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Abstract

This descriptive qualitative case study examines the number-sense and mental-arithmetic profiles of six
fifth-grade students across varying mathematical ability levels. Data were collected through written tests,
semi-structured interviews, and work documentation, then analyzed using data reduction, display, and
verification. Findings revealed that high-ability students demonstrated mastery through flexibility,
accuracy, and efficiency. Moderate-ability students met most criteria but showed inconsistencies with
complex tasks, while low-ability students faced substantial difficulties and displayed unstable strategies.
These results emphasize the necessity of differentiated instruction. To foster foundational numerical
competencies, teachers should implement regular mental math activities, such as daily number discussions,
to practice flexible estimation. Furthermore, providing scaffolded support—such as gradually reducing the
use of scratch paper—is essential for low-ability students to alleviate mental strain and strengthen memory
for mental calculations. This structured approach ensures effective development of mathematical
proficiency across all student profiles. This approach ensures foundational numerical competencies are
developed effectively across all student profiles.
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INTRODUCTION

Mathematics is an essential aspect of human life and cannot be separated from daily
activities. It is widely believed that mathematics fosters logical, analytical, critical, and systematic
thinking skills (Putri et al., 2024). Numbers and arithmetic operations constitute fundamental
mathematical content in elementary school, playing a crucial role in developing students’
computational abilities for everyday tasks (Farida et al., 2014). An understanding of numerical
concepts can be strengthened by cultivating sensitivity to numbers, commonly referred to as
number sense.

Number sense is defined as an individual’s ability to understand the meaning of numbers,
recognize relationships among numerical units, compare magnitudes, anticipate the effects of
various mathematical operations, and make use of appropriate reference points (Mcintosh et al.,
1992; R. Reys et al., 1999; Yang, 2019). It involves the use of efficient strategies—such as mental
computation and estimation—to address numerical tasks. For this reason, number sense is
regarded as a crucial component of mathematical learning (Er & Artut, 2025), enabling students
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to apply their numerical knowledge across a range of contexts, including mathematical problem-
solving (Kangjeng et al., 2024).

Numbers, which historically served as tools for calculation, were once represented using
devices such as “SEMPOA”. In the twentieth century, research on brain development led to
theories that shifted numerical representation from the physical sempoa to mental imagery,
allowing calculations to be performed more quickly while simultaneously supporting cognitive
development (Ismarti, 2012). In this context, the brain becomes the central factor in the success
of numerical computation, as the calculation process relies entirely on cognitive activity
(Fahrurrozi et al., 2021).

Literally, the term mental arithmetic consists of the word “mental,” referring to the mind,

>

and “arithmetic,” referring to calculation. Conceptually, mental arithmetic can therefore be
understood as a process of performing calculations by relying solely on the brain, without the aid
of external tools such as calculators, abacuses, computers, or even pencils (Feronika et al., 2025).
The importance of mental arithmetic lies in its role in supporting long-term mastery of
mathematics across higher levels of education. The ability to compute using mental strategies can
foster students’ capacity to apply numerical concepts in everyday contexts (Fahrudin & Fathani,

2025).

Number sense and mental arithmetic are two essential supporting components in
mathematical learning, serving as prerequisites for mastering numerically oriented fields such as
science, technology, and economics. This claim is reinforced by previous studies that highlight
the significant contributions of number sense and mental arithmetic to students’ mathematical
proficiency. Gokge (2023), for example, found that number-sense skills are key indicators that
contribute to students’ mathematical achievement. Other studies have likewise reported that
higher number-sense abilities positively influence and enhance problem-solving performance
(Ramdani et al., 2023), improve overall mathematical ability (Maghfirah, 2019), and affect
mathematical learning outcomes (Mucti & Nurmala, 2020; Yuniarti, 2023). Research on mental-
arithmetic skills also demonstrates its critical contribution. Studies by Feronika (2025) and
Fahrurrozi (2021) emphasize that strengthened mental-arithmetic abilities can significantly
reduce mathematical anxiety and phobia while simultaneously increasing students’ learning
motivation.

Even though number sense and mental arithmetic are clearly important, a gap remains in
current research. Most previous studies have only looked at these skills separately or focused
mostly on how they affect general math scores. There is a lack of detailed qualitative research
that explores both skills together to see how students actually use them at different math ability
levels. Specifically, in elementary education, we still do not know enough about the specific
thinking strategies, struggles, and mistakes made by high-, moderate-, and low-ability students.
Filling this gap is important because understanding how these students think is necessary to help
teachers create better, differentiated teaching methods.

With these considerations in mind, this study sets out to explore the topic entitled “Number
Sense and Mental Arithmetic in Terms of Mathematical Ability: A Case Study on
Elementary School Students.” This research integrates two key competencies—number sense
and mental arithmetic—specifically, we are looking at how these skills manifest in elementary
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school students across different levels of mathematical ability. Furthermore, the study explores in
depth each ability level along with the corresponding profiles of number-sense and mental-
arithmetic skills.

METHODS

Research Design

This study seeks to explore the number sense and mental arithmetic skills of fifth-grade
elementary school students in the topic of numbers and computation. Using a qualitative
approach, it produces a descriptive analysis of students’ number sense and mental arithmetic
profiles across three levels of mathematical ability. These abilities are examined in a natural and
comprehensive manner and presented in a narrative description (Cohen et al., 2018). The focus
of the research lies in a comparative analysis of students with high, moderate, and low
mathematical abilities, integrating both number sense competence and mental arithmetic
performance.

Data Collection

Data collection was conducted at SD Muhammadiyah 1 Gresik with fifth-grade students
during the first semester of the 2025/2026 academic year. The research subjects consisted of six
students representing each category of mathematical ability. Data was gathered in October 2025.
The selection of participants was based on the following considerations: (1) representation of each
mathematical ability category, with two students assigned to each group; (2) sufficient
communication skills to ensure that the exploration of number sense and mental arithmetic could
proceed effectively; and (3) fifth-grade students were chosen because they have had a relatively
long period of learning experience in mathematics. Furthermore, this intentionally small sample
size was chosen to facilitate an in-depth, rich, and detailed qualitative exploration of each
individual's cognitive processes, which is a fundamental characteristic of case study research.

Research Instrument

The data collection instruments used in this study consisted of several components: (1) a
mathematical proficiency test to classify the research subjects, (2) a diagnostic test assessing
number sense and mental arithmetic skills, (3) an interview guide, and (4) an observation sheet.
To ensure the credibility and reliability of the data, all measurement tools underwent a rigorous
expert validation process. The expert panel consisted of two university mathematics lecturers and
one fifth-grade mathematics teacher. Following their comprehensive evaluation of the content,
construct, and language clarity, the validators formally declared that the finalized instruments are
valid, methodologically robust, and entirely suitable for measuring the students' number sense
and mental arithmetic capabilities in this research. As the primary instrument in the data collection
process, the number sense diagnostic test that was developed encompasses all components of
number sense adapted from Mclntosh et al. (1992), MclIntosh et al. (1997), and Singh (2009),
which will be presented in Table 1.
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Table 1. Components of Number Sense

No. Component Description Items

Involves comprehension of fundamental number meanings,

Understanding number including place-value systems, number patterns, and positional value 1

concepts (Yang & Li, 2008).
. . Identifying numerical equivalence through various forms of
Using multiple . . .
2. representations representation, such as fractions, decimals, percentages, and number 2
p lines (Yang & Sianturi, 2020).
Understanding the Comprehendlng the impact apd meaning of mathematical operatilons,
3. . particularly how these operations influence numbers (Yang & Lin, 3
effects of operations
2015).
4 Using equivalent Applying arithmetic properties to transform an expression into an 4
" representations equivalent form that is easier to compute.
5 Using calculation Employing mental strategies to compute and perform addition 5
" strategies without relying on written methods (R. Reys et al., 1999).

In addition to the number sense components, this study also examines the elements of
mental arithmetic skills, which constitute an essential part of the main data collection instrument.
Mental arithmetic skills are understood as the ability to perform calculations rapidly and
accurately without the use of writing tools or calculating devices. These skills provide insight into
students’ fluency, efficiency, and the cognitive strategies they employ when processing
mathematical operations mentally.

Table 2. Components of Mental Arithmetic

No. Component Description Items
Refers to the ability to produce correct answers in mental calculations.
1 Accuracy of This component evaluates the extent to which students can carry out 6
" results mathematical operations without errors despite not using any calculating
tools.

Describes students’ ability to select and apply efficient cognitive
Use of mental ) o ) .
2. . strategies—such as number decomposition, rounding, or using number 7
strategies .
facts—to solve calculations mentally.

Refers to the skill of reasonably approximating the results of calculations
3. Estimation ability to values close to the actual answer. Estimation enables students to make 8
quick decisions in situations that do not require exact results.

Ability to solve Indicates the capacity to process and solve mathematical problems that
4. multi-step require several sequential calculation steps while maintaining a logical 9
problems flow of mental reasoning.

Refers to the ability to sustain stable calculation performance, both in
terms of speed and accuracy, across various types of operations and 10
conditions.

Consistency in
calculation

Data Analysis

After all data were collected, the analysis was carried out through three systematic stages
proposed by Miles, Huberman, and Saldafia (2014): data reduction, data display, and conclusion
drawing. In the data reduction stage, the researchers first transcribed the interview recordings and
sorted the raw data. During this step, an open coding process was applied, where specific codes
were assigned to the students' answers and interview transcripts. These codes were then grouped
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into specific categories based on the indicators of number sense and mental arithmetic. Next, in
the data display stage, the categorized data were organized into clear narratives to present the skill
profiles of high-, moderate-, and low-ability students. Finally, during the conclusion drawing and
verification stage, the researchers interpreted these patterns to answer the research questions,
constantly checking the conclusions against the raw data to ensure accuracy.

To ensure the quality and trustworthiness of the study, the researchers applied the criteria
established by Lincoln and Guba (1985), focusing on credibility, dependability, and
confirmability. Credibility was achieved through methodological triangulation (Creswell & Poth,
2018), where the researchers carefully compared data from the written test results, interview
transcripts, and students' scratch papers to ensure the findings were consistent. Dependability was
maintained by keeping a clear audit trail, meaning every step of the research process, from data
collection to analysis, was well-documented so it could be evaluated by others. Lastly, to establish
confirmability and prevent researcher bias, every conclusion was strictly based on the actual data.
Direct quotes from the students and examples of their written work were actively used as clear
evidence to support the final interpretations.

RESULT AND DISCUSSION

Primary data collection was carried out in October of the 2025/2026 academic year at SD
Muhammadiyah 1 Gresik, involving fifth-grade students as research subjects. The study began
with the administration of an initial mathematics test used as the basis for selecting participants.
Based on the test results, six students were identified to represent three categories of mathematical
ability: two students with high ability, two with moderate ability, and two with low ability.
Students with high ability were those who scored > 80, those with moderate ability scored between
70-80, and those with low ability scored < 70 on the initial mathematics test. The details of the
selected subjects are presented in the following table.

Table 3. Research Subjects Based on Test 1 Result

No. Initials of Subjects Test 1 Result Category
1Z,CT >80 High
KV, FT 70-80 Moderate
3 AB, FM <70 Low

Subsequently, the six selected subjects were administered a diagnostic test covering all
components of number sense and mental arithmetic, followed by an interview session. The
diagnostic test consisted of 10 items: 5 items measuring number sense, representing all of its
components, and 5 additional items assessing mental arithmetic skills. During the administration
of the number sense diagnostic test, students were asked to complete each item according to the
instructions provided. For items related specifically to mental arithmetic skills, participants were
instructed not to use any external calculating aids, such as pens or paper, ensuring that all
computations were performed mentally.
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Number Sense in Terms of Mathematical Ability

The components of number sense may vary depending on the mathematics curriculum,
grade level, and the content being taught (Birgin & Peker, 2024). In this study, the number sense
components used to evaluate students’ numerical sensitivity are based on the theoretical
framework developed by Mclntosh et al. (1992), McIntosh et al. (1997), and Singh (2009). Table
4 illustrates the achievement levels of each number sense component across different categories
of students’ mathematical ability. The data are presented systematically to provide a clear
comparison of students’ performance on each component.

Table 4. Achievement Levels for Number Sense Components

Number Sense High Ability Moderate Ability Low Ability

Number Concepts e Strong Mastery e Generally Good e Needs Improvement

e Provide Correct
Answer

¢ Different Result of each
subject. One answered 3/3

correctly, another achieved
2/3

e Incomplete
Understanding (2/3
items)

Multiple e Correct Responses o Conceptual Understanding e Insufficient
Representations e Understand ¢ Misinterpreted Question Understanding
Equivalence e Irrelevant Responses
Effects of e Accurate e Partial Understanding e General Understanding
Operations Understanding e Calculation Errors e Inaccuracies in
e Correct Answer Calculation
Equivalent e Proficient e Proficient Estimation o Capable of Rounding
Representations Estimation e Proficient Rounding e Unable to Estimate
e Proficient
Rounding
Calculation e Successful Mental e No Mental Strategies e No Mental Strategies
Strategies Strategies e Reliance on Written Work e Unable to Estimate
e Accurate
Estimation

Based on the table, mathematical ability aligns closely with number sense mastery. While
low and moderate-ability students exhibited limited to partial mastery with varying degrees of
inaccuracy, high-ability students demonstrated a remarkably strong command across all
components. This high proficiency is particularly evident in the documented work of subjects 1Z
and CT, who consistently applied well-developed number sense skills.
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Figure 1. The work result of subject IZ and CT
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Supporting evidence from the interviews further illustrates the practical application of these
skills among high-ability subjects. For instance, subject IZ accurately identified a numerical
interval of 15 between 2,345 and 2,360 (NS1/KMT-1Z) and demonstrated a clear understanding
of equivalence by converting 25% to one-fourth to seamlessly deduce a remaining three-fourths
(NS2/KMT-1Z). Similarly, subject CT exhibited advanced estimation strategies by rounding
numbers to the nearest values. This approach was effectively used to simplify both addition-
bringing an estimated sum closer to 1,000 (NS4/KMT-CT) and multiplication, allowing the
subject to easily determine the approximate total cost of an item (NS5/KMT-CT).

These documented strategies confirm that individuals with strong number sense can
flexibly apply their numerical knowledge to various mathematical problem-solving situations.
The ability of these subjects to execute such efficient methods highlights the crucial role that
cognitive capacity plays in complex mathematical thinking and problem-solving (Gallagher,
2019; McCoach & Flake, 2018). Furthermore, these findings strongly align with previous studies
asserting that students with high mathematical ability naturally possess a more robust number
sense, thereby granting them a significant operational advantage over their less proficient peers
(Demirci et al., 2023; Wang et al., 2017; Yang & Chang, 2023).

NS1: Difference between
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Figure 2. Mapping of Number Sense Strategies, Interview Evidence, and Theoretical Support for

High Mathematical Ability Subjects.

Subjects with moderate mathematical ability demonstrated a reasonably good mastery of
number sense skills when completing the tasks. Most components were fulfilled, although some
were not maximized and did not lead to completely accurate responses. This is also reflected in
the documented work of subjects KV and FT.
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Figure 3. The work result of subject KV and FT

Students with moderate mathematical ability exhibited a reasonably good, albeit partial,
mastery of number sense components. As reflected in the documented work and interviews of
subjects KV and FT, these students successfully fulfilled several conceptual requirements but
often struggled with procedural execution. For instance, subject KV correctly identified numerical
equivalence—noting that 25% corresponds to one-fourth and the remaining 75% to three-fourths
(NS2/KMS-KV)—and understood the conceptual effect of subtraction in a word problem, yet
failed to perform the calculation accurately (NS3/KMS-KV). Similarly, while subject FT
successfully applied rounding for estimation (NS4/KMS-FT), they struggled to utilize mental
math in the subsequent task. Instead of applying the required mental calculation strategies, FT
relied on detailed written calculations; although the final answer was correct, the procedure did
not align with the intended problem-solving approach (NS5/KMS-FT).

These findings indicate that while moderate-ability students possess a foundational
conceptual understanding, they often lack the procedural fluency and flexibility required to
maximize their number sense. Their tendency to abandon mental strategies in favor of standard
written algorithms-even when inefficient-is highly consistent with existing literature on number
sense development (Mclntosh et al., 1992; Reys et al., 1999). Furthermore, their susceptibility to
calculation errors despite grasping the underlying concepts highlights a gap in operational
adaptability (Markovits & Sowder, 1994). The specific cognitive profiles and strategic
approaches of these moderate-ability subjects, along with the supporting theoretical frameworks,
are visualized in Figure 4.
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Figure 4. Mapping of Number Sense Strategies, Interview Evidence, and Theoretical Support for
Moderate Mathematical Ability Subjects.

Subjects with low mathematical ability were unable to meet all components of number
sense. Although some components could be partially understood, they consistently failed to
produce correct answers. This condition was also reflected in the documented work of subjects
AB and FM when completing the given tasks.
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Figure 5. The work result of subject AB and FM

As evidenced by the documented work and interviews of subjects AB and FM, these
students occasionally exhibited a partial grasp of mathematical contexts but consistently failed to
produce accurate outcomes. For instance, subject FM explicitly stated an inability to recognize
numerical equivalence between percentages and fractions (NS2/KMR-FM) and, despite
understanding the conceptual effect of a subtraction operation, was unable to execute the
calculation correctly (NS3/KMR-FM). Similarly, subject AB avoided utilizing mental strategies
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altogether, opting instead for detailed written calculations that ultimately yielded inaccurate
results (NS5/KMR-AB). The specific cognitive obstacles and flawed strategic approaches of these
low-ability subjects, supported by relevant theoretical frameworks, are visually mapped in Figure
6.
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Figure 6. Mapping of Number Sense Strategies, Interview Evidence, and Theoretical Support for
Low Mathematical Ability Subjects.

These findings highlight a profound deficit in foundational number sense, where an absence
of conceptual fluency directly impairs procedural execution. The persistent inaccuracies and
reliance on flawed calculation methods observed in these subjects strongly align with established
research on low-achieving mathematics students (Geary, 2004; Jordan et al., 2010). Furthermore,
their specific difficulties with rational numbers, such as percentage-fraction equivalence, and their
inability to apply flexible mental strategies are hallmark indicators of underdeveloped number
sense (Mazzocco et al., 2011).

In conclusion, the empirical evidence from both student task performance and interview
data establishes a robust positive correlation between mathematical ability and number sense
proficiency. Students with higher mathematical abilities consistently exhibit stronger, more
flexible number sense, whereas those with lower abilities display significant deficits. These
findings highlight that number sense is a foundational driver of mathematical success, equipping
students with the cognitive flexibility required for advanced problem-solving and creative
mathematical thinking (Boaler, 2015; Schneider et al., 2017). Consequently, to improve overall
mathematical attainment, there is a critical need for educators to implement richer, targeted
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instructional strategies that explicitly cultivate number sense across all ability levels (Clements &
Sarama, 2014).

Mental Arithmetic in Terms of Mathematical Ability

Mental arithmetic is a calculation method performed by transferring the computational
process into the mind, thereby eliminating dependence on external calculation tools such as
calculators, computers, or written notes. In this context, the mental arithmetic component includes
accuracy of results, the use of mental strategies, the ability to make estimations, the capacity to
solve multi-step problems, and consistency throughout the calculation process. In solving the
items that involved mental arithmetic, instructions were given to ensure that subjects did not use
any calculating aids, including written scratch work. Thus, the mental arithmetic component could
be observed through students’ written work and the results of the interviews conducted. The
following section presents a description of the achievement of each number sense component,
analyzed based on the subjects’ levels of mathematical ability. This explanation is presented
systematically in the table below.

Table 5. Description of Achievement Levels for Mental Arithmetic Components

Component High Ability Moderate Ability Low Ability
o Highly accurate e Partially accurate e Inaccurate
Result e Solved all correctly e Answered 2 out of 3 e Answered only 1 out of 3
Accuracy without written scratch correctly without scratch  correctly without scratch
work. work. work.
e Applied flexible strategies e Attempted to use mental e Did not use mental strategies
Mental (e.g., rounding to nearest strategies, but the e Relied on standard detailed
. value and adjusting the execution often led to calculations
Strategies . > . e
difference) for 3-digit inaccurate results. e Resulting in errors.
numbers.
e Produced appropriate e Produced appropriate e Produced inaccurate
Estimation estimations (e.g., rounding  estimations (e.g., estimations (e.g., rounding
27 to 25). rounding 27 to 25). 27 to 30).
¢ Successfully solved multi- e Failed to solve; stopped e Failed to solve; stopped
Multi-step step problems, despite midway due to the midway due to the inability
Problem displaying brief cognitive inability to use written to use written scratch work.
Solving strain/temptation to use scratch work.
scratch work.
e Strong consistency in o Exhibited inconsistent ¢ Displayed consistent
. . applying rounding values strategy application inability to use mental math
Consistency in . . . . . .
. o Adjustment strategies o Attempted rounding but e Persisting with detailed
Calculation . N . .
mentally. failed to maintain calculations that remained
accuracy. incorrect.

Based on the table, mental arithmetic proficiency aligns closely with overall mathematical
ability. High-ability subjects, notably IZ and CT, demonstrated exceptional mastery by accurately
performing calculations without any written aids. In contrast, moderate-ability students attempted
mental strategies but frequently produced inaccurate results, while low-ability students lacked
these strategies altogether, leading to consistently incorrect answers.
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Figure 7. The work result of subject IZ and CT

This evidence is further supported by the interview results with the research subjects.
Subject IZ stated that they simply added a zero to the number being multiplied by 10 (MA1/KMT-
17). 17 also explained how they solved item number 7 by using a mental strategy, namely rounding
both numbers to the nearest value and then adding or subtracting the remaining difference, which
made the calculation easier (MA2/KMT-1Z). Subject CT mentioned experiencing some difficulty
when working on item number 9 because they were not allowed to use written scratch work, and
all calculations had to be done mentally. Nevertheless, subject CT was able to answer the question
correctly and accurately (MA4/KMT-CT).

Students with high mathematical ability tend to be more flexible in performing calculations,
especially when applying mental arithmetic strategies. This aligns with Feronika’s (2025) claim
that students who regularly use this approach generally complete arithmetic operations more
quickly compared to those who still rely on conventional calculation methods. Reys and Bestgen
(1981) also stated that mental calculation strategies involve a cognitive process carried out rapidly
without written tools, producing logical answers that closely approximate the actual results. These
findings indicate that high mathematical ability supports more effective use of mental arithmetic
strategies, thereby increasing efficiency and accuracy in the calculation process. These
approaches followed by the theoretical will be visualized in Figure 8.
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Figure 8. Mapping of Mental Arithmetic Strategies, Interview Evidence, and Theoretical Support
for High Mathematical Ability Subjects

Subjects with moderate mathematical ability demonstrated attempts to perform almost all
components of mental arithmetic skills, although several errors were still observed. This can be
seen in the documentation study of the worksheet from subjects with moderate mathematical

ability as follows.
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10x 11 - MO x e T
10x 15 =115 _ ak b B,
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Figure 9. The work result of subject KV dan FT

As reflected in the documented worksheets and interview data, these students
comprehended the necessity of mental strategies but struggled with execution. For instance,
subject KV effectively applied an estimation strategy by rounding the number 27 to 25, which
was then multiplied by 3 to estimate the required time for toy assembly (MA3/KMS-KV).
Meanwhile, subject FT attempted to apply mental strategies for item number 10 but experienced
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significant difficulty due to the restriction against making written notes. Consequently, this
cognitive strain led to an inaccurate final answer (MAS/KMS-FT).

These findings indicate that while moderate-ability students can select appropriate mental
approaches, such as rounding for estimation (Sowder, 1992), their procedural execution is often
hindered by cognitive overload. Subject FT’s difficulty highlights the critical role of working
memory capacity in mental arithmetic; without the ability to offload intermediate calculation steps
onto paper, moderate students frequently lose track of numerical operations, resulting in errors
(Heirdsfield & Cooper, 2004; Peng et al., 2016). The cognitive processes and theoretical
connections explaining these moderate-ability students' mental arithmetic performance are
visualized in Figure 10.

3 Theoretical Support

{Estimation)
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Figure 10. Mapping of Mental Arithmetic Strategies, Interview Evidence, and Theoretical Support
for Moderate Mathematical Ability Subjects

Subjects with low mathematical ability experienced difficulties in meeting all components
of mental arithmetic skills. This challenge was exacerbated by the instruction prohibiting the use
of paper for scratch work, which made the calculation process more demanding. As a result, in
addition to being unable to fulfill the mental arithmetic components, subjects with low
mathematical ability frequently produced incorrect final answers. This was evidenced by their
documented work on the items related to mental arithmetic components.
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Figure 11. The work result of subject AB dan FM
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Interview data from subject AB vividly illustrates these cognitive deficits. When attempting
estimation, AB applied a flawed strategy by inaccurately rounding 27 to 30 (MA3/KMR-AB).
Furthermore, AB explicitly reported severe difficulties when solving item number 9, noting that
the inability to perform written calculations forced them to mentally retain multiple computation
steps-a task they could not sustain (MA4/KMR-AB).

These findings highlight a critical breakdown in both foundational number sense and
executive functioning among low-ability students. The inaccurate estimation (rounding 27 to 30)
reflects a poorly developed understanding of numerical magnitude (Siegler & Lortie-Forgues,
2014). Moreover, subject AB’s inability to mentally hold and manipulate numbers without written
aids points to a severe limitation in working memory capacity. Extensive research confirms that
deficits in working memory prevent students from retaining intermediate computational steps,
leading directly to calculation failures in mental arithmetic (Cragg et al., 2017; Passolunghi &
Costa, 2019). The cognitive obstacles and corresponding theoretical explanations for low-ability
subjects are visually mapped in Figure 12.
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Figure 12. Mapping of Mental Arithmetic Strategies, Interview Evidence, and Theoretical Support
for Moderate Mathematical Ability Subjects

Based on the analysis of the documentation and interview data, a clear distinction can be
observed among subjects with high, moderate, and low mathematical ability in their calculation
processes, particularly in terms of mental arithmetic skills. High-ability subjects were able to
complete all items requiring mental arithmetic strategies very effectively. Moderate-ability
subjects demonstrated performance that nearly fulfilled all components, although several minor
errors were still identified. Conversely, low-ability subjects encountered significant difficulties in
applying mental arithmetic strategies to complete the calculations.

These differences indicate that mastery of mental arithmetic plays an important role in
improving the quality of students’ computational processes. In line with this, Dianto (2018)
explains that the development of mental arithmetic offers various benefits, including: (1)
optimizing brain function, (2) enhancing imagination, creativity, logic, systematic thinking
patterns, concentration, and memory, (3) increasing speed, accuracy, and precision in thinking,
(4) strengthening sensitivity to spatial relationships as a result of visualizing the abacus mentally,
(5) supporting students who frequently face difficulties memorizing multiplication facts, and (6)
fostering self-confidence and a positive mental attitude, particularly when dealing with
mathematical tasks or problems.
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Overall, the results of this study emphasize that mental arithmetic skills not only contribute
to improving fluency in computation but also support the strengthening of broader cognitive
abilities. The performance differences among subjects with high, moderate, and low mathematical
ability demonstrate that mastering mental arithmetic strategies is an essential skill that should be
cultivated from an early age. With its numerous benefits—ranging from cognitive development
and improved accuracy to the formation of a positive attitude toward mathematics—mental
arithmetic represents a relevant approach to be integrated into instruction. These findings are
expected to serve as a basis for the development of more effective instructional strategies in the
future.

CONCLUSION
Conclusion

From the findings presented in this study, it is evident that number sense and mental
arithmetic abilities play a significant role in facilitating students’ performance when solving
mathematical problems. Based on the results, it can be concluded that subjects with high
mathematical ability were able to meet all components of number sense and mental arithmetic
effectively. Subjects with moderate mathematical ability fulfilled nearly all components, although
several errors were still observed. Meanwhile, subjects with low mathematical ability experienced
considerable difficulty in meeting all components of number sense and mental arithmetic. Thus,
it can be inferred that the stronger a student’s number sense and mental arithmetic skills, the better
their mathematical performance tends to be.

Recommendations

This study focuses on the analysis of number sense and mental arithmetic in relation to
mathematical ability among fifth-grade primary school students. For future research, it is
recommended that this topic be further developed using different research models, such as
experimental designs, mixed-method approaches, or longitudinal studies, to gain a deeper and
more comprehensive understanding of the issues explored. In addition, future studies may involve
students from different educational levels or examine the relationship between number sense and
mental arithmetic with other variables, such as teaching strategies, cognitive styles, or the use of
instructional media. These developments are expected to enrich the findings and contribute more
broadly to the improvement of mathematical learning in primary education.

REFERENCES

Birgin, O., & Peker, E. S. (2024). An investigation of 8th-grade Turkish students’ performance
on number sense. Educational Studies, 50(2), 261-284.
https://doi.org/10.1080/03055698.2022.2049593

Boaler, J. (2015). Mathematical mindsets: Unleashing students’ potential through creative math,
inspiring messages and innovative teaching. Jossey-Bass.

Clements, D. H., & Sarama, J. (2014). Learning and teaching early math: The learning
trajectories approach (2nd ed.). Routledge.

Cohen, L., Manion, L., & Morrison, K. (2018). Research Methods in Education. Routledge.


https://doi.org/10.1080/03055698.2022.2049593

116 | Sekolah Dasar: Kajian Teori dan Praktik Pendidikan, Vol. 35, No.1, Mei 2026, Hal. 100-118

Cragg, L., Keeble, S., Richardson, S., Roome, H. E., & Gilmore, C. (2017). Direct and indirect
influences of executive functions on mathematics achievement. Cognition, 162, 12-26.
https://doi.org/10.1016/j.cognition.2017.01.014

Creswell, J. W., & Poth, C. N. (2018). Qualitative inquiry and research design: Choosing among
five approaches (4th ed.). SAGE Publications.

Demirci, N., Istk Tertemiz, N., & Kartal, A. (2023). Ozel Yetenekli Ogrenciler Ve Matematikte
Basarili Akranlarinin Sayi Duyusuna Yonelik Sorulari Yanitlarken Kullandiklari
Stratejiler. Avrasya Sosyal ve Ekonomi Arastirmalart Dergisi, 10(3), 247-270.
https://dergipark.org.tr/tr/pub/asead/issue//1322227

Dianto, R. (2018). Penggunaan Sempoa Untuk Meningkatkan Mental Aritmetika Siswa SD pada
Pembelajaran Kabataku. Jurnal Equation: Teori Dan Penelitian Pendidikan Matematika,
1(2), 145. https://doi.org/10.29300/equation.v1i2.2296

Er, Z., & Artut, P. D. (2025). Comparative analysis of number sense performance and problem-
solving strategies in gifted and typically developing students. Humanities and Social
Sciences Communications, 12(1), 1016. https://doi.org/10.1057/s41599-025-05403-9

Fahrudin, F. A., & Fathani, A. H. (2025). Pembinaan mental aritmetika dengan menggunakan
sempoa untuk memecahkan  masalah  berhitung  siswa. 6(225), 148-161.
https://doi.org/10.33474/jp2m.v6il.22767

Fahrurrozi, Abdullah, & Hayati, N. (2021). Pelatihan Mental Aritmatika dan Brain Gym
Mathematics Untuk Mengatasi Fobia Matematika Di SDN 6 dan SDN 7 Pringgasela. ABDI
POPULIKA, 02(1), 76-85.

Farida, N., Sari, M., llmiah, J., & Matematika, P. (2014). Number Sense Siswa Sekolah Dasar
(SD) dalam Menyelesaikan Soal Matematika Ditinjau dari Kemampuan Matematika.
MATHEdunesa, 3(3).

Feronika, A., Putri, A., Adrias, A., Syam, S. S., Studi, P., Guru, P., Dasar, S., & Padang, U. N.
(2025). Penggunaan Metode Sempoa dalam Meningkatkan Mental Aritmatika untuk

Mengatasi Fobia Matematika Siswa SD. Bilangan: Jurnal IImiah Matematika Kebumian
dan Angkasa, 3(2), 12-21. https://doi.org/10.62383/bilangan.v3i2.453

Gallagher, Shelagh A. (2019). Epistemological Differences Between Gifted and Typically
Developing Middle School Students. Journal for the Education of the Gifted, 42(2), 164—
184. https://doi.org/10.1177/0162353219836924

Geary, D. C. (2004). Mathematics and learning disabilities. Journal of Learning Disabilities,
37(1), 4-15. https://doi.org/10.1177/00222194040370010201

Gokee, S., Giiner, P., & Bastug, M. (2023). Monitoring Proficiency: Growth of Number Sense in
Primary School. Psychology in the Schools, 60(3), 707-728.
https://doi.org/10.1002/pits.22786

Heirdsfield, A. M., & Cooper, T. J. (2004). Factors affecting the process of proficient mental
addition and subtraction: Case studies of flexible and inflexible computers. Journal of
Mathematical Behavior, 23(4), 443—463. https://doi.org/10.1016/j.jmathb.2004.09.005

Ismarti. (2012). Meningkatkan Penguasaan Bilangan dengan Mental Aritmatika Sempoa.
DIMENSI, 1(2), 1-11. https://doi.org/10.33373/dms.v1i2.172

Jordan, N. C., Glutting, J., & Ramineni, C. (2010). The importance of number sense to
mathematics achievement in first and third grades. Learning and Individual Differences,
20(2), 82-88. https://doi.org/10.1016/j.1indif.2009.07.004



https://doi.org/10.1016/j.cognition.2017.01.014
https://dergipark.org.tr/tr/pub/asead/issue/1322227
https://doi.org/10.29300/equation.v1i2.2296
https://doi.org/10.1057/s41599-025-05403-9
https://doi.org/10.33474/jp2m.v6i1.22767
https://doi.org/10.62383/bilangan.v3i2.453
https://doi.org/10.1177/0162353219836924
https://doi.org/10.1177/00222194040370010201
https://doi.org/10.1002/pits.22786
https://www.google.com/search?q=https://doi.org/10.1016/j.jmathb.2004.09.005
https://doi.org/10.33373/dms.v1i2.172
https://doi.org/10.1016/j.lindif.2009.07.004

Putri et al. - Number Sense and Mental Arithmetic... | 117

Kangjeng, D., Hanifa, S. 1., Mawaddah, N. M., & Fitri, D. H. (2024). Pengaruh Number Sense
terhadap Hasil Belajar Matematika Siswa. Prosiding Diskusi Panel Nasional Pendidikan
Matematika, 369-376.

Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic inquiry. SAGE Publications.

Maghfirah. (2019). Analisis Kemampuan Number Sense Siswa SMP. Universitas Negeri
Yogyakarta.

Markovits, Z., & Sowder, J. (1994). Developing number sense: An intervention study in grade 7.
Journal  for Research in Mathematics Education, 25(1), 4-29.
https://doi.org/10.2307/749290

Mazzocco, M. M., Murphy, M. M., Brown, E. C., Rinne, L., & Herold, K. O. (2011). Unimpaired
rational number understanding in girls with Turner syndrome. Frontiers in Psychology, 2,
43,

McCoach, D. B., & Flake, J. K. (2018). The role of motivation. In APA handbook of giftedness
and talent. (pp. 201-213). American Psychological Association.
https://doi.org/10.1037/0000038-013

Mcintosh, A., Reys, B., & Reys, R. (1992). A proposed framework for examining basic number
sense. For the Learning of Mathematics, 12(3), 2-8.

Mclntosh, A., Reys, B., Reys, R., Bana, J., & Farrell, B. (1997). Number sense in school
mathematics: student performance in four countries. Mathematics, Science & Technology
Education Centre, Edith Cowan University.

Miles, M. B., Huberman, A. M., & Saldaia, J. (2014). Qualitative data analysis: A methods
sourcebook (3rd ed.). SAGE Publications.

Mucti, A., & Nurmala, R. (2020). Pengaruh Kemampuan Number Sense Terhadap Hasil Belajar
Matematika Siswa di SMP Negeri 8 Tarakan. Journal of Mathematics Education, Science
and Technology, 5(1), 12—18. https://doi.org/10.30651/must.v5i1.3660

Passolunghi, M. C., & Costa, H. M. (2019). Working memory and mathematical learning. In A.
Fritz, V. G. Haase, & P. Risédnen (Eds.), International handbook of mathematical learning
difficulties: From the laboratory to the classroom (pp. 407-421). Springer.
https://doi.org/10.1007/978-3-319-97148-3

Peng, P., Namkumar, P., Fuchs, D., Fuchs, L. S., & Patton, T. (2016). A meta-analysis of
mathematics and working memory: Moderating effects of working memory domain, type
of mathematics skill, and sample characteristics. Journal of Educational Psychology,
108(4), 455—-473. https://doi.org/10.1037/edu0000079

Putri, A. F. H., Sulistyowati, D. R., Fittari, M., Julianto, J., & Wiryanto, W. (2024). Analisis
Metakognisi Peserta Didik Kelas V Sekolah Dasar dalam Memecahkan Masalah
Matematika Bangun Ruang dalam Perspektif Teori Perkembangan Kognitif Jean Piaget.
Sekolah  Dasar: Kajian Teori Dan  Praktik  Pendidikan, 33(1), 26-39.
https://doi.org/10.17977/um009v33i12024p26-39

Ramdani, Y., Azmi, S., Wulandari, N., & Hayati, L. (2023). Analisis Kemampuan Pemecahan
Masalah Matematika pada Materi Bilangan Ditinjau dari Kemampuan Number Sense
Siswa. Griya Journal of Mathematics Education and Application, 3, 313-324.
https://doi.org/10.29303/griya.v3i2.341

Reys, R. E., & Bestgen, B. J. (1981). Teaching and Assessing Computational Estimation Skills.
The Elementary School Journal, 82(2), 117-127. https://doi.org/10.1086/461246



https://doi.org/10.2307/749290
https://doi.org/10.1037/0000038-013
https://doi.org/10.30651/must.v5i1.3660
https://doi.org/10.1007/978-3-319-97148-3
https://www.google.com/search?q=https://doi.org/10.1037/edu0000079
https://doi.org/10.17977/um009v33i12024p26-39
https://doi.org/10.29303/griya.v3i2.341
https://doi.org/10.1086/461246

118 | Sekolah Dasar: Kajian Teori dan Praktik Pendidikan, Vol. 35, No.1, Mei 2026, Hal. 100-118

Reys, R., Reys, B., Emanuelsson, G., Johansson, B., Mcintosh, A., & Yang, D.-C. (1999).
Assessing Number Sense of Students in Australia, Sweden, Taiwan, and the United States.
School Science and Mathematics, 99, 61-70. https://doi.org/10.1111/1.1949-
8594.1999.tb17449.x

Schneider, M., Beeres, K., Coban, L., Merz, S., Schmidt, S. S., Stricker, J., & De Smedt, B.
(2017). Associations of non-symbolic and symbolic numerical magnitude processing with
mathematical competence: A meta-analysis. Frontiers in Psychology, 8, 1402.
https://doi.org/10.3389/fpsye.2017.01402

Siegler, R. S., & Lortie-Forgues, H. (2014). An integrative theory of numerical development.
Child Development Perspectives, 8(3), 144-150. https://doi.org/10.1111/cdep.12077

Singh, P. (2009). An Assessment of Number Sense Among. [Infernational Journal for
Mathematics Teaching and Learning, 1(29), 1-27.

Sowder, J. (1992). Estimation and number sense. In D. A. Grouws (Ed.), Handbook of research
on mathematics teaching and learning (pp. 371-389). Macmillan.

Wang, J. (Jenny), Halberda, J., & Feigenson, L. (2017). Approximate number sense correlates
with math performance in gifted adolescents. Acta Psychologica, 176, 78-84.
https://doi.org/10.1016/j.actpsy.2017.03.014

Yang, D.-C. (2019). Development of a three-tier number sense test for fifth-grade students.
Educational Studies in Mathematics, 101. https://doi.org/10.1007/s10649-018-9874-8

Yang, D.-C., & Chang, T.-M. (2023). Number Sense Performance of Gifted and General Fourth
Graders in Taiwan (D. Ortega-Sanchez (ed.)). IntechOpen.
https://doi.org/10.5772/intechopen.111752

Yang, D.-C., & Li, M. (2008). An investigation of 3rd-grade Taiwanese students’ performance in
number sense. Educational Studies, 34, 443-455.
https://doi.org/10.1080/03055690802288494

Yang, D.-C., & Lin, Y.-C. (2015). Assessing 10- to 11-year-old children’s performance and
misconceptions in number sense using a four-tier diagnostic test. Educational Research,
57,1-21. https://doi.org/10.1080/00131881.2015.1085235

Yang, D.-C., & Sianturi, 1. (2020). Sixth Grade Students’ Performance, Misconception, and
Confidence on a Three-Tier Number Sense Test. International Journal of Science and
Mathematics Education, 19. https://doi.org/10.1007/s10763-020-10051-3

Yuniarti, L. (2023). Pengaruh Kemampuan Number sense dan pemahaman konsep siswa terhadap
hasil belajar siswa dalam materi pola bilangan kelas VIII MTs YMI Wonopringgo [UIN
K.H. Abdurrahman Wahid Pekalongan.]. http://etheses.uingusdur.ac.id/id/eprint/4427



https://doi.org/10.1111/j.1949-8594.1999.tb17449.x
https://doi.org/10.1111/j.1949-8594.1999.tb17449.x
https://doi.org/10.3389/fpsyg.2017.01402
https://doi.org/10.1111/cdep.12077
https://doi.org/10.1016/j.actpsy.2017.03.014
https://doi.org/10.1007/s10649-018-9874-8
https://doi.org/10.5772/intechopen.111752
https://doi.org/10.1080/03055690802288494
https://doi.org/10.1080/00131881.2015.1085235
https://doi.org/10.1007/s10763-020-10051-3
http://etheses.uingusdur.ac.id/id/eprint/4427

