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Abstract

This  study investigates the relafionship between
mathematical literacy and cognitive flexibility in solving
complex problems among Indonesian elementary school
sfudents aged 9-10 n = 78. Utilizing a mixed-methods
approach, the research combined quantitative festing
and gualitative inferviews to provide a comprehensive
understanding of this relationship. The findings indicate
that students with higher levels of both literacy and
flexibility performed significantly betfter in problem-solving.
However, students with high flexibility but low literacy
sfruggled fo grasp mathematical concepts while those
with high literacy but low flexibility showed rigid problem-
solving approaches. Despite these differences, all stfudents
demonstrated potential for improvement with adequate
teacher support. These results emphasize the importance
of tfailored educational strategies fo enhance both
mathematical literacy and cognitive flexibility especially in
developing countries like Indonesia.

Keywords:

Cognitive Flexibility, Mathematical Literacy, Problem-Solving
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Introduction

athematical problem-solving and reading difficulties

throughout childhood have significant long-term
effects on educational achievement, income wealth and
health outcomes in adulthood (Baumann et al, 2024).
Therefore, concerns over mathematical literacy have been
growing considerably (Baumann et al., 2024; Cordova Jr
et al., 2024; Sitopu et al., 2024; Urefa et al,, 2024). In today'’s
culture there is an increasing need for individuals to possess
the ability to comprehend and analyze mathematical
concepts to effectively apply knowledge. The application
of mathematical literacy in understanding mathematical
concepts requires more than just knowledge of “school”
mathematics (Abbas et al., 2024).

Besides mathematical literacy, cognitive flexibility is also
crucial in mathematics learning. Learners need cognitive
flexibility to navigate life challenges in the information
age. Prior sfudies have investigated cognitive flexibility
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of elementary school students (Rahayuningsih et
al, 2020), devised open-ended tools to examine
students’ cognitive flexibility (Rahayuningsih et
al, 2021) and examined the cognitive flexibility
of prospective teachers in conducting learning
during the COVID-19 pandemic (Muzaini et al.,, 2021).
Otfher research explored the relationship between
elementary school students’ cognitive flexibility and
self-efficacy and scrutinized cognitive flexibility in
relation to geometrical figure apprehension with
the help of new auxiliary elements (Muzaini et al.,
2023). However previous studies have predominantly
examined cognitive flexibility and mathematical
literacy as separate constructs. The interplay between
these tfwo cognitive attributes remains unexplored
partficularly in the Indonesian context where
mathematical literacy continues to pose significant
challenges. This is evidenced by consistently low PISA
scores in mathematics highlighting a critical need for
interventions to enhance both mathematical literacy
and cognitive flexibility among Indonesian students
(Stacey et al, 2011; Fadlila et al., 2021, Machromah
et al, 2020). This study aims fo address this gap
by examining the relationship between cognitive
flexibility and mathematical literacy providing insights
to inform educational practices in Indonesia.

Past studies have not yet investigated the correlation
between cognitive flexibility and the mathematical
literacy of elementary school students. Hence, it is
imperative to conduct a new study to demonstrate
diverse attributes of students’ cognitive abilities in
comprehending intricate mathematical concepts. To
address the issue, the current study was conducted
to reveal the correlation between elementary school
students’ cognitive flexibility and mathematical
literacy using literacy-based problem-solving tasks.
This study answered two research questions as follows:

What is the correlation between
elementary students’ cognitive flexibility
and mathematical literacy?

What are the aftributes of students’

cognitive  flexibility when addressing
mathematics  problems  that involve
literacy?

Literature Review
Cognitive Flexibility

Working memory capacity (WMC) helps fo keep
coghnitfive processes memory and aftention organized
based oninformation relevant to the task at hand (Awh
& Vogel, 2008; Conway et al., 2001). WMC differences
enable multiple and varied cognitive abilities (Gruszka
& Necka, 2017, Hambrick & Meinz, 2011; Hicks et al,
2015). Individuals with higher WMC have greater fluid
intelligence which is the ability to solve new reasoning
problems (Kane et al., 2005). They also exhibit superior
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ability fo execute infricate cognitively challenging
procedures in comparison to those with lower working
memory capacity (Barrett et al, 2004; Thomassin et
al,, 2015). An individual with a larger WMC is more
adept at adapting to new tasks and can modify their
cognitive framework more effectively (Colflesh &
Conway, 2007; Rummel & Boywitt, 2014; Weldon et al,,
2013) which is a characteristic of cognitive flexibility
(lonescu, 2012).

Cognitive flexibility is the capacity to adapt one’s
work methods to changing task requirements (Pelczer
et al., 2013). Cognitive flexibility can be understood
through the lens of three main constructs: cognitive
variety, cognitive novelty and change in cognitive
framing (Furr, 2009; Spiro et al, 1992). Cognitive
variety is the diversity of problem-solving thinking
patterns in a group (Eisenhardt et al, 2010) or the
diversity of cognitive patterns or views (Furr, 2009).
Cognitive novelty relates to ideas connected to
learning content and students’ overall mastery of the
content (Orion & Hofstein, 1994) or the addition of an
external perspective (Furr, 2009). Change in cognitive
framing is a phenomenon that may occur from the
influence of an external perspective such as previous
contfextual experience. Cognitive framing attempts to
address new problems using previously used solutions
(Goncalo et al, 2010). Cognitive flexibility is a viable
alternative for identifying specific qualities of high
achieving mathematical creative abilities for the
reasons outlined above. In this research, students’
mathematical cognitive flexibility was measured
using indicators of cognitive variety, cognitive novelty
and change in cognitive framing. Figure 1 presents the
indicators used fo examine students’ mathematical
cognitive flexibility, adopted from Rahayuningsih
(2023).

Table 1
Indicators of mathematical

Rahayuningsih et al. (2023)

cognitive  flexibility

No Indicators of
mathematical creative
thinking ability

Operational Definition

1 Cognitive novelty Find new strategies for solving a
problem.

Display a new mindset

Plan and use various resolution
strategies when faced with
complex problems and
deadlocks.

Change the problem-solving
strategy when faced with
deadlocks

Think of different ways to solve
the problem.

Provide a variety of ways to solve
the problem

2 Cognitive variety

3 Cognitive framing Take detailed steps to find a
deeper meaning for the answer

or solution fo the problem.
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Mathematical Literacy

To address the 21st century needs, learners need to
improve their literacy skills (Haara et al., 2017; Hayati
& Kamid, 2019; Manfreda et al.,, 2021). Mathematical
literacy refers to an individual's capacity to utilize
mathematical concepts, methods, facts and
insfruments o describe explain and predict a
phenomenon (Slyamkhan et al., 2022). When it comes
to learning particularly mathematics learning, the
desired outcome for pupils is not only to possess the
ability to count but also to use mathematical concepts
in addressing real-life issues.

Mathematical literacy plays a critical role in education
as it helps students develop the ability to analyze,
justify and express creative solufions to problems in
various situations and contexts (Liu et al., 2018). The
problem-solving processin mathematicallliteracy goes
beyond routine mathematical tfasks encompassing
the resolution of confextual problems. Context-
based exemplary problems can stimulate students
fo acquire knowledge, enhance perseverance and
foster creativity in finding appropriate problem-
solving strategies.

Moreover, research highlights a strong relatfionship
between mathematical literacy and cognitive
flexibility, a core executive function that refers fo the
ability to adapt to varying tasks perspectives or rules
when solving problems. According to Magalhdes ef
al. (2020), cognitive flexibility significantly contributes
fo academic achievement particularly in literacy and
mathematics even after controlling for variables such
as fluid infelligence inhibitory confrol working memory
and planning. This suggests that students with strong
cognifive flexibility skills are better equipped fo
comprehend and apply mathematics across different
confexts.

Cognitive flexibility enables students to switch focus
between different dimensions of mathematical
problems, intfegrate new information, and apply
adaptive problem-solving strategies. This capability is
crucial for mathematical literacy as it allows students
to:

1. Formulate Problems: Transform real-world
sifuations info mathematically relevant
representations.

2. Apply Mathematical Concepts: Flexibly
utilize mathematical procedures and
concepts to derive solutions.

3. Inferpret Results: Relate mathematical
outcomes back fo the original problem
confext.

The development of mathematical literacy and
cognitive flexibility is inferconnected and mutually
reinforcing. Cognitive flexibility enhances students’

ability to tackle complex problems and make decisions
in dynamic contexts a skill essential for mathematical
literacy (Diamond, 2013). Magalhdes et al. (2020)
further emphasize that the impact of cognitive
flexibility becomes more pronounced in older
students, grades 4 and 6, compared to younger ones.
This underscores the growing reliance on advanced
executive functions as fasks in mathematical literacy
increase in complexity.

Methods
Design and Research Setting

This study employed an exploraftory mixed methods
research design as described by Vimala Judy
Kamalodeen (2016). This approach was selected to
comprehensively explore the correlation between
mathematical literacy and cognitive flexibility as
well as to examine students' cognitive traits when
solving literacy-based mathematical  problems.
The exploratory mixed methods design combines
quantitafive and qualitative dafa collection and
analysis enabling a nuanced understfanding of the
relationship between the two variables.

Theresearchwasconducted sequentially over aperiod
of 12 months from January to December in five public
elementary schools located in Malang Indonesia. At
the start of the school tferm, mathematical literacy
and cognitive flexibility tasks were distributed to assess
the abilities of the participants. A 4-week observation
period was conducted fo evaluate students'
engagement and clarify task comprehension. The
quantitative phase of the study analyzed fest scores
to establish the relationship between mathematical
literacy and cognitive flexibility. In the qualitative
phase, interviews were conducted with 14 students
representing four catfegories of cognitive and
mathematical literacy profiles: TT High Cognitive
Flexibility and High Mathematical Literacy; TR High
Cognitive Flexibility and Low Mathematical Literacy;
RT Low Cognitive Flexibility and High Mathematical
Literacy and RR Low Cognitive Flexibility and Low
Mathematical Literacy. This sequential design ensured
a robust examination of trends within each group
while integrating the findings from both quantitative
and gualitative data.

Participants

A fofal of 78 elementary school students aged 9-10
years were purposively selected as participants.
These students represented a diverse socioeconomic
backgroundfromfivepublicschoolsinMalang.Inclusion
criteria ensured that all participants possessed basic
reading and arithmetic skills necessary for engaging
with the literacy-based mathematical tasks. Exclusion
criteria included students with cognitive impairments
or significant learning difficulties as identified by their
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teachers. For the qualitative phase 14 participants were
selected based on their test performance to represent
each of the four cognitive and mathematical literacy
categories TT TR RT RR. Demographic data including
gender, age, socioeconomic status, family income,
parental occupation and education and religion were
also collected to contextualize the analysis.

Data Collection

The study uftilized four mathematical tasks o assess
students’” mathematical literacy and four cognitive
flexibility tasks to measure their adaptive thinking
capabilities. These tfasks were distributed during a
structured classroom session under the supervision of
frained proctors. The tasks were designed to capture
both problem-solving accuracy and the sfrategies
employed by students.

1. Mathematical Literacy Tasks

The mathematical literacy tasks
emphasized real-world problem-solving,
requiring students fo inferpret data

and apply mathematical concepts. For
example: Calculating the number of trees
in a park based on given percentages;
Determining the volume of water needed
to fill a swimming pool; Estimating travel
fime beftween ftwo cities based on a map
scale and a given speed; Interpreting a bar
chart to draw conclusions about students'
interest in mathematics at different schools.

2. Cognitive Flexibility Tasks

The cognitive flexibility tasks challenged
students to adapt strategies and fhink
creatively. Examples include: Developing a
strategy to win a mathematical game with
specified rules; Exploring multiple methods
to calculate areas of geometric shapes;
Solving a logical problem involving prime
numbers; Analyzing height-weight data fo
create and interpret graphs; The sessions
were supplemented with video recordings
and interview transcripts to document the
students' problem-solving approaches and
rationale.

Figura 1.
Flowchart of the exploratory mixed methods research

design research process

Quantitative Research Phase

1. Hypothesis Formulation
2. Quantitative Data Collection
3. Quantitative Data Analysis

Qualitative Research Phase

Administering mathematical tasks
designed to measure participants’
cognitive flexibility and mathematical
literacy

& l @

0

Isdata
saturated?

The minimum is taken according to
the characteristics of data saturation

March 2025, Volume 17, Issue 3, 367-381

Research Instruments

In this study tfwo instruments were used: Test 1, 4 test
items tfo measure mathematical literacy skills and
Test 2; 4 test items to measure cognitive flexibility. All
instruments are valid according to Matteson (2006).
Relevant content has been evaluated by experts
using content validation procedures (Yusoff, 2019), a
common procedure for assessing validity (Huang et
al,, 2019). The reliability coefficient of the instruments
was estimated using the Cronbach Alpha formula. This
is the most common internal measure of consistency
in social, behavioral and educational sciences and is
usually inferpreted as the average of all possible split-
half coefficients (Mohajan, 2017). The tests were used
tfo measure the subjects’ mathematical literacy and
cognitive flexibility. The mathematical literacy tfest
consists of four items with a reliability coefficient of
0.59. The cognitive flexibility test also consists of four
items with a reliability coefficient of 0.55.

Data collection was carried ouf by administering
the fests to students. The students then completed
the tests. Subsequently, the scores from both tfests
were analyzed using descripfive stafistics; mean,
mode, median and variance and inferential statistics.
Descriptive statistics were used to describe the data
while inferential stafistics were used to defermine
whether there were significant differences in the
effects of mathematical literacy skills on cognitive
flexibility among students. Analysis was performed
using the SPSS software package. One of the
instruments used is presented below; for further details
readers can refer to the appendix of this article.

Mathematical Literacy Tasks

There are 200 frees in the park. 40% of the
tfrees are mango ftrees, 30% are coconut
trees, and the rest are other trees. How
many other frees are there in the park?

A rectangular swimming pool is 20 meters
long and 15 meters wide. If the pool is fo be
filled with water to a depth of T meter, how
many liters of water will be needed?

On a map with a scale of 1:500,000, the
distance between two cities is 4 cm. How
long does it take to travel between the fwo
cities at 60 km/hour?

The number of sfudents attending
multiple institutions who have an affinity
for mathematics subjects is represented
in a bar chart. 60% of sfudents attend
School A, 50% attend School B, 40% attend
School C, and 30% attend School D. Draw
a conclusion regarding the interest of
sfudents in mathematics at each of the
four institutions using this information.

Cognitive Flexibility Tasks

In a math game, there are 10 cards with
numbers 1 to 10. Two players take turns
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taking one card from the pile of cards. The
player who first reaches a total value of 15
by adding up the values of the cards they
take will be the winner. Make a sfrategy to
win this game.

In a geometric drawing, there are several
friangles, rectangles, and circles. Calculate
the total area of all the flat shapes in
different ways.

A number X is a positive odd number. If X
is multiplied by 2 and subfracted by 3, the
result is a prime even number. Find the
value of X.

In a data table, there is information about
the height and weight of students in a class.
Make a graph showing the relationship
between the student's height and weight.
Give an interpretation of the graph.

Two validated insfruments were used to measure the
study variables:

1. Mathematical Literacy Test: Consisted of 4
itfems with a reliability coefficient Cronbach
Alpha of 0.59.

2. Cognitive Flexibility Test: Consisted of 4
ifems, measuring cognifive novelty, variety,
and framing, with a reliability coefficient of

0.565.

The validation process involved expert reviews
from two mathematics education specialists. They
evaluated the content alignment with the curriculum
the clarity of instructions and the relevance of the test
items. Pilot testing on a small group of sfudents n = 10
was conducted to refine the tasks further.

The scores from these instruments were analyzed
using descriptive staftistics; mean, mode ,median and
variance and inferential statistics fo examine the
relationship between the variables. The analysis was
performed using SPSS with normality and linearity tests
confirming the suitability of the data for regression
analysis. Results revealed a strong correlation between
mathematical literacy and cognitive flexibility.

The research followed a systematic flow:

1. Quanfitfative  Phase:  Assessment  of
mathematical literacy and cognitive
flexibility using structured tasks. Scores
were analyzed staftistically to establish
correlations.

2. Qualitative Phase: In-depth interviews were
conducted with selected participants to
explore their cognitive fraits and problem-
solving strategies.

Integration: Findings from lboth phases were
friongulated fo provide a comprehensive
understanding of students' abilities.
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The mixed methods approach enabled the integration
of quantitative results and qualitative insights, offering
a detailed perspective on how mathematical literacy
and cognitive flexibility interact in elementary school
confexts.

Results
Quantitative Findings

Descriptive Statistics

Table 2

Descriptive Statistics of Participants’ Mathematical
Literacy

Statistical Data Score
Mean 7696
Median 80.00
Modus 90.00
Standard Deviation 12.48
Minimum 50.00
Maximum 90.00
Number of Samples 78

Mathematical Literacy Data Interpretation:

The stafistical analysis in Table 2 revealed that
the majority of students in the sample possessed
commendable mathematical literacy, as indicated
by a mean of 75.96. This finding suggested that these
students already had the capacity to effectively adjust
to unfamiliar circumstances, employ diverse problem-
solving approaches, and demonstrate mathematical
literacy when resolving mathematical issues. However,
there existed arange of skill levels across pupils, as seen
by a standard deviation of 12.48. A median score of
80.00 signified that 50% of the sample possessed skills
that were superior to the norm, while the remaining
50% had abilities that were below average. Notably,
a mode of 20.00 indicated the presence of a distinct
cluster of individuals in the sample who possessed
exceptional mathematical literacy.

Table 3

Descriptive  Statistics of Participants’ Cognitive
Flexibility

Statistical Data Score
Mean 84.81
Median 85.00
Modus 85.00
Standard Deviation 7.45
Minimum 70.00
Maximum 95.00
Number of Samples 78

Cognitive Flexibility Data Interpretation:

According to the descriptive statistics in Table 3, the
average studentin the sample demonstrated excellent
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mathematical cognitive flexibility, with a mean score
of 84.81. This finding indicated that students in this
study possessed a high level of proficiency in adjusting
to unfamiliar circumstances, employing diverse
problem-solving tfechniques, and demonstrating
cognitive flexibility when tackling mathematical
problems. The students in this sample demonstrated
a high level of ability, as indicated by the median
value of 856.00. This showed that half of the students
possessed above average ability, while the other
half had below average ability. Notably, the mode
value of 85.00 indicated the presence of a substantial
cluster of individuals in the sample who possessed
exceptional mathematical cognitive flexibility. While
there was some varionce in students’ cognitive
flexibility, as evidenced by the standard deviation of
745, this variation was rather little when compared
to the average ability. These findings indicated that
most pupils in the sample demonstrated advanced
mathematics cognitive flexibility skills.

Inferential Statistics

March 2025, Volume 17, Issue 3, 367-381

According to Table 6 the R-Square value was 0.631 or
631%. This figure indicated that 63.1% of the variation
in cognitive flexibility dependent variable can be
explained by mathematical literacy independent
variable whereas the remaining variation was
impacted by other variables not considered in
the study. Based on the R-Square value it can be
inferred that cognitive flexibility strongly affected the
mathematical literacy of elementary school students
as indicated by an R-Square value ranging from 0.600
to 0.799.

Table 7
Hypothesis Testing

Constant  Regression

Data Coefficient

P Sig.

Mathematical literacy and

cognitive flexibility 48.802

0.474 0.000

Table 4

Residual Normality Test Result

Data PSig  Conclusion
Mathematical literacy on cognitive 0051 Normal

flexibility

The Kolmogorov-Smirnov tfest was used fo assess
the normality of residuals in relation to participants’
mathematical literacy and cognitive flexibility. The
fest result in Table 4 yielded a value of 0.051indicating
that the residual data for these two variables followed
a normal distribution as Sig. was greater > than 0.05.
Subsequently another statistical test was conducted.
The linearity tfest was done to determine the presence
of linearity between the two datasefts.

Table 5
Linearity Test Result

Data Deviation from Linearity

Mathematical literacy on

cognitive flexibility 0461

Table 5 shows that the deviation from linearity
between mathematical literacy ond cognitive
flexibility was 0.61, exceeding the threshold of 0.05.
The fest result suggested a strong correlation between
the participants’ mathematical literacy and cognitive
flexibility.

Table 6

R-Square Analysis Result

Data R Square Adjusted R
Square

Mathematical literacy on 0.631 0.626

cognitive flexibility

According fo Table 7 the constant value a was 48.802
suggesting that when mathematical literacy was zero
the cognitive flexibility remained consistent at 48.802.
The regression coefficient b was 0.474 indicating
that a 1% improvement in mathematical literacy was
associated with a 0.474 increase in cognitive flexibility.
If plugged info the equation Y = a + bx the equation Y
=48.802 + 0.474x was obtained. The significance value
was 0.000 showing that the alternative hypothesis
H1 was accepted and the null hypothesis HO was
rejected as the significance value was less than 0.05.
Therefore, it may be concluded that mathematical
literacy had an impact on the cognitive flexibility of
elementary school students.

Qualitative Findings

Students’ cognitive characteristics are categorized
info four groups namely: 1 individuals with both high
cognitive flexibility and high mathematical literacy
TT, 2 individuals with high cognitive flexibility but
low mathematical literacy TR; 3 individuals with low
cognitive flexibility but high mathematical literacy
RT; 4 individuals with both low cognitive flexibility and
low mathematical literacy RR. The following sections
provide an account of the findings pertaining fo each
category of students’ cognitive characteristics.

Individuals with both high cognitive flexibility and high
mathematical literacy represented by TT

The qualitative data analysis results revealed
intriguing findings concerning students’ cognitive
atftributes when addressing mathematical literacy
issues. These findings offer a more comprehensive
understanding of sfudents’ cognitive processes and
learning strategies when engaging in intricate fasks.
A notable attribute is the students’ ability to fackle
difficulties in unconventional and inventive manners.
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This demonstrates that these students possessed a
strong capacity for cognitive flexibility and were
unafraid to experiment with novel problem-solving
strategies. Cognitive flexibility plays a crucial role
in solving mathematical literacy problems, as these
problems typically lack a single definitive solution.
Consequently, students must identify the most suitable
method for the situation. The following excerpts of
interviews with research participants corroborate the
findings.

Interview with Student 1:

Interviewer: "Can you fell me about how you solved
math problem No. 1 while pointing at the question
sheet yesterday?"

Students 1: "At first | tried using the method | used to
apply in this situation, but it didn’t work. Then | tried
several other ways, and finally | found a new and
easier way to solve it"

Interview with Student 2:

Interviewer: "What made you confident that your
answer to question No. 1was correct?" pointing to the
question sheet

Student 2: "I was convinced it was correct because
I've tried several different ways to solve it, and they
all produced the same answer. Apart from that, | can
also explain clearly how | got the answer."

Interview with a Mathematics Teacher:

Interviewer: " What do you think makes your students
so creative in solving math problems?"

Teacher: "l think they are used to student-centered
learning, where they are encouraged to fry new
ideas and learn from their mistakes. This helps them
develop cognitive flexibility and the confidence to try
unusual approaches to solving a problem in math."

Figure 2
Student worksheet

Despite employing diverse approaches, studentsin this
study consistently exhibited a strong comprehension
of the fundamental mathematical principles. This

demonstrates that their creativity was not solely
reliant on infuition but was also bolstered by extensive
knowledge. A skilled problem solver is characterized by
their capacity to effectively utilize information in many
contexts. In addition to individual cognitive capacities,
this investigation also demonstrated the significance
of communication skills in resolving mathematical
literacy problems. Participants who possessed the
capability to elucidate their reasoning and methods
in a coherent and organized fashion seemed o have
commendable communication aptitude and the
proficiency to express their concepts with efficacy.
Proficiency in this skill is crucial for effective tfeamwork
and cooperative learning, both of which play a
significant role in the problem-solving process. The
following sections contain interview excerpts and a
student’s work result to support the findings.

Interview with Student 4:

Interviewer: "Can you tell me about how you learned
to solve math problems in a different way?"

Student 4: "l learn from my friends. When they do
math problems in different ways, | try to understand
it and apply it to other problems. | also like looking for
online tutorials and watching YouTube videos about
creative ways to solve math problems."

Interview with Student 5:

Interviewer: " Have you ever had difficulty solving
math problems? How did you handle it?"

Student 5: " Yes of course. Sometimes | feel frustrated
when | can’t solve math problems the way | usually do.
But I always try to find another solution. | usually ask
my teacher or my friends, or | look for the information
on the infernet.”

Mathematics Teachers:
Interview with Teacher 1:

Interviewer: "What do you think is the most important
thing in mathematics instruction?”

Teacher 1: "In my opinion, mathematics instruction
should help students develop critical and creative
thinking skills. | want them to not only be able to solve
math problems the right way, but also be able to
understand the underlying concepts and apply their
knowledge in different situations.”

Interview with Teacher 2:

Interviewer: "How do you encourage your students fo
dare to try different ways of solving math problems?"

Teacher 2: " | provide them with open-ended math
assighments, where students don't have just one
correct answer. | also encourage them to collaborate
with their friends and share ideas with each other. This
helps them to learn from each other and develops
their confidence to try new things.
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Figure 3
Student worksheet

Individuals with high cognitive flexibility but low
mathematical literacy TR

Individuals in the TR group category exhibited strong
abilities in adapting to new situations and using various
strategies fo solve mathematical problems. They
possessed the ability to think creatively and come up
with novel solutions. They also demonstrated a great
level of cognitive flexibility when it came to thinking
mathematically. Despite having a high degree of
cognifive flexibility, students in the TR category
nevertheless struggled to grasp basic mathematical
ideas. They found some difficulties in making the
connection between the fundamental principles
and their problem-solving methods and knowledge
as a result. They might therefore occasionally be
unable to perform arithmetic problems correctly and
consistently.

Interview with Student 7 Category TR:

Interview: "Can you tell us about how you solved
math problem no. 4? | noticed you used a different
method than most of your friends."

Student 7: "Yes, | like trying different ways to solve
math problems. | think it's more inferesting and
challenging. Sometimes | find a way that is easier and
faster than the usual way:"

Interview: " Have you ever had difficulty solving math
problems?"

Student 7: "Yes, sometimes | am confused by the
concepts taught in class. | understand how to solve
the problem, but | don’t always understand why it
works."

Inferview: " How did you overcome these difficulties?"

Student 7: "Usually | ask my teacher or my friend who
is smarter in mathematics. | also look for explanations

March 2025, Volume 17, Issue 3, 367-381

on the internet or from math books."

Interview with Teacher:

Interview: "Can you describe the math skills
possessed by the student named Reid using a
pseudonym Student 7?”

Teacher: "Reid has a unique ability fo solve
mathematical problems. He always finds new
and creative ways fo solve problems. But he also
often makes mistakes because he doesn’t always
understand the underlying concepts."

Interview: "What would you do to help Reid improve
his understanding of math concepts?”

Teacher: " | would provide him with more varied math
assignments, and | would also help him connect math
concepts fo concrete, real-life examples. | hope that
this way he can understand mathematics better and
reach his potential.”

Students in the TR group exhibited variability in their
ability fo articulate their problem-solving strategies in
mathematics. Certain pupils possessed the ability to
express their thoughts coherently and methodically,
whereas ofhers struggled fo communicate their
ideas with proficiency. This demonstrates that their
capacity for communication did not consistently align
with their cognitive capacities. Students classified as
TR typically had a diminished sense of self-assurance
in their mathematical aptitude. This can be aftributed
tfo adverse learning experiences in the past or to their
struggle in comprehending key mathematical ideas.
A lack of self-assurance may impede their motivation
fo acquire mathematical knowledge and engage in
problem-solving activities.

Interview with Student 8 Category TR:

Interviewer: " Can you explain how you solved
problem number 3?"

Student 8: "I first tried ..., but it didn't work. Then | tried
..., and finally | found an easier way with ... ."

Interview with Student 9 Category TR:

Interviewer: "Can you explain why you chose this
method to solve problem No. 4?"

Student 9:"I'm not sure, but | think this is the easiest and
fastest way. | don't really understand the concepts
used in this problem."

Interview with Student 10 Category TR:
Interviewer: "How do you feel about your math skills?"

Student 10: "l don't think I'm very good at math. | often
make mistakes and don't always understand what is
taught in class."

Interview with Student 11 Category TR:

Interviewer: " Do you like solving math problems?"
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Student 11: “Not really. | feel frustrated when | can't
solve math problems correctly. I'd rather do other
easier subjects.”

Individuals with low cognitive flexibility but high
mathematical literacy RT

Several intriguing cognitive traits were discovered in
pupils in the RT category, as indicated by the findings
of the qualitative study. Students classified in the RT
category exhibited a proficient comprehension of
fundamental mathematical principles and possessed
the ability to accurately employ mathematical
tferminology. They possessed the ability to carefully
comprehend and analyze mathematical problems,
effectively identifying pertinent information required
tfo solve them. Although possessing a solid grasp of
mathematical principles, students in the RT caftegory
struggled with adjusting to unfamiliar scenarios and
devising innovative approaches to problem-solving.
They exhibited a tendency to adhere to the ways
they learned previously and encountered challenges
in formulating novel strategies to fackle infricate
problems.

Interviewer: "Can you try to explain how you would
solve this problem? About 10 circles and triangles?"

Student 12: "Okay. First of all, | need fo understand the
information given in the problem. There are 10 circles
arranged into & large friangles and 5 small triangles.
Then, | need to know what the problem is asking
about, namely the total number of triangles.”

Interviewer: "How would you calculate the total
number of triangles?"

Student 12: "I remember that the fotal number of
triangles is the sum of the number of large triangles
and the number of small triangles. So, | need to
calculate the number separately.”

Interviewer: "How do you count the number of large
triangles and small triangles?"

Student 12: "From the information given in the problem,
we know that there are 5 large tfriangles and 5 small
triangles. So, the number of large triangles is 5 and
the number of small triangles is 5."

Interviewer: "Good. Then, how do you get the total
number of triangles?"

Student 12: "To get the tofal number of triangles, |
need to add the number of large triangles and the
number of small triangles. So, 5 large triangles + 5
small friangles = 10 total triangles."

Based on the interview excerpts it can be concluded
that: 1) the student comprehended the concept of
addition and the correlation between the quantity
of large and small friangles and the fotal number
of triangles; 2) the student could identify pertinent
informaftion in the problem specifically the number of
circles large triangles and small triangles; 3) the student
was focused on the learned addition method and did
not attempt alternative problem-solving sfrategies

and 4) the student was capable of articulating their
reasoning and the sequential steps taken o solve the
problem in a clear and organized manner.

Students classified as RT typically possessed proficient
communication skills, especially in arficulating their
reasoning and strategies for resolving mathematical
problems. They possessed the ability to express
their views with clarity and organization and were
capable of offering coherent justifications for their
actions. Students in this category also had a strong
sense of self-confidence in their capacity to solve
mathematical issues, however they might require
assistance in identifying the appropriate problem-
solving. Although pupils in the RT group showed
several restrictions, they demonstrated the capacity
to enhance their mathematical skills. Their strong
mathematical literacy is a valuable advantage that,
with appropriate assistance, can facilitate their
comprehension and acquisition of mathematical
concepts.

Interviewer: "Can you tfell me about what you see in
this bar chart?"

Student 13: "This diagram shows the percentage of
students in four schools who like mathematics. School
A has the highest percentage, namely 60%, followed
by School B with 560%, School C with 40%, and School
D with 30%."

Interviewer: "Based on this information, what is your
conclusion about students’ interest in mathematics at
these four schools?"

Student 13: '"In general, students’ interest in
mathematics in the four schools varies. School A has
the highest interest, followed by School B, School C,
and School D which has the lowest interest.”

Interviewer: "Can you provide further explanation
about the differences in student interests in
mathematics among the four schools?"

Student 13: "There may be several factors that cause
these differences in student interest. It could be due
to different teaching methods, the school learning
environment, or even the student’s personal interest
in mathematics."

Interviewer: "In your opinion, what can be done to
increase students’ inferest in mathematics in these
schools?"

Student 13: "Perhayps teachers can use more interesting
and interactive teaching methods, such as using
games or examples that are relevant to everyday life.
Apart from that, schools can also hold extracurricular
activities related to mathematics.”

Individuals with low cognitive flexibility and low
mathematical literacy RR

Several noteworthy cognitive fraits were discovered in
students in the RR group, as indicated by the findings
of the qualitative study. Students classified in the
RR catfegory encountered substantial challenges
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in  comprehending fundamental mathematical
concepts and resolving mathematical issues. They
were offen confused by mathematical terms and
symbols, and they did not have a solid groundwork
on which to build a more complex understanding.
As a result, their ability to solve even the most basic
mathematical issues was hindered.

Interviewer: "Can you fry to explain this?"

Student 14: "I don't really understand this problem.
This problem uses a lot of math terms that | haven't
learned.”

Interviewer: "Can you explain what you understand
from this problem?"

Student 14: "I know that X is a positive odd number. If
this number is multiplied by 2 and subtracted by 3, the
result is a prime even number. But | don’t know how to
solve the problem."

Interviewer: "What do you usually do when you don’t
understand a math problem?"

Student 14: "l usually try to memorize the formulas in
the textbook, but | don't always understand how fo
use them."

Interviewer: "How do you usually study mathematics?"

Student 14: "I usually memorize formulas and example
questions from textbooks. | also often ask my teacher
or friends when | don’t understand a math problem."

Students in the RR category demonstrated low
cognitive flexibility in mathematics. They got stuck
to the methods they learned in class and thus faced
difficulty developing new approaches to solving
complex problems. This caused them to become
easily frustrated and give up when faced with
challenging math problems.

Interviewer: "Can you explain how you would solve
this problem?"

Student 14: "I remember that the formula for
calculating time is distance divided by speed. So, | will
use that formula to solve this problem."

Interviewer: "How did you figure out the distance
between two cities on a map?"

Student 14: "I measured the distance with a ruler and
got4cm.

Interviewer: "How did you know the speed?"

Student 14: "The question states that the speed is 60
km/hour."

Interviewer: "How did you convert distance from cm
to km?"

Student 14: "l didn’t know how."

Interviewer: "Did you try to remember the formula or
other way to convert cm fo km?"

Student 14: "No, | didn't remember the formula."

Interviewer: "How do you usually solve difficult math
problems?"
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Student 14: "I usually try to find examples of similar
problems and use the same method to solve them."

Students in the RR category experienced challenges
in effectively expressing their thoughts and strategies
when solving mathematical problems. Frequently,
they struggled to arficulate the sequential process
they followed in a lucid and organized fashion, and
they encountered challenges in offering coherent
justifications for their solutions. This hindered ftheir
ability to learn from their errors and seek assistance
from others.

Interviewer: "Can you explain how you got the answer
of 6 hours for the time it takes to travel between two
cities?"

Student 15: "l used the formula distance divided by
speed, and | got 4 cm divided by 60 km/h. Then, |
converted cm to km by multiplying it by 0.01."

Interviewer: "How did you know that you should
multiply 4 cm by 0.01?"

Student 16: "l recalled that Tcm is equal to 0.0Tkm. So,
| had to convert cm fo km so that the unit is the same
as speed."

Interviewer: "Are you sure that your answer was
correct?"

Student 16: "I'm not sure. | don't really understand how
to convert cm to km."

Interviewer: "Try explaining again the steps you took
to solve this problem."

Student 16: "I... | don't remember the steps anymore."

Students classified info the RR group typically had
a diminished sense of self-confidence regarding
their mathematical skills. They hold the belief that
they lacked proficiency in mathematics and lacked
the drive to engage in studying and exerting effort
in this subject. This belief may be a substantial
hindrance to their progress in mathematics. Although
students in the RR group had many constraints, they
nonetheless demonstrated the potential for growth
in mathematics. Given appropriate assistance, these
individuals can acquire and comprehend essential
mathematical principles, cultivate more efficient
approaches to problem-solving, and enhance their
self-confidence in their mathematical aptitude.

Student 16: "I'm not good at math. | always get poor
scores on math tests."

Interviewer: "Have you ever tried to improve your
marth skills?"

Student 16: "I don't know how. I've tried to study it
more, but [ still don't get it.”

Interviewer: "Have you ever asked your teacher or
friends for help when you were having difficulty in
math?"

Student 16: "Sometimes. But they can’t help me either."
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Interviewer: "What do you like about math?"

Student 16: "I don’t like math. | prefer other subjects.”
Discussion

This study investigated the cognitive abilities
of elementary school students in addressing
mathematical literacy problems, focusing on
cognitive flexibility and mathematical literacy. The
quantitative data from this study demonstrated that
mathematical literacy had a significant impact on
mathematical cognitive flexibility. Additionally, the
qualitative data uncovered several distinct findings
concerning students’ cognitive traits across different
categories.

One intriguing discovery is that sfudents who
possessed both advanced cognitive flexibility and
strong mathematical literacy demonstrated many
cognitive benefits. They were able to generate
imaginative and groundbreaking ideas to resolve
issues comprehend essential mathematical principles
and effectively apply them into the problem-
solving process. Additionally, they possessed great
communication skills enabling them to articulate their
thoughts and sftrategies in a coherent and organized
fashion. Having a sfrong sense of self-confidence
is a crucial advantage for them when it comes fo
solving mathematical problems. Atagi and Sandhofer
(2015) suggests that cognitive flexibility is the ability
to adapt to new situations and use various strategies
to solve problems. This ability is important in solving
mathematical problems because it allows students to
find creative and innovative solutions to the problems
(Liu et al., 2018).

These findings highlight the importance of integrating
educational strategies that foster cognitive flexibility
and mathematical literacy in classroom practices.
For example, open-ended mathematical tasks can
encourage sftudents to explore diverse problem-
solving methods (Liljedahl et al., 2016). Collaborative
learning where students share and compare problem-
solving sfrategies can also enrich their flexibility and
adaptive thinking (Rahayuningsih et al., 2020). These
practices are particularly relevant in addressing 21st-
century learning demands where problem-solving
and adaptability are critical skills.

These findings further suggest that possessing
cognitive flexibility and stfrong mathematical literacy
is an optimal combination for becoming a proficient
mathematical problem solver. Students possessing
these aftfributes have the capacity to attain
exceptionallevels of accomplishmentin mathematics.
This study offers significant understanding info the
diverse cognitive attributes that pupils possess when
addressing mathematical literacy issues. These
findings can assist instructors and educators in

comprehending the diverse learning requirements
of elementary school students and formulating more
efficient learning approaches to enable all pupils fo
achieve their maximum potential in mathematics.

Students falling into the TR high cognitive flexibility and
low mathematical literacy caftegory demonstrated
distinct aptitude in solving mathematical issues. These
students had the capacity to discover inventive and
groundbreaking solutions demonstrating the potential
fo evolve into adaptable individuals who can
effectively address problems. However, they might
encountfer difficulties in comprehending essential
mathematical principles which would frequently
hinder their ability to apply their knowledge to
problem-solving situations. Consistent  with  the
viewpoint of Rohayuningsih et al. (2020), students with
high cognitive flexibility are better at solving complex
and non-routine mathematical problems compared
tfo students with low cognitive flexibility. The pupils’
communication skills exhibited a range of proficiency
with certain individuals demonstrating adeptness in
articulating their thoughts while others encountered
challenges in doing so. Liljedahl et al. (2016) found
that a lack of comprehension of basic mathematical
concepts can impede students’ ability to apply their
knowledge to problem-solving procedures.

Educational strategies must be tailored fo address
these gaps. Teachers can focus on strengthening
mathematical literacy by providing concrete real-
world examples that bridge the gap befween
concepts and their application. Moreover, fostering
a growth mindset among TR students is essenfial.
Research shows that students with a growth mindset
are more likely to experiment with new strategies and
overcome challenges (Rege et al., 2021).

Students’ poor confidence in their mathematical skills
can serve as an additional obstacle to solving math
problems effectively. Gunawan and Muflihati (2022)
elucidated that a lack of self-assurance can provide
an extra hindrance for individuals when it comes to
successfully resolving mathematics issues. Despite
their various restfrictions pupils classified under the
TR category possessed the capacity to enhance
their mathematical abilities given appropriate
assistfance. By imparting a deep understanding of
essential mathematical concepts and fostering the
acquisition of efficient problem-solving skills one can
enhance their self-confidence in mathematics hence
facilitating their success in this discipline.

Students classified in the RT category characterized
by low cognitive flexibility and strong mathematical
literacy exhibited a fascinating amalgamation of
skills. They demonstrated a robust comprehension of
mathematical concepts and exhibited advanced
mathematical literacy skills. Consequently, they were
adept at comprehending mathematical difficulties
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and discerning pertinent information. In addition, they
had strong communication skills which enabled them
tfo arficulate their problem-solving sfrategies with
clarity and organization. Possessing a strong sense of
self-assurance in one’s mathematical skills is a valuable
advantage when it comes fo problem-solving.
Students in the RT category however exhibited limited
cognitive flexibility. This indicates these individuals
would tend fo adhere to the techniques they acquired
at school and encounter challenges when attempting
tfo discover novel approaches fo resolve intricate
sifuations. This inadequacy can impede their ability
to tackle complex and unconventional mathematical
tasks. The study conducted by Mariano-Dolesh et
al. (2022) revealed that students possessing a robust
comprehension of mathematical concepts exhibited
superior problem-solving skills in complicated and
non-routine  mMmathematical tasks in  contrast tfo
students having a limited grasp of mathematical
concepts. The study conducted by Rege et al. (2021)
also showed that students with a growth mindset
demonstrated a higher inclination to experiment with
novel strategies and push their limits when it came to
studying mathematics as opposed to students with a
static mindset fixed mindset.

Teachers can support RT students by gradually
infroducing tasks fthat challenge their cognitive
flexibility such as open-ended questions or multiple-
solution problems. By encouraging students to step out
of their comfort zone, teachers can foster adaptive
thinking and problem-solving capabilities (Newton et
al.,, 2020).

Despite their cognitive inflexibility, sfudents in the
RT group would be able to excel in mathematics
given appropriate assistance. By facilitating the
development of adaptable and innovative problem-
solving techniques, individuals can acquire the skills
necessary to surmount obstacles and achieve their
maximum potential in the field of mathematics. Ismail
et al. (2017) discovered that the brain possesses the
capacity fo undergo changes and growth particularly
during critical developmental stages like schooling. By
promoting neurogenesis and synaptic plasticity in the
brain, individuals with restricted cognitive flexibility
like RT students might enhance their mathematical
aptitude. Moreover, according to Newtfon et al. (2020)
it is crucial to establish a connection between learning
confent and personal experience as well as prior
knowledge. By instructing pupils in mathemartics using
circumstances that are perfinent and significant fo
them they can more readily assimilate these concepts
despite their restricted cognitive flexibility.

Conclusion
This study has demonstrated that cognitive

flexibility and mathematical literacy significantly
influence elementary school students’ ability to solve
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mathematical literacy problems. By answering the
research questions, this study confirms that students
with advanced cognitive flexibility and a deep
understanding of mathematical concepts excel as
effective mathematical problem solvers. Specifically,
the quantitative findings revealed a strong correlation
between mathematical literacy and cognitive
flexibility as shown by the R-Square value of 631%.
Additionally, gqualitative findings uncovered distinct
cognitive fraits across four student categories TT TR RT
and RR providing valuable insights info how these traits
impact problem-solving performance.

Students with  high cognitive flexibility and
mathematical literacy TT exhibited exceptional
problem-solving abilities and creativity while those
with high flexibility but low literacy TR demonstrated
innovative thinking but struggled with foundational
concepts. Conversely, students with high literacy but
low flexibility RT excelled in routine problems but faced
challenges adapting to novel situations. Students with
low flexibility and literacy RR encountered the most
significant obstacles including low confidence and
limited comprehension of mathematical concepts.
These findings validate the need for tailored
instructional approaches to meet the diverse cognitive
and learning needs of students.

The study's findings address the first research question
by establishing the relationship between cognitive
flexibility and mathematical literacy, while the second
research question is addressed through a detailed
analysis of the unique cognitive aftributes of students
in each category. This comprehensive understanding
underscores the imporfance of infegrating feaching
strategies that promote both cognitive flexibility and
mathematical literacy in elementary school settings.
For example, incorporating open-ended tasks and
collaborative problem-solving can foster adaptive
thinking and creativity in students.

The implications of this study are particularly
significant for educators and curriculum developers.
By understanding the diverse cognitive traits of
sfudents, educafors can design more effective
instructional strategies, such as real-world problem-
solving tasks and personalized support, fo optimize
each student's potential. For example, students in the
TR group may benefit from focused interventions fo
strengthen their mathematical foundation, while RT
sfudents require opporfunities fo develop adaptive
problem-solving skills. Furthermore, RR students require
comprehensive support to build confidence and
foundational knowledge.

Future  research  should  explore  alternative
methodologies, such as experimental designs, to
assess the impact of specific feaching interventions
on cognitive flexibility and mathematical literacy.
Additionally, extending the study to different age
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groups or educational contexts could provide a
broader understanding of how these attributes evolve
over time and influence learning outcomes.

Acknowledgment

With utmost respect and gratitude, we, the research
tfeam, would like to express our deepest appreciation
for the research grant awarded fo us through the
UM internal fund prograom, Disentralisasi Sekolah
Pascasarjana scheme in 2023. We believe that this
research will make a positive contribution to the field
of mathematics educatfion. The financial support
and frust given by Universitas Negeri Malang is a
motivation for us fo carry out this research with full
dedication and responsibility

Ethical Considerations

The studies involving human participants were
reviewed and approved by Universitas Negeri Malang.
The participants provided their written informed
consent to parficipate in this study

Conflict Of Interest

All "The authors declare no conflicts of inferest".

References

Abbas, S, Ahmed, Z., Sinha, A., Mariev, O. &
Mahmood, F.  (2024). Toward fostering
environmental innovation in OECD countries:
Do fiscal decentralization, carbon pricing,
and renewable energy investments matter?
Gondwana Research, 127, 88—99.

Atagi, N., & Sandhofer, C. (2015). Cognitive Flexibility
in  Mathematics: Bilingual Children Show
Cognitive Advantages. Proceedings of the
Annual Meeting of the Cognitive Science
Society, 37. Retrieved from https://escholarship.
org/uc/item/4sp3x32p

Awh, E., & Vogel, E. K. (2008). The bouncer in the brain.
Nature Neuroscience, 11(1), 5-6.

Barrett, L. F, Tugade, M. M., & Engle, R. W. (2004).
Individual differences in working memory
capacity and dual-process theories of the
mind. Psychological Bulletin, 130(4), 5653.

Baumann, N., Voit, F, Wolke, D., Trower, H., Bilgin,
A., Kajantie, E., Raikkdnen, K. Heinonen, K,
Schnitzlein, D. D., & Lemola, S. (2024). Preschool
mathematics and literacy skills and educational
aftainment in adolescents born preterm and
full term. The Journal of Pediatrics, 264, 113731.

Colflesh, G. J. H.,, & Conway, A. R. A. (2007). Individuall
differences in working memory capacity
aond divided attention in dichotic listening.
Psychonomic Bulletin & Review, 14(4), 699-703.

Conway, A. R. A, Cowan, N., & Bunting, M. F. (2001).
The cocktail party phenomenon revisited: The
importance of working memory capacity.
Psychonomic Bulletin & Review, 8(2), 331-335.

Cordova Jr, N, Kilag, O. K., Andrin, G., Tafiza, F. N,
Groenewald, E., & Abella, J. (2024). Leadership
sfrategies for numeracy development in
educational seftings. Excellencia: International
Multi-Disciplinary Journal of Education, 21(2),
58-68.

Diomond, A. (2013). Executive functions. Annual
Review of Psychology, é4, 135-168. https://doi.
org/101146/annurev-psych-113011-143750

Eisenhardt, K. M., Furr,

N. R, & Bingham, C. B.

(2010). CROSSROADS—Microfoundations
of performance: Balancing efficiency
and flexibility in  dynamic environments.

Organization Science, 21(6), 1263-1273.

Fadlila, N., Wijaya, A., & Hilmi, . (2022). Quantity content:
Developing mathematics PISA-like problems
with independence day contfest context. JTAM:
Jurnal Teori dan Aplikasi Matematika, &(2).
https://doi.org/10.31764/jtamv6i2.7475

Furr, N. R. (2009). Cognitive flexibility: The adaptive
reality of concrete organization change.
Stanford University.

Goncalo, J. A, Vincent, L. C., & Audia, P. G. (2010). Early
creativity as a constraint on future achievement.
The Dark Side of Creativity, 7(14), 114-133.

Gruszka, A., & Necka, E. (2017). Limitations of working
memory capacity: The cognitive and social
conseguences. European Management
Journal, 35(6), 776-784.

Gunawan, G., & Muflihati, D. (2022). Vocational high
school sftudents’ mathematical problem-
solving ability viewed from self-confidence.
AlphaMath: Journal of Mathematics Education,
8(1), 22-28.

Haara, F. O, Bolstad, O. H.,, & Jenssen, E. S. (2017).
Research on mathematical literacy in schools—
Aim, approach, and attention. European Journal
of Science and Mathematics Education, 5(3),
285-313.

379



iejee™

Hambrick, D. Z., & Meinz, E. J. (2011). Limits on the
predictive power of domain-specificexperience
and knowledge in skilled performance. Current
Directions in Psychological Science, 20(5), 275-
279.

Hayati, T.R., & Kamid, K. (2019). Analysis of mathematicall
literacy processes in high school sftudents.
International Journal of Trends in Mathematics
Education Research, 2(3), 116-119.

Hicks, K. L, Harrison, T. L, & Engle, R. W. (2015).
Wonderlic working memory capacity and fluid
intelligence. Intelligence, 50, 186-195.

lonescu, T. (2012). Exploring the nature of cognitive
flexibility. New Ideas in Psychology, 30(2), 190-
200.

Ismail, F. Y., Fatemi, A, & Johnston, M. V. (2017).
Cerebral plasticity: Windows of opporftunity
in the developing brain. European Journal of
Paediatric Neurology, 21(1), 23-48.

Kane, M. J., Hambrick, D. Z., & Conway, A. R. A. (2005).
Working memory capacity and fluidintelligence
are strongly related constructs. Comment on
Ackerman, Beier, and Boyle (2005).

Lilledahl, P, Santos-Trigo, M., Malaspina, U., & Bruder,
R. (2016). Problem solving in mathematics
education. Springer Nature.

Liu, R-D., Wang, J., Star, J. R, Zhen, R, Jiang, R-H., &
Fu, X.-C. (2018). Turning potential flexibility into
flexible performance: Moderating effect of
self-efficacy and use of flexible cognition.
Frontiers in Psychology, 9, Article 354. https://doi.
org/10.3389/fpsyg.2018.00354

Machromah, I. S, Sutama, S., Prayitno, H., Faiziyah,
N., & Fatmasari, L. (2020). Designing PISA-
like mathematics fask to assess students'
mathematical literacy. Universal Journal of
Educational Research, 8(12), 4986—-4995.

Magalhdes, S., Carneiro, L, Limpo, T, & Filipe, M.
(2020). Executive functions predict literacy
and mathematics achievements: The unique
confribution of cognitive flexibility in grades 2,
4, and 6. Child Neuropsychology, 26, 934-952.
https://doi.org/101080/09297049.2020.1740188

Manfreda Kolar, V., & Hodnik, T. (2021). Mathematical
literacy from the perspective of solving
contextual problems. European Journal of
Educational Research, 10(1), 467-483.

March 2025, Volume 17, Issue 3, 367-381

Mariano-Dolesh, M. L., Collantes, L. M., Ibanez, E. D.,
& Pentang, J. T. (2022). Mindset and levels of
conceptual understanding in the problem-
solving of preservice mathematics teachers in
an online learning environment. International
Journal of Learning, Teaching and Educational
Research, 21(6), 18-33.

Muzaini, M., Rahayuningsih, S., lkram, M. & Az-
Zahrah, F. (2023). Mathematical creativity:
Student geometrical figure apprehension in
geometry problem-solving using new auxiliary
elements. International Journal of Educational
Methodology. https://doi.org/10.12973/ijem.91139

Muzaini, M., Rahayuningsih, S., Nasrun, N., & Hasbi,
M. (2021). Creativity in synchronous and
asynchronous learning during the COVID-19
pandemic: A case study. AKSIOMA: Jurnal
Program Studi Pendidikan Matematika, 10(3),
1722-1735.

Newton, K. J, Lange, K, & Booth, J. L (2020).
Mathematical flexibility: Aspects of a continuum
and the role of prior knowledge. The Journal of
Experimental Education, 88(4), 503-515.

Novak, E., & Tassell, J. L. (2017). Studying preservice
teacher math anxiety and mathematics
performance in geometry word and non-
word problem solving. Learning and Individual
Differences, 54, 20-29.

Orion, N., & Hofstein, A. (1994). Factors that influence
learning during a scientific field trip in a natural
environment. Journal of Research in Science
Teaching, 31(10), 1097-1119.

Pelczer, I, Singer, F. M., & Voica, C. (2013). Cognitive
framing: A case in problem posing. Procedia-
Social and Behavioral Sciences, 78, 195-199.

Muzaini, M., Rahayuningsih, S., lkram, M., & Az-
Zahrah, F. (2023). Mathematical Creativity:
Student Geometrical Figure Apprehension in
Geometry Problem-Solving Using New Auxiliary
Elements. International Journal of Educational
Methodology. https://doi.org/1012973/
ijem.91139.

Rahayuningsih, S., Sirajuddin, S., & lkram, M. (2021). Using
open-ended problem-solving tesfs to identify
stfudents’ mathematical creative  thinking
ability. Participatory Educational Research, 8(3),
285-299.

380



Cognitive Flexibility and Mathematical Literacy / Rahayuningsih, Anggriani, Mardhatillah, Faizah & Randy

Rahayuningsih, S., Sirajuddin, S., & Nasrun, N. (2020).
Cognitive  flexibility:  Exploring  students’
problem-solving in elementary school
mathematics learning. JRAMathEdu Journal
of Research and Advances in Mathematics
Education, 6(1), 59-70. https://doi.org/10.23917/
jramathedu.véi111630

Rege, M., Hanselman, P, Solli, I. F, Dweck, C. S,
Ludvigsen, S., Bettinger, E., Crosnoe, R., Muller, C,,
Walton, G., & Duckworth, A. (2021). How can we
inspire nations of learners? An investigation of
growth mindset and challenge-seeking in two
countries. American Psychologist, 76(5), 755.

Rummel, J, & Boywitt, C. D. (2014). Controlling the
stream of thought: Working memory capacity
predicts adjustment of mind-wandering fo
sifuational demands. Psychonomic Bulletin &
Review, 21,1309-1315.

Sitopu, J. W.,, Khairani, M., Roza, M., Judijanto, L., &
Aslan, A. (2024). The importance of integrating
mathematical literacy in the primary education
curriculum: A literature review. Infernational
Journal of Teaching and Learning, 21(2), 121-134.

Slyamkhan, M. Ganeeva, A, & Dorel, L. (2022).
Interrelation of levels of mathematical literacy
in conditions of distance learning. World
Journal on Educational Technology: Current
Issues. https://doi.org/1018844/wijetv14i3.7212

Spiro, R. J., Feltovich, P. J., Coulson, R. L., Jacobson,
M., Durgunoglu, A., Ravlin, S, & Jehng, J-C.
(1992). Knowledge acquisition for application:
Cognitive flexibility and tfransfer of training in
ill-structured domains. lllinois Univ At Urbana
Center for the Study of Reading.

Stacey, K. (2011). The PISA view of mathematical
literacy in Indonesia. Journal on Mathematics
Education, 2, 95-126. https://doi.org/10.22342/
jme.2.2.746.95-126

Thomassin, N., Gonthier, C., Guerraz, M., & Roulin, J.-
L. (2015). The hard fall effect. Experimental
Psychology.

Ureaq, J., Ramirez-Uclés, R., Canadas, M. C., & Molina,
M. (2024). Generadlization strategies and
representations used by final-year elementary
school students. International Journal of
Mathematical Education in Science and
Technology, 55(1), 23-43.

Weldon, R. B, Mushlin, H., Kim, B., & Sohn, M.-H. (2013).
The effect of working memory capacity on
conflict monitoring. Acta Psychologica, 142(1),
6-14.

381



