioritized in geometry education (Karakirik, 2011). It is believed that spatial
ability is a crucial requirement for solving geometry problems. High performance in geometry
has often been correlated with high levels of spatial ability (Panaoura et al., 2007). The process
of creating a two-or three-dimensional geometric figure in space mentally and consider many
viewpoints. Therefore, in geometrical thinking, spatial visualization is the most crucial
component (Pujawan et al., 2020; Yenilmez & Ozlem, 2015). This is supported by Tessema's
research (Tessema, 2018) which stated that spatial ability has a major impact on geometric
ability and influences approximately 29.90% of the variables that define geometric ability in
Ethiopian primary schools.

The capacity to create, organize, retrieve, and alter coherent visual pictures is referred to as
spatial ability. It is not a single construct. In fact, there are various spatial skills which are each
stressing a distinct component of the generation, storing, retrieval, and alteration of images
(Lohman, 1993). In general, the ability to create and control mental images in the mind is a
component of spatial ability (McGee, 1979). According to Lohman and McGee, the ability to
create these images and generate information about them collectively constitutes spatial ability.
Additionally, it involves having the capacity to actively interact with images besides to simply
storing and retrieving them from memory (Dilling & Vogler, 2021). Drawing shapes,
manipulating items in an abstract space, and having spatial thinking skills are all important
components of spatial intelligence (Aziz et al., 2017). In terms of spatial ability, Maier
identifies five elements; spatial perception, visualization, mental rotation, spatial relation, and
spatial orientation (Maier, 1996). Maier constructed these categories by summarizing and
examining various essential structural ideas of spatial ability (Dilling & Vogler, 2021).

Spatial abilities refer to skills in representing, transforming, generating, and remembering
symbolic non-linguistic information. Three types of spatial abilities; spatial perception, spatial
visualization, and mental rotation were established by Linn and Petersen (1985). Spatial
perception is the ability to distinguish lines, horizontal planes and vertical planes in spatial
shapes. Spatial perception ability also consists of the ability to identify vertical and horizontal
objects even though the position of the object is manipulated. Spatial visualization is the ability
to visualize or see the composition of an object after its position and shape have been
manipulated. Spatial visualization abilities also include the ability to see a three-dimensional
object from one point of view and another. Mental rotation is the ability to describe objects in
two and three dimensions after rotation. Mental rotation ability includes the ability to rotate
plane shapes and spatial shapes and imagine the rotation of these shapes correctly (Linn &
Petersen, 1985). Lohman argues that there are three main factors of spatial ability; spatial
visualization, spatial orientation, and speeded rotation (Lohman, 1993). From the several
opinions above regarding the meaning of spatial ability, it can be concluded that spatial ability
is a mental ability related to understanding, manipulating, rotating and visual relationships
which is in accordance with the indicators by Linn and Petersen. This research uses three
indicators of spatial ability proposed by Linn and Petersen, spatial perception, spatial
visualization, and mental rotation.

The most prevalent theoretical approach is that spatial representations strengthen
mathematical thinking (Mix et al., 2021). Mathematical issues frequently require the
processing of spatial information, from mental number lines to geometrical figures (Rittle-
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Johnson et al., 2018). Students that have good spatial skills perform much better in mathematics
(Syahputra, 2013). Learning geometry can help students develop their spatial abilities
(Trimurtini et al., 2021). An individual's capacity to perceive the visual world clearly and to
anticipate how different geometric things will interact is referred to as their spatial ability
(Akayuure et al., 2016). It is clear that spatial ability is important for students given the context
of mathematics, especially geometry (Rohmah et al., 2021). From the statements that have been
mentioned, it is clear that there is a close relationship between spatial abilities and geometry
learning.

However, a lot of students have trouble visualizing two-dimensional or three-dimensional
shapes, which makes it difficult for them to comprehend the notions of volume and surface
area in general. Additionally, a lot of students struggle to illustrate a three-dimensional object
on a flat surface (Septia et al., 2017). Since Indonesia has participated in TIMSS, the geometry
subject area has seen the most significant decrease in scores (Suwito, 2018). This shows that
compared to other content domains, the percentage of errors when performing geometry
problems is higher. An example of a geometry subject domain problem from TIMSS 2011 with
the greatest number of errors committed by Indonesian students is shown in Figure 1 (Maulana
etal., 2023).

Ryan is packing books into a rectangular box.

All the books are the same size.

What is the largest number of books that will fit inside the box?

Figure 1. An example of a problem where Indonesian students made the most mistakes.

High levels of geometry abstraction and students' capacity for abstract object representation
were the reason for the problems with geometry in schools (Ningsih et al., 2021). According
to other research findings, students with low spatial intelligence make the most errors because
they have poor visual skills (Riastuti et al., 2017). The other study stated that: (1) level 2
(abstraction) students exhibit spatial abilities that include vision, spatial orientation, and spatial
rotation. (2) students with level 1 (analysis) have spatial skills that include spatial orientation.
(3) students at level 0 (visualization) lack spatial skills (Aulia et al., 2023). Therefore, it is
necessary to conduct research to describe students' spatial abilities in solving geometry
problems. In this study, the researcher aims to describe the spatial abilities of high school
students in solving geometry problems.

Methods

This research used qualitative research methods using descriptive design. In descriptive
designs, the researcher explains the collective experiences and aims to ascertain or comprehend
the participants' points of view, with a focus on how participants interpret a situation (Merriam,
2002). The participants of this study were ten grade students in a private senior high school in
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Aceh, Indonesia. The instruments used in this study were written tests and interviews. The
written test consists of a geometry ability test and a spatial ability test. The geometric ability
test is used to obtain a classification of students' geometric abilities in the form of levels of
students' geometric abilities. The questions used in the geometry test are questions adopted
from the National Examination (UN) which relate to basic geometry material; square,
rectangle, cube and cuboid. The spatial ability test is used to describe the profile of students'
spatial abilities. Validation of the spatial ability test used the content validity of the Gregory
test (Gregory, 2011) with two experts. From the results of the validity test, the results were
83.3%, so the validity criteria showed very high criteria. Additionally, the content reliability
will be determined by the significance of the two experts and will be expressed as the content's
internal consistency coefficient. The reliability estimation result is 0.782 which states that the
instrument is reliable. The interview guide instrument is an instrument used to help gather
information about the profile of students' spatial abilities. Validation of the interview guide
also used the content validity of the Gregory test which resulted in 91,7%, thus indicating that
the interview guide in this study was valid.

Furthermore, we selected three students in high, medium, and low abilities from 17 students
who took geometry tests. Grouping geometric abilities based on geometry test results refers to
Ma'sum's opinion (Khoirudin et al., 2017) which is shown in Table 1.

Table 1
Interval Values for Each Category
Interval Values Category
<40 Low
41-70 Medium
>71 High

From there, they are assigned to spatial ability tests and interviews. The reason the researchers
gave the spatial ability test after the subjects completed the geometry test was because spatial
ability is part of the geometric ability related to three-dimensional shapes (spatial shapes), and
this spatial ability focuses on being able to correctly recognize an object or image and its parts.
The interview method used was a semi-structured interview. Data analysis techniques use data
analysis techniques proposed by Miles and Huberman, namely data reduction, data display and
draw a conclusion (Miles et al., 2014). The research procedure in this study is shown in Figure
2.

Instrument Instrument Data . Conclusion
making validation collecting
» Geometry * The » Geometry + Data « Conclusions

ability test instrument ability test reduction regarding
* Spatial was « Spatial « Data display the research
ability test validated by ability test - Drawing and results and
« Interview two i « Interview verifying discussions
guidelines mathematics conclusions that have
lecturers been
who are discussed
experts in
the field of
geometry
——

Figure 2. Research procedures.
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The indicators used in this study are indicators of spatial ability adopted from spatial ability
research (Azustiani, 2017; Hibatullah et al., 2020; Linn & Petersen, 1985a; Nurjanah & Juliana,
2020). Table 3 shows indicators and questions of spatial ability.

Table 3.

Indicators and Questions of Spatial Ability

No  Characteristics of Indicators Questions
Spatial Ability
1. Spatial ¢ Students are able to show the  If you look at the pile of boxes from above, how
Perception correct perception of the will the shape of the image be formed?
position ~ of  geometric
objects.
e Students are able to
demonstrate precise
perception of the shape of a
geometric object.
(I. Ningsih & Haerudin, 2019)
2. Visualization e Students are able to solve Look at the shape of the cube net below!
problems related to objects
whose position or shape has 9
been manipulated. "
¢ Students are able to visualize
or see the composition of an
object after manipulating its 8| 2 3
position and shape.
4 5
7 6
It is known that side number 7 is the front of
the pyramid, so draw the nets into geometric
shapes and determine which number side is
the base of the cube and name the opposite
sides!
3. Mental rotation e Students are able to rotate a A wooden box in the shape of a block with the

geometric shape and imagine
the rotation of the geometric
shape accurately.

Students are able to describe
a three-dimensional shape
after rotation.

following picture:
H

! OC
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No  Characteristics of Indicators
Spatial Ability

Questions

If the wooden block image is rotated to the
right by 180°, the resulting image is...

Results and Discussion

Based on the results of the geometry ability test, it was found that

3 subjects had different

levels of geometry ability: high, medium and low. The following are some of the results of
student work and interview results regarding the spatial abilities of students with low, medium

and high abilities.

Findings from Subject AN for Problem Spatial Perception Indicator
Problem 1 is a problem related to spatial perception indicators. The following are the results

of students' work on problem 1 on the spatial perception indicator.

Solution:

above will appear:

28 boxes.

The shape of the pile of boxes when viewed from

Number of piles of boxes=15+9+3+1

So, the number of boxes in the pile of boxes is

= 28 boxes

Figure 3. AN’s answer with spatial perception indicator

The results of subject AN's interview excerpts in understanding problem spatial perception

indicator are as follows.

Transcript 1. AN's interview excerpts in understanding problem spatial perception indicator

Do you still remember this problem?

Still ma'am

How do you solve it?

I just counted, the number of boxes that are at the bottom

w”wTVTw;wWDT

ma'am, by SP1

counting the front part, then | drew the boxes according to the number of
boxes in the picture, so the picture looks like this (while showing the

picture).

P :  Will the shape of the box be the same if seen from a different point of

view? Like from the right or left side?
It will be different ma'am

SP2

w o wm

How many piles of boxes are in the picture? And how do you calculate it?
(while counting) there are 28 boxes. The method is that | count at the very  SP1
bottom left (while pointing at the picture), then I count to the back row,

then when finished, | count the number of boxes on the right side until
finished, then move up to the top, and so on until I count them all.
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P : Areyou still having trouble solving this problem?
S : Notanymore ma'am

From the interview dialog and the student's work, information was obtained that the AN
subject had good spatial perception skills. This is shown in a precise perception of the position
of geometric objects. The subject correctly counted the number of boxes in the pile of boxes,
namely 28 boxes. The subject counts the number of boxes with the first level at the bottom left
extending backwards, when finished the subject counts the second left level extending
backwards, and so on. The subject also has a good ability to show the right perception of the
shape of a geometric object. This is shown when the subject correctly draws the shape of a
stack of boxes seen from above and can correctly differentiate the shape of a stack of boxes
when seen from the right and left sides.

Findings from Subject AN for Problem Spatial Visualization Indicators
Problem 2 is a problem related to visualization indicators. The following are the results
of students' work on problem 2 on the visualization indicator.

Solution:
First step

\/

= The square 4 is opposite 1

Second step

7NN
a1 |s

= Facing the square 5 with square 2

Third step

9 So, the facing side is
5 4=1
; 5=2
1
4
’ 5

3

Figure 4. AN’s answer with spatial visualization indicator
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The results of subject AN's interview excerpts in understanding problem spatial

visualization indicator are as follows.
Transcript 2. AN's interview excerpts in understanding problem spatial visualization indicator
P (Shows picture) Is this picture the nets of spatial shapes?
: Cubes and Prisms, right ma'am? This looks like pyramid.
What kind of pyramid do you mean?
A pyramid with a square base bu
How many spaces are there formed?
There are two, ma’am.
In the picture, side number 7 is the front part of the pyramid, how do you
build the parts into a cube and a pyramid?
7 is the front of the pyramid, for example 3 is the base because 3 isinthe V2
middle of the side, so I raise sides number 4 and 1, | raise again 2 and 5,
finally put sides number 7,9,8 and 6 together.

T WLWTOTWLWTOTW

w

P : Can only side number 3 become the base? Is there another side that could

be a base?

Yes ma'am, only side number 3 can be used as a base. V1
Which sides are opposite?

Side number 1 and side number 4, side number 2 and side number5and V2
side number 9, side number 6 and side number 8

Where is the position of the base?

It is located below. V1
Where is the position of the cover?

The location is above. V1
Do you think this kind of problem is difficult?

Yes, because | don't know the steps to be taken and how to solve it.

Did you have difficulty solving this problem?

Yes ma'am, in the section on determining the reasons.

What was the first step you took to solve the problem?

I look at the picture, look for what is known, then look for the base.

wowm

VT WLWTWLLTOTWLWTOTWMT

Based on the results of work and interviews with subject AN on problem spatial
visualization indicator, information was obtained that the subject had good abilities in solving
problems related to objects whose shape was manipulated. This is shown when the subject
explains the side that is the base of the cube net, namely side number 3, and the subject also
explains where the base and cover of the cube are correctly located. The subject is also good at
visualizing or seeing the composition of an object after its position and shape have been
manipulated. This was shown when the subject explained the sides to be folded first, namely
side number 7 on the grounds that this side is known as the front of the pyramid. The two sides
number 4 as the front side of the cube, the three sides number 1 and 9 as the back side of the
cube and the back of the pyramid, the four sides number 2 and 8 as the right side of the cube
and the pyramid and finally the sides number 5 and 6 as the left side of the cube and pyramid.
The subject also explains the sides that are opposite each other, namely sides4 — 1,2 — 5,7
— 9, and 8 — 6.

Findings from Subject AN for Problem Spatial Mental Rotation Indicator

Problem 3 is a problem related to mental rotation indicators. The following are the results
of students' work on question number 3 on the mental rotation indicator.
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Figure 5. AN’s answer with spatial mental rotation indicator

The following are the results of interview excerpts from subject AN's interview in

understanding the following questions.
Transcript 3. AN's interview excerpts in understanding problem mental rotation indicator

P . For example, rotate it to the right by 180°. This is often seen in the direction
of rotation being turned to the right. Do you know?

S It seems clockwise, ma'am

P What if counterclockwise?

S Rotate it to the left, ma'am

P How is it said to be 90°?

S % of the circle rotation ma'am

P In this section it says rotate 180°, so how much will it rotate?

S % of the circle rotation ma'am

P After you turn it, what sign will change?

S Cube and pyramid shapes and some signs such as stars and circles. MR1

P What are the shapes of the space shapes and signs after being rotated 180°?

S The pyramid is at the bottom, the cube is at the top, the circle mark movesto MR1
corner C, bottom left. The star sign has moved to the left corner of F

P In question number 3, are you having difficulty?

S Yes, | have difficulty placing the signs

P If I add 1 more sign, will you experience difficulties too?

S No ma‘'am

Based on the results of work and interviews with subject AN, information was obtained that
the subject had good abilities in rotating a spatial shape and imagining the rotation of the spatial
shape correctly. This is shown when the subject knows the direction of rotation to the right
(clockwise) and the amount of rotation (180°) in the existing spatial shape. The subject also has
good abilities in describing three-dimensional shapes after rotation. This is shown when the
subject draws a shape that has been rotated in the right direction (clockwise) and the angle is
large (180°) and the subject also mentions signs that have moved from the previous position,
such as the pyramid moving down, the cube moving upwards, then the round sign moves to the
left corner C and the star sign moves to the bottom left corner F.

Findings from Subject FU for Problem Spatial Perception Indicator

The following are the results of students' work on problem 1 on the spatial perception
indicator.
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Solution:

4

The bottomrow=4+3+3+2

The second row from bottom=2+2+2+2 +
1

The third row from the bottom=1+1+1
The third row from the bottom =1

Total =28

Figure 6. FU’s answer with spatial perception indicator

The results of the FU subject interview excerpts in understanding problem spatial perception
indicator are as follows.
Transcript 4. FU's interview excerpts in understanding problem spatial perception indicator
P : How do you solve this problem?
S : (think for a moment) I read the problem several times until | understood it. SP2
Then, | tried to rotate the image in the question. | can't imagine the shape of
the picture. Then I tried to make blocks out of paper and I arranged the paper
blocks according to the picture in the problem. Furthermore, | can see the
image from above, then the image is formed. In addition, | can see the shape
of the pile from above and can also see the shape of the stack from all angles.

P . Will the pile of boxes have the same shape when viewed from the right and
left side?
S No, it's not the same ma'am SP2
P How many boxes are there in the pile?
S 28 boxes ma'am SP1
P In working on this problem, do you have any difficulties?
S Yes, I'm having trouble.
P How do you deal with that difficulty?
S I read the questions several times until I understood. Then, | rotated the paper.

However, | haven't found a solution yet, so | tried using a block that I made
from paper, then | stacked the paper blocks according to the picture in the
problem. So, | found this image form (while showing image).

Based on the results of work and interviews with FU subjects in problem spatial perception
indicator, information was obtained that the subjects had good abilities in showing correct
perception of the position of geometric objects. This is shown when the subject correctly counts
the number of boxes in the stack. The subject has good abilities in showing precise perception
of the shape of a geometric object. This is shown when the subject correctly draws the shape
of a stack of boxes seen from above and can differentiate the shape of a stack of boxes when
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seen from the right and left sides, with the help of blocks made of paper and arranged like the
stack of boxes in the question.

Findings from Subject FU for Problem Spatial Visualization Indicator
The following are the results of students' work on problem 2 on the visualization indicator.

Solution:
577 S 9
3
4.2 el 4 7
i , 1
2 5
T Yoey,. besséhrangn,. bk AZL( S0 3
“Square 4T opposite 1
- Square 5 is opposite 2
Opposite sidesare 4=1,5=2

Figure 7. FU’s answer with spatial visualization indicator

The results of the FU subject interview excerpts in understanding problem spatial

visualization indicator are as follows.
Transcript 5. FU's interview excerpts in understanding problem spatial visualization indicator

P Do you know what kind of space will be formed from the existing nets?

S Cube, ma'am?

P How many shapes will be formed?

S maybe 1 ma'am

P Are you sure?

S Yes, I'm sure ma'am

P As you can see on side number 7 is the front of the pyramid, how do you
build that space?

S 0Oo00. This means that there are 2 geometric shapes, ma'am, a cube and a V2
pyramid to form the geometric shape (think for a moment). We first raise sides
number 7 and number 4, because side number 7 is the front side of the
pyramid. Then the others followed, such as numbers 1 and 3, numbers 2 and
8, numbers 5 and 6.

P Which side number is the base of the cube?

S Number 3 ma’am V1

P Is it only number 3 that can be the base of a cube?

S Yes ma’am

P What is your reason?

S Because if the other side is the base, the cube will still be formed but side V1
number 7 will no longer be in front.

P Yes, you're right. What do you think is the opposite side?

S Side number 4 with 4, side number 7 with 9, side number 2 with 5, and V1
finally side number 8 with 6.

P Where is the base?

S The base is located below V2

P What about cover?

S The cover is on top V2
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Have you ever worked on problem like this?

Never ma’am

Are you having difficulty solving this problem?

Yes, I'm having trouble

What steps should you take to solve a problem like this?

By reading the questions and looking at the pictures over and over again,
after understanding I tried to make a net of the pictures onto another piece of
paper. Then I cut it and assembled it until it became a cube and a pyramid

»nTW!WTW!WTO

Based on the results of work and interviews with the FU subject on problem spatial
visualization indicator, information was obtained that the subject had good abilities in solving
problems related to objects whose position and shape were manipulated. This was shown when
the subject explained the side that was the base of the cube net, namely side number 3, and the
subject also explains where the base and cover of the cube are located correctly. Subjects are
also good at visualizing or seeing the composition of an object after its position and shape have
been manipulated. This is shown when the subject explains the sides that need to be folded
first, namely side number 7 on the grounds that this side is known as the front of the pyramid.
The two sides number 4 are the front side of the cube, the three sides number 1 and 9 are the
back side of the cube and the back of the pyramid, the four sides number 2 and 8 are the right
side of the cube and pyramid and finally the sides number 5 and 6 are the left side of the cube
and pyramid. The subject also explains the sides that are opposite each other, namely sides 4
— 1,2 —>5,7—9,and 8 — 6. The subject uses another piece of paper to make it easier to
answer this problem.

Findings from Subject FU for Problem Spatial Mental Rotation Indicator
The following are the results of students' work on problem number spatial mental rotation
indicator on the mental rotation indicator. The results of the interview excerpts from FU

subjects in understanding the questions are as follows.
Transcript 6. FU's interview excerpts in understanding problem spatial mental rotation indicator
Do you know what kind of space will be formed from the existing nets?
Cube, ma'am?
How many shapes will be formed?
maybe 1 ma'am
Are you sure?
Yes, I'm sure ma'am
As you can see on side number 7 is the front of the pyramid, how do you
build that space?
000, this means that there are 2 geometric shapes, ma'am, a cube and a V2
pyramid to form the geometric shape (think for a moment). We first raise sides
number 7 and number 4, because side number 7 is the front side of the
pyramid. Then the others followed, such as numbers 1 and 3, numbers 2 and
8, numbers 5 and 6.
Which side number is the base of the cube?
Number 3 ma’am V1
Is it only number 3 that can be the base of a cube?
Yes ma’am
What is your reason?
Because if the other side is the base, the cube will still be formed but side V1
number 7 will no longer be in front.
Yes, you're right. What do you think is the opposite side?
Side number 4 with 4, side number 7 with 9, side number 2 with 5, and V1
finally side number 8 with 6.
P . Where is the base?

TWwWTVTWTWTO

w

W ToTwWTWT

wmw T
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The base is located below V2
What about cover?
The cover is on top V2

Have you ever worked on problem like this?

Never ma’am

Are you having difficulty solving this problem?

Yes, I'm having trouble

What steps should you take to solve a problem like this?

By reading the questions and looking at the pictures over and over again,
after understanding I tried to make a nets of the pictures onto another piece
of paper. Then | cut it and assembled it until it became a cube and a pyramid

MWTOTWLWTWLTWBLTW

Figure 8. FU’s answer with spatial mental rotation indicator

Based on the results of work and interviews with the FU subject in problem spatial mental
rotation indicator, information was obtained that the subject had a poor ability to rotate a spatial
shape and imagine the rotation of the spatial shape correctly. This is shown when the subject
knows the direction of rotation to the right (clockwise) but does not understand the amount of
rotation (180°) in the existing spatial shape. The subject also has good abilities in describing
three-dimensional shapes after rotation. This is shown when the subject draws a shape that has
been rotated, the subject mentions signs that have moved from their previous position, such as
the star moving to the left, the circle moving to the left too, the pyramid moving down and the
cube moving up.

Findings from Subject KS for Problem Spatial Perception Indicator
The following are the results of students' work on question number 1 on the spatial
perception indicator.

Figure 9. KS’s answer with spatial perception indicator
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The following are the results of interview excerpts from subject KS's interview in

understanding the following questions.
Transcript 7. KS's interview excerpts in understanding problem spatial perception indicator

P Have you ever worked on questions like this?
S Not yet ma‘'am
P Do you think this question is difficult?
S It's difficult, ma'am
P Where is the difficulty in this problem?
S In the section to imagine the shape of a pile of cardboard seen from above SP2
P So, how do you solve this problem? SP2
S (think for a moment). First, | looked at the picture, then | tried to imagine the
shape of the pile, but I had difficulty so | looked for a way to make it easier to
answer this question. I'm trying to count the number of boxes. | cut the erasers
that 1 no longer use, then | arranged the eraser pieces, exactly like the shape
of the existing pile of cardboard. Like in the question, then I looked at it from
above. So, | got a shape like this ma'am (while showing the picture)
P . When you arrange the eraser pieces, do you think the pile looks the same,
when viewed from the right and left?
S It's different ma'am SP1
P How many boxes are there in the pile?
S 28 boxes ma'am
P In working on this problem, did you experience any difficulties?
S Yes ma'am. The first time I read the questions, | was already having difficulty
P How do you solve that difficulty?
S (think for a moment). | was trying to find a way to make it easier to answer SP2

the question, and I had an eraser that | didn't use. Then | cut the eraser, |
arranged the eraser like the picture in the question, it turned out to be easier
to answer.

Based on the results of work and interviews with KS subjects on problem spatial perception
indicator, information was obtained that the subjects had good abilities in showing correct
perception of the position and shape of geometric objects. This is shown when the subject
correctly counts the number of boxes in the stack. The subject has good abilities in showing
precise perception of the shape of a geometric object. This is shown when the subject correctly
draws the shape of a stack of boxes seen from above and can differentiate the shape of a stack
of boxes when seen from the right and left sides using the available media, namely an eraser
cut into small blocks.

Findings from Subject KS for Problem Spatial Visualization Indicator
The following are the results of interview excerpts from subject KS's interview in

understanding the following questions.
Transcript 8. KS's interview excerpts in understanding problem spatial visualization indicator
Have you ever worked on questions like this?
Not yet ma'am
Do you think this question is difficult?
I think this problem is very difficult. So, | can't answer that, ma'am
Do you know what spatial structure will be formed from the existing nets?
I don’t know ma’am
How many shapes will be formed?
I don't know either ma'am
Have you ever studied space geometry?
I think so, but I forgot
As you can see in question number 7, side is the front of the pyramid, how do
you build the space?
I don’t know V2
Which side number is the base of the cube?
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S I don't know either ma‘am V1
P What do you think is the opposite side?

S I don’t know ma’am V1
P Where is the base?

S The base is located below V2
P What about cover?

S The cover is located at the top V2
P What steps should you take to solve a problem like this?

S I don't know, | still don't understand this problem

Based on interviews with subject KS on problem spatial visualization indicator, information
was obtained that the subject had poor abilities in solving problems related to objects whose
position and shape had been manipulated. This is shown when the subject cannot explain the
side that is the base of the cube net. The subject is able to explain where the base and cover of
the cube are located correctly. Subjects also have poor ability to visualize or see the
composition of an object after its position and shape have been manipulated. This is shown
when the subject cannot explain which sides are folded first and which sides are opposite.

Findings from Subject KS for Problem Spatial Mental Rotation Indicator
The following are the results of students' work on question number 3 on the mental rotation
indicator.

Figure 10. KS’s answer with spatial mental rotation indicator

The following are the results of interview excerpts from subject KS's interview in

understanding the following questions.
Transcript 9. KS's interview excerpts in understanding problem spatial mental rotation indicator

So, if you look at a problem like this, what do you understand?

I see this image looks like box

Have you ever heard the words clockwise? What do you know?

(think for a moment). Clockwise means the clockwise direction is turning to

the right

If it says counterclockwise?

The opposite, ma'am, means to the left

In the problem, the image is rotated 180° to the right. So, what do you think

the signs will change?

S . [Ifitisrotated 180°, it means it is rotated in a half circle, so the image
changes to the block at the top, the pyramid at the bottom and the signs that
move to the round mark, to the bottom left, and the star sign to the bottom

P : Inworking on this problem, did you experience any difficulties?

S : Noma’am
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Based on the results of work and interviews with subject KS on problem spatial mental
rotation indicator, information was obtained that the subject had good abilities in rotating a
spatial shape and imagining the rotation of a spatial shape correctly. This is shown when the
subject knows the direction of rotation clockwise (to the right) and the rotation size (180°) is
half a rotation. The subject also has good abilities in describing three-dimensional shapes after
rotation. This is shown when the subject draws a geometric shape that has been rotated in the
right direction (clockwise) and the angle is large (180°) and the subject also mentions signs that
have moved from the previous position, such as the block at the top, the pyramid at the bottom,
the sign that moves the round sign to the bottom left, and the star sign to the bottom.

Based on the description of the spatial perception indicators, students with high abilities
show correct perception. This can be seen in the students' ability to show the position of
geometric objects and students are able to describe the shape of a stack of boxes from above
correctly, and based on the results of the interview, students were able to calculate the number
of boxes in the pile correctly. This is in accordance with research results from Suparmi et al.
(2022) and Putri (2020), stating that students who have high abilities have good spatial
perception abilities and are able to solve problems correctly. For students in the medium
category on the spatial perception indicator, students are able to count the number of boxes in
a stack correctly and are able to describe the shape of the stack of boxes as seen from the top
correctly. Furthermore, students in the low category have good spatial perception skills, where
students are able to count the number of boxes and can describe stacks of boxes visible from
the top. This is in accordance with research results from Prastyo (2017) and Fatmahanik (2021),
which states that students in the high, medium and low categories have good spatial perception
abilities.

In the visualization indicator, students with high and medium abilities have good
visualization skills, this can be seen in students being able to explain the location of the sides
of the net in the problem of being a cube and a pyramid and explaining the opposite sides
completely and correctly. However, in the low category students the subject was not able to
explain the location of the sides of the net in the problem of being a cube and a pyramid and
explain the opposite sides completely and correctly. If we compare students in the high and
medium categories, they have good spatial abilities, while students in the low category have
low spatial abilities. Regarding visual spatial indicators, researchers found the same results as
previous researchers, students with low abilities experienced difficulty in answering questions
related to visual spatial (Azizah, 2022). Likewise with mental spatial rotation, based on
research results, students with low abilities are unable to understand spatial orientation and
have difficulty in solving geometry problems (Azizah, 2022). However, on the mental rotation
indicator, researchers found a contradiction with the results of previous research. Students with
low, medium and high abilities are able to answer questions related to mental rotation.

According to opinion Nuriswaty et al. (2020) and Kdsa (2016), students in the high category
had good visualization skills when compared to students in the low category. On the other hand
Astuti et al. (2020), Nuriswaty et al. (2020) and Madya et al. (2023) stated that which revealed
that visual skills and applied skills of students with high visual-spatial intelligence was better
than students with low visual-spatial intelligence. The results of research by Aziz et al. (2017)
also stated that students with high spatial intelligence gained better learning achievement and
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mathematical communication than students who had low spatial intelligence. To overcome
students with low geometric abilities to have better spatial skills by providing a learning
approach that can train students' spatial abilities. Based on research results by Sudirman and
Alghadari (2020) that origami can be used as a valid and effective spatial training strategy.
Origami allows students to understand spatial concepts in an interactive and visual way.
Besides that, the approach that can be used to help train students' spatial abilities is the scientific
approach, in accordance with research results from Anjarsari (2019) stating that the scientific
approach allows students to understand spatial concepts in a more interactive way. Therefore,
by using origami and scientific approach, students can develop spatial abilities such as spatial
perception, spatial visualization and mental rotation.

Furthermore, on the mental rotation indicator, both high, medium and low students have the
same abilities and can answer questions well. This is in line with research that after learning
in spatial ability analysis, students with high, medium and low abilities were able to answer
mental rotation questions, and based on the results of interviews with students, students were
able to correct mistakes made in answering the questions related to mental rotation abilities
(Akbar, 2021). Some limitations that may occur when analyzing spatial ability profiles in
students' geometry learning include: (1) research conducted with small or unrepresentative
samples of the student population may limit the generalizability of findings. Additionally, the
composition of the sample not being demographically or academically diverse could also have
influenced the results, (2) Limitations in research duration can limit understanding of the
development of students' spatial abilities over time. Short studies may not be able to capture
long-term changes or the effects of sustained learning interventions, (3) limitations in the
objectivity of observers or assessors in interpreting spatial ability measurement results can
influence the final interpretation of students' spatial ability profiles.

Conclusion

Based on the research results above, it can be concluded that the spatial ability profile of
students in the high and medium categories in solving geometry problems is that they have
good abilities in showing correct perception of the position of geometric objects; have good
ability to show correct perception of the shape of a geometric object; however, low category
students have good abilities in spatial perception but have poor abilities in visualization
abilities. Students with high, medium and low abilities in solving geometry problems have
good abilities in demonstrating mental rotation abilities. The recommendation suggested by
researchers from this study is that geometry learning should use teaching media that is able to
support spatial ability indicators so that students have much better spatial abilities.
Furthermore, there should be further research on the spatial abilities of elementary and junior
high school students.
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