Journal of Ecohumanism

2024

Volume: 3, No: 8, pp. 8666 — 8683

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)

Students' Geometric Thinking Processes in Terms of Spatial Intelligence

Venissa Dian Mawarsari', Yohanes Leonardus Sukestiyarno®, Scolastika Mariani’, Twan Junaedi*

Abstract

Geometry is mandatory knowledge for mathematics education students who hope to become teachers. A prospective teacher mmst have
maximum geometry skills to be able to teach geometry knowledge to students well. The observations on Mathematics Education students
showed that the problem was that students' geometric thinking ability was still at level 2 (analysis). The purpose of this study is to
identify the geometric thinking process of students from their spatial ability. The qualitative descriptive method used in the study was
used to describe the geometric thinking process of students based on spatial ability. The subject of the study is a student in the
Mathematics Education undergraduate program at a private university in Semarang, Indonesia. Research instruments used: spatial
ability test, geometry test, and interview guidelines. The test and interview data results were a data triangulation to obtain qualitative
descriptive analysis. The results of the study show that there are four stages of students' geometric thinking process based on their spatial
abilities, namely: 1) Identify information and reflect knowledge, 2) visualize the results of identification in the form of images, and
explore knowledge, 3) constructing thinking in planning solutions, 4) reasoning process to solve problems and prove statements. The
results of this study can be used for future research in designing the right learning method for optimizing students' geometric thinking
processes.

Keywords: Geometric Thought Processes, Spatial Abilities, Problem-Solving.

Introduction

Geometry is a branch of mathematical literacy that is important in visualizing objects in the real world
(Arzarello et al., 2014; Alghadari et al., 2020; He et al., 2022; Setiawan et al., 2024). Geometry is mathematics
that studies objects, points, lines, angles, shapes, spaces, and interrelated relationships (Ryan et al., 2008;
Nusaibah et al.,, 2021). Informally, geometry has become known to children through the visual and
manipulative objects around them daily (Aaron & Herbst, 2019; MdYunus et al., 2019; Blumenthal &
Mehta, 2023; Awi et al., 2024). This situation can be beneficial for students who prefer to learn concrete
math rather than learning with symbols (Clements & Sarama, 2011; Ncho et al., 2022). When studying
mathematics, students must know and understand mathematical objects. There are five essential skills to
master geometry: (1) visuals, the ability to recognize different shapes and spaces, the center of objects and
interconnections (Lowrie & Logan, 2023); (2) verbal, the ability to classify geometric objects by name,
visualizing them with verbal descriptions (Fastame, 2021); (3) drawing skills, namely the ability to sketch
fields and determine specific points (Yao, 2021) ; (4) Logic skills, the ability to recognize differences and
similarities between geometric objects, and be able to classify based on their properties (Trimurtini et al.,
2022); dan (5) Applied skills, namely the ability to recognize physical models of geometric objects, build
geometric models based on their physical objects and apply them in problem-solving (Astuti et al., 2018;
Rong & Mononen, 2022). Geometry lessons emphasize the exploration of different representations, such
as virtual manipulatives, written mathematical formulas, and verbal explanations, which help students build
mathematical concepts and develop critical thinking (Silmi Juman et al., 2022). The purpose of learning
geometry is for students to understand the properties and relationships between geometric elements to
solve geometry problems (Trimurtini et al., 2021).

Geometry is introduced from an eatly age through flat plane shapes that children often encounter.
Elementary school students learn geometry, from flat planes to building curved side spaces, and their
problems in everyday life (Mawarsari, Waluya, et al., 2023). The results of the study show that students'
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geometry skills have not been maximized because students are still in Van Hiele's low level of thinking
(Astuti et al., 2018; Adiastuty et al., 2020; Nusaibah et al., 2021; Matos & Souza, 2021). Problems in learning
geometry experienced by students include knowing geometric shapes but not being able to recognize
characteristics (Alghadari et al., 2020) and the properties of geometric shapes (Gal & Linchevski, 2010),
difficulty in determining the distance between two points on a cube (Barut & Retnawati, 2020), difficulties
in understanding the language of mathematics in geometry and relating it to the prior knowledge they have
(Alejos, 2017). Another difficulty is that students apply geometry concepts to contextual problems
(Abdullah & Wei, 2017), weak application and reasoning skills in the geometry domain (Alejos, 2017) and
HOTS problem-solving (Silmi Juman et al., 2022). Students in universities also experience problems in
studying geometry materials.

The results of a case study of students of the mathematics education study program at a private university
in Semarang, Indonesia, show that at the level of van Hiele geometric thinking, students' geometric thinking
ability is atlevel 2 (informal deduction) (Mawarsati, Waluya, et al., 2023). Students of the Elementary School
Teacher Education Study Program at one of the state universities in Semarang, Indonesia, who received a
score of geometry material above 61 (maximum score of 100) only reached 29.97%, namely 104 people out
of a total of 347 students (Ttimurtini et al., 2023). Based on this case shows that students' ability to solve
geometry problems is still low. By the time students solve geomettry problems, the student's geometry
thinking process is ongoing (Mawarsari, Kintoko, et al., 2023). Not only that, the factors that affect the
success of geometry learning, one of which is the geometric thinking process (Trimurtini et al., 2021).

The geometric thinking process is a stage to understand, analyze, and solve problems related to the shape,
size, position, and properties of geometric objects (Siagian & Sinaga, 2019; Trimurtini et al., 2022; Mawarsari
et al., 2024). This process involves a variety of cognitive skills, namely Visualization, deductive reasoning,
and mental manipulation of geometric objects (Rejeki et al., 2021). The existence of Visualization shows
that spatial ability plays a role in the geometric thinking process. This ability is the ability to understand,
interpret, and manipulate visual and spatial information in a person's mind (Gémez-tone, 2019; Zich, 2023).
A person who has spatial abilities is not only able to find patterns but also able to relate these patterns to
find concepts (Steele, 2013). Spatial abilities include the mental manipulation of geometric objects, including
being able to rotate, flip, or resize shapes in the mind without physical assistance (Acikgul et al., 2023).
Spatial abilities are used to understand the relationships between objects in three-dimensional space,
including understanding how these objects interact with each other and can be projected in two dimensions
(Yuliardi & Rosjanuardi, 2021). Spatial skills are important to help students during the geometric thinking
process in understanding concepts and solving problems of flat planes, building space, symmetry,
transformation, and congruence in geometry (Sahrudin et al.,, 2022; Mjenda et al., 2023). This shows that
the spatial ability possessed by students will affect the geometric thinking process of students in solving
problems (Chen et al., 2020). The spatial abilities possessed by each student are undoubtedly different. One
of the differences that is easy to see is when students visualize geometric shapes (Pujawan et al., 2020).

There are differences in spatial abilities possessed by students, so it is necessary to identify the geometric
thinking process in solving geometric problems. The geometric thinking process that students have,
whether the same or different, when viewed from their spatial ability. The stages of the resulting geometric
thinking process also need to be identified based on the spatial ability of students. The findings regarding
the geometric thinking process of students are found, and it is hoped that it can determine the suitable
learning model and scaffolding to improve the geometry learning process in mathematics education
students. So that further Research can be carried out to study, analyze, and develop learning methods and
scaffolding to optimize students' geometric thinking processes based on their spatial abilities in geometry
learning.

Methodology

Subject and Data Collection
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The data of this study was taken from students in the Bachelor of Mathematics Education Study Program
at a private university in Semarang, Indonesia, who took the Geometry Course. This study involved thirty-
two students who were given spatial ability tests. The results of the spatial ability test are then grouped into
three categories: low, medium, and high. Category criteria are based on:

Table 1. Criteria for the Spatial Ability Category (Creswell, 2014)

Category Criterion
Low S<x—SD
Keep Xx—SD <§S5<x+SD
High S>x+SD
Symbol description:
S = Student Spatial Ability Test Score
x = Average spatial ability test of students
SD = Standard deviation of students’ spatial ability test

Each category was taken as one research subject, so three students were obtained as research subjects. The
selected research subject was then given a geometry test question.

Instruments

The research instruments used in this study are spatial ability tests, geometric thinking ability tests, and
interview guidelines. The spatial ability test uses the international standard of spatial ability tests that have
been translated into Indonesian. The geometric thinking ability test is carried out with content and empirical
validation. This validation is carried out to find outif the instrument prepared can be used in Research. The
spatial capability instrument used can be seen in the following figure.
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Figure 1. Spatial Ability Instruments by Paul Newton and Helen Bristoli
The above spatial capability instruments have met international standards and have been declared valid.
The geometry test using instruments is arranged based on van Hiele's geometric thinking level (Salifu et al.,

2018; Siagian & Sinaga, 2019; Mawarsari, Waluya, et al., 2023). The following is the geometric thinking test
instrument used in the Research.

Table 2. Indicators of the Geometric Thinking Test

Question Ttems Geometric Geometric Thinking Level
Thinking Level Indicator
There is a cube-shaped wood with a side length | Level 0: Visual Visualize the information on
of 30 cm, which will be used as a material in the questions in the form of
making ornaments for the fence of the house. pictures.
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The base of the ornament is a cross-section of | Level 1: Analysis | Identify the shape of the image

the cube. Let us assume that the cube is a cube based on its characteristics.
that has a bottom side with corner points A, B, | Level 2: Formal | Completing through
C, and D. The top side has corner points E, F, | deduction calculation according to the
G, H. The cross-section of the cube is a plane concept.

that passes through points P, Q, R, and U. If | Level 3: Informal | Students can  prove a
point P is in the middle of the AE line, Q is in | deduction statement.

the middle of the AB line, R is in the middle of
the CG line, U is in the middle of the EH line, | Level 4: Rigour Students can compare, analyze,
then prove that the ratio of the volume of the and create evidence under
cube to the volume of the space constrained by different geometric systems.
the cross-section of the cube with the vertex
point F is 8 : 3! and how many wooden beams
are needed to make the 12 ornaments of the
fence of the house!

The geometric thinking test instrument has been validated. Content validation was carried out by 4 lecturers
of geometry experts. The test instrument used to find out the geometric thinking process has been validated
by experts and obtained an average score of 4,675 with a Very valid category. Question validation consists
of 3 aspects of assessment, namely the material aspect, the construction aspect, and the language aspect.
The results of the question validation test assessment ate obtained as shown in table 4 below:

Table 3. Question Validation Results

. Validator Score _
No | Question I i T v Total Average Criteria
1 S-1 4,5 4,7 4,8 4,7 18,7 4,675 Very valid

Validation Criteria (Sukestiyarno, 2020):

1-15 = highly invalid
1,6 -2,5 = Invalid
2,6-35 = Quite Valid
3,6—4,0 = Valid

4,1-5 = Very valid
Research Design

The research method used is qualitative descriptive (Creswell, 2012; Creswell, 2014; Sukestiyarno, 2020) by
describing the results of the identification of students' geometric thinking processes reviewed from spatial
abilities. The stages of Research carried out include: (1) compiling research instruments, namely grids,
scoring guidelines, geometry questions, interview guidelines, and question validation sheets; (2) validating
research instruments; (3) Spatial capability data capture; (4) data collection on geometric thinking processes;
(5) data analysis, and (6) conclusion.

The data analysis carried out in this study follows a qualitative model procedure consisting of collecting
spatial ability test data, selecting spatial ability test data, collecting geometry test data, making an analogy of
geometry test data, conducting in-depth interviews about the geometric thinking process of each research
subject and triangulation of data so that conclusions are obtained (Kusuma et al., 2022). The results of the
geometry test were then analyzed to determine the geometric thinking process for solving the problem. The
next stage is an interview to deepen the subject's thinking process in solving geometry problems. The results
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of test data, documentation, and interviews are regulated to obtain final results for drawing conclusions
(Sukestiyarno, 2020).

Analysis and Results
Analysis
This research is qualitative and conducted on undergraduate students of the Mathematics Education Study

Program at one of the universities in Semarang City. Based on 32 research subjects, the spatial distribution
of abilities is obtained, as depicted in the figure below.

25 21
20
15
7
10
4
A
0
Low Medium High

Figure 2. Grouping of Student Spatial Ability Categories

Based on Figure 2, it can be concluded that the research subjects are in the high, medium, and low
categories. The average spatial ability of the research subjects was 29.6875, which was included in the
medium category. Based on these categories, one subject is then selected in each category, namely 1 (one)
subject in the low category with code SG1, 1 (one) subject in the medium category with code SG2, and 1
(one) subject in the high category with code SG3. The three subjects were given geometry tests of the
validated instruments. The following is obtained from the geometric thinking process of each subject. The
following table shows the results of the work of Geometry Subject 1 (SG1), Geometry Subject 2 (SG2),
and Geometry Subject 3 (SG3).

Table 4. Geometric Thought Process Analysis 1

Rese'a rch Results of Geometric Thinking Translation
Subject
Known: A cube-shaped wood with a
side length of 30 cm. An ornament with
a base is a cross-section of the ABCD
cube. EFGH. The cross-section passes
through points P, Q, R, and U. Point P
Db “Taiegd S . I it . g 51 50m is in the middle of the AE line, Q point
“_ e Tt aakd is in the middle of the AB line, R point
Pa aRmaNE Iy is in the middle of the CG line, and U
SG1 Uhay <= skl b S s SRS point is in the middle of the EH line.
e e sl I VY O P

P e L e

B8e lon whon 350 5 a) the cross-sectional shape of the

g cube through points P, Q, R, and U?

b) What is the cross-sectional area of
the cube?

¢) What is the shape of the space
formed between the cube and its
vertex point is point F?
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d) Prove that the volume of the cube
compared to the volume of the
space at point (c) is 8 : 3!

Not writing down known and questioned

SG2
statements
Known: The length of the ribs of the
cube = 30 cm
Asked:
a) Cross-sectional shape?
R o R b) Cross-sectional area?
e :m:.‘:» ; ¢) Build a space formed with its base
SG3 4 bengen i) eWhy A povees 3 as the cross-section and the apex

A iban  yolime Wbt dan s ruaagees BV 7

point is point F.

A vaw g gwldon e omamenge w Gash

d) Prove that the ratio of the volume
of the cube to the volume of the
space is 8 : 3!

¢) The wooden blocks needed if the

ornament needed were 12 pieces!

Table 5 shows that the subject catries out the initial process of solving the problem by identifying the
information that is known and asked in the question. Subjects SG1 and SG3 wrote down their identification
results, but SG2 did not write down their identification results. The results from the interview above showed
that when SG1 read the questions, he started to think about how to solve the questions given. SG1 identifies
information regarding what is known and asked in the question. Next, he recalled the knowledge he had
previously learned. The solution steps considered are visualizing the problem information in the form of
an image, looking for intersections, calculating the intersection atea, finding the volume, and compating
two volumes. From an interview with SG2, it was found that the first step in solving the problem was
reading the question and identifying the information that was known and what was asked about in the
question. At this stage, SG2 has also started considering a resolution plan. SG2 assumes that he already
understands and knows the information in the question so that he does not need to write known statements
and ask questions to utilize the time. The interview with SG 3 was obtained by reading the questions and
starting to analyze the information that was known and asked about the questions. SG3 wrote down the
identification results to remember the information in the questions. Based on the information known and
asked, it is also used to think about a resolution plan. The solution plan considered by both SG2 and SG3
is the same, namely: (1) draw the cube first and then place the known points so that we can find intersections
through the known points using the affinity axis method, (2) determine the shape of the intersection, (3 )
determine the area of the sliced plane, (4) draw the pyramid referred to in the problem, (5) determine the
volume of the cube, (6) determine the volume of the pyramid, (7) compare, (8) calculate the need for
wooden blocks to make ornaments.

Based on test and interview document data, it was found that the three research subjects did the same thing.
Namely, when the subjects read the questions, they began to understand the relevant information and recall
the knowledge they had learned to solve the questions. This shows that when students read a problem, their
intuition will emerge and start thinking about the best solution. At that time, they will also reflect on related
knowledge. Memories of knowledge that have been learned will appear and are selected accordingly. When
reading questions, identifying known and asked statements also takes place. Identification of known and
asked statements can be written down or not. Some students do not write known and asked statements.
However, in the student's mind, the statement remains known and asked. The identification process is
important to make it easier for students to remember the essence of the question. The results of identifying
known and asked statements will be used in planning a general solution to the problem. The solution plans
for the three research subjects were not written down, but they had planned solutions according to their
respective abilities. So, the initial process in geometric thinking is the subject's initial understanding, analysis
of information, reflection on mastery of concepts or knowledge, and planning solutions in general. This
process can be called information identification and knowledge reflection.
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out an initial solution by describing the object according to the information obtained at the initial
identification stage. Following are the results of the test documentation for each research subject

Table 5. Geometric Thought Process Analysis 2

Research Subject

SG1 SG2 SG3

\J' T T .
r —— ,ﬁ///
| A*
p‘
¥ | |
) S gy 7
|/ |,
B v

Based on Table 5, it shows that SG1 describes the results of the initial identification in the question.
However, SG1 cannot solve the cross-sectional image of the cube through points P, Q, R, and U. Unlike
SG2 and SG3, which can visualize the initial identification process and proceed with the problem-solving
in describing the cross-section of the ABCD cube. EFGH through P, Q, R, and U. The results of the
interview showed that SG1 could visualize the ABCD cube. EFGH and place the points P, Q, R, and U on
the cube. However, it cannot describe the cross-section of the cube that passes through points P, Q, R, and
U. This is because the subject SG1 cannot remember the concepts that have been learned. During the
learning process regarding the concept of spatial cross-sections, SG1 was still confused and did not
understand the explanation given. Meanwhile, in SG2 and SG3, it is easy to visualize the results of the initial
identification well and can describe the cross-section of the cube that passes through points P, Q, R, and
U.

Based on the results of the test documentation and in-depth interviews with SG1, SG2, and SG3, it is
concluded that the process of visualizing the information on the questions in the form of pictures is very
important. This is to make it easier for the subject to solve problems. Visualizing the results of the initial
identification also requires knowledge or concepts that have been learned before. Visualizing initial
identification in the form of images can be called Visualization. The stages of the geometric thinking process
carried out by research subjects can then be documented as follows.

Table 6. Geometric Thought Process Analysis 3

Rsf;ssifccfl Results of Geometric Thinking Translation
L. <y Solution: Cross-section of the ABCD
SG1 al :y:uv s 6% W“'t‘::":: Vet vk [ dawn 27 =9% 0| cube. BFGH through P, Q, R, and U inan
Dot by et T arbitrary rectangle
The cross-sectional shape of the cube is
SG2 Do Wiean o oo Wiy AT hexagonal because the sides of the
WO Wi N e amin e YO0 POMnas  amo hexagon are the same length.
View APQ triangle
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The hexagonal shape is regular, as each
side is the same length.

SG3

Table 6 shows that SG1, SG2, and SG3 wrote their respective answers. The answers they wrote were based
on the analysis of the drawings they had made in the previous stage. In SG1, the analysis results are written
as a cross-section formed in the shape of a rectangle. This statement is false. Meanwhile, the results of the
analysis of the SG2 and SG3 images stated that the cross-section formed was an equilateral hexagon.

As a result of an in-depth interview with SG1, it was found that SG1 determined the shape of the slice
based on the image that had been made, namely an arbitrary rectangle. The answer is by the picture from
SG1, but the statement is wrong. The mistake made by SG1 was because he did not understand how to
determine the intersection of spatial shapes. SG1 experienced confusion when the lecturer presented
material on geomettic shapes, which had an impact when this test was given. SG1's ability to visualize
information during initial identification cannot be completed properly. This is also due to the spatial abilities
possessed by SG1. Even though SG1 is included in the moderate spatial ability category, SG1 has the lowest
score in the medium category. Meanwhile, the results of the SG2 interview showed that the answers were
also based on the results of the analysis of the images that had been made. SG2's answer regarding the
shape of the geometric shape that is formed is a hexagonal plane that has the same side lengths, namely

15V2 cm. The analysis carried out by SG2 was correct, using the Pythagorean theorem to determine the

side lengths of the hexagon. SG2 thinks that the length of the other side is also the same length 15v/2 cm.
So, what SG2 believes is that the intersection area is a regular hexagon. However, SG2 doesn't write it in
full. The results of the interview with SG3 showed that the answer given was based on the drawing that
was made, which was in the form of a regular hexagon and included the reason, namely because it had the
same side lengths. The analysis cartied out by SG3 is different from that of SG2. The analysis carried out
by SG3 was not calculated directly, only analyzing in his mind that PQ was the hypotenuse of triangle APQ,
where the length AP = 2 length AE, and length AQ = "2 length AB even though AE and AB are cube
edges, namely 30 cm. So, AP = AE = 15 cm. Likewise with the other side of the hexagon.

Based on the test and interview results, it can be concluded that each research subject's analysis reveals a
different understanding. The results of each analysis are based on the visualizations that have been made.
The Visualization of the slice field that forms affects the way the research subject thinks and recalls the
knowledge or concepts they have previously acquired. The stages of the research subject's geometric
thinking process can then be documented as follows.

Table 7. Geometric Thinking Process Analysis 4

Research

. Geometric Thinking Results Translation
subject
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The area of the intersection of the cube
ABCD.EFGH.

Because it is known that the intersection
of the cube is ABCD.EFGH through P,

SG1 ; g 1 o Q, R, and U is a quadrangle at the base
LA None et ¥ . and forms when drawn to the top.
i)..L.y'z (b womdois) How to find the volume of the cube.
Vil =T =
Ve h (Gt k) .-L‘,.\-n-¥
23 138
§.§:8 A&
See triangle APQ
\am e fa .m
e ‘{;,if- —_— IR RI LT
. (38
b R
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. \J':\; s \1—‘;:0
L e
SG2 .83 L83
Losemuen o LT S The area of a regular hexagon is
\ : 33 o
16 es) — st wam ¢ 23
2
L1 @Y
46 g ien
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N wm o wian W et adeah G156 oo os
The area of the slide cube is 675v3 cm?
From the shape of the triangle, we can
see thatitis an equilateral triangle, so use
the formula.
T -1 ; — 00
O Ak i ) T b e Ay iyt L= 5S.s.sina dengan a = 60
l\u E ) \_ - 0
i v A bwpap M :
\ S A2 " L4
"~ ‘ . Lii e o
SG3 Y S L g Because there are three small triangles
0 a surrounding the slice, then
225 675
it -, ot wobe WE Ty —+v3 X3 =—+3
PR S WL 3 4 4 .
LWL e wi o wyi g o ey | For that reason, L is a large triangle — L
b WL Op ¥ T . 1 . .
is a small triangle.
AR e L 2025 675 1350
vi- 5 B0
4 4 4
=3375V3

So the area of the slice is 337,5 V3

8674

Based on table 7 shows that SG1, SG2, and SG3 determine the area of the geometric shape using different
methods. SG1 finds the area of the intersection of the geometric shape using the ratio of the volume of the
cube to the volume of the pyramid, which has the base of the intersection of the geometric shape. However,
in this way, SG1 cannot continue with the solution.

The analysis of tests and interviews with SG1, SG2, and SG3 showed that the three had different ways of
finding the area of a geometric intersection. SG1 uses volume comparisons, but this cannot be solved
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uses a formula L = %\/§52. When solving these questions, SG2 explored the knowledge they had gained
while studying at the school. At the junior high school level, SG2 gained knowledge about the formula for
the area of a regular hexagon-namely L = 2\/?52 . This means that in solving geometric problems,

previously acquired knowledge is also required. SG2 succeeded in generating long-term memories regarding
the concept of the area of a hexagon. Meanwhile, SG3 uses a different method from SG1 and SG3, namely

using the sine rule to find the atea of a hexagon, L = %S. s.sina. The solution method used by SG3 is
almost the same as SG2, namely exploring the appropriate knowledge they previously had. It's just that
SG3 uses trigonometry concepts. The trigonometric formula used is the area of a triangle if two sides are
known, and an angle is enclosed by the two sides, so the area of the triangle used is L = %S. s.sina. The

area of this triangle is used because the intersection area formed is a regular hexagon consisting of 6
equilateral triangles. The area of the hexagon is six times the area of the triangle. However, in its solution,
SG3 could not answer correctly due to an error in determining the length of the side of the triangle. The
length of the side of the triangle written is 45 cm. This is what causes the final answer from SG3 regarding

the area of the intersection of spatial shapes to be incorrect, name 337,5 V3 cm?. The stages of the
geometric thinking process carried out by research subjects can then be documented as follows.

Table 8. Geometric Thinking Process Analysis 6

Rese.arch Geometric Thinking Results Translation
subject
Not answered (Cannot prove that the ratio of | Not answered (Cannot prove that the
the volume of the cube to the volume of the | ratio of the volume of the cube to the
SG1 geometric figure at the top of point F and the | volume of the geometric figure at the
base of the intersection through P, Q, R, Sis | top of point F and the base of the
8:3) intersection through P, Q, R, Sis 8 : 3)
It is pyramid-shaped with I as the
Whwhs sy oun { gy T8 peak.
It g v o0 3 € (%5 0 w6) wen s Tedam | It will become a pyramid if we draw
- all points I (Q to I, W to F) and then
- draw the line P to Q.
Vb o &7 Vi - §
SG2 .o f‘v \
100 oo o A
Lo
J by 15 " 5. ¥8
®
LG . PR
>
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A hexagon pyramid because its base is
a hexagon.
Cube volume: the volume of a
hexagonal is
re Kok 1 \Volme e o { Volume of cube =sxsxs
=30x30x30
= 27,000

i 3 = The volume of a hexagon pyramid =
SG3 il s 1/2 base area X height

v IBSO (3 2 ISV

"

\6¢3.% »

B Cube Volume : Volume Limas

= 27.000: 5062, 5

So it is not proven that the volume of
the cube : volume of limas is 8 : 3.

This stage is the final stage in proving the truth of the statement. Table 8 shows that SG1 cannot prove the
statement. SG2 proves the comparison of the volume of a cube and the volume of a geometric shape that
passes through point F, and the base is the intersection of the geometric shape found in the previous stage
(in the form of a regular hexagon). The way SG2 does this is by first finding the volume of each geometric
shape. It's just that SG2 does not complete the calculations to determine the volume of the geometric shape
that passes through point F, and the base is the intersection of the geometric shape (regular hexagon).

Meanwhile, SG3 uses the same method, namely finding the volume of each shape first and then comparing
it. It's just that, in the previous stage, SG3 made a mistake in determining the length of the side of the
hexagon, resulting in the area of the intersection area of the shape (the area of the regular hexagon) also
being wrong. The analysis of tests and interviews with SG1, SG2, and SG3 showed that SG1 could not
complete the proof because there were problems understanding the concepts of flat and space geometry.
SG2 and SG3 have the same way of proving statements by finding each geometric figure's volume first. It's
just that SG2 does not complete the calculations to determine the volume of the geometric shape that
passes through point F, and the base is the intersection of the geometric shape (regular hexagon). SG2 is
because there is a time limitation. SG2 needs time to construct and explore its knowledge in solving
geometric problems. Meanwhile, SG3 has the same method as SG2, namely finding the volume of each
shape first and then comparing it. It is just that, in the previous stage, SG3 made a mistake in determining
the length of the side of the hexagon, resulting in the area of the intersection area of the shape (the atea of
the regular hexagon) being also wrong. The following is an identification of the student's geometric thinking
process, which was reviewed based on his spatial ability resulting from the Research.

Table 9. Identify Geometric Thinking Processes Based on Spatial Abilities

G]f’l‘l’:l’legtl’i‘tc Spatial Ability of Students
Process Low Medium High

Stage 1: Identify | The stage of identifying | The stage of identifying | The stage of identifying

the information | information in  the | information in the | information in the questions

in the question | problem can be done | questions can be done well | can be done well and

and reflect on the | well and reflect on the | and successfully reflect | successfully reflect

knowledge knowledge that has | knowledge in planning | knowledge in  planning
been learned, but it does | problem-solving. However, | problem-solving. The
not succeed in thinking | the identification results are | identification  results — are
about the right | not written down due to the | written to make it easier to
knowledge in solving | efficiency of the | remember the problems in
the problem. completion time. the questions.
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At this stage, the subject
can visualize the results

of  identifying  the
information in  the
problem but cannot

visualize the solution to
the problem because he
fails in digging up
knowledge to solve the
problem.

This stage can be done by
the subject, both visualizing
the results of  the
identification of the
problem and visualizing the
solution to solve it. This is
characterized by the subject
being able to visualize a
known image, namely the
ABCD cube. EFGH and
put known dots on the
cube. Furthermore, it can
carry out the visualization
process in determining the
cross-section of the cube
that passes through known
points.

This stage can be done by the
subject, both visualizing the
results of the identification of
the problem and visualizing
the solution to solve it. This
is  characterized by the
subject being able to visualize
a known image, namely the
ABCD cube. EFGH and put
known dots on the cube.
Furthermore, it can carry out
the visualization process in
determining the cube slices
that pass through known
points.

This subject experiences

difficultes, so  the
construction stage in
solving the problem

cannot be carried out.

The research subject can
construct his or her
thinking in planning a
solution by reflecting on
the knowledge that has
been acquired or learned.

The research subject can
construct his or her thinking
in planning a solution by
reflecting on the knowledge
that has been acquired or
learned.

Stage 2:
visualize the
results of
identification in
the form  of
images and dig
up knowledge
Stage 3:
constructing
thinking in
planning the
completion
Stage 4:
reasoning to
solve and/or

prove problems

The subject is weak in
reasoning so he cannot
solve the problem.

At this stage, the subject
can reason logically in
solving problems.

This stage is the use of
knowledge  in solving
problems chosen by the
subject by correct reasoning
and logic. It's just that
mistakes occur when
determining the length of
regular hexagonal ribs, the
reasoning catried out is not
appropriate.

Results

In the geometry problem given, each research subject with different spatial abilities has a different geometric
thinking process. The given problem requires a geometric thinking process leading to its solution. For SG1,
SG2, and SG3 students, the geometric thinking process begins by reading questions to identify known
statements and questions that must be solved. At that stage, not only identify the information in the
question but also start thinking about a solution plan. Furthermore, students recall the knowledge that has
been learned previously, which can be used to solve the problems given. SG1 and SG3 write down the
identification results that have been obtained to use them as a basis for solving problems and remembering
so that there is no need to read the questions again (Purnomo et al., 2022). SG2 does not write the results
of the identification of the information in the question, so to take advantage of the time, there is no need
to write a statement of knowledge and questioning. In addition, there is no command to write down known
and questioned statements. The identification results from the known and questioned statements will be
used in planning a general solution to the problem (Liljedahl & Cai, 2021; Hourigan & Leavy, 2022;
Purnomo et al., 2024). The three research subjects' solution planning was not written, but they had planned
the solution according to their respective abilities.

The second geometric thinking process carried out by SG1, SG2, and SG3 transforms the results of
identifying information that is known in visual form. This stage can be performed by SG1, SG2, and SG3
well. This means that all three can visualize in the form of building a space based on the initial information
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on the question. The results of the visualization process are used in designing problem-solving or proving
geometry (Elmedina Nikocevig-Kurti, 2022). At this stage, in addition to visualizing the identification of
the information known, the research subject also begins to think about visualizing the information towards
the question. This process cannot be passed well by SG1 because it cannot remember the concepts that
have been learned before. SG1 is a research subject that has minimal spatial ability in the medium
category.Low spatial ability has an impact on difficulty mastering concepts related to images and difficulty
solving problems visually (Bintoro et al., 2022). This visualization geometric thinking process is very
important to carry out the next stage of completion (Diakité & Zlatanova, 2018; Fastame, 2021).

The third geometric thought process carried out by SG1, SG2 and SG3 is to construct their thoughts in
proper completion. At this stage, SG1 could not do well. SG1 is unable to dig up the appropriate knowledge
to solve the problem. The results of the study showed that SG1 did not understand the concept of geometry
well. The effort made by SG1 is to ask the lecturer for an explanation again about the geometry concept
presented. SG1 has not been able to interpret the geometry concept well given. SG1 needs to loop the
material again to be able to understand the concept of geometry well (D. Ferdiani et al., 2022). This is in
contrast to SG2 and SG3, which can construct their thinking and explore the knowledge they have learned
as a basis for solving problems. The spatial ability possessed by SG2 is in the medium category, and SG3
has high spatial ability, making it easy for them to understand geometric materials related to visuals.
Construction in preparing a solution plan is important to find solutions to problems (Santos-Trigo et al.,
2008; MdYunus et al., 2019). The completion plan that was carried out included: (1) drawing a cube first
and then placing the known points so that slices can be found through known point points using the affinity
axis method, (2) determining the shape of the slices, (3) determining the area of the slice plane, (4) drawing
the pyramid referred to in the problem, (5) determining the volume of the cube, (6) determining the volume
of the pyramid, (7) comparing, (8) calculating the need for wooden blocks to make ornaments. The
difference between SG2 and SG3 is in the formula used to determine the cross-sectional area formed
(regular hexagon).

The fourth geometric thinking process is reasoning. At this stage, SG1 cannot reason in solving problems.
There is a lack of understanding of SG1 about geometric materials. Meanwhile, SG2 and SG3 performed
the reasoning stage well. This is seen from the ability of SG2 and SG3 in the problem-solving process. SG2
and SG3 can construct their thinking in solving these problems. It's just that SG2 and SG3 have different
ways of determining the side length of the plane of the formed space-building slice (regular hexagon). The
reasoning carried out by SG2 is precise, so the length of the hexagon side is correct according to the size.
SG3's reasoning in determining the length of the sides of a regular hexagon is not correct because the
assumptions made by SG3 ate incorrect. The next reasoning process is to determine the area of a regular
hexagon. SG2 can explore the knowledge that has been obtained about the formula for the area of the
regular hexagonal field so that it applies the formula in finding the final result. Meanwhile, SG3 gets the
final result from the area of the regular hexagon plane by reasoning that the regular hexagon comes from 6
equilateral triangles. So, the area of six is six times the area of an equilateral triangle. However, there was an
error in reasoning when determining the length of the side of the triangle, resulting in the final result made
by SG3 not being suitable.

The reasoning process certainly contributes to problem-solving. Every student can use various ways to
learn to reason (Pujawan et al., 2020; R. D. Ferdiani et al., 2022). The reasoning process carried out by each
individual will be different from each other (Ayuningtyas et al., 2019). The reasoning process is adjusted to
the ability to receive and interpret knowledge that has been possessed before (Parr et al., 2021). If someone
can understand and interpret, the existence of logical reasoning from students makes it easier to solve
problems or prove (Baumanns & Rott, 2022). The stages of the geometric thinking process carried out by
students are generally the same, it's just that there is a difference in spatial ability, so the thinking process
carried out is not optimal (Fuys et al., 2013; Fastame, 2021; Macchitella et al., 2023). Students with low
spatial skills are not optimal in carrying out geometric thinking processes. This suggests that weaknesses in
spatial capabilities will have an impact on visualizing statements in image objects (Pujawan et al., 2020;
Moritz & Youn, 2022). Geometry, which is always related to visual objects as the first step in completion,
will have an impact on students who have low spatial ability (Uwurukundo et al., 2022; Rong & Mononen,
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2022). Based on the findings in this study, it was obtained that the geometric thinking process of students
in solving geometric problems, namely:

[ Identification

W ,

. . 1! Visualize the results of identification in the !
Visualization 1 5 . !
J1 form of images and dig up knowledge. :

f

) : Constru;ting thinking in planning the
J 1 completion.

- S

., )
Reasoning 1 Reasoning to solve and prove problems.

Construction

Figure 3. Geometric Thinking Process Based on Spatial Ability

Figure 3, shows that the first geometric thinking process is identification. Students carry out the
identification process to find information and answer questions. This finding is in line with the problem-
solving stage in Polya, which is the stage of understanding the problem (Polya, 1978; Purnomo et al., 2024b).
At this stage, students have also begun to explore the knowledge they have related to the problems in the
problem. The following process is Visualization. This process is the process of abstracting the results of
information in the identification process in the form of visual images. These findings align with van Hiele's
geometric thinking ability at the visualization level (Trimurtini et al., 2022). The third process is
construction. This process is a process of constructing students' knowledge when planning a solution. This
process is in line with the problem-solving stage in polya, which is the stage of designing a solution (Polya,
1978; Purnomo et al., 2024b). The last process is reasoning. In this process, students reasoned based on the
construction process of the problem-solving plan. This process aims to solve or prove a given geometry
problem. This process is indispensable in solving problems in van Hiele's geometric thinking ability at the
level of deduction to rigor (Trimurtini et al., 2022) Based on the thinking process findings, further Research
is needed to find the proper geometric thinking process for solving geometry problems propetly and
correctly.

Conclusion

The conclusion obtained from this study is that geometric solutions in students who have spatial abilities
in each category are different. In students who have low spatial ability, they cannot solve geometry problems
well. The difficulty of solving it begins with the inability to explore the knowledge learned as the basis for
the solution. These difficulties have an impact when visualizing the geometry completion, which is key in
the later stages of completion. Students who have moderate spatial ability but get the maximum score can
solve geometry problems well, but there is a time limit, so it cannot be solved optimally. Students with
moderate spatial skills begin the geometric thinking process by reading questions to identify known
information and be asked. This process is done very well and is the basis for planning the next completion.
The student did not write the identification results. Students consider that the most important thing is to
understand the problem well and be able to construct their thinking in solving problems. In students who
have high spatial ability, errors occur when reasoning in determining the length of the cross-sectional side
(hexagon). This results in the problem being solved incorrectly. The study results show that students with
different spatial abilities have different levels of geometric thinking. However, in general, the geometric
thinking process of the three is the same. Thus, the researcher of the construction of student thinking
processes is reviewed from his spatial ability consisting of 4 stages, including 1) identifying information and
reflecting on knowledge, 2) visualizing the results of identification in the form of images, and exploring
appropriate knowledge in planning solutions, 3) constructing thinking in planning solutions, 4) reasoning
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shows that the three research subjects cannot solve the problem completely.

The identification of the geometric thinking process reviewed from the spatial ability that has been
produced can be used as a reference in developing Research to design the right model of propagation and
scaffolding in geometry lectures. In addition, the identification results also show that the geometric thinking
process that the research subject has carried out has not been maximized, so it is necessary to study from
various other references to optimize the geometric thinking process of students in solving geometric
problems.
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