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Abstract: Critical thinking (CT) skills in mathematics are essential for solving problems involving
High Order Thinking Skills (HOTS), although students with dyscalculia often experience difficulties
in this process. This study was conducted to analyze the mathematical CT skills of students with
dyscalculia in solving HOTS problems by gender using a qualitative method. This study involved male
and female students with dyscalculia. Data were collected through a dyscalculia identification
instrument, a HOTS-based CT test, and interviews. The analysis of mathematical CT skills was
aligned with four indicators: interpretation, analysis, evaluation, and inference. The findings show
differences in students’ mathematical CT skills based on gender. Female students demonstrated
competence across all four indicators of CT. The results show V1 (dyscalculia female students) is
capable of accurately interpreting problem statements, analyzing relevant information, evaluating
appropriate strategies, and drawing correct conclusions. In contrast, V2 (dyscalculia male students)
experiences difficulties, particularly in interpreting problems and determining appropriate solution
strategies, which in turn affects their overall problem-solving ability. These results suggest that gender
may play a role in how students with dyscalculia approach and solve mathematical problems. Therefore,
mathematics instruction must consider the unique characteristics of students with dyscalculia as well
as gender differences to better support the development of CT skills. The integration of HOTS-
based learning activities tailored to students’ needs is highly recommended to create a more inclusive
and effective learning environment.

Keywords: mathematical critical thinking, dyscalculia, problem solving, higher-order thinking skills,
gender.

 INTRODUCTION
Strengthening mathematical critical thinking

(CT) skills  can be done by providing Higher
Order Thinking Skills (HOTS) questions (Diana
et al., 2025; Mitani, 2021). HOTS questions are
designed to encourage students to engage in CT
processes. Solving mathematical HOTS questions
requires students to identify relevant information,
analyze the relationships between mathematical
concepts, and determine the appropriate solution
strategy (May et al., 2020; Suseelan et al., 2023).
This process can help students understand the
thinking steps used in obtaining solutions.

In fact, students have difficulty
understanding math problems that require CT
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skills, so they are unable to determine the
appropriate solution strategy (Faradillah &
Fadhilah, 2021; Khotimah et al., 2025; Martins
& Martinho, 2021; Nurmaliza et al., 2022;
Wahab A et al., 2024). Furthermore, students
tend to focus only on the teacher-provided
example problems, thereby limiting their ability
to solve HOTS problems. Additionally, students
with dyscalculia also face difficulties in
mathematics learning (Salisa & Meiliasari, 2023).
Students with dyscalculia generally experience
difficulties in understanding number concepts,
processing numerical information, and performing
mathematical operations, which can affect their
ability to analyze and solve mathematical
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problems (Cárdenas et al., 2021; Grant et al.,
2020).

Low mathematical CT skills are caused by
several factors, such as teaching methods that
remain teacher-centered, leading students to
become accustomed to passively receiving
information; a lack of practice with problems that
require higher-order reasoning; students tend to
rely on procedural solutions; and students’ habit
of memorizing formulas without deeply
understanding the underlying concepts, with a lack
of confidence when facing unfamiliar problems
(Dotan & Ginat, 2022; Simanjuntak et al., 2021;
Hartawan et al., 2026). Consequently, specific
learning difficulties such as dyscalculia make it
hard for students to understand numbers and
process numerical information (Klein & Knops,
2023). Given these factors, mathematical CT
skills can be strengthened by providing HOTS
problems (Diana et al., 2025; Mitani, 2021).

External factors aside, internal factors also
contribute to students’ low mathematical CT skills.
These internal factors include low motivation to
learn mathematics, which leads students to be
reluctant to delve deeper into the subject
(Parsazadeh et al., 2021; Ye et al., 2022).
Furthermore, a lack of self-efficacy in solving
math problems causes students to give up easily
when faced with non-routine CT problems
(Muharani & Sucipto, 2023). Another internal
factor is a tendency toward rigid thinking, where
students struggle to change the approach they are
accustomed to, even if it is ineffective for a specific
problem (Kohar et al., 2024; Rahayuningsih et
al., 2020). Anxiety mathematics also plays a
significant role, as the fear and tension it causes
can hinder students’ analysis and evaluation
processes, both of which are indicators of
mathematical critical thinking skills (Gökçe &
Güner, 2024; Kusmaharti et al., 2025).

In addition to general learning challenges,
students with specific learning difficulties such as
dyscalculia face greater obstacles in learning

mathematics (Salisa & Meiliasari, 2023).
Dyscalculia is characterized by difficulties in
understanding number concepts, processing
numerical information, and performing basic
mathematical operations, all of which can hinder
students’ ability to analyze and solve mathematical
problems (Cárdenas et al., 2021; Grant et al.,
2020). These difficulties are closely linked to
weak working memory, a core deficit in students
with dyscalculia, which is below average
compared to their peers (Mohammed et al.,
2024). As a result, students struggle to recall
procedural steps and retain intermediate
calculation results, which prevents them from
connecting information and drawing logical
conclusions, especially when solving multi-step
problems. These working memory limitations also
affect students’ critical thinking processes in
constructing mental representations, connecting
mathematical concepts, and selecting appropriate
problem-solving strategies, all of which are key
indicators of mathematical critical thinking ability
(Saga et al., 2022). Consequently, previous
research has consistently found that students with
dyscalculia demonstrate lower problem-solving
abilities compared to their peers (Fadilla et al.,
2025; Salisa & Meiliasari, 2023)

Therefore, to illustrate this situation in a real-
world context, preliminary empirical observations
were conducted using HOTS-based problem-
solving tasks. The observation results showed that
students were able to create representations of
the problems. However, these representations
were still incomplete and lacked strong
conceptual integration, even though arithmetic
operations and the Pythagorean theorem had
been applied. On the other hand, some students
were unable to organize the solution process
systematically, failed to identify relevant
information, immediately moved on to
computational operations, and did not provide a
conclusion. These findings indicate varying levels
of difficulty across various aspects of
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mathematical critical thinking, particularly
regarding understanding, representation, analysis,
and evaluation.

In terms of learning difficulties, individual
student characteristics also influence how students
solve math problems. Previous research has
shown that factors such as thinking strategy
tendencies, attention to detail, and psychological
interest in mathematics can vary from one
individual to another (Faradillah & Fadhilah, 2021;
Stoet & Geary, 2020). Students have different
characteristic thinking strategies in solving math
problems (Schreiber & Ashkenazi, 2024; Stoet
& Geary, 2020). These differences in potential
affect how students analyze information, develop
solution strategies, and determine the steps to take
in solving mathematical problems
(Onoshakpokaiye & Eyetan, 2026; Schreiber &
Ashkenazi, 2024; Syaidi & Condro Murti, 2024).

Several previous studies have discussed CT
skills in mathematics based on gender when
solving HOTS questions (Diana et al., 2025;
Harahap et al., 2025; May et al., 2020). In
general, previous research has shown no
difference in students’ mathematical critical
thinking skills, although there is a tendency toward
differences in certain aspects. However, some
studies have produced contradictory findings
regarding gender differences in mathematical
critical thinking skills. Male students demonstrate
better critical thinking skills, particularly in terms
of interpretation (Marni et al., 2020)

Numerous studies have examined
mathematical critical thinking skills in relation to
the ability to answer HOTS questions among the
general student population. In addition to
mathematical critical thinking skills, another
relevant area of research concerns the cognitive
abilities of students’ dyscalculia. For example,
students with dyscalculia struggle with
mathematical problem-solving skills (Kohn et al.,
2020). In addition, students with dyscalculia
demonstrate below-average performance in

numeracy skills (Peters et al., 2020; Reigosa-
Crespo et al., 2020). Based on previous
research, students with dyscalculia exhibit
limitations in cognitive abilities.

However, research specifically examining
how students with dyscalculia demonstrate their
mathematical critical thinking skills and how they
think when faced with HOTS questions remains
limited. Therefore, the research question is: How
do students with dyscalculia demonstrate their
mathematical critical thinking skills when solving
HOTS-based maths problems? Furthermore,
how is a comparative case study conducted
between male and female subjects when solving
HOTS questions?

 METHOD
Research Design

This study uses a qualitative approach to
describe in detail how dyscalculic individuals think
as they solve HOTS questions. According to
Busetto et al. (2020), the qualitative method was
chosen because it can reveal phenomena more
deeply by interpreting data obtained from tests,
questionnaires, and interviews with research
subjects. Therefore, the phenomenological
approach was used in this study. The
phenomenological approach focuses on
understanding individual experiences in dealing
with a particular phenomenon (Alhazmi &
Kaufmann, 2022). In this study, a
phenomenological approach was used to explore
the experiences of students with dyscalculia when
solving HOTS questions in mathematics. Through
this approach, researchers can observe how
dyscalculia students think when understanding
problems, analyzing information, and determining
the solution strategies used (Alhazmi & Kaufmann,
2022).

A preliminary  quantitative screening phase
using the Rasch measurement model was
integrated into the first stage of this sequential
explanatory design (Deonovic et al., 2020;
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Padgett & Morgan, 2020). This phase was not
intended to test hypotheses or generalize findings
to a broader population. Rather, it served as an
objective psychometric mechanism to identify
participants who consistently exhibited strong
characteristics of mathematical dyscalculia before
being included in the subsequent qualitative phase
(Hope et al., 2025). The Rasch model was
employed because it allows for direct
comparisons between person ability and item
difficulty on the same logit scale, thereby
supporting more objective participant
classification and enhancing measurement
accuracy (Jacques et al., 2025; Papini et al.,
2021; Putri et al., 2024). This approach also helps
ensure that the selected participants truly
represent the essential characteristics necessary
for a valid phenomenological inquiry (Uto, 2021).
Through this systematic procedure, students with
high dyscalculia traits were objectively identified
from a total population of 320 students across
three schools. Once students with high levels of
dyscalculia were objectively identified, this study
proceeded to the second phase: a qualitative
exploration to gain an in-depth understanding of
how these students’ CT skills operate when
solving HOTS problems in mathematics learning.

Research Procedures
The research procedure was conducted in

several stages. In the first stage, a dyscalculia
screening instrument was distributed to 320 senior
high school and vocational high school students.
The collected data were analyzed using the Rasch

model with Winsteps to identify participants who
exhibited characteristics of dyscalculia across
demographic categories, particularly gender and
age. Prior to this stage, the researchers had
obtained permission from the school to carry out
the research. To protect privacy, the researcher
anonymized all student identities by assigning
unique codes, ensuring that personal data and
school information remained confidential
throughout the research process. The selection
of these two subjects was based on several
considerations. Subjects were categorized as
having the highest level of dyscalculia based on
the Rasch model analysis and the Wrightmaps
results. In addition, the selected subjects have
comparable abilities and communication skills.

Therefore, two participants were
purposively selected to represent male and female
students based on the dyscalculia screening
results. The selected participants completed
HOTS-based mathematical CT tasks and
subsequently participated in semi-structured
interviews to explore their cognitive processes in
solving mathematical problems. Final stage: data
from the written test and interviews were analyzed
phenomenologically through triangulation and data
collection techniques, using indicators of
mathematical CT skills to obtain comprehensive
and credible findings.

Participants
Students’ dyscalculia was categorized

according to their demographic data, namely
gender and age, as follows.

Table 1. demographics dyscalculia subjects

School 
Gender Age 

Male Female 14 ≤ x <16 16 ≤ x  ≤ 18 
F1 44 55 - 99 
F2 31 28 - 59 
F3 89 73 57 105 

Total 164 156 320 
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Based on Table 1, participants in this study
are from different schools. In addition, there are
Male students account for 51.25% of the total
number of subjects. Students aged 16 d” x d” 18
had the largest number of participants, with a
difference of 57 compared to those aged 14 d” x
d” 16.

Selection of two subjects was carried out
using Wrightmaps (Sukarelawan et al., 2022). In
classification using Wrightmaps, center point M
(Mean), which is placed at a score of zero, while
the separation distances are determined by S

 

 
Figure 1. Wrightmaps of dyscalculia levels

Results in Figure 1 and Figure 2 show the
distribution of dyscalculia levels among the 320
participants. The results indicate that the largest
number of students with dyscalculia are at the

moderate level. At the intermediate level, there
are more female students than male students, by
14. However, at the high level, male students
outnumber female students.

(Standard Deviation) at one unit to the left and
right of M. It is at the positions (M - S) and (M +
S) that T (Thresholds) is placed, namely two
dividing lines that divide the map into three ability
regions. The left T at (M - S) functions as the
upper limit of the low category and the lower limit
of the medium category. The right T at (M + S)
functions as the upper limit of the medium
category and the lower limit of the high category.
Therefore, data were analyzed using Wrightmaps
to assess the students’ level of dyscalculia, with
the results presented below.

 

 

0

50

100

150

200

LOW MEDIUM HIGH

Male Female

Figure 2. Bar chart visualization of students’ ability levels in dyscalculia
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Based on the Wrightmaps results, one male
student and one female student were selected.
Selection of these extreme cases aligns with a
phenomenological approach that prioritizes depth
of exploration over the number of participants.
Focusing on a small number of information-rich
participants allows researchers to explore
cognitive experiences in a more in-depth, detailed,
and nuanced manner without compromising the
intensity of the analysis (Bartholomew et al.,
2021; Hennink & Kaiser, 2022). In this context,
the goal is not statistical representativeness or
generalization to a broader population of students
with dyscalculia, but rather an in-depth
exploration of the lived experiences of students
who consistently exhibit the strongest
characteristics of dyscalculia (Cheetham, 2024).
Furthermore, according to the Qualitative
Framework for Operationalizing Respondent
Sampling (Q-FORS), sample size determination
in qualitative research should be based on data
adequacy to answer the research questions, not
merely on the number of participants (Braun &
Clarke, 2021; Hennink & Kaiser, 2022). The
number of participants in phenomenological
research generally ranges from 3 to 15 people,
but what is most important is that all participants
genuinely experience the phenomenon under
study (Tomaszewski et al., 2020).

Based on teachers’ recommendations and
the initial screening process, both subjects
demonstrated strong communicative openness,
including high verbal expression skills and a
willingness to engage in deep thinking when solving
problems, which supported the phenomenological
interview process. Although there was an age
difference, both subjects had covered equivalent
mathematics material on the topics under study
and were interviewed using a semi-structured
interview with core questions that were equivalent
for both participants. Therefore, variations in
responses were attributed more to differences in
individual thinking patterns than to age or
socioeconomic background.

Data collection
Data were collected using three instruments:

a dyscalculia identification instrument, HOTS-
based mathematical CT tasks, and semi-
structured interviews. The mathematics CT
instrument was adapted from Afifah et al. (2026),
while the HOTS questions were developed based
on four CT indicators: interpretation, analysis,
evaluation, and inference (Karim, 2015). To
ensure the validity of the instruments in this study,
several validation procedures were implemented.

This study employed triangulation of data
collection techniques using three data sources,
namely (1) dyscalculia screening using the Rasch
model; (2) HOTS-based mathematical critical
thinking written tests; and (3) semi-structured
interviews. In accordance with the
phenomenological approach, data analysis
followed the Interpretative Phenomenological
Analysis (IPA) procedure, which includes
repeated reading, theme mapping, identifying
patterns of relationships between themes, and
writing an integrative narrative (Love et al., 2020).
Triangulation aims to enhance validity, provide a
deeper understanding, and explore interpretations
of the problem (Campbell et al., 2018; Farquhar
et al., 2020). To ensure the reliability of the data
used in this triangulation, the dyscalculia
instrument was first validated through content and
construct validity procedures.

The dyscalculia identification instrument
consists of 12 items aligned with the study’s
indicators and was administered to 320 high
school and vocational high school students. Prior
to implementation, the instrument underwent
content validity and construct validity procedures.
Content validity was evaluated by mathematics
education experts to ensure consistency between
the instrument items and the measured indicators
(Mokkink et al., 2025). Content validation was
reviewed by two mathematics education lecturers
and a high school mathematics teacher. Results
indicate that revisions are needed, namely
simplifying questions such     as    “The result of
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    is…” to “. The result
of  is…” Second, revise
the multiple-choice answer options so that each
option aligns with the numbers in the question,
particularly when determining the smallest value,
to avoid confusing students. Next, construct
validity was evaluated empirically through
respondent testing to assess the appropriateness
of the instrument items (Indu et al., 2025). The
test data were analyzed using Winsteps based
on the Rasch model.

Data on dyscalculia identification were
analyzed using the Rasch measurement model by
Winsteps software (Bilhaki & Faradillah, 2025).
Rasch analysis was used to evaluate respondent
consistency and item quality through fit statistics,
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reliability, discrimination indices, and Wrightmaps
interpretations. Additionally, the Rasch model
facilitates comparisons between individual ability
and item difficulty levels on the same measurement
scale, thereby helping researchers classify
participants more objectively (Papini et al., 2021;
Putri et al., 2024; Uto, 2021)

Winsteps is used to process Rasch-based
data and to conduct an in-depth evaluation of
instrument quality using summary statistics
(Faradillah & Septiana, 2022; Suherman &
Vidákovich, 2022). Validity analysis refers to the
Outfit Mean Square (MNSQ), Outfit ZSTD, and
Point Measure Correlation (PT Measure Corr).
The results of the analysis of non-conforming items
are presented in Table 2.

Table 2. Misfit order items dyscalculia instrument

 Item 
Outfit MNSQ  
(0.5 > x >1.5) 

Outfit ZSTD  
( -2.0 > x > + 2.0) 

PT. MEASURE CORR  
(0.0 > x > 0.4) 

5 0.9 0.11 0.26 
9 0.2 1.25 0.30 

12 1.0 1.22 0.30 
1 1.3 1.19 0.31 

10 0.7 1.18 0.30 
3 1.5 1.18 0.33 
7 0.3 1.18 0.28 
4 0.0 1.17 0.28 

11 0.14 1.14 0.30 

Based on the validity test results shown in
Table 2, several items had Outfit MNSQ values
exceeding the recommended criteria, including
one item with an MNSQ of 0.0. Although standard
Rasch practice is to remove misfitting items to
maintain unidimensionality, these items were
retained for strong substantive reasons (Cris,
2020; Köhler et al., 2020). In Rasch analysis, a
very low MNSQ value indicates overfit, implying
that the response pattern is overly predictable and
often caused by redundancy or item dependency
(Dabaghi et al., 2020). However, items with
overfit are not always removed if their difficulty

level is not measured by other items in the same
domain (Kim & Oh, 2020). Retaining non-
conforming items does introduce a degree of
measurement error. To mitigate this, we followed
the recommendations of Fischer et al. (2021) for
scenarios with a limited item pool, by carefully
examining the extent of non-conformity and
ensuring that its impact on the individual’s overall
measurement is not detrimental. In addition to a
validity test, a reliability test is also needed to help
researchers assess data accurately  accountably
(Flake & Fried, 2020; Mokkink et al., 2020).
The reliability test results are shown in Table 3.



1136 Jurnal Pendidikan MIPA, Vol. 27, No. 02, pp. 1129-1150, June 2026

Table 3. Reliability result of dyscalculia instrument

The reliability test in Table 3 using KR-20
yielded a value of 0.72, indicating that the
instrument is reliable because it exceeds the
threshold of 0.70 (Lena & Nikolov, 2025).
However, the Person Separation value of 1.71
falls below the ideal threshold of 2.0 generally
recommended in Rasch analysis. Nevertheless,
this instrument is still considered suitable for use
in this study based on several methodological
considerations (Fridberg et al., 2020). This study
is descriptive in nature and aims to describe the

Statistic Person Item 
(KR-20) 0.72 - 

Reliability 0.75 0.99 
Separation 1.71 9.47 

 

general distribution of dyscalculia levels, not to
perform precise classification or diagnosis of
individuals (Park, 2019; Uto, 2021).
Furthermore, the study sample comes from a
population that is relatively homogeneous in terms
of educational level and age, which naturally
reduces the variance in respondents’ abilities and
results in a low separation index (Fridberg et al.,
2020; Kim, 2020). Thus, although the separation
index does not reach the ideal threshold, the
instrument remains valid and methodologically
sound for addressing the research questions in
this descriptive study. Meanwhile, the critical
thinking instrument used in this study was adapted
from an article on the same topic, and its
validity and reliability have already been
tested.

Figure 3. HOTS questions mathematical critical thinking skills

Figure 3 shows the HOTS questions given
to the subjects. The questions cover indicators
of mathematical CT skills consisting of (1)
interpretation; (2) analysis; (3) evaluation; and (4)
inference.

Data Analysis
This study employed qualitative data

analysis procedures to examine the mathematical
critical-thinking skills of students with dyscalculia
when solving HOTS problems. The analysis

focused on data obtained from written tests
assessing mathematical critical-thinking skills
aligned with HOTS and from semi-structured
interviews. Furthermore, the analysis procedure
consists of three components: (1) dyscalculia
screening using the Rasch model; (2) HOTS-
based mathematical critical thinking written tests;
and (3) semi-structured interviews.

First, the researchers transcribed the
interview data verbatim and repeatedly read the
transcripts alongside the participants’ responses
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on the HOTS assessment to understand the data.
Second, key statements were identified and
annotated with descriptive, linguistic, and
conceptual comments. Third, these statements
were analyzed to identify common patterns in the
subjects’ experiences. Finally, the findings were
interpreted to capture the essence of the
participants’ life experiences, with triangulation
of interview and HOTS assessment data.

 RESULT AND DISCUSSION
Results of students with dyscalculia on the

mathematical critical thinking (CT) skills

assessment, which consists of four, namely (1)
interpretation; (2) analysis; (3) evaluation; and (4)
inference, which were adapted from the article
(Karim, 2015). The subject codes selected are
shown below.

Table 4 shows the codes of the selected
students with dyscalculia and their scores. The
subjects were selected to facilitate observation
and gain an in-depth understanding of individual
experiences; however, the results cannot be
generalized to the entire population, as the
description of the phenomenon focuses on the
subjects’ experiences. After both subjects took

Table 4. Subjects codes and score

Number 
Category and 
Demography 

Code 
HOTS scores of the mathematical  

critical thinking indicator 
Interpretation Analysis Evaluation Inference 

1 

Dyscalculia 
Female 
Seventeen years 
old 

V1 
Q1: 4 
Q2: 4 

Q1: 3 
Q2: 4 

Q1: 3 
Q2: 4 

Q1: 4 
Q2: 4 

2 
Dyscalculia 
Male 
Fifteen years old 

V2 
Q1: 2 
Q2: 2 

Q1: 1 
Q2: 2 

Q1: 1 
Q2: 2 

Q1: 2 
Q2: 0 

 
the HOTS assessment, which measures four
indicators of critical thinking, an analysis of their
written responses and interviews revealed two
distinct cognitive patterns among students with
math dyslexia. The results showed that V1 had
the highest score, 4, on nearly all indicators across
the two HOTS questions assessing mathematical
critical thinking skills. Meanwhile, V2 scored 0
on the Inference indicator in the second question
and achieved a maximum score of 2.

Subjects’ answers were then analyzed for
their mathematical critical-thinking skills. Overall,
the subjects demonstrated proficiency in the
interpretation indicator, particularly in writing
down the information given in the problem.
Interpretation is a crucial first step in solving math
problems, as at this stage, students are required
to understand the information presented in the
problem (Agusman et al., 2025). Interpretation

skills serve as the foundation for progressing to
the next indicators of critical thinking.

Next, regarding the analysis indicator
subject demonstrated difficulty in writing
mathematical models. Analysis indicators require
the subject to identify relationships between
concepts, break down the structure of the
problem, and formulate these relationships into
appropriate mathematical representations (Putra
et al., 2025). Incorrect answers at this stage of
the analysis indicate that the subject is unable to
identify relevant concepts and to plan a systematic
solution strategy. Consequently, on the evaluation
indicators, the subject provides an inappropriate
strategy. Evaluation indicators include the ability
to evaluate the logical strength of inferential
relationships and assess whether the chosen
strategy is appropriate for solving the problem
(Comstock & Grühn, 2026; Rodríguez-Rojas et
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al., 2024). Furthermore, such inadequate
strategies can lead to errors in drawing
conclusions. Inference indicators are often lacking
due to weaknesses in previous stages, particularly
in strategy formulation, which has a cascading
effect on the quality of the resulting conclusions
(Agusman et al., 2025; Shreeves et al., 2020).
In addition, students exhibit different ability
patterns by gender when solving HOTS questions.

V1 demonstrated systematic patterns
across all four indicators. During the interpretation
stage, V1 consistently noted both the given
information and the question asked. During the
analysis stage, he broke down the problem
systematically. During the evaluation stage, he
assessed the appropriateness of the chosen
strategy. During the inference stage, he drew
correct conclusions. In contrast, V2 exhibits a
fragmented pattern. The most severe difficulties
occur during the interpretation stage, when he
writes down only partial information and fails to
identify what the problem is asking for. Initial
difficulties in interpretation result in an incomplete
mathematical model during the analysis stage, an
inability to evaluate strategies during the evaluation
stage, and ultimately, no conclusion or an
incorrect conclusion during the inference stage.
These findings indicate that the most vulnerable
indicator for students with dyscalculia in this study
is interpretation; when it fails, the subsequent
critical-thinking process collapses. Furthermore,
to address the research question regarding how
male and female students think when answering
HOTS questions, this study analyzed the written
responses of two participants. Both were students
with a tendency toward dyscalculia, as identified
through an initial assessment. To illustrate the
differences in cognitive patterns between the two
subjects more clearly, the following is the
problem-solving process for HOTS V1 and V2
questions based on the four indicators of critical
thinking.

Figure 4. Flowchart of critical thinking dyscalculia

The flowchart in Figure 4 illustrates how
both V1 and V2 exhibit starkly contrasting
patterns of thinking when solving HOTS problems.
V1 demonstrates a more systematic and coherent
pattern on all indicators. In contrast, V2 exhibits
a disjointed pattern from the very beginning on
all indicators. These individual differences serve
as a starting point for a more in-depth analysis of
how each participant performs on each indicator
of mathematical critical thinking skills. Therefore,
to provide a more detailed understanding of
differences in mathematical critical-thinking
performance among participants, Table 6
presents the written answers and interview
responses of each subject for further analysis.

The results in Table 5 indicate that the
mathematical CT skills of dyscalculic students in
solving HOTS questions still vary across
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Table 5. Subjects answers

Subjects Subjects Answer 
Subject's interview responses 

 (P: Code of reseacher, V1 and V2: code of 
subjects) 

 
 
 
 
 

V1 
 
 
 
 
 
 
 
 
 
 

 
 

V1 

Question 1 
 

V1 was able to write down the information 
provided in the problem and correctly apply the 
Pythagorean Theorem. However, there were still 
occasional doubts about which strategy to use 
because V1 stated. 
P: Do you find it difficult to analyze the 
information in the questions provided? 
V1: I had no trouble at all understanding the 
information in the question. However, I still 
sometimes get confused when deciding on a 
strategy for solving the problem. 
P: Do you know the material on the 
Pythagorean theorem? 
V1: I know the material on the Pythagorean 
Theorem, but I’m afraid of making a mistake 
because I’ve forgotten some of it. 

Question 2 

 

V1’s success was supported by confidence and 
careful verification of answers, as evidenced 
during the interview. 
P: Do you feel confident when solving math 
problems? 
V1: I’m confident when doing math because, to 
me, math is like a puzzle. Moreover, during 
exams, I like to check my answers again. 
P: When you feel confident that you can answer 
a question, do you have trouble concluding? 
V1: No, because once I’m confident in my 
answer, it’s not hard to draw conclusions. 

 
 
 
 

V2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Question 1 

 
 
 
 
 
 
 
 
 
 
 
 

V2’s incorrect strategy reflected difficulties in 
recalling and applying the required concepts, 
consistent with the interview findings. 
P: How did you feel while working on the 
HOTS math problem? 
V2: I felt scared. 
Q: In case, did you have any difficulty solving 
the problem, for example, analyzing the 
information provided in the problem or 
struggling with basic mathematical 
calculations? 
V2: I could still write down the given 
information, but I had more trouble formulating 
a strategy because if I didn’t know the method, 
the basic calculations would automatically be 
wrong. 
Therefore, V2’s error stemmed from difficulties 
in concept recall and strategy selection rather 
than basic calculation skills. 
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V2 

than basic calculation skills. 
Question 2 

 

Interview results confirmed that V2’s difficulty 
stemmed from the challenge of determining a 
solution strategy for an unfamiliar problem. 
P: Do you find it difficult when you’re given 
complex problems that are different from the 
examples provided by the teacher? 
V2: Yes, because they’re not the same as the 
examples, so it’s hard. It would be easier if the 
problems were identical to the examples 
provided, with only the numbers changed. 
V1. 
P: Do you also find it difficult to draw 
conclusions from the problems you’re given? 
V2: Yes, it’s quite difficult, because from the 
very beginning, it’s hard to figure out a strategy 
for solving the problems, let alone when I’m 
asked to draw conclusions. 
V2 depends on the example; when the problem 
is different, V2 has difficulty determining 
strategies, procedures, and even drawing 
conclusions 

 
indicators. To test the validity of the data, students’
written answers were compared with their
statements during interviews, and it was found
that the doubts and limitations in their strategies,
as expressed verbally, were also evident in their
answer sheets. This validation of the data through
comparison of test results and interview data is
consistent with the triangulation of data collection
techniques used in the study to obtain valid and
consistent findings (Muhtarom et al., 2020;
Agustin et al., 2024). Following the validation

process, the results of the mathematical critical
thinking tests and the interview data were
synthesized to provide a comprehensive picture
of each subject’s performance. To facilitate
comparisons across mathematical critical thinking
indicators, the findings were presented using
spider diagrams, which illustrate each subject’s
performance profile on each indicator.

Figure 5 presents a spider chart comparing
mathematical critical thinking skills between
subjects V1 and V2 across four indicators:

Figure 5. Spider chart comparing mathematical critical thinking indicators of subjects



1141      Afifah & Faradillah, Mathematical Critical Thinking Ability of Dyscalculia Students...

interpretation, analysis, evaluation, and inference.
Overall, the chart shows that subject V1 scored
higher than subject V2 on each indicator for both
the first question (Q1) and the second question
(Q2). This is also reflected in V1’s higher average
score compared to V2’s average score. These
results indicate that V1 is better able to
understand the information provided, analyze
relationships between concepts, evaluate solution
strategies, and draw accurate conclusions. In
contrast, V2 still demonstrated relatively low
performance across all four indicators, suggesting
difficulty applying mathematical critical-thinking
processes comprehensively. The differences in
performance between the two subjects, visualized
through a spider chart, provide an initial overview
of the variations in mathematical critical thinking
abilities, which will be discussed in greater depth
for each indicator.

Regarding the first indicator, interpretation
V2 had difficulty understanding the given
problems. These difficulties indicate that the
process of understanding the information in the
questions is quite challenging for dyscalculic
students (Pongsakdi et al., 2020; Salisa &
Meiliasari, 2023). Therefore, it causes students’
inability to identify what is known and what is
asked in the questions completely (Agusfianuddin
et al., 2024; Ario et al., 2025; Pongsakdi et al.,
2020; Strohmaier et al., 2025). In addition, the
initial process in mathematical CT is the ability to
understand and interpret the information contained
in the problem, so that if students are unable to
interpret, they will have difficulty continuing the
thinking process in the next stage (Schukajlow et
al., 2023).  Difficulties experienced by V2 during
the interpretation stage appear to be caused by a
combination of factors characteristic of
dyscalculia, a high cognitive load involved in
reading and processing complex word problems,
difficulty in extracting numerical information
embedded within sentences, and limited working
memory capacity, which hinders the ability to

recall the information provided whilst identifying
what is being asked. These cognitive constraints
collectively prevented V2 from constructing a
complete representation of the problem and
attempting a solution.

Second indicator: analysis and evaluation
V2 showed efforts to construct mathematical
models; however, the problem-solving steps
remained unsystematic. For the first question, V2
was unable to answer correctly because the
strategy employed was inappropriate. For the
second question, V2 demonstrated some ability
to respond even though the problem-solving
strategy was incomplete; the final answer was
nonetheless correct. This indicates that V2 is not
yet able to connect mathematical concepts with
appropriate solution strategies. V2 stated, “When
I am given difficult questions, I can never find the
answers. The questions given are much more
difficult than the examples given by the teacher”.
Therefore, students who tend to rely heavily on
teacher-provided examples will experience
difficulties when faced with HOTS mathematics
questions (Chirove & Ogbonnaya, 2021; Roorda
et al., 2024). This condition indicates that V2’s
analytical abilities were still limited, which in turn
affected the inference stage and resulted in less
accurate conclusions (Ricco et al., 2020; van
Dijke-Droogers et al., 2022).

Regarding the third indicator, inference, V2
was only able to formulate a conclusion for the
second question, and even that conclusion was
not fully accurate. Students’ inability to draw
conclusions is often due to inaccuracies in
identifying and applying problem-solving
strategies (Bara et al., 2025; Powell et al., 2020).
This was further confirmed during the interview,
in which V2 expressed a general dislike of
mathematics learning. V2 also stated that when
working on mathematics problems, V2 found it
difficult to determine the appropriate strategy for
answering and tended to rely solely on example
problems provided by the teacher. When faced
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with more complex problems requiring different
solution steps, V2 felt unable to provide an answer.
This indicates that V2’s difficulties during the
inference stage stem not only from limited
strategic flexibility but also from low motivation
and negative affect toward mathematics, both of
which are known to impair higher-order thinking
processes. Meanwhile, V1 was able to identify
the information contained in the questions and
organize the solution steps more systematically.
This ability helped V1 develop effective problem-
solving strategies (Agusman et al., 2025;
Faradillah & Humaira, 2021; Rubenstein et al.,
2020). This is proven through female students’
answers that demonstrate accurate analytical
skills, enabling them to evaluate the problem-
solving process (Akpur, 2020; Reinhold et al.,
2020). In addition, V1 stated that “mathematics
is like a puzzle for me, even though I sometimes
have difficulty solving problems.” Therefore, it can
be concluded that the involvement of students’
CT skills will help them understand and solve
complex problems (Bara et al., 2025; Sumarna
et al., 2024). However, some studies have found
that male students demonstrate strengths in
identifying logical patterns when solving problems
(Onoshakpokaiye & Eyetan, 2026; Ramírez-
Uclés & Ramírez-Uclés, 2020)

A difference in mathematical CT skills was
observed between V1 and V2, the two
dyscalculic students who participated in this study,
in solving HOTS questions. V1 demonstrated
better performance than V2 across all CT
indicators. However, it is important to note that
this study involved only two participants, and
caution is warranted when interpreting these
differences. The observed gap may reflect not
only gender differences but also other
confounding variables, such as differences in the
severity of dyscalculia, individual cognitive
profiles, or motivation levels. Therefore, the
performance difference between V1 and V2
should not be attributed solely to gender. This

indicates that mathematics learning needs to be
designed by taking into account the characteristics
of students, especially dyscalculic students, as well
as providing exercises that emphasize the
process of mathematical CT skills and providing
guidance in understanding problems and
developing appropriate solution strategies (Azhari
et al., 2024; Benavides-Varela et al., 2020;
Fadilla et al., 2025). Further research is
recommended to examine the mathematical CT
skills of dyscalculic students using a larger sample
size when solving HOTS questions.

 CONCLUSION
This study analyzes the mathematical CT

abilities of students with dyscalculia when solving
HOTS questions by gender. The findings indicate
that the CT abilities of students with dyscalculia
differ across the indicators of interpretation,
analysis, evaluation, and inference. V1
demonstrated better performance in identifying
relevant information, organizing systematic
problem-solving steps, evaluating solution
strategies, and drawing appropriate conclusions.
On the other hand, V2 had difficulty
understanding the information in the questions at
first, so they were less accurate in determining
strategies for solving the problems. These
differences indicate that students with dyscalculia
still face challenges in processing mathematical
information when solving problems that require
higher-order thinking skills. Results of this study
imply that mathematics learning should be
designed with consideration of the characteristics
of dyscalculia students and gender, providing
learning activities that focus on developing
mathematical CT skills through HOTS-based
exercises. One recommended approach is
Problem-Based Learning (PBL) with visual
scaffolding. This model helps students understand
problems through visual representations such as
diagrams and flowcharts, plan strategies
systematically, and evaluate the solutions
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obtained. This approach is effective in reducing
working memory load and improving critical
thinking skills of students with dyscalculia,
especially in the indicators of analysis, evaluation,
and inference. However, this study is limited by
the small sample size, so the findings cannot be
generalized to a broader population. Further
research is recommended to examine dyscalculia
across other abilities and to expand the study to
other levels.

 DECLARATION OF GENERATIVE
AI USAGE IN THE WRITING
PROCESS
While writing this manuscript, the author

used DeepL Translate to assist with translation
and refine the text. The author has reviewed and
edited the content. Therefore, the author takes
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