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INTRODUCTION

Mathematics serves as a basic science that serves as the foundation for various disciplines,
making it a very essential subject in the education system (Makramalla et al., 2025; Nugraha et al., 2024).
According to the Ministry of National Education in Regulation No. 22 of 2006, the main objective of
learning mathematics is for students to understand mathematical concepts, explain the relationships
between concepts, and apply concepts or algorithms flexibly, accurately, efficiently, and appropriately
in problem solving. Mathematics is a tool for thinking, communicating, and solving problems (Santos-
Trigo, 2024). The ability to reason, logic, creative thinking, problem-solving skills, and other
mathematical abilities can be developed through mathematics (Gusteti & Neviyarni, 2022).

Understanding the concepts of a subject is fundamental to problem-solving (Mayasari &
Habeahan, 2021). Conceptual understanding in mathematics is a crucial foundation that influences
students’ ability to develop logical thinking skills, solve problems, and apply mathematical knowledge
in everyday life (Braithwaite & Sprague, 2021). In the learning process, the emphasis is on mastering
students' conceptual understanding (Jader & Johansson, 2025), ensuring students understand the
material taught and have a solid foundation for achieving other basic skills such as communication,
connection, reasoning, and problem-solving (Yanti et al., 2019).

However, difficulty understanding mathematical concepts remains one of the biggest
challenges in education, both at the elementary and secondary levels. Many students simply memorize
formulas or solution steps without truly understanding the underlying concepts (S. R. Hidayat &
Warmi, 2024). As a result, they experience difficulties when faced with problems that differ from
previously studied examples, which require a deeper understanding. A strong conceptual
understanding not only supports mastery of the material but also helps students develop critical and
analytical thinking skills that they can apply in various situations (Asterhan & Resnick, 2020; Barta et
al., 2022; Dessie et al., 2024). Based on observations in class XI. 8 of SMAN 1 Gresik on the topic of
geometric transformations with matrices, it was found that many students experienced difficulty in
writing and performing matrix multiplication operations correctly. These errors indicate a problem in
understanding the concepts of matrices and geometric transformations, which are often considered
complex and abstract by most students.

One alternative that can be implemented to minimize these problems is differentiated learning
(Jannah et al., 2022). Differentiated learning is an important way of thinking about the teaching and
learning process in the 21st century (Qomari et al., 2022). According to (Qomari et al., 2022),
differentiated learning allows educators to view learning from multiple perspectives, thus enabling
educators to devote full attention and provide actions to meet the specific needs of students. Previous
research conducted by Ervina (Eviana, 2023) showed that the application of differentiated learning in
mathematics learning can improve conceptual understanding.

There are three important aspects as students' learning needs in differentiated learning
according to Tomlinson (Tomlinson, 2017) as quoted by Salsabila (Salsabila et al., 2024), including: 1)
learning readiness, namely students are ready with new material to face the next learning process; 2)
learning interest, namely students have their own motivation in driving the desire to learn; and 3)
learning profile, related to language, health, cultural, environmental and family conditions, and other
specific factors. The first aspect of students' learning needs is students' learning readiness. Learning
readiness is an important requirement for continuing the next learning process. In the context of
differentiated learning, learning readiness is related to the initial abilities possessed by students
(Fauziyah & Rahma, 2025). Students' cognitive abilities also have an influence on students' conceptual
understanding. Conceptual understanding emphasizes students' cognitive abilities. Each student has a
different level of ability (Aseptianova et al., 2019). Therefore, understanding students' learning
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readiness levels is crucial for teachers to design learning that meets their individual needs (Fauziyah &
Wahyunita, 2025). The purpose of identifying or mapping students' learning needs based on their level
of readiness is to modify the difficulty level of the learning materials to ensure that students' learning
needs are met.

The purpose of identifying or mapping students' learning needs based on their level of learning
readiness is to modify the level of difficulty of the learning materials, thus ensuring that students'
learning needs are met. In this study, Wiggins & McTighe's conceptual understanding theory was used
as a basis for measuring the extent to which students understand concepts. According to Wiggins &
McTighe, conceptual understanding consists of six main aspects: explanation, interpretation,
application, perspective, empathy, and self-knowledge (Wiggins & McTighe, 2005). Each of these
aspects represents a different way to demonstrate a student's understanding of a concept. If a student
is able to demonstrate one of these six aspects, then the student is considered to have demonstrated a
level of understanding. In this study, the researcher will focus the measurement of conceptual
understanding on two of these six aspects: explanation and application.

In Understanding by Design (UbD), the explanation aspect refers to students' ability to provide
clear, in-depth, and coherent explanations of concepts or ideas learned, so that they not only remember
facts but also understand their meaning more comprehensively. Students are said to be able to explain
when they are able to describe an idea in their own words, build relationships between topics,
demonstrate work results, explain reasons/methods/procedures, explain a theory using data, argue and
defend their opinions. Students can explain by 1) through generalizations or principles, 2) providing
justified and systematic phenomena, facts, and data, and 3) making deep connections and providing
illuminating examples or illustrations (Rahadi et al., 2023). Meanwhile, students are said to be able to
apply a concept when they are able to effectively apply, use and adapt what is known in diverse and
real contexts (Rahadi et al., 2023). True understanding is not just knowing the theory, but also the ability
to adapt and apply concepts or skills to face new problems or situations.

Previous research has shown that gender differences significantly influence students’
conceptual understanding in mathematics, where studies found variation in conceptual mastery by
gender, including in mathematical problem solving and understanding of core concepts like the
Pythagorean theorem (Azizah et al., 2021; Lestari & Palupi, 2023). For female students, the indicator of
presenting concepts in various forms of mathematical representation was only partially fulfilled, but
the other indicators were fulfilled. Inhibiting factors included arithmetic operation errors, conclusion
errors, and lack of accuracy. Meanwhile, research (Komariyah et al., 2018) on the analysis of conceptual
understanding in solving mathematical problems viewed from student learning interests showed that
students with high learning interests were able to solve problems coherently and correctly. Students
with moderate learning interests tended to rely on strategies without linking them to concepts, while
students with low learning interests only restated concepts without being able to continue solving
problems due to difficulties in planning and implementing strategies. Meanwhile, in this study,
students’ conceptual understanding abilities were reviewed based on their learning readiness. This is a
novelty compared to previous research.

Based on the above, this study was conducted with the aim of describing the conceptual
understanding ability of geometric transformation material in the aspects of explanation and
application in students with moderate cognitive abilities. Learning readiness consists of advanced
learning readiness, moderate learning readiness, and learning readiness requiring guidance. However,
this study focused on one learning readiness, namely moderate learning readiness. The selection of
subjects in the moderate learning readiness category because subjects with this readiness dominate in
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mathematics classes. The benefit of this study is to increase knowledge and contribute ideas regarding
students' conceptual understanding ability based on learning readiness.

METHODS

This type of research is descriptive qualitative. This research describes the profile of conceptual
understanding ability in geometric transformation material in the explanation and application aspects
in terms of learning readiness, but is limited to moderate learning readiness. According to Sugiyono
(Sugiyono, 2012) qualitative method is an in-depth and comprehensive research approach to
understand and explain phenomena in their natural context. The researcher acts as the main
instrument, while the supporting instruments are (1) cognitive diagnostic assessment, which is used to
determine students' initial abilities so that students can be grouped based on their learning readiness,
(2) formative test sheets in the form of LKPD in the form of descriptions to determine conceptual
understanding ability in the explanation aspect (3) application test questions, which are used to
determine conceptual understanding ability in the application aspect. This research was conducted at
SMA Negeri 1 Gresik, Gresik Regency, East Java, in November 2024 with 35 participants of grade XI.8
students. The students were given a cognitive diagnostic assessment related to prerequisite material to
determine learning readiness groups. This assessment refers to the Independent Curriculum diagnostic
assessment, with results categorized into three groups: proficient, moderate, and needing guidance.

After the learning readiness group was determined, three students were selected from the
middle category group using purposive sampling to become research subjects. Purposive sampling,
also known as judgment sampling, is a deliberate selection of participants based on their qualities
(Etikan et al., 2016). Furthermore, the conceptual understanding ability in the explanation aspect of the
three students was analyzed based on the results of a formative test in the form of a Student Worksheet
(LKPD). Meanwhile, the application aspect was analyzed by correcting the results of the application
problem solving test based on the alternative answers that had been created. The indicators used to
measure students' conceptual understanding ability in the explanation and application aspects
according to (Wiggins & McTighe, 2005) can be seen in the following table.

Table 1. Conceptual Understanding Indicators (Wiggins & McTighe)
No Aspect Indicator Explanation

Accurate Able to explain their knowledge in their own words, based on facts,
and accurately.

Justified Able to express their knowledge based on their own opinions, in
detail, and can support their knowledge based on the literature.

Systematic  Able to explain a concept systematically using structured and logical

1 Explanation

sentences.

Effective Students are able to achieve desired results using the knowledge or
skills they have learned.

Fluent Students demonstrate good mastery, resulting in smooth
implementation and error-free implementation.

2 Application

The data analysis technique used was qualitative data analysis. The qualitative data analysis
technique used was the Miles & Huberman (M. B. Miles et al., 2016) model of data reduction, data
presentation, and conclusion drawing. Data analysis in this study was broadly divided into two stages:
analysis of answer sheet data and analysis of interview results. Each of these data was analyzed
alternately based on the research subject. The subject's answer sheet was analyzed step by step
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according to the stages carried out. In this study, the analysis stages were based on stages according to
indicators of conceptual understanding.

Miles and Huberman (M. Miles et al., 2018) state that “Qualitative data analysis was described
by data reduction, data display, and conclusion drawing or verification.” This means that qualitative
data analysis is carried out through data reduction, data presentation, and conclusion drawing or
verification.

Miles and Huberman (1994: 10) state that "Qualitative data analysis was described by data
reduction, data display, and conclusion drawing or verification." This means that qualitative data
analysis is conducted through data reduction, data presentation, and conclusion drawing or
verification. Therefore, to analyze task-based interview data, the following stages were carried out: data
categorization, data reduction, data presentation, and conclusion drawing. Data categorization in this
study was based on indicators of conceptual understanding, which were then further categorized based
on the type of understanding revealed.

In the data reduction stage, data selection, simplification, and transformation were carried out
in the field. Data reduction in this study refers to the process of selecting data related to indicators of
conceptual understanding. Furthermore, the selected and identified data were coded to identify the
source of the data. The next stage is data presentation, namely writing down a collection of organized
and categorized data so that it is easier to interpret the data to draw conclusions from the data.

FINDINGS AND DISCUSSION

This study aims to determine students' conceptual understanding abilities based on their
learning readiness. However, in this study, the learning readiness used was limited to moderate
learning readiness. Participants were given a cognitive diagnostic assessment to determine their
learning readiness category. The results of the learning readiness diagnostic assessment are shown in
Table 2 below.

Table 2. Cognitive diagnostic assessment results data

No Readiness Level Students
1 Advanced Learning Readiness 5
2. Moderate Learning Readiness 25
3 Learning Readiness Needs Guidance 5

After identifying their learning readiness groups, three students were selected from the middle
category using purposive sampling to become research subjects. The formative test and application test
results from these three students were then analyzed, followed by semi-structured interviews. The
analysis was divided into two sections: explanation and application. The following is a summary of the
analysis.

Explanation aspect

In the accuracy indicator, subject 1 (S51) was able to explain his knowledge in his own words,
according to the facts, precisely. Subject S1 wrote down the definition of geometric transformation
composition correctly using his own language, although there were some inappropriate sentences, such
as "many events." The results of subject S1's completion can be seen in Figure 1 below.
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Question:
What do you know about the composition of geometric
transformations? Explain it in your own words.

Serang e an 'l“ram"forma/s«' Jevmedn yang menyehabkan A series of geometric transformations that

bomgak prtHwa tojadi pada  gatu obTek > causes multiple events to occur in a single
obiject.

Figure 1. Results of completing the 51 subject on accurate indicator questions

In the justified indicator, subject 1 (S1) was able to express his knowledge based on his own opinion, in
detail, and could prove his knowledge according to the literature. Subject S1 wrote down the changes
that occurred accurately, but there were slight errors in the form of the transformation. The interview
results showed that to ensure the answers that had been written were correct or not, subject S1 used
estimates and based on pre-existing knowledge and adjusted them to the literature. Figure 2 displays
the results of the completion of subject S1 and Table 3 displays the interview transcript on the justified
indicator.

Question:
Observe points A and A'. What changes occur? Explain and write down the form of the

transformation. A = (;), A = (i)

A [ 1] e () (1))

Question:
Observe points A' and A". What changes occur? Explain and write down the form of

the transformation. A’ = (i), A= (_21)

A (Zt)L“”; A" :):(ws30° —9“'\30")(‘2)

“n 9o’  Cos 90°

Figure 2. Results of completing the S1 subject on justified and systematic indicator questions

In the systematic indicator, subject 1 (S1) was able to explain concepts systematically using
structured and logical sentences. Based on the results of the work and interviews, S1 was able to explain
the concept of geometric transformation well. The subject demonstrated the ability to explain the steps
of transformation, such as reflection on the line y = x and rotation by 90° with the center at (0,0), in a
structured manner. In addition, S1 used logical arguments and supported his explanations with
predicted results and references to relevant geometric transformation concepts. The following is a
transcript of the interview with S1.

R: "Which are the starting point, the image point, and the transformation matrix?”

S1: "The starting point is A = (%), and the second point after reflection is A' = (i), where

(2,1) is obtained from the matrix ((1) (1)) multiplied by (;)

R: "Is that written correctly?

S1: "I think it's written the other way around. After reflection, x =y is written as the matrix
first, and the starting point is then equal to the result.”

R: "How do you know it's the other way around?”

S1: "If it's written like the one above, the answer will suddenly appear. If we don’t know A’,
we automatically work on the right side first.”
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R: "How do you ensure that the change from A to A" is a reflection about y=x, and the change
from A’ to A" is a 90° rotation with the center (0,0)?”

51: “So, even if we don’t use GeoGebra, we can predict the answer using the known starting
and ending points, based on what we have learned, that reflection x = y is just the image
being reversed, and the most likely answer is reflection. We can also try it on a Cartesian
diagram, drawing the starting and ending points, from there we can look for references for
which geometric transformation is most suitable, whether it is reflection, rotation or others.”

In the accuracy indicator, subject 2 (52) was able to explain their knowledge in their own words,
based on the facts, and precisely. Subject S2 wrote down the exact meaning of geometric transformation
composition using their own words and could exemplify it using a frequently encountered game. The
results of subject 52's completion can be seen in Figure 3 below.

Question:
What do you know about the composition of geometric
transformations? Explain it in your own words.

WM Reraca Yang wmonlbatkan penerapan \eb dan Satu. An operation that involves applying more
T”‘M\Cormag\ Geomety: pada objele yang sama Secard than one geometric transformation to the
Uuratan | Ga‘b“r\%aﬂ dav 2 | ekl er"‘f"”"‘““‘ ~P| same object in sequence. A combination
Conbnnya copory tanf ormain \egp- \alu 35 gaburgkan

s L of 2 or more transformations, for example
\Dth\L T ity MeR)adi sty bar\ﬁuy\c\r\ Yyang el besar

when playing with Lego, then combining
the shapes into a larger building.

Figure 3. Results of completing the S2 subject on accurate indicator questions

In the justified indicator, subject 2 (S2) was able to express his knowledge based on his own
opinion, in detail, and could prove his knowledge based on the literature. Subject 52 accurately wrote
down the changes that occurred, but there were some inaccuracies in the transformation process. Figure

4 displays the results of subject 52's completion, and Table 4 displays the interview transcript for the
systematic indicator.

Question:
Observe points A and A'. What changes occur? Explain and write down the form of the

transformation. A = (;), A = (3)

'Teqadi st dochadap garls 97X, divanan awainya koordicat A A reflection occurs about the line y =
Aerlaroe gada  Kke (102, laly berukah w«’)mlu Al (2.1) x, where the initial coordinate A is at
V=10 % 2 3 KA \ I ; !
{ % 3 [ & Hdl o K ‘] & &o‘ 03\_2\ point (1, 2), then changes to A' (2, 1).
Question:

Observe points A' and A". What changes occur? Explain and write down the form of

the transformation. A' = (f), A = (_21)

Tefjodi rokasi STjah Semb F° dingan WY gosak (0,0), divana A rotation occurs through the 90°
awalnya koordinat A’ Aerlhtal fady Kie (20 \als mafedi € -102) )1 ayis with the point (0, 0), where the

(\’3’.3 . 1‘5\ ’o‘ 31 ;\ — S_';} : i ? _(: \i 1‘ \ initial coordinate A'is at point (2, 1),
then changes to (-1, 2).

Figure 4. Results of completing the S2 subject on justified and systematic indicator questions
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In the systematic indicator, subject 2 (S2) was able to explain a concept systematically using
structured and logical sentences. The following is an excerpt from an interview with subject S2.

R: "Which are the starting point, the shadow point, and the transformation matrix?"”
S1: The starting point is at coordinates (1,2), and the shadow point is (2,1). The transformation matrix

is the transformation matrix about the y = x axis, which is (2 é)

R: "Is that written correctly? How do you know it’s correct or not?”

S1:1 think it's written correctly. First, write the shadow point, which is (x',y"), followed by the matrix
and the starting point. I know it's correct because I followed the text.

R: "How do you ensure that the change from A to A’ is a reflection about y = x, and the change from
A’ to A" is a 90° rotation with the center (0,0)?”

S1: To confirm this, you can use the GeoGebra application to check whether it’s correct or not.

On the accuracy indicator, subject 3 (53) was able to explain his knowledge in his own words, according
to the facts, precisely. Subject S3 wrote down the exact meaning of the composition of geometric
transformations using his own language. The results of subject S3's completion on the accuracy
indicator can be seen in Figure 5 below.

Question:
What do you know about the composition of
geometric transformations? Explain it in your own

M barkan  dun | (il s formen Ceperti Describes two or more transformations such
(78 .

h;ﬁ?“g | rokact  reflehs  dan djatn g wogeda N as translation, rotation, reflection, and

bouutan paddt fuotu Apk Vapot Hbuksuon dilation in sequence at a point which can be

Poadu g &5 Lamping proven in the image on the side.

Figure 5. Results of completing the S3 subject on accurate indicator questions

In the justified indicator, subject 3 (S3) is able to express knowledge based on their own
opinions, in detail, and can prove their knowledge based on the literature. Subject S3 writes down the
changes that occur accurately and is able to express knowledge about geometric transformations based
on their knowledge in accordance with the material that has been taught previously.

Question: ‘ 4 A(L,2)and A'(2,1)
Observe points A and A'. What changes occur? Explain and write down
the form of the transformation. A = (;), A= (?) Reflection about y = x, the
transformation form is (i) =
pLL ) dan A (201D i hanie Hrans frrmatinge it 0 1,1 .
ropeus: Aerhodap =%, "™ 'ﬁ e &) by anganyer (%) —> (1 0) (2) Therefore, point A(x,y)
I S B Ttk T Sebng ) is the reflection of (y, x).
A'(2,1) and A"(-1, 2)
Question: A 90° rotation with center (0, 0) has the
Observe points A" and A". What changes occur? Explain and write down transformation form of
. ' 2) "o (—1) =1y _ (c0s90° —sin90°\ (2
the form of the transformation. A" = (1 LA = 5 ) ( 21) (%in 9010 ZCOS 90° )(1)
A' €2i0) dan A" (=1,2) ey transformacnga gaite 50( 2 ) = (1 0 )(1)
Folods sikiss o 80® dengan pquk: ;01"’ - [_,] -2 -1 ] ( 2._] ) So, a 90° rotation with center O, A'(x, y)
&y . [ o 9o°° —&n go® 2] sewnggn (=2 47 2 : —»  becomes A'(-y, x).
E)r::\«] ro*uxi‘nxz;uuio:_\:ow)ua\— o, A x,9) margads N (=372

Figure 6. Results of completing the S3 subject on justified and systematic indicator questions
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In the systematic indicator, subject 3 (S3) was able to explain concepts systematically using
structured and logical sentences. Based on the results of the work and interviews, S3 was able to explain
the concept of geometric transformation well. The subject demonstrated the ability to explain the steps
of transformation, such as reflection on the line y = x and rotation by 90° with the center at (0,0), in a
structured manner. In addition, S3 used logical arguments and supported his explanations with
predicted results and references to geometric transformation concepts. The following is an excerpt from
the interview with subject S3.

R: "Which are the starting point, the image point, and the transformation matrix?"

S1: The starting point is (1,2), the image point is (2,1), and the transformation matrix is ((1) (1))

R: "Is that written correctly? How do you know it’s correct?”

S1: 1 think it’s correct. The image is placed on the left, and the starting point and transformation matrix
are on the right.

R: "How do you ensure that the transformation from A to A’ is a reflection about y=x, and the
transformation from A’ to A" is a 90° rotation with the center (0,0)?”

S1: “The method is to try whether the reflection on'y = x will produce the end point (y, x). What matrix,
if multiplied by the starting point, will produce the shadow point, namely (y, x). For the change that

occurs from A ‘to A’ is a rotation of 90° with the center (0,0), well yesterday it was known that the
cosf —sind
sin@ cos®

produce 0, and also it is still in quadrant 1 so the results of sin and cos are all positive, from the known

rotation transformation uses the matrix ( ) Well from there we can see which cos will

shadow point the numbers do not change so it can be concluded that the center is (0,0).”

Application Aspects

In the effective indicator, subject 1 (S1) is able to use the knowledge or skills that have been
learned. Subject S1 is able to apply the concept of geometric transformation to solve contextual
problems given according to the knowledge that has been learned, subject S1 is also able to explain the
reasons for the chosen answer choices. The results of subject S1's completion of the effective indicator
can be seen in Figure 7 below.

a. Displacement = 45° + 135°% + 90° - 90° = 180°
counterclockwise. To move from the starting point, the

’_’Ja.]“/’,?mawa,f; HE°# 26° 4 S5 - 30" = /8O “urfawancn ah top needs to rotate 180° counterclockwise, so the
| anAdk Sepindah Lo St awal gasing perts bey pw{w /ta‘lyﬁumm statement is false.
] /,f, .{d/{;”a pernyatoon SALAK. b. True, by applying the concepts of rotation and

reflection. The top is said to rotate 180° from the

fl benar, lngan menerapban Konsy rofass don redehss .
i > starting point. The 180° counterclockwise reflection is

4_1 G'awy d/ya/alon Seputor abas bevatirst . .rs/azd 180 ° gor #4¢ awof.

| M gasing Arkodbp AAE /am/ arona

lc. | Bunor. Dyjetostan Lembok dohua rofass 100 “gasing Arachp M pus AAk pusaf|
I sclo/oh coma M‘}u /eyan redfhes AL akfir Gasing AAadey g
| | Apak tarss pong Sepo rongan Hrgan anm—/am/ gong rerhachr

I-F/l//tﬂ-fﬂ/ - — R ——

__7 ' /”/406/ gank /ma/m:f %fal forws Henpon goni yong meys yorok |

Uy

| Adgpun redthes 760" berbowonan arahjorum jom wamo oé/)jo/) refehsi —P

the same as reflecting against an imaginary line
perpendicular to the line that represents the distance of
the top from the center of the arena.

c. True. It is explained again that the 180° rotation of the

top about the center point is the same as reflecting the
end point of the top against a perpendicular line that
intersects the line of distance of the top from the center
point.

Figure 7. Answers to the 51 sub]ect application test on the effective indicator

" Subject 1 (S1) did not demonstrate good mastery of the fluency indicator, resulting in a lack
of smooth implementation and several errors. While the answer choices were correct, the reasoning
provided by subject S1 was inaccurate, and there were errors in the trigonometric results written in
matrix form. Subject S1's fluency indicator results can be seen in Figure 8 below.
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ﬂ = e

| ek 72@4 Matirks yonp mu{,aﬁa[an Hansrmass Vén.w_», adokh

d. False. Matrix:
0 : 0
Gl e
G 0)H=G)

— | e. False. Because the matrix that states the

= cos & -:m&) sehingge. yang denar ccbl “Mw spinning top transformation is

= ‘ g cost) p e il i (COS 6 —sin 9) so the correct one is
/,,r/ag, =73 sinf cosf /’

) | Ayan feci /b\g NS — (cos 180° —sin180°

D /A BT - sin180°  cos 180

— RSP ’/ ] 1 1 -

= with the final result (1 0 )

Figure 8. Answers to the S1 subject application test on the fluent indicator

In the effective indicator, subject 2 (S2) is able to achieve the desired results by using the

knowledge or skills that have been learned. Subject S2 is able to apply the concept of geometric

transformation to solve the given contextual problem according to the knowledge that has been

learned, subject S2 is also able to explain the reasons for the chosen answer choices. The results of

subject 52's completion of the effective indicator can be seen in the following figure.
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The spinning top stops at 180° if it starts
from 0°.

. The spinning top's displacement is a
transformation because it is a composition
of rotational transformations performed
sequentially by the spinning top.

Figure 9. Answers to the S2 subject application test on the effective indicator

Subject 2 (S2) did not demonstrate good mastery of the fluency indicator, resulting in a lack of

fluency and several errors. In part (d), the answer and the process were correct, but the final result

contained an error in the matrix product. In part (e), the reasoning given was incorrect. The matrix form

of the composition was also incorrect. Subject 52's results for the fluency indicator can be seen in the

following figure.
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c. Is it a reflection transformation?
No, because the transformation that occurs is not a
reflection, but a rotation of 10 degrees.

d. The starting point is at G(3, 1), the end point G’(1, -3)?
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Figure 10. Answers to the S2 subject application test on the fluent indicator
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In the effective indicator, subject 3 (S3) is able to achieve the desired results by using the
knowledge or skills that have been learned. Subject S3 is able to apply the concept of geometric
transformation to solve the given contextual problems according to the knowledge that has been
learned, subject S3 is also able to explain the reasons for the chosen answer choices. In the fluent
indicator, subject 3's readiness to learn develops (S3) has shown good mastery so that the application
runs smoothly and without many errors. The reasons given are appropriate and the process to obtain
the matrix form is correct. The results of subject S2's completion on the effective and fluent indicators
can be seen in the following figure.
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Figure 11. S1 subject application test answers on effective and fluent indicators

Based on the description above, Subject 1 (S1) met all indicators in the explanation aspect:
Accurate, Justified, and Systematic. In the application aspect, Subject S1 met only one indicator:
Effective. Subject 2 (S2) met all indicators in the explanation aspect: Accurate, Justified, and Systematic.
In the application aspect, Subject S2 met only one indicator: Effective. Subject 3 (53) met all indicators
in the explanation aspect: Accurate, Justified, and Systematic. In the application aspect, Subject S3 met
all indicators: Effective and Fluent.

The results of the study show that all three subjects (51, S2, and S3) consistently achieved the
explanation aspect, fulfilling all indicators: accurate, justified, and systematic. These findings indicate
that conceptually, all three subjects had a good understanding of the material they were studying. Their
ability to explain accurately and systematically demonstrates a relatively well-organized knowledge
structure, while the justification indicator confirms that they were not simply providing answers but
also providing logically supporting reasons.
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However, differences began to emerge in the application aspect. S1 and S2 only met the
effectiveness indicator, but did not demonstrate fluency in applying the concept to the given problem.
This indicates that although the resulting solution was correct or on target, the process of applying the
concept was not smooth and flexible. This condition indicates a tendency toward strong conceptual
mastery at the declarative level, but not yet fully developed at the procedural and contextual transfer
levels. In other words, the subjects were able to explain the "what" and "why," but were not yet optimal
in demonstrating "how" the concept was adaptively applied to more complex situations.

Conversely, S3 demonstrated more comprehensive performance, meeting both indicators in
the application aspect: effectiveness and fluency. This indicates that S3 is not only capable of producing
correct solutions but can also apply the concept fluently, structured, and without significant obstacles.
This fluency reflects a more mature level of integration of conceptual and procedural knowledge, thus
enabling more optimal knowledge transfer.

Differences in achievement in the application aspect reinforce that good conceptual
understanding does not always automatically translate to application skills Fauziyah & Hakim, 2025;
Hiebert, 1986; Lenz et al., 2024). This phenomenon is often found in learning practices that emphasize
the ability to explain concepts rather than using concepts in authentic contexts. If the learning process
is more dominated by conceptual elaboration and structured routine practice, students tend to excel in
explanation but lack the flexibility to apply them to varied situations.

These findings imply the importance of learning designs that provide more space for contextual
application activities, non-routine problem solving, and reflection on solution strategies (Rajadurai &
Ganapathy, 2023; Vlachopoulos & Makri, 2024). This way, students not only develop accurate and
systematic understanding but also are able to transfer and apply concepts fluently across diverse
situations.

Overall, the results of this study indicate a gap between the ability to explain and the ability to
apply in some subjects. Therefore, pedagogical interventions that balance conceptual reinforcement
with meaningful application exercises are crucial to improving the overall quality of learning.

These findings align with previous research, which found that students with moderate levels of
conceptual understanding were able to understand the indicator of remembering or restating concepts,
while those with less understanding of the indicator of connecting or integrating interrelated concepts
were less likely to achieve the indicator of applying concepts to problems that needed to be solved or
experiencing conceptual incomprehension (Armutcu & Bal, 2023; Safitri et al., 2021). This is due to the
influence of the learning process, which places greater emphasis on understanding concepts through
explanation and less emphasis on applying concepts to everyday life problems (Don et al., 2023; Wong,
2023).

CONCLUSION

Students' conceptual understanding of geometric transformations varied depending on their
level of learning readiness. Students with developing learning readiness were able to meet all indicators
in the explanation aspect, namely accurate, justified, and systematic. However, in the application
aspect, only some students were able to meet the effective indicator, and only one student met the fluent
indicator. The difference in ability was evident in Subject 3, who demonstrated better conceptual
understanding than Subjects 1 and 2, particularly in fluent application of the concept. Challenges faced
by students, such as errors in matrix calculations and interpretation of transformation results,
demonstrate the importance of a more personalized learning approach.
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Based on the research findings, it is recommended that other researchers further explore
students' mathematical conceptual understanding by involving all learning readiness categories:
advanced, developing, and needing guidance. This aims to broaden the range of research findings and
provide a more comprehensive picture of students' conceptual understanding at various levels of
learning readiness. Furthermore, researchers can also incorporate other variables or aspects that
influence conceptual understanding, such as learning interests, learning styles, or the use of specific
learning media. It is hoped that broader and more in-depth findings can be used by educators as a
reference for developing more effective learning strategies, thereby improving students' overall
understanding of mathematical concepts. Therefore, this follow-up research can contribute to efforts to
develop more adaptive and innovative mathematics learning.

The results of this study provide recommendations for mathematics instruction, aiming to better
facilitate students' problem-solving in applying mathematical concepts. The ability to apply concepts
is influenced by conceptual understanding, while conceptual understanding is determined by students'
learning readiness. Learning readiness refers to the readiness to understand prerequisite material.
Prerequisite material is crucial because mathematics is hierarchical. Therefore, teachers can consider
identifying prerequisite material skills before learning. Furthermore, they can provide treatment for
students with insufficient prerequisite material skills before moving on to the core material.
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