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Keywords Abstract
Mathematical Literacy This study aimed to analyze the mathematical literacy of university students in
Mathematics Problems solving Higher-Order Thinking Skills (HOTS)-based problems on geometric

Higher-Order  Thinking  Skills  transformations in an Advanced Mathematics course. A descriptive qualitative

(HOTS) approach was employed, involving six participants selected through purposive

Geometric Transformations sampling to represent high-, medium-, and low-ability groups. Data were collected
using a written HOTS-based mathematics test and analyzed following the data
analysis model of Miles, Huberman, and Saldafia. The findings indicate that
students' mathematical literacy can be classified into three categories: (1) accurate
and appropriate visual representations, (2) inaccurate visual representations, and
(3) absence of visual representations. Students in the high-ability category
successfully demonstrated all indicators of mathematical literacy, including
problem comprehension, solution strategy development, mathematical
representation, visualization, and logical reasoning. Students in the medium-ability
category exhibited partial understanding but still experienced conceptual
misunderstandings and weaknesses in visualization. In contrast, students in the
low-ability category were unable to integrate symbolic and visual representations
effectively and demonstrated deficiencies across nearly all mathematical literacy
indicators. These findings suggest that visual representation is a key factor in
successfully solving HOTS-based geometric transformation problems. Therefore,
mathematics instruction should be designed using contextual, visual, and HOTS-
oriented learning approaches to enhance university students' mathematical
literacy.

1. Introduction

The development of 21st-century education requires university students to possess critical
thinking, creativity, collaboration, and communication skills to address increasingly complex
problems. These competencies are closely associated with Higher-Order Thinking Skills (HOTS),
which have become a central focus of contemporary mathematics education. Previous studies have
shown that HOTS enhance students' abilities in mathematical analysis, evaluation, and problem
solving across various geometry learning contexts (Diana, Agustinasari, et al, 2025). Learning
geometric transformations in advanced mathematics requires a high level of abstraction and spatial
visualization, making procedural knowledge alone insufficient for achieving meaningful
understanding (Turgut, 2022). Consequently, mathematical literacy has become a crucial component
in enabling students to solve HOTS-based problems in geometric transformations effectively
(Kustiawati et al., 2023).

Mathematical literacy refers to an individual's ability to formulate, apply, and interpret
mathematical concepts in a logical and systematic manner across a variety of situations. This
competence extends beyond conceptual knowledge to include the ability to connect mathematical
ideas with real-world contexts. International studies have reported that university students'
mathematical literacy remains relatively low, particularly in solving non-routine problems that



require higher-order reasoning (Musa et al., 2025). Research on geometric transformations has also
shown that students frequently encounter difficulties in simultaneously understanding visual,
spatial, and symbolic representations (Trisna et al., 2022). These challenges are further exacerbated
by instructional practices that continue to emphasize routine exercises, leaving students
insufficiently prepared to solve HOTS-based problems requiring in-depth analysis and diverse
problem-solving strategies (Hakim et al., 2024).

The topic of geometric transformations in advanced mathematics is inherently abstract, as it
involves the concepts of translation, reflection, rotation, and dilation in relation to transformation
matrix representations. Students are expected to understand the relationships among multiple
mathematical representations, including both visual and algebraic forms, to solve problems
accurately. Previous studies have demonstrated that spatial ability is significantly associated with
students' success in understanding geometric transformations and solving HOTS-based problems
(Medoh et al., 2026; Yuliardi & Rosjanuardi, 2021). Furthermore, the use of technology-enhanced
learning media, such as GeoGebra and augmented reality, has been shown to improve students'
visualization skills and conceptual understanding of geometric transformations (Abdul Hanid et al.,
2022). Technology-assisted instruction provides exploratory learning experiences that enable
students to understand transformation concepts in a more concrete and interactive manner, thereby
fostering the development of their mathematical literacy (Nadarajan et al., 2022).

Successfully solving HOTS-based problems in geometric transformations requires not only a
solid understanding of mathematical concepts but also strong mathematical communication and
representation skills. Students must be able to interpret information, formulate appropriate solution
strategies, and evaluate their results in a logical and systematic manner. Previous studies have shown
that students with strong mathematical communication skills tend to have a better understanding of
geometric concepts and are more successful in solving higher-order reasoning problems (Rismawati
etal., 2025). Conversely, limited mathematical literacy hinders students' ability to connect geometric
transformation concepts with real-world contextual problems (Rahayu et al,, 2022). These findings
suggest that the development of students' mathematical literacy should be supported through
innovative instructional strategies that emphasize HOTS and contextual problem-solving (Diana,
Agustinasari, et al., 2025).

Based on the foregoing discussion, investigating students' mathematical literacy in solving
Higher-Order Thinking Skills (HOTS)-oriented mathematical problems on advanced geometry
transformation topics is important. This study is expected to provide an overview of students’
abilities to understand, analyze, and solve geometry transformation problems critically and
systematically. The findings are expected to serve as a basis for developing innovative instructional
strategies that support the improvement of students' mathematical literacy in advanced
mathematics courses (Abdul Hanid etal., 2022). Furthermore, strengthening HOTS and mathematical
literacy is expected to help students address both academic challenges and the demands of the
contemporary digital workplace (Diana, Agustinasari, et al., 2025). Therefore, this study focuses on
analyzing students' mathematical literacy in solving HOTS-oriented mathematical problems on
advanced geometry transformation topics as an effort to improve the quality of mathematics
instruction in higher education (Rahayu et al., 2022).

2. Method

This study employed a descriptive qualitative approach because it focuses on analyzing
students' mathematical literacy in solving Higher-Order Thinking Skills (HOTS)-oriented problems
on advanced geometry transformation topics. A qualitative approach enables researchers to obtain
an in-depth understanding of students' thinking processes, visual interpretation, and mathematical
representation skills when solving geometry transformation problems (Feig & Stokes, 2011). A
descriptive qualitative design also allows researchers to comprehensively describe students'
mathematical literacy without administering any specific treatment to the research participants
(Wulandari et al., 2023). Studies on HOTS in geometry transformations indicate that students’
abilities should be assessed not only based on their final answers but also on their visualization
processes, spatial reasoning, and graphical representations produced during problem-solving.

The research participants consisted of students enrolled in the Primary School Teacher
Education program who had completed the advanced mathematics course covering geometry
transformations and represented different levels of academic ability. The participants were selected
using a purposive sampling technique by considering their academic ability, which was categorized
as high, moderate, and low, to obtain more diverse and in-depth data (Wedastuti & Faradiba, 2023).



Qualitative research requires the purposive selection of participants to obtain rich information
regarding students' thinking processes and mathematical literacy in solving Higher-Order Thinking
Skills (HOTS)-oriented problems. Categorizing students according to their ability levels aimed to
provide a comprehensive understanding of variations in mathematical literacy when solving HOTS-
oriented problems across different levels of conceptual understanding (Iskandar et al., 2024).

Data were collected through a HOTS-based written test and the collection of students' written
responses. The test instrument consisted of HOTS-oriented word problems on geometry
transformations that required students to understand the problem context, identify the appropriate
type of transformation, and represent the transformation results both visually and mathematically.
The HOTS-oriented problems were designed to assess students' mathematical literacy through their
ability to interpret problems, construct visual representations, and solve contextual problems
involving geometry transformations (Ningsih et al., 2025).

Students' written responses were collected as the primary data source for analyzing their visual
representation skills, the accuracy of their transformation drawings, and the conceptual errors that
emerged during the process of solving HOTS-oriented problems. The analysis of students' work was
conducted to obtain an in-depth understanding of their mathematical literacy in advanced geometry
transformation topics. Mathematical visual representation skills are essential to examine, as they
provide insights into how students translate the abstract concepts of geometry transformations into
accurate graphical representations.

The research instrument was validated through content validity by experts in mathematics
education and educational assessment. The validation process was conducted to ensure that the
HOTS-oriented problems were aligned with the indicators of mathematical literacy, visual
representation skills, and the characteristics of advanced geometry transformation topics. A well-
designed instrument for mathematical literacy research should be capable of accurately measuring
students' abilities in problem interpretation, mathematical communication, and the use of visual
representations. Furthermore, the development of HOTS-oriented instruments should consider the
alignment of higher-order thinking indicators with the context of mathematics instruction to ensure
that the instrument effectively captures students' reasoning and problem-solving abilities in depth
(Pamungkas et al., 2021). The instrument was subsequently revised based on the validators'
recommendations to ensure that the test items were capable of comprehensively assessing students'
abilities to solve HOTS-oriented geometry transformation problems (Niss & Hojgaard, 2020).

The research data were analyzed using the Miles, Huberman, and Saldafia model, which consists
of data reduction, data display, and conclusion drawing. Data reduction was carried out by
categorizing students' responses based on their mathematical literacy, conceptual understanding of
geometry transformations, and ability to construct graphical representations of transformation
results (Miles et al., 2020). The data were presented in the form of narrative descriptions and
categorization tables to clearly illustrate the relationship between mathematical literacy and HOTS-
oriented problem-solving. The conclusion-drawing stage involved a comprehensive interpretation of
the data to obtain an in-depth understanding of students' abilities to understand, represent, and solve
HOTS-oriented problems on advanced geometry transformation topics.

This study employed mathematical literacy indicators that include the ability to understand
problems, determine appropriate solution strategies, use mathematical representations, construct
transformation diagrams, and provide logical justifications for the solution process. Visual
representation skills constituted the primary focus of this study because geometry transformations
require spatial interpretation and the ability to accurately represent transformed objects. Studies on
HOTS in geometry have shown that students frequently encounter difficulties in object visualization,
coordinate determination, and the interpretation of transformed figures. Therefore, analyzing visual
representations is essential in mathematical literacy research. The analysis of students’
transformation diagrams was conducted to determine their level of conceptual understanding in
solving HOTS-oriented problems involving geometry transformations (Ningsih et al., 2025).

The research success criteria were determined based on students' ability to construct accurate
graphical representations of geometry transformations in HOTS-oriented problems. Students were
categorized as "accurate and correct drawings" if they were able to represent the transformations in
accordance with the appropriate mathematical concepts and procedures. Students were categorized
as "inaccurate drawings" if they produced visual representations that still contained conceptual,
positional, or structural errors in the transformation results. Students were categorized as "no



drawing" if they did not produce any visual representation or provided only symbolic answers
without supporting diagrams of the geometry transformations.

Table 1. Criteria for the Accuracy of Graphical Representations of Geometry Transformation
Results

Category Description

Accurate and Correct The student accurately represents the transformation result in accordance with the
Drawing concepts of translation, reflection, rotation, or dilation.

Inaccurate Drawing The student produces a graphical representation; however, it contains conceptual errors or

the position of the transformed object does not correspond to the transformation concept
required in the word problem.

No Drawing The student does not provide the required visual representation of the geometry
transformation.

3. Result and Discusion

3.1. Result

The problem used in this study was a Higher-Order Thinking Skills (HOTS)-oriented task
designed to assess students' mathematical literacy in the topic of geometry transformations. The
problem presented the context of a graphic designer creating a triangular logo with vertices at A(-1,
5), B(5, 3), and C(3, 2), which subsequently underwent a sequence of transformations consisting of a
translation by the vector (-2, 3), a reflection across the y-axis, a 90° counterclockwise rotation about
the origin (0, 0), and a dilation centered at the origin (0, 0). Students were required to determine the
final coordinates of the vertices and construct a step-by-step sketch illustrating the changes in the
triangle's position on the Cartesian plane.

This task assessed several aspects of mathematical literacy, including problem comprehension,
strategy formulation, the sequential application of geometry transformation concepts, and visual
representation skills. Students were required to integrate symbolic and visual reasoning to solve the
problem systematically. Therefore, the task was classified as a HOTS-oriented problem because it
involved complex processes of analysis, evaluation, and mathematical representation.

The analysis of students’ mathematical literacy in this study was based on the criteria for the
accuracy of graphical representations of geometry transformation results, which consisted of three
categories: (1) Accurate and Correct Drawing, (2) Inaccurate Drawing, and (3) No Drawing. These
criteria were used to evaluate students' ability to visually represent transformation results in
accordance with the concepts of translation, reflection, rotation, and dilation. In addition, the analysis
was aligned with five mathematical literacy indicators: understanding the problem, determining an
appropriate solution strategy, using mathematical representations, constructing transformation
diagrams, and providing logical justifications for the solution process. Based on the classification
results, two students (S1 and S2) were categorized as Accurate and Correct Drawing, two students
(S3 and S4) as Inaccurate Drawing, and two students (S5 and S6) as No Drawing. This distribution
indicates that students' mathematical literacy remains uneven, particularly with respect to visual
representation skills.

Accurate and Correct Drawing Category

This category corresponds to the criteria presented in Table 1, in which students are able to
accurately represent the transformation results in accordance with the relevant mathematical
concepts.
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Figure 1. Responses of Participants S1 and S2

Participant S1 demonstrated optimal performance across all mathematical literacy indicators.
In terms of problem comprehension, S1 successfully identified all relevant information, including the
initial coordinates and the sequence of transformations, without error. Regarding strategy
formulation, S1 organized the solution systematically and sequentially in accordance with the
underlying mathematical concepts. For mathematical representation, S1 accurately calculated the
coordinates resulting from each transformation. In terms of visual representation, S1 produced an
accurate graphical representation in which the positions of the vertices, the shape of the figure, and
its orientation remained consistent with the principles of geometry transformations. With respect to
logical reasoning, S1 clearly explained the relationship between changes in the coordinates and each
type of transformation. These findings indicate that S1 possesses a high level of mathematical literacy
and is able to effectively integrate symbolic and visual representations.

Participant S2 was also classified in this category because the transformation results were
represented accurately. Regarding problem comprehension and strategy formulation, S2
demonstrated a good understanding and correctly followed the required sequence of
transformations. In terms of mathematical representation, S2 correctly determined the transformed
coordinates, although not all solution steps were presented in detail. For visual representation, the
graphical representation accurately reflected the transformation concepts without any distortion of
the figure. However, with respect to logical reasoning, S2 provided only limited explanation of the
solution process. Nevertheless, S2 satisfied the criteria for the Accurate and Correct Drawing

category because the graphical representation was consistent with the required transformation
concepts.



Inaccurate Drawing Category

This category corresponds to the criteria presented in Table 1, in which students produce a
graphical representation; however, it contains conceptual errors or the position of the transformed
figure does not correspond to the transformation required in the problem.
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Figure 2. Responses of Participants S3 and S4

Participant S3 demonstrated that several mathematical literacy indicators were achieved;
however, the overall performance was not yet optimal. In terms of problem comprehension, S3 was
able to identify the basic information but did not accurately understand the required sequence of
transformations. Regarding strategy formulation, S3 attempted to solve the problem step by step but
did not apply the procedure consistently. In terms of mathematical representation, errors occurred
in determining the coordinates resulting from the transformations. For visual representation, S3
produced a graphical representation; however, the positions of the vertices were inconsistent with
the transformation concepts, resulting in a distorted figure. With respect to logical reasoning, S3 was
unable to clearly explain the relationship between the solution process and the resulting
transformations. These findings indicate that S3 had not yet developed a thorough understanding of
geometry transformation concepts.

Participant S4 was also classified in this category but exhibited more substantial errors. In terms
of problem comprehension, S4 understood the context of the problem but lacked accuracy in
identifying the required type of transformation. Regarding strategy formulation, the solution
procedure was not systematic. In terms of mathematical representation, errors were found in
calculating the transformed coordinates. For visual representation, S4 produced a graphical
representation that was inconsistent with the transformation concepts, such as asymmetric
reflections or incorrect rotations. With respect to logical reasoning, S4 was unable to provide clear
mathematical justification for the solution. These findings suggest that S4 still experienced
misconceptions in understanding and applying geometry transformation concepts.

No Drawing Category

This category corresponds to the criteria presented in Table 1, in which students do not provide
the required visual representation of the geometry transformation.
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Figure 3. Responses of Participants S5 and S6

Participant S5 demonstrated a low level of mathematical literacy. In terms of problem
comprehension, S5 understood only part of the information and did not recognize the importance of
visual representation. Regarding strategy formulation, S5 proceeded directly to the calculations
without correctly following the required sequence of transformations. In terms of mathematical
representation, errors were still evident in determining the transformed coordinates. For visual
representation, S5 did not provide any graphical representation, thereby failing to meet the primary
assessment criterion. With respect to logical reasoning, S5 was unable to provide a logical
explanation of the solution process. These findings indicate that S5 had not yet developed the ability
to integrate conceptual understanding with visual representation.

Participant S6 demonstrated an even lower level of performance than S5. In terms of problem
comprehension, S6 experienced difficulties in identifying the essential information. Regarding
strategy formulation, the solution procedure was unclear. In terms of mathematical representation,
fundamental conceptual errors were identified. For visual representation, S6 did not provide any
graphical representation. With respect to logical reasoning, no explanation was provided to
demonstrate mathematical reasoning. These findings indicate that S6 had not yet achieved the
expected mathematical literacy indicators and remained at an initial stage of conceptual
understanding.

Overall, when interpreted according to the criteria presented in Table 1, students classified in
the Accurate and Correct Drawing category (high level) fulfilled all mathematical literacy indicators.
Those in the Inaccurate Drawing category (moderate level) demonstrated achievement of several
indicators but still exhibited misconceptions. In contrast, students in the No Drawing category (low
level) did not meet the expected mathematical literacy indicators, particularly those related to visual
representation and mathematical reasoning. The primary distinction among the three categories lies
in the ability to integrate symbolic and visual representations. Participants in the high-level category
consistently connected coordinate calculations with accurate visual representations, whereas those
in the moderate-level category showed inconsistencies between their calculations and graphical
representations. By contrast, participants in the low-level category demonstrated no meaningful
relationship between symbolic and visual representations.

3.2. Discussion

The findings indicate that students’ mathematical literacy in solving Higher-Order Thinking
Skills (HOTS)-oriented problems on geometry transformations varied considerably and could be
classified into three main categories: Accurate and Correct Drawing, Inaccurate Drawing, and No
Drawing. This variation suggests that students' ability to integrate symbolic and visual
representations remains uneven. Students in the high-level category consistently connected
coordinate calculations with accurate visual representations, whereas those in the moderate- and
low-level categories continued to experience difficulties in relating these two forms of representation
(Safitri et al., 2024). These findings indicate that mathematical literacy depends not only on
conceptual understanding but also on the ability to represent mathematical concepts visually within
a spatial context. This result is consistent with the study by Pradiarti et al. (2024), which reported
that students' mathematical literacy remains relatively low, particularly when solving non-routine
problems that require higher-order reasoning.



Students in the Accurate and Correct Drawing category (S1 and S2) demonstrated a high level
of mathematical literacy because they fulfilled all the assessed indicators, ranging from problem
comprehension to the accurate representation of geometry transformation results. These students
demonstrated Higher-Order Thinking Skills (HOTS), particularly in the domains of analysis and
evaluation during problem-solving. They were not only able to calculate the transformation results
procedurally but also capable of accurately visualizing the changes in the figure's position on the
Cartesian plane. These findings are consistent with the study by Diana et al. (2025), which reported
that HOTS-oriented tasks enhance higher-order thinking through complex problem-solving
processes. Furthermore, students' strong visualization abilities are supported by the findings of
Aditya et al. (2025), who emphasized the important role of spatial ability in understanding geometry
transformation concepts.

Students in the Inaccurate Drawing category (S3 and S4) attempted to represent the
transformation results visually; however, conceptual errors and inaccuracies in visualization were
still evident. Errors such as reflections performed across incorrect axes or inaccurate rotations
indicate that these students had not yet fully understood the relationship between transformation
concepts and their visual representations. This finding suggests a gap between symbolic
understanding and visual representation skills. These results are supported by the study of Pradiarti
et al. (2024), which reported that students often experience difficulties integrating visual, symbolic,
and spatial representations simultaneously. This condition also indicates that these students remain
in a transitional stage of developing HOTS-based mathematical literacy.

Furthermore, the errors observed in this category suggest that students were not yet
accustomed to solving non-routine problems requiring flexible problem-solving strategies. They
tended to rely on procedural approaches without developing a deep conceptual understanding. This
finding is consistent with Wulandari et al. (2023), who reported that instruction emphasizing routine
exercises often leaves students unprepared to solve HOTS-oriented problems that require analysis
and evaluation. Therefore, the errors made by S3 and S4 were attributable not only to insufficient
conceptual understanding but also to limited experience in solving HOTS-oriented problems.

Students in the No Drawing category (S5 and S6) did not demonstrate any visual representation
skills, even though the task explicitly required graphical visualization. This finding indicates that
these students were unable to connect geometry transformation concepts with their visual
representations on the Cartesian plane. Such performance reflects a low level of mathematical
literacy, particularly regarding representation and mathematical reasoning. This result is consistent
with the study by Kustiawati et al. (2023), which found that limited mathematical literacy hinders
students' ability to relate mathematical concepts to contextual situations and visual representations.

The differences observed among the three categories indicate that visual representation skills
constitute a key factor in successfully solving HOTS-oriented geometry transformation problems.
Students with high mathematical literacy consistently integrated coordinate calculations with
accurate visual representations, whereas those with lower levels of mathematical literacy were
unable to establish this connection. These findings are supported by Tyastuti et al. (2025), who
reported a significant relationship between spatial ability and success in understanding geometry
transformations. This evidence highlights the importance of strengthening visualization skills in
advanced mathematics instruction.

In addition, the findings emphasize the importance of implementing innovative technology-
based instructional strategies to improve students' mathematical literacy. The use of educational
technologies such as GeoGebra and augmented reality can help students develop a more concrete
understanding of geometry transformation concepts through interactive visualization. This finding
is consistent with the study by Fatmawati and Yahfizham (2024), which concluded that technology
integration enhances both visualization skills and conceptual understanding in geometry learning.
Therefore, incorporating technology into mathematics instruction represents a promising approach
to addressing students' difficulties in understanding geometry transformations.

Overall, the findings reinforce the view that mathematical literacy within the context of Higher-
Order Thinking Skills (HOTS) depends not only on procedural competence but also on visual
representation skills and mathematical reasoning. These findings are consistent with previous
studies demonstrating that instruction integrating symbolic and visual representations enhances
students' higher-order thinking abilities. Therefore, mathematics instruction on geometry
transformations should be designed to be more contextual, visually oriented, and HOTS-based,



enabling students to develop mathematical literacy optimally in meeting the demands of twenty-
first-century learning.

4. Conclusion

Based on the findings of this study, it can be concluded that students' mathematical literacy in
solving Higher-Order Thinking Skills (HOTS)-oriented problems on geometry transformations
exhibits considerable variation. The students were classified into three categories: Accurate and
Correct Drawing, Inaccurate Drawing, and No Drawing. Students in the high-level category fulfilled
all mathematical literacy indicators, including problem comprehension, strategy formulation, the use
of mathematical representations, the accurate construction of transformation diagrams, and the
provision of logical justifications for their solutions. In contrast, students in the moderate-level
category continued to experience difficulties in applying transformation concepts and producing
accurate visual representations, whereas those in the low-level category were unable to represent
the transformations visually and demonstrated weaknesses across nearly all mathematical literacy
indicators. These findings indicate that the ability to integrate symbolic and visual representations is
a key factor in successfully solving HOTS-oriented problems involving geometry transformations.

From a qualitative perspective, the findings also revealed differences in students' patterns of
thinking during problem-solving. Students with high mathematical literacy tended to adopt
systematic and well-structured approaches while effectively connecting relevant mathematical
concepts. In contrast, students with lower mathematical literacy tended to rely on procedural
approaches without adequately considering the visual representation aspects of the problem.
Therefore, the objective of this study—to analyze students' mathematical literacy—was achieved
through the identification and characterization of students' abilities across the three categories. The
findings imply that advanced mathematics instruction should be designed to be more contextual,
HOTS-oriented, and focused on integrating symbolic and visual representations in order to enhance
students' reasoning and problem-solving abilities. However, this study was limited by the relatively
small number of participants and its focus on a single instructional topic. Therefore, further research
involving a larger sample and a broader range of mathematical topics is recommended to strengthen
the generalizability of these findings.
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