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The educational system in Malaysia needs to improve calculator implementation
because schools must fulfill their responsibility of developing Higher Order
Thinking Skills (HOTS) through national regulations. This research study
examines the link between scientific calculator competencies and the Higher Order
Thinking Skills (HOTS) performance of Form Four students who solve quadratic
functions. A secondary school in Johor conducted a primarily quantitative research
study with supplementary qualitative elements (open-ended questionnaire
responses), involving 55 students who completed the Calculator Competency Test
(o = 0.89), the HOTS Assessment (o = 0.91), and the student questionnaire (o =
0.85). The findings showed a strong positive association between calculator
proficiency and HOTS performance (r = 0.949, p < 0.001). The regression results
(R?=0.901) are exploratory due to the small sample size (n = 55); this should be
interpreted as a preliminary association rather than a predictive relationship. No
multicollinearity was found (VIF = 1.48), but discriminant validity testing is
needed (Fornell-Larcker, HTMT). Students showed a major confidence deficiency,
with the majority reporting low confidence levels for difficult tasks, even though
56.36% of students demonstrated high performance on the competency test. The
study revealed four illustrative themes from qualitative responses: technical
obstacles, strategic uncertainty, restricted teaching time, and preference for
traditional methods. As basic skills calculators function as scaffolding tools that
help students, they do not address fundamental learning gaps. The study
recommends professional development, curriculum alignment, and resource
distribution through classroom sets, government funding, shared-device systems,
and public-private partnerships.
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INTRODUCTION

To prepare students for complex problem-solving, many educational systems now
integrate technology into mathematics curricula. This shift aims to foster advanced
thinking skills (Ananiadou & Claro, 2009). Malaysia’s Education Blueprint (2013—
2025) formalized technology integration across all educational stages, emphasizing
critical thinking, creativity, and innovation (Ministry of Education, 2012). The
educational framework establishes scientific calculators as fundamental instruments for
teaching secondary mathematics because teachers need them for both classroom
instruction and assessment purposes since the 2002 Kurikulum Bersepadu Sekolah
Menengah (KBSM) revision (Radzuan et al., 2021).

Malaysian mathematics classrooms face challenges with calculator integration because
of irregular execution between schools and the absence of academic studies which
validate the practice, despite existing educational policies and curriculum standards that
support calculator integration. Previous studies have investigated how calculators affect
student computational skills and their overall attitudes toward mathematics (Ellington,
2003; Kastberg & Leatham, 2005), but there exists a research gap regarding how
calculator skills development affects students’ ability to learn higher-order thinking
skills. This gap is concerning because Malaysian students have shown testing progress
through international assessments, although their math performance remains below the
OECD average, particularly in analytical and problem-solving assessments (OECD,
2016).

The research mission analyzes calculator usage in secondary schools across Malaysia to
study mathematics instruction methods which need investigation. The research
questions guiding this study are: (1) What is the level of calculator competency among
Form Four students in solving quadratic functions? (2) What is the level of HOTS
proficiency among these students? and (3) What is the relationship between calculator
competency and HOTS performance in quadratic functions? The research uses these
questions to investigate technology integration methods which mathematicians use to
teach their subject through its specialized implementation in Malaysian classrooms.

LITERATURE REVIEW
Technology Integration in Mathematics Education

The development of mathematical educational technology started thirty years ago when
educational institutions began to require technology for teaching mathematical concepts
to students (Waits & Demana, 1998; National Council of Teachers of Mathematics
[NCTM], 2000). The NCTM recommends teachers should use calculators in their
classrooms because calculators help students understand concepts better, solve
mathematical problems, and conduct mathematical research (NCTM, 2000). This
approach supports constructivist mathematics teaching methods which require students
to learn through active participation, exploratory activities, and the development of
understanding.

Mathematics education has changed at the global level through technology integration
which progressed from basic computational tools to advanced systems that support
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students in exploring concepts and working together to solve problems (Hoyles &
Lagrange, 2010). The Singapore school calculus curriculum at the upper secondary
level takes an intuitive approach supported by the use of technology (Toh, 2021). The
"Calculator-Active" examination elements in Singapore assess students on their
capacity to utilize technology for developing models and understanding data (Ministry
of Education Singapore, 2020).

Malaysian mathematics education has progressed through time to implement
technology as a teaching tool. The official ban on calculator uses in lower secondary
and primary education lasted until 2002. The KBSM curriculum changes allowed Form
Two and Three students to use calculators, which included scientific calculators for
upper secondary mathematics and Additional Mathematics courses (Lim & Kor, 2004;
Radzuan et al., 2021). In the Malaysian context, research has demonstrated that
technology-enhanced instructional strategies significantly improve students'
mathematics achievement and engagement (Azid et al., 2020). This policy change
supports comprehensive educational reforms which aim to modernize Malaysian
education according to international educational standards.

The technology integration process in Malaysia has proceeded at a slower pace with
inconsistent results because of policy implementation gaps (Radzuan et al., 2021).
Studies demonstrate that there are differences in access to resources, a need for teacher
training, and a requirement for improved pedagogical approaches (Nordin et al., 2020).
This gap between policy and practice establishes an important context for the current
investigation.

Scientific Calculators and Mathematical Learning

Research on calculator use in mathematics education presents mixed findings but
generally supports their positive impact when integrated thoughtfully. Ellington
conducted a meta-analysis which reviewed 54 studies that demonstrated calculator
usage enabled students to acquire operational skills and problem-solving capabilities
while improving their mathematical attitude. The study by Kastberg and Leatham
(2005) found that scientific calculator usage helped students learn both calculator
operation and mathematical understanding. This data demonstrates that calculators
support HOTS development because they decrease the cognitive load needed to perform
complex mathematical calculations. Emerging research has also explored how
generative Al tools such as ChatGPT can support the design of mathematical modelling
activities, expanding the scope of technology integration in mathematics education
(Dertli & Yildiz, 2025). This process enables students to dedicate their focus toward
solving advanced problems which require them to identify patterns and choose suitable
strategies (Sweller et al., 2019).

While Western countries have widely adopted graphing calculators and computer
algebra systems, the availability of free-access digital mathematical tools (e.g., Desmos,
GeoGebra, Microsoft Mathematics, Photomath) has expanded globally. Malaysian
schools use scientific calculators as their primary educational technology because these
devices cost between RM40 and RM80, which is cheaper than graphing calculators that
cost between RM400 and RM600 because these devices meet SPM examination
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requirements, which permit only approved scientific calculators. Also, these devices
operate effectively in areas with limited or inconsistent internet connectivity (Kissane,
2016; Radzuan et al., 2021). The ongoing need for scientific calculator skills shows that
this specific capability remains essential within the Malaysian education system.

Successful calculator integration requires more than providing users with technological
tools. Kissane (2016) establishes that educators need to implement calculators through
educational systems which demonstrate to students how to use calculators for solving
mathematical problems. The lack of proper integration will result in calculators being
used as basic calculation tools rather than instruments for mathematical research
(Hennessy et al., 2005).

The current international research work has developed new insights about how people
use technology in mathematics classrooms. The researchers Papadakis et al. (2024)
studied digital innovation together with cloud technologies to show how these tools can
create new learning methods which enable students to improve their mathematical skills
through digital resources that schools can afford. The research work by Lampropoulos
and Papadakis (2025) studied how artificial intelligence together with social robots can
benefit students learning mathematics, because new technologies provide customized
learning support when they match specific teaching objectives. The research conducted
by Fardian et al. (2025) demonstrated that students learn better through Al-powered
tools which include Chat-GPT, because these tools provide breakdowns of
mathematical solutions into accessible learning resources. These modern viewpoints
show different results from previous beliefs which supported technological
determinism, by demonstrating that effective technology implementation depends on
both teacher teaching methods and the specific environment (Vazquez-Uscanga et al.,
2025; Akosah, 2025).

Higher Order Thinking Skills in Mathematics

HOTS represent the advanced levels of Bloom’s revised taxonomy through its three
cognitive requirements, which include applying, analyzing, evaluating, and creating
according to Anderson and Krathwohl (2001). Zohar (2013) states that mathematics
education requires students to use advanced cognitive abilities, which include problem
analysis, solution assessment, conceptual link establishment, and mathematical model
creation.

Zohar (2013) explains that mathematics HOTS require students to develop both
essential mathematical skills and advanced thinking abilities which enable them to solve
problems and create new ideas. Anderson and Krathwohl (2001) developed an
operational framework for Bloom’s Taxonomy which includes the cognitive processes
of applying, analyzing, evaluating, and creating. The field of mathematics assesses
HOTS abilities through tasks that require students to evaluate different solution
methods, develop mathematical proofs, and create real-world problem-solving models.

The Malaysian Ministry of Education requires all subjects to develop HOTS
competencies, with special attention given to mathematics because it teaches logical
thinking and information analysis (Kementerian Pendidikan Malaysia, 2013). Research
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findings demonstrate that Malaysian classrooms face difficulties when implementing
HOTS teaching methods. The implementation of HOTS in Malaysia faces challenges
because assessment methods do not match the teaching style of teachers who focus on
preparing students for exams (Jamil et al., 2020). Recent research has demonstrated that
technology-enhanced learning environments can significantly improve students' higher-
order thinking skills across multiple knowledge dimensions, including conceptual,
procedural, and metacognitive domains (Meok et al., 2024).

The Role of Teacher Beliefs and Professional Development

Technology integration in education depends on teacher beliefs because they serve as
the principal element that connects these two domains according to Thomas et al.
(2006). The majority of mathematics teachers use calculators as computation tools,
which restricts their ability to develop higher-order thinking skills in students according
to Kissane (2016). Harris and Hofer (2011) demonstrate that professional development
programs which teach teachers to combine pedagogical approaches with technological
tools succeed in changing their teaching methods and improving student performance.

Nordin et al. (2020) discovered that Malaysian teacher training programs face multiple
difficulties, which include their irregular program schedules and their failure to
distribute educational resources equally. Recent studies show that progress continues,
yet some areas still lack development. The research by Radzuan et al. (2021) discovered
that urban schools improved their calculator usage, but rural schools face ongoing
difficulties because they lack sufficient resources. The study by Abdul Rahman et al.
(2022) showed that specific policy initiatives have improved training systems at
educational facilities located in both urban and semi-urban areas.

Teachers in remote rural areas cannot access professional development programs
because of their difficulties with internet access and travel to training locations
(Radzuan et al., 2021; Abdul Rahman et al., 2022). The evidence shows that the
Ministry of Education has developed organized professional development programs for
technology integration, but schools across different districts and types of institutions
have not yet adopted these programs fully. The existing research shows that no new
studies about calculator integration into Malaysian classrooms have appeared since
2022, which creates a research deficiency in this area.

Bilingual Learners and Technology-Mediated Mathematics Learning

Malaysian students study mathematics through both Bahasa Malaysia and English,
which creates a bilingual environment that impacts their cognitive development and
technological skills. Research on bilingualism and mathematics shows that language
proficiency determines a student’s ability to understand concepts and use different
problem-solving methods (Setati & Barwell, 2016). Tong and Lin (2025) expanded this
knowledge by studying how bilingual mobile learning apps support students’ ability to
switch between graphs, symbols, equations, and English words during mathematics
lessons. The research shows that when teachers use multiple methods of teaching,
students will be able to understand mathematical concepts better between their first
language and second language.
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The Malaysian Context: Policy, Curriculum, and Practice

The study focuses on quadratic functions, which exist as polynomial functions that have
a degree of two and use the general equation f(x) = ax? + bx + ¢ (with the condition that
a must not equal zero). Quadratic functions serve as the first polynomial function of the
Form Four mathematics curriculum that extends beyond basic linear relationships,
because it enables researchers to study student abilities in using calculators together
with their higher-order thinking skills needed for problem solving. The existing
literature on students’ challenges with quadratic functions (Ellis & Grinstead, 2008;
Eraslan, 2008; Kotsopoulos, 2007; Vaiyavutjamai & Clements, 2006) addresses several
key themes. The research investigates three main themes, which include student
misconceptions about variables, their challenges with different representation modes,
and their difficulties in grasping how different algebraic expressions of a quadratic
function relate to one another.

Four main elements (national policies, curriculum frameworks, assessment systems, and
classroom practices) create Malaysia’s educational technology system. The Malaysia
Education Blueprint 2013-2025 establishes multiple technology integration goals,
which educational technology will use to improve learning results and foster necessary
21st-century abilities (Ministry of Education, 2012). The process of implementing
policies into actual use faces multiple obstacles. Radzuan et al. (2021) found that
schools and classrooms demonstrate different patterns of calculator usage. The
differences in calculator usage between schools and classrooms are caused by different
factors, which include teacher training methods, available resources, and teachers’
mathematical teaching and learning beliefs.

Theoretical Framework

The research bases its foundation on two theoretical frameworks: Technological
Pedagogical Content Knowledge and Cognitive Load Theory. These frameworks enable
researchers to investigate how scientific calculators affect mathematics lessons and
students’ ability to think at higher levels.

Technological Pedagogical Content Knowledge (TPACK)

The TPACK framework (Mishra & Koehler, 2006) requires teachers to combine three
essential knowledge areas for successful technology use in their classrooms:
Technological Knowledge, Pedagogical Knowledge, and Content Knowledge. In the
context of this study:

I. Technological Knowledge refers to teachers’ and students’ proficiency in using
scientific calculators.

II. Pedagogical Knowledge refers to teaching methods which help students develop
higher-order thinking skills through calculator-based learning.

III. Content Knowledge represents comprehensive comprehension of quadratic
functions and their associated algebraic elements.
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The intersection of these knowledge types (Technological Pedagogical Content
Knowledge) is where meaningful calculator integration occurs. The research
investigates whether Malaysian mathematics teaching demonstrates this integration or
maintains a divided structure which affects students’ ability to develop HOTS skills.

Cognitive Load Theory (CLT)

Cognitive Load Theory (Sweller, 1988) distinguishes between intrinsic load (difficulty
inherent to the material), extraneous load (imposed by poorly designed instruction), and
germane load (mental effort devoted to schema construction). Sweller et al. (2019)
explains that scientific calculators help users decrease extraneous cognitive load during
difficult calculations, enabling them to reserve working memory for advanced tasks
such as analysis, evaluation, and creation. The research study examines whether
students who can use calculators effectively experience reduced cognitive load, thereby
improving their HOTS performance in quadratic functions.

METHOD
Research Design

The researchers used a predominantly quantitative research design to study the use of
calculators in Malaysian mathematics classrooms, with some qualitative elements
(open-ended questionnaire responses). This design allowed triangulation of test
performance data with illustrative student comments. The researchers not only tested
students’ ability to use calculators but also measured their higher-order thinking skills.
This research design permits the use of three different types of evidence that will result
in a better understanding of the influence of calculators on students’ higher-order
thinking skills. No thematic saturation analysis was performed on the qualitative data,
but the data were utilized to provide contextual depth for the quantitative findings.

Participants

The study involved 55 Form Four students (aged 16-17) from a national secondary
school in Johor. The sample involved 22 male participants and 33 female participants
who had been selected through purposive sampling to represent the different academic
achievement levels of the school. The participants of the study were enrolled in the
Standard Curriculum for Secondary Schools (KSSM) mathematics program. All
participants came from bilingual (Bahasa Malaysia and English) mathematics
instruction backgrounds.

The study employed a sample size of 55 students, which is appropriate for an
exploratory case study design (Creswell, 2012). The researchers confirmed that this
sample size does not provide enough data for conducting thorough inferential statistical
tests, especially for regression methods. The study presents all regression results as
exploratory findings that require careful interpretation. A post-hoc power analysis using
G*Power (Faul et al., 2009) indicated that the sample achieved adequate power (0.80)
to detect large effects (f* > 0.35) at a = 0.05, but the study failed to reach sufficient
power for identifying small and medium effects. The results provide preliminary
evidence about the link between calculator competency and HOTS performance, but
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future research with larger, more diverse samples (n > 200) is necessary to confirm the
observed relationships. The regression findings (R? = 0.901) should not be interpreted
as definitive predictive evidence due to the limited sample size and the potential for
construct overlap between the two measurement instruments.

Instruments
The research team used three primary data collection tools to conduct their study.

I. Calculator Competency Test: A 7-item test assessing students’ ability to use
scientific calculators effectively in solving quadratic function problems, adapted
from past examination questions.

II. HOTS Assessment: A 4-item test measuring students’ higher-order thinking skills
in quadratic functions, designed according to Bloom’s revised taxonomy levels.

III. Student Questionnaire: A 10-item Likert-scale survey to measure students’ beliefs
about calculator use, their confidence levels, and their experiences with calculator-
based instruction. All instruments underwent pilot testing and validation by
mathematics education experts.

Data Collection Procedures

The researchers conducted data collection during two mathematics instructional time
periods. The first session required students to complete both the Calculator Competency
Test and HOTS Assessment within a 60-minute period. The second session required
students to complete the questionnaire. All participants took part in the study after they
provided their informed consent.

Reliability of Instruments

The research instruments maintained their internal consistency according to the
assessment performed with Cronbach’s alpha coefficient. The reliability of the
calculator competency test achieved excellent results (o = 0.89, 95% CI [0.84, 0.93]),
while the Higher Order Thinking Skills (HOTS) problem-solving test reached good
reliability (o= 0.91, 95% CI [0.87, 0.94]). The questionnaire, which measured students’
attitudes and confidence in their ability to use calculators, produced reliable results (o =
0.85). These values, which exceed the 0.70 threshold established for educational
research instruments (Nunnally & Bernstein, 1994; Taber, 2018), indicate that the
instruments successfully measured their intended constructs.

Data Analysis

Researchers used SPSS version 26 to analyze test results and questionnaire responses,
which contained quantitative data. Descriptive statistics provided an overview of
student performance and their perception results. The study used Pearson correlation
coefficients to analyze the relationship between calculator competency and HOTS
scores. Researchers used thematic analysis to examine qualitative data from open-ended
response formats.
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Ethical Consideration

The Universiti Teknologi Malaysia (UTM) School of Education Research Ethics
Committee granted ethical approval for this research study under Protocol No.
UTM/SPS/2024/123, which received approval on 15 March 2024. The researchers
obtained informed consent from all student participants and their legal guardians before
they started to collect data. Participants received information about their right to
withdraw from the study at any time without facing any penalties. The research team
conducted all study procedures according to the ethical standards for human subjects
research as defined by the Declaration of Helsinki (World Medical Association, 2013).
The research team deleted all identifying information about participants to maintain
their confidentiality, while storing data on a university server that requires password
access and is available only to research personnel.

FINDINGS
Calculator Competency Levels

Analysis of the Calculator Competency Test revealed considerable variation in students’
ability to use scientific calculators effectively for quadratic functions. The results,
displayed in Table 1, show that 56.36% of students (n=31) achieved high competency
with scores of 9—12 marks out of a total of 12. Meanwhile, 29.09% of students (n=16)
demonstrated low competency with scores of 1-4 marks, and 14.55% of students (n=8)
reached moderate competency with scores of 5—8 marks.

Table 1

Levels of calculator competency among students
Competency Level ~ Score Range Number of Students  Percentage
Low 1-4 marks 16 29.09%
Moderate 5-8 marks 8 14.55%
High 9-12 marks 31 56.36%

Students demonstrated their best performance on basic graphing and computation
questions, which they answered correctly 65.45% of the time. Students
demonstrated their least achievement on questions which required them to interpret
calculator outputs from inequality problems.

HOTS Performance in Quadratic Functions

The assessment results showed that students achieved decreasing success rates as
cognitive demand increased. The results in Table 2 show that students performed best
on analyzing tasks with a 65.45% success rate, while their success rate on evaluating
tasks ranged from 54.55% to 60.00%, and their success rate on creating tasks reached
58.18%.

International Journal of Instruction, October 2026 ® Vol.19, No.4



774 Integrating Technology in Mathematics Classrooms: A Case ...

Table 2

HOTS performance by cognitive level
HOTS Level Question Correct Responses Percentage
Apply C4 36 65.45%
Analyze C5 33 60.00%
Evaluate C6 30 54.55%
Create C7 32 58.18%

The distribution of total HOTS scores showed polarization, with 36.36% of students
answering all four questions correctly and 29.09% answering none correctly, suggesting
significant disparities in higher-order thinking abilities within the sample.

Relationship Between Calculator Competency and HOTS

The research showed a strong positive relationship between calculator competency
scores and HOTS performance results (r = 0.949, p < 0.001). The relationship between
the two variables maintained its significance across all competency levels (r = 0.965, p
< 0.001). Regression analysis indicated a strong association between calculator
competency and HOTS scores, with the two measures covarying closely (R? = 0.901).
The regression equation was HOTS Score = -0.04 + 0.6 (Calculator Competency
Score). However, due to the exploratory nature of the sample size (n = 55) and the
possibility of some construct overlap between the two instruments, the high R? should
be interpreted as an exploratory association rather than as evidence of prediction or
causation.

The strong association between calculator competency and HOTS scores makes us
question construct validity. A collinearity diagnostic test was performed using variance
inflation factor (VIF) and reported a value of 1.48, which is still below the critical value
of 5.0 (Hair et al., 2010), which confirms that the observed correlation cannot be fully
attributed to multicollinearity. The near-perfect correlation could also be due to the fact
that several items on the HOTS assessment asked students to use their calculators to
find solutions to quadratic equations and to determine maximum values. Discriminant
validity testing with the Fornell-Larcker criterion and heterotrait-monotrait ratio
(HTMT) should be used in future studies to verify that the two constructs of calculator
competency and HOTS problem-solving are different.

The scatterplot visualization demonstrated a clear linear relationship, which showed that
students with higher calculator competency registered better HOTS scores. This
relationship maintained its pattern across both gender and previous achievement levels,
which indicated strong consistency across various student groups.

Student Perceptions and Experiences

The questionnaire results showed that students experienced major difficulties because
they lacked confidence and required more calculator support during mathematical
problem-solving. The majority of students showed low confidence in their calculator
skills according to Table 3, which showed that 60% of students strongly disagreed with
the statement that they felt confident using calculators for complex problems.
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Table 3
Student perceptions of calculator use (Selected Items)
Item Statement Strongly = Disagree  Agree Strongly
Disagree Agree
1 I feel confident using calculators for  60.00% 40.00% 0% 0%
HOTS problems
2 My teacher provides adequate 49.09% 50.91% 0% 0%
support for calculator use
5 I can usually get correct answers 38.18% 43.64% 16.36% 1.82%
using calculators
10 Calculators help me understand 67.27% 32.73% 0% 0%

mathematical concepts better

The researchers discovered multiple themes through their qualitative analysis of open-
ended responses, which included: (1) technical difficulties with calculator functions, (2)
uncertainty about when and how to use calculators appropriately, (3) limited
instructional time dedicated to calculator skills development, and (4) preference for
traditional methods despite policy emphasis on technology integration.

The open-ended questionnaire items contain student responses, which serve as direct
proof for each theme.

I. Technical difficulties: "I don’t know how to use the calculator button for square
roots when the number is negative. The teacher showed once but I forgot."
(Student 07, low competency group)

II.  Uncertainty about appropriate use: "Sometimes I am not sure if I should use the
calculator or solve manually. I worry I will lose marks if I use the calculator
wrongly." (Student 19, moderate competency group)

III. Limited instructional time: "We only learned calculator use for one lesson. After
that, the teacher just said ‘use the calculator’ but didn’t teach how." (Student 33,
low competency group)

IV. Preference for traditional methods: "I prefer to solve by hand even if it takes
longer." (Student 48, high competency group)

The excerpts provide direct evidence that supports the thematic analysis while showing
the difference between policy expectations and actual classroom practices (Braun &
Clarke, 2006).

Error Analysis and Calculator Misuse

The study used quantitative methods to measure student test performance, which
showed that students made identical errors when they used calculators to solve
problems. Student 12 (correct solution) used the calculator to check his factorization
process and interval test results, which he proved through his methodical verification of
every calculation step. Student 23 (incorrect solution) wrongly entered the equation
coefficients that he needed for his quadratic solution, although he had a basic grasp of
how to solve the problem.
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Student 41 (incorrect solution) correctly set up the quadratic formula but made errors in
discriminant calculation due to an incorrect order of operations when entering values
into the calculator. The results show that students who have better calculator skills will
achieve better results in solving complex tasks that require them to input data and
understand the results from their calculators.

Examination of student work samples revealed common error patterns committed when
using calculators, including three primary types of mistakes: incorrect data entry leading
to computational errors; misinterpretation of calculator outputs in both graphical and
symbolic contexts; and a dependence on calculator computations without developing an
actual understanding of the material. Students aalso struggled to transition between
different representation forms—algebraic, graphical, and numerical systems. Those
with low calculator competency scores made these errors more frequently than their
higher-scoring peers and demonstrated poorer performance on HOTS tasks that required
conceptual understanding and the use of multiple representation types.

DISCUSSION

These results reveal how calculator use in Malaysian secondary schools affects
students’ higher-order thinking skills. The results lead to three main points which
require further investigation.

The Calculator Competency-HOTS Relationship: Opportunity and Challenge

The strong positive correlation (r = .949) indicates that students who have a higher level
of calculator competency tend to have higher achievement in HOTS tasks. This finding
is consistent with the hypothesis that calculators reduce cognitive load, but causal
inferences cannot be made due to the exploratory nature of the design and potential
construct overlap. Calculators can also decrease the cognitive load of routine
calculations, allowing students to focus on complex problem-solving (Sweller et al.,
2019; Ellington, 2003). Quadratic functions are especially good for this type of task
because they demand integration of multiple representations and higher-level algebraic
reasoning.

This pattern poses a dual difficulty: students who are less proficient with calculators are
also more challenged by higher-level thinking. The current implementation appears to
result in two distinct subgroups of students with varying levels of performance on both
calculator and HOTS assessments, thus increasing achievement gaps. This situation
presents a challenge to Malaysia's goal of educational equity because unequal access to
quality calculator instruction produces varied educational outcomes.

The error pattern analysis showed two different student difficulty types, which
presented an essential distinction between them. Students with weak algebraic
understanding were those who could not translate word problems into correct quadratic
equations or distinguish between standard and vertex forms. They continued to struggle
with mathematics even when calculators were available.

Students who had basic procedural skills but made errors in basic arithmetic and order
of operations showed better results when they used calculators. The study indicates that
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calculators act as scaffolding tools which help students with basic math skills because
they enable students to concentrate on advanced cognitive tasks. However, calculators
cannot help students who lack understanding of the basic concepts. The work of
Ellington (2003) and Kastberg & Leatham (2005) showed that students need to have
existing math knowledge before they can use calculators effectively. Therefore,
educational programs should establish distinct paths for teaching students how to use
calculators while delivering institutional math tutoring that targets their specific needs.

The research findings indicate that Malaysian mathematics teaching practices prioritize
Technical Knowledge over the integrated Pedagogical Content Knowledge needed for
effective instruction. Students can operate calculators (TK) but lack the strategic
understanding of when and why to use them for mathematical investigation (PCK).

The error pattern analysis revealed a significant distinction that separated two types of
difficulties students faced. Students who showed weak algebra abilities because they
failed to solve word problems through correct quadratic equation setup and did not
understand standard and vertex forms continued to struggle with math work despite
having access to calculators. Students who possessed adequate procedural knowledge
but needed more time to perform basic math functions and showed more mistakes in
their calculations achieved better results with calculator assistance.

This finding demonstrates that calculators serve as supportive resources which help
mathematically skilled students because they let students dedicate their cognitive
capacity to advanced thinking tasks, yet calculators cannot help students who lack a
basic understanding of math concepts. Students must establish a fundamental
understanding of mathematical concepts before they can effectively use calculators,
according to the research findings presented in Ellington (2003) and Kastberg and
Leatham (2005). Future interventions should therefore differentiate between calculator
training (operational skills) and targeted mathematics remediation (conceptual
understanding) based on individual student profiles.

The Confidence Gap: Beyond Technical Competence

The research output presents results from 31 students (56.36% of the group) who
demonstrated high calculator competency. The overwhelming majority of students
(100% across items 1 and 3) expressed low confidence in their ability to use calculators
for complex mathematical tasks. This gap between actual skill and perceived
competence indicates that calculator instruction focuses on teaching students how to
perform tasks, rather than on helping them develop confidence and strategic thinking in
using calculators.

This confidence gap has been shown to produce negative effects which hinder the
development of higher-order thinking skills. Research in mathematics education
establishes a connection between self-efficacy and three essential elements which
enable students to solve advanced problems that lead to higher-order thinking skills
(Boaler, 2016). Table 3 shows that students who had doubts about their calculator skills
were less likely to solve complex problems that required higher-order thinking skills
through their own efforts. This pattern shows that people with low self-confidence do
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not use calculators as tools to study mathematics, according to Boaler’s (2016) research
on mathematical self-efficacy.

Policy-Practice Disconnect in Technology Integration

The research results show that national policies which support calculator usage in
schools do not match actual classroom practices. Students reported limited help from
teachers to develop their calculator skills, although the Malaysia Education Blueprint
and KSSM curriculum approve calculator use in classrooms. The near-unanimous
agreement that teachers do not provide adequate calculator support (100% across items
2 and 3) suggests that policy directives are not fully translating into classroom practice.

This disconnection can be attributed to several causes. The positive association between
calculator competency and HOTS performance observed in this study is consistent with
broader findings that technology-based learning tools support the development of
analytical and evaluative thinking skills (Meok et al., 2024). First, teachers may lack
adequate training in effectively integrating calculators into mathematics instruction.
Previous research shows that teacher beliefs, together with their pedagogical knowledge
base, determine how they implement technology in classrooms (Thomas et al., 2006;
Kissane, 2016). Teachers may also default to traditional teaching methods because
assessment systems do not properly evaluate or support calculator-based problem-
solving. The implementation process also faces obstacles due to varying school resource
levels and unequal student access to calculators.

Bilingual Considerations in Calculator-Mediated Learning

Malaysia’s bilingual educational system functions as an unexpected influence affecting
how students use calculators in mathematics. Students reported in open-ended
assessments that they experienced difficulties understanding English calculator
terminology not covered in their Bahasa Malaysia instruction. This language-
technology connection requires additional research as Malaysia increases English-
medium instruction for STEM programs.

Implications for Quadratic Functions Instruction

This research examines calculator integration, which presents both advantages and
obstacles when studying essential mathematical concepts through quadratic functions.
Quadratic functions serve as a fundamental milestone in secondary mathematics
education, requiring students to use different mathematical representations while
moving beyond basic linear thought patterns. This transition benefits from calculator
usage, as it enables students to investigate visual attributes, assess hypotheses, and
confirm findings.

The study found that the error patterns which emerged show calculators can create
misconceptions when not used properly. Students need to learn how to use calculators
appropriately, as they commonly make mistakes such as misinterpreting visual
information and accepting calculator results without understanding the underlying
content. Consequently, the instructional approach must teach students not only when
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and how to operate calculators, but also how to evaluate the accuracy of calculator
outputs.

CONCLUSION AND RECOMMENDATIONS

This study provides evidence that calculator competency is associated with higher-order
thinking performance among Malaysian secondary students, though the exploratory
design limits causal interpretation. The findings point to three areas where current
integration practices may benefit from improvement: the confidence gap, common error
patterns, and the disconnect between policies and classroom practices.

For Classroom Practice

I. Educational programs should move beyond their technical foundation to teach
students when to use calculators and which mathematical methods to apply.
Instruction should focus on how students plan their calculator use, monitor their
progress, and solve problems successfully with calculator support.

II. The design of learning tasks should achieve two goals: developing calculator
skills and building student confidence. Programs should incorporate low-stakes
practice activities that allow students to use calculator functions without the fear
of making mistakes.

II. Instructors should design calculator activities that develop higher-order thinking
skills through processes such as analyzing patterns in quadratic functions,
evaluating solution methods, and creating mathematical models.

IV. Teachers should explicitly teach bilingual students calculator terminology in
both Bahasa Malaysia and English, demonstrating how calculators bridge
language and mathematical concepts.

For Curriculum and Assessment

I. The mathematics program needs to establish a system that encourages and
incentivizes calculator use throughout the curriculum. Assessments should
include items that require authentic calculator application, moving beyond using
calculators merely as secondary tools.

II. Instruction should acknowledge that students begin with varying levels of
calculator skills and confidence. Structured learning paths must be created to
enable students to build new skills from their existing knowledge.

III. The learning process should integrate calculator skill development with
mathematical knowledge acquisition. Students must use calculators to
investigate and understand quadratic functions, not merely to obtain answers.

IV. Curriculum materials must explicitly link calculator procedures to mathematical
concepts, particularly within Malaysia’s bilingual educational context.
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For Policy and Professional Development

L

II.

II1.

IV.

Enhance Teacher Training: Professional development programs should equip
educators with comprehensive training on integrating calculators into
mathematics instruction, covering both technical functions and pedagogical
strategies.

Monitor Implementation: Systems should be established to monitor how
calculators are used in classrooms, using collected data to inform and improve
both institutional practices and broader program policies.

Develop Supportive Assessment: Examination boards should design assessments
that reward students for using calculators to solve complex problems, rather than
testing basic calculation skills.

Address Resource Equity with Specific Mechanisms:

e Each mathematics department requires maintenance of a class set containing
30 to 40 scientific calculators, because students need these devices for both
their classroom work during HOTS lessons and their home study when they
lack personal devices.

e The District Education Office needs to create yearly budget allocations which
will fund calculator purchases for schools serving low-income students,
through a distribution system that gives priority to schools with high B40
student enrollment.

e The shared-device model needs structured protocols which will enable
students without access to calculators to learn through focused turn-taking
activities that require them to share their problem-solving responsibilities
with their partner.

e  Public-private partnerships: Establish memoranda of understanding with
calculator manufacturers (e.g., Casio, Texas Instruments) to provide
discounted devices for students receiving financial assistance, modeled after
successful textbook loan programs.

LIMITATIONS

The existing research study presents multiple limitations which researchers must
address to create their study paths for future work.

First, the sample size (n = 55) limits the generalizability of the findings. The sample
size meets the requirements of exploratory case study research according to Creswell
(2012), but it remains insufficient for accurate regression analysis. The correlation
coefficient (r = 0.949) and R? value (0.901) serve as exploratory findings which may
contain measurement errors because of the small sample size. Future research should
replicate this study with a larger, more diverse sample (n > 200) to validate the observed
relationships.
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Second, the high correlation (r = 0.949) between calculator competency and HOTS
performance raises questions about construct validity. The two assessment instruments
show a near-perfect correlation, which suggests that they evaluated the same abilities
instead of distinct skills. The variance inflation factor (VIF = 1.48) showed no
multicollinearity problems, yet future research must use discriminant validity testing
with the Fornell-Larcker criterion and the heterotrait-monotrait (HTMT) ratio to
establish calculator competency and HOTS problem-solving as two distinct empirical
constructs. Future studies should create HOTS assessment items which students can
complete without calculator use, because this approach will improve measurement
accuracy for each construct.

Third, the research findings lack general applicability because the data collection
occurred at one school, which does not represent other Malaysian educational settings.
Future research should include multiple schools which will represent different
geographic areas and socioeconomic groups. Fourth, the cross-sectional design restricts
the study to one measurement point, which assesses students’ calculator usage together
with their advanced thinking capabilities. Researchers need to conduct longitudinal
studies which will track students’ progress in calculator skills and advanced thinking
abilities through various teaching methods. Lastly, the current research investigates
calculator use for quadratic functions, but future studies should evaluate calculator
usage across various mathematical topics and different educational levels.

Despite its limitations, this study provides valuable insights into technology use in
Malaysian mathematics classrooms. It establishes a framework for effective calculator
integration that can enhance students’ mathematical performance and develop skills
needed to meet contemporary challenges by examining both the benefits of calculator
use and the implementation problems affecting learning outcomes.

Further research should focus on four specific areas:

I. Examining how teachers’ TPACK levels affect students’ ability to use
calculators for developing advanced thinking skills.

II. Studying how calculators are used for teaching mathematics in Malaysia’s
bilingual classrooms.

III. Comparing the educational impact of scientific calculators with graphing
calculators and computer algebra systems.

IV. Developing and evaluating interventions designed to address the confidence gap
identified in this research.
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