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Abstract

This study explores differences in numeracy between junior high school students with Field-
Dependent (FD) and Field-Independent (FI) cognitive styles. Using a qualitative descriptive
approach, the study was conducted in two junior high schools in Kefamenanu, West Timor,
Indonesia. Forty students, evenly distributed across the two schools, participated in the study.
Data were collected through numeracy tests and in-depth interviews to examine students’
performance across three numeracy components: understanding, application, and reasoning.
The findings reveal that students with an FI cognitive style generally demonstrated competence
in all three components, although some experienced difficulties in reasoning tasks requiring
critical evaluation and formal justification. In contrast, students with an FD cognitive style
tended to achieve only the understanding and application components and faced persistent
challenges in progressing to the reasoning component. These results highlight the importance
of differentiated numeracy instruction. FD students benefit from visual representations, explicit
guidance, and collaborative learning to strengthen foundational, whereas FI students require
non-routine and argumentative tasks to enhance higher-order reasoning. This study
recommends that educators and future researchers implement inclusive numeracy literacy
practices aligned with students’ cognitive styles.
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Introduction

Twenty-first-century education requires students to develop higher-order thinking skills, one of
which is numeracy. Numeracy is not limited to computational ability but also encompasses the
capacity to understand, interpret, and apply mathematical concepts across diverse real-life
contexts(OECD, 2023a). Students with strong numeracy competence demonstrate this through
their ability to employ concepts, procedures, facts, and mathematical tools to solve everyday
problems (Son et al., 2023). At the junior high school level, mastery of numeracy serves as a
foundation for the development of more advanced skills required in subsequent levels of
education, such as in science, technology, and other fields. Therefore, in the context of
Indonesian education, numeracy has become one of the key indicators for measuring student
learning outcomes.

Despite continuous efforts to strengthen numeracy, evidence consistently shows that
Indonesian students’ performance in this domain remains relatively low. The PISA 2022 report
indicates that the average mathematics score of Indonesian students is still below the OECD
mean, with a considerable proportion of students experiencing difficulties in solving context-
based problem-solving tasks (OECD, 2023b). Furthermore, when viewed across the last three
PISA cycles, the trend reveals that Indonesian students have yet to demonstrate substantial
progress, suggesting persistent challenges in equipping learners with the higher-order thinking
required in 2lst-century education. This highlights the urgent need for more effective
pedagogical approaches and policy interventions to enhance numeracy outcomes.

The mathematics achievement scores of Indonesian students based on the results of the
2015 PISA survey were 386 (OECD, 2016), 379 in 2018 (OECD, 2019), and 366 in 2022
(OECD, 2023b). These results show that Indonesian students' mathematical literacy has not met
expected standards, with a downward trend in performance over the past three cycles. Beyond
merely describing a decline in scores, the data indicate persistent weaknesses in students’ ability
to understand, apply, and reason with numerical information when confronted with non-routine,
context-based problems, which constitute the core of numeracy within the PISA framework.
This pattern suggests that the primary challenge lies not only in learning outcomes but also in
students’ cognitive processes for processing numerical information and selecting appropriate
problem-solving strategies.

Similar challenges are evident among eighth-grade students in junior high schools in
Kefamenanu, West Timor, Indonesia. Research by Son et al. (2023) revealed that the more
complex the indicators used to assess numeracy, the lower the students’ performance;
conversely, when the assessment indicators were simpler, students achieved better results.
Overall, this study suggests that students’ numeracy competence remains below the expected
standard. Supporting evidence was also reported by Jelahu et al. (2023), who found that students
with low mathematical literacy are only able to demonstrate mastery at the understanding level.
However, they have not demonstrated adequate mastery in the application and reasoning
aspects.

Numeracy involves not only computation but also logical reasoning, quantitative
thinking, and the ability to solve context-based problems. Consequently, the development of
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numeracy is strongly influenced by cognitive factors, including students’ cognitive styles.
Cognitive style refers to the way individuals process, store, and use information when
responding to tasks or interacting with different environmental situations (Carraher et al., 2017).
In relation to students’ numeracy, cognitive style plays a crucial role and makes a significant
contribution, as it shapes how learners express and apply their mathematical literacy (Rum &
Juandi, 2023).

One of the most widely recognized classifications of cognitive styles is field-dependent
(FD) and field-independent (FI) (Witkin et al., 1977). These two styles have remained
prominent in educational research (Mefoh et al., 2017). FD students tend to rely on external
context and guidance from others when processing information, whereas FI students are more
independent, analytical, and able to separate information from its surrounding context (Wang
& Kao, 2022). In other words, FD learners are context-bound, whereas FI learners are context-
free (Karagam & Baran, 2015).

The influence of FD and FI cognitive styles on numeracy has increasingly gained
attention in mathematics education literature. These cognitive styles play an important role in
shaping students’ mathematical literacy and should be carefully considered in teacher education
programs (Santoso & Sari, 2025). Cognitive styles affect how students employ their
mathematical literacy (Rum & Juandi, 2023), including in mathematical problem-solving.
Therefore, understanding the problem-solving abilities of FI and FD students has become a
crucial focus and provides an important basis for contemporary research (Son & Fatimah, 2020,
2021).

A growing body of research has demonstrated that differences in cognitive style can
influence how students understand and solve mathematical problems, including in the context
of numeracy. For instance, FI students tend to excel in tasks requiring logical and abstract
thinking, whereas FD students are generally more comfortable with visual and context-based
approaches (Karami & Shahrokhi, 2021).

Although recent studies indicate that field-independent (FI) and field-dependent (FD)
cognitive styles play an important role in mathematics learning, most existing research has
primarily focused on general cognitive achievement or mathematical problem-solving rather
than numeracy, which emphasizes the understanding, application, and reasoning of numerical
information in authentic contexts (Engelbrecht et al., 2020; OECD, 2023a). Furthermore,
studies integrating cognitive styles and numeracy have predominantly adopted quantitative
approaches and rarely explored students’ cognitive processes in depth, leaving differences in
numerical reasoning strategies between FI and FD students insufficiently explained (Hadi &
Csikos, 2025; Wang & Kao, 2022). This indicates that qualitative studies specifically
examining numeracy through the lens of FI and FD cognitive styles at the junior high school
level remain highly limited.

Building on this gap, the present study investigates the numeracy of junior high school
students in relation to their field-dependent and field-independent cognitive styles. The findings
are expected to contribute to the design of more adaptive instructional strategies that account
for students’ cognitive differences, thereby promoting more effective and equitable
improvements in numeracy.
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Methods

This study employed a qualitative descriptive design. The qualitative descriptive method
emphasizes the observation of phenomena and the exploration of their underlying meanings,
focusing on research processes to obtain accurate findings. The study was conducted with
eighth-grade students from two public junior high schools (School A and School B) in
Kefamenanu, West Timor, Indonesia, during the odd semester of the 2024 academic year. Both
schools are located in the center of Kefamenanu City and use the national curriculum. These
schools are also often designated as model schools for other schools.

Forty students participated in the study: 20 from School A and 20 from School B. All
participants engaged in the full research process, which included a numeracy test, in-depth
interviews, and the Group Embedded Figures Test (GEFT). The results of the numeracy test
were categorized into three levels: high, medium, and low. Based on the GEFT results, students
were further classified as either FI or FD. From this classification, six students were selected to
represent different levels of numeracy and FI-FD cognitive styles. These six participants
included three from School A and three from School B, each representing different cognitive
styles. This interview aimed to confirm the students' written answers; therefore, only six
participants were used as interview sources.

The research instruments comprised the GEFT, a numeracy test, and interviews. The
GEFT was used to measure students’ FI and FD cognitive styles. The test comprised 18 items,
with students scoring 0 to 11 categorized as having FD and those scoring 12 to 18 categorized
as having FI (Witkin et al., 1977). The numeracy test was designed to assess students’ numeracy
competence through three tasks, each representing one aspect of numeracy: understanding,
application, and reasoning. Before this numeracy test was administered, it was first validated
by two mathematics education experts. The evaluation results indicated that the test was valid
and appropriate for use. Interviews were employed to strengthen and triangulate the test data.
During the interviews, students were asked questions aimed at exploring their numeracy in
greater depth. The interview process was guided by a semi-structured protocol and was
conducted based on the students’ performance in the numeracy test. These tests and structured
interviews served as triangulation techniques to maintain credibility in this study. The data were
analyzed using a modified version of Miles et al. (2013) qualitative data analysis framework,
which follows a cyclical process, as illustrated in Figure 1.

Data
collection

Drawing :
conclusions Coding

Data
reduction

presentation

Figure 1. Data analysis
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Results

Based on the 40 student participants in this study, the distribution of FI-FD cognitive styles are
presented in Table 1.

Table 1. Distribution of students’ FI-FD cognitive styles

School FI FD Total
School A 8 12 20
School B 7 13 20
Total 15 25 40

The results of the numeracy test for FI and FD students are detailed in Table 2.
Table 2. Description of students’ numeracy

Cognitive style N Mean Std. Deviation
FI 15 71.55 24.75
FD 25 60.13 22.39

Based on the results of the test, six students were selected to represent different levels of
numeracy and FI-FD cognitive styles for further interviews. These six students were chosen
based on their ability to communicate verbally. The selected participants are presented in Table
3.

Table 3. Interview participants

Initial Cognitive style Score
FI FI 93.33
FI> FI 76.67
FI; FI 60.00
FD; FD 76.67
FD; FD 50.00
FD; FD 20.00

Six students were interviewed to validate their written assignments; however, this article
presents only selected excerpts from the worksheets and interview transcripts of two of them.
The first student is coded FI; (hereafter FI), and the second FD; (hereafter FD). Although the
written work and interview data from these two students are included as illustrative examples,
the findings and conclusions reported in this article are based on a comprehensive analysis of
the entire dataset collected for this study.

Numeracy of FI Students

The FI student’s solution for the understanding aspect is presented in Figure 2. The FI student’s

understanding skill was confirmed through an interview conducted by the researcher (R), as
illustrated in the following excerpt.

R . Based on the problem you read, what facts are given in this question?
FI : Thepoints A (2, -3) and B (-1, 4).

R . What is being asked in the problem?

FI : [Iwas asked to draw a line connecting points A and B.

R . What steps did you take to draw the line?

FI . [Iplotted points A and B, then connected them to form a line.
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Figure 2. Excerpt of FI student’s solution in the understanding aspect

Based on Figure 2 and the student’s responses in the interview excerpt above, it can be
concluded that the FI student demonstrated the ability to recognize the known and unknown
elements of the problem and determine an appropriate strategy for solving it. This was evident
in the solve the problem process, where the FI student was able to determine the coordinate
points and accurately plot all given points on the Cartesian coordinate system. The student also
correctly connected point A (2, —3) and point B (-1, 4) to form line segment AB on the Cartesian
plane.

Similarly, in the problem assessing the application aspect, the FI student successfully

solved it, can presented in Figure 3.
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Figure 3. Excerpt of FI student’s solution in the application aspect
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The working process of the FI student on the application aspect can be confirmed through
an interview conducted by the researcher, as illustrated in the following excerpt.

R : Based on the problem you read, what facts are provided in the question?

FI . The coordinates of the slide point are (3,5) and the swing point are (7,2).

R : According to you, what is being asked in the problem?

FI : [Iwas asked to calculate the distance.

R : How did you proceed to calculate the distance?

FI . [used the distance formula to determine the distance between the slide point and the
SWing point.

R . After identifying that you would use the distance formula, what did you do next?

FI . Iperformed the calculation and found that the final result of the distance between the
two points is 5 units.

Based on Figure 3 and the student’s responses in the interview excerpt above, it can be
concluded that the FI student was able to apply mathematical concepts in solving problems
related to the application aspect of numeracy.

In this reasoning aspect, the FI student demonstrated the ability to reason using
mathematical concepts to solve the problem. The FI student’s reasoning-based problem-solving
process is presented in Figure 4.
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Figure 4. Excerpt of FI student’s solution in the reasoning aspect

The following interview excerpt highlights the FI student’s reasoning process in solving
the problem, as documented by the researcher.

R . Based on the problem you have just read, what facts are provided in the question?
FI  : The given coordinate points of the land are P(2,9), O(10,9) and R(2,3).

R . Next, what is being asked in the problem?

FI  : It asks to calculate the area of a rectangular piece of land.

R . How did you determine the area of the land?
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FI  : First, I plotted the given points from the problem.

R :In your opinion, can the area of a rectangle be calculated if only three points are
provided?

FI . No, an additional point is needed.

R . How did you add another point?

FI  : [added one more point, namely S(10,3), to complete the rectangle..

R : Then, how did you calculate the area of the land?

FI  : [calculated the area using the formula for the rectangle, namely length x width.

Based on Figure 4 and the interview excerpt, initially, the student identified three given
coordinate points, namely P (2,9); Q (10,9) and R (2,3). The student understood that calculating
the area of a rectangle cannot be accomplished with only three points; therefore, one additional
point, S (10,3), was added. The FI student was able to devise a solution to the problem that
required reasoning ability. In the calculation process, the student used all four points, plotted
them on the Cartesian plane, and then determined the length and width. Subsequently, the
student applied the area formula (length x width) to calculate the area of the field.

Numeracy of FD Students

The FD student demonstrated competence in the understanding and application aspects but
showed limited reasoning ability. The FD student’s problem-solving process for the
understanding aspect is illustrated in Figure 5.

N

Figure 5. Excerpt of FD student’s solution in the understanding aspect

The following interview excerpt highlights the FD student’s understanding process in
solving the problem, as documented by the researcher.

R : Based on the problem you read, what facts are given in the question?
FD : The points A (2, —3) and B(—1, 4).

R : According to you, what is being asked in the problem?

FD : [Iwas asked to connect point A and point B with a line.

R What steps did you take to connect point A and point B with a line?

FD : Ibegan by drawing the X-axis and Y-ordinate.
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R : What did you do after drawing the X-axis and Y-ordinate?
FD : I plotted point A and point B, then connected the two points to form a line.

Based on Figure 5 and the interview excerpt with the FD student, it can be concluded that
the student was able to identify both the known and required information from the problem and
determine an appropriate solution strategy. This was evident as the student correctly identified
and plotted the given coordinate points on the Cartesian plane and connected points A(2, —3)
and B(—1, 4) to form line segment AB.

Furthermore, in the application aspect, the FD student was also able to solve the problem
correctly. The FD student’s solution for the application aspect is presented in Figure 6.
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Figure 6. Excerpt of FD student’s solution in the application aspect

The following interview excerpt highlights the FD student’s application process in
solving the problem, as documented by the researcher.

R . Based on the problem you read, what facts are given in the question?

FD : The origin point (0,0), the slide point (3,5), and the swing point (7,2).

R . According to you, what is being asked in the problem?

FD : The distance between the slide point and the swing point.

R How did you proceed to calculate the distance?

FD * [ used the distance formula, namely \| (x; — x1)2 + (y, — y1)?

R i After identifying that you would use the distance formula, what did you do next?

FD : [ calculated it as (3-7)* + (5-2)* = 4> + 32 = 16 + 9 = 25, then took the square root,
resulting in a distance of 5 units.

Based on Figure 6 and the interview excerpts above, it can be concluded that the FD
student was demonstrated comprehension of the given facts and the problem, although a minor
conceptual error occurred when writing (3—7) = 4 instead of (3—7) = —4. However, the final
result remained correct because the value was squared.

In solving a problem that measured the aspect of reasoning, the FD student was only able
to plot three points on the Cartesian coordinate plane. Nevertheless, the student was unable to

42



Aloisius Loka Son, Hendrika Bete, Cecilia Novianti Salsinha

determine the remaining point so that when all four points were connected, they would form a
rectangle. The FD student’s solution to the reasoning problem is presented in Figure 7.
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Figure 7. Excerpt of FD student’s solution in the reasoning aspect

The following interview excerpt highlights the FD student’s reasoning process in solving

the problem, as documented by the researcher.

R : Based on the problem statement, what facts can be identified in the task?
FD : The land coordinates are given as P(2,9); O(10,9) and R(2,3).

R . According to you, what issues are being asked in the problem?

FD : Determine the area of the land.

R What mathematical concept is used to determine distance?

FD : Ido not know.

R : Arethere any other facts found in this problem?

FD : Ido not know.

R : Can you use the known facts and other information to solve this problem?

FD : Icannot.

Based on Figure 7 and the interview excerpts, it can be concluded that in solving the
reasoning problem, the FD student was unable to determine the remaining point so that when
all four points were connected, they would form a rectangle. As a result, the FD student was
only able to plot the three known points on the Cartesian plane. The student was not yet able to
demonstrate reasoning skills in addressing a more complex problem. This reasoning task falls
into the category of non-routine problems, which the FD student was unable to solve.

The excerpts of student work and interview transcripts presented earlier represent two
students, FI and FD, who achieved the highest numeracy scores in this study. Although this
article does not present the complete written work or full interview transcripts for FI and FD
across all numeracy categories, all relevant data were incorporated into the overall analysis.
The analysis shows that student FI in the medium numeracy category was able to complete
tasks at the understanding level and demonstrated the ability to apply mathematical concepts at
the application level, but was not yet able to solve reasoning-level items. In contrast, the same
student, when classified in the low numeracy category, was only able to complete numeracy
tasks at the understanding level.
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In contrast to students with FI’s cognitive style, FD students' highest performance falls
within the medium category, where they still exhibit limitations in the reasoning assessment
aspect. At this level, FD students have difficulty solving items that measure reasoning. Some
students are able to apply mathematical concepts to solve contextual problems from daily life,
while others continue to struggle in this aspect. Moreover, FD students in the low category
exhibit difficulties even with understanding-level tasks, making items that require application
and reasoning substantially more challenging for them.

Discussion

The results of the study indicate that, in general, students with a Field-Independent (FI)
cognitive style have achieved understanding, application, and reasoning, although a small
number still experience difficulties in the application and reasoning aspects. In contrast,
students with a Field-Dependent (FD) cognitive style have not achieved the reasoning aspect;
they tend to only achieve understanding and application, and some of them even experience
difficulties in the understanding and application aspects. These findings illustrate that reasoning
is the core of numeracy and that its attainment requires higher-order thinking skills. The PISA
2022 framework defines numeracy as the ability to understand, apply, and interpret
mathematics in a variety of real-world contexts, with reasoning as a central element that
demands justification, evaluation, and argumentation (OECD, 2023a). This implies that, to
achieve reasoning, students must not only understand and apply concepts but also connect
evidence, assess claims, and evaluate solutions. The complexity of reasoning in numeracy thus
requires higher-order cognitive processes from both FI and FD students.

FI students possess the ability to disembed, namely, the capacity to separate relevant
information from complex contexts. This mechanism enables them to extract essential data,
construct mathematical models, and develop logical arguments. Morris et al. (2019) revealed
that FI students are better prepared to navigate context-rich mathematical performance tasks
(graphs/tables/texts), identify essential quantities, model them, and formulate arguments to
support decisions. Nevertheless, the findings also show that some FI students still experience
difficulties when reasoning requires critical evaluation or formal justification.

Although FI students possess advantages in disembedding information and conducting
analysis, formal reasoning requires additional skills, such as evidence-based justification and
critical evaluation of mathematical arguments. According to Lithner (2017), many students tend
to employ imitative reasoning (replicating solution patterns) rather than creative reasoning
(constructing novel arguments). This may explain why some FI students remain trapped in
algorithmic patterns without being able to construct deeper justifications. In other words,
disembedding supports them in the initial stages (understanding and application); however, it
does not automatically guarantee maturity in mathematical argumentation without explicit
practice.

In many instructional practices, greater emphasis is placed on procedural understanding
and the application of routine problems rather than justification or mathematical argumentation.
As a result, although FI students are often able to solve problems, some are not accustomed to
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articulating why a solution is valid. Jonsson et al. (2022) emphasize that to foster creative
mathematical reasoning, non-routine tasks are required that compel students to explain their
thinking processes rather than merely producing a final answer through procedural means.

In contrast to FI students, FD students are more bound to external contexts and tend to
process information globally (Karacam & Baran, 2015). In complex numeracy tasks, this
tendency hinders their ability to abstract relevant variables. Recent research has found that
cognitive style mediates the relationship between visual perception and mathematical
performance; FD students are less effective in extracting quantitative information from visual
representations, thereby limiting their achievement to understanding and application
(Vecchione et al., 2023).

Moreover, limitations in executive functions, particularly sustained attention and
inhibitory control, present additional obstacles for FD students. Cueli et al. (2020) reported that
attention and inhibitory control are strongly related to early numerical. This condition explains
why some FD students still struggle, even with understanding and application. Such findings
call for a deeper analysis, as understanding and application should constitute the foundation
before students can progress to the reasoning stage.

Regarding executive functions, Cragg and Gilmore (2014) emphasize that numeracy
performance is strongly shaped by the efficiency of core executive components: working
memory, inhibition, and shifting. However, this relationship is not entirely direct, as FI-FD
cognitive styles can act as mediators through their influence on strategy selection and
differential cognitive control demands. FI students tend to process information analytically and
can isolate relevant cues from distracting visual elements, allowing them to engage in numeracy
tasks with more efficient working memory use and reduced inhibitory load (Wang & Kao, 2022;
Witkin et al., 1977). In contrast, FD students are more influenced by surface-level contextual
features and often rely on procedural strategies that impose greater working memory demands
while requiring stronger inhibition to manage distractions. This mechanism explains why
students with similar executive function capacities may nevertheless exhibit different levels of
numeracy performance depending on whether they are FI or FD (Cragg & Gilmore, 2014).

Accordingly, the implementation of differentiated instruction that aligns task structures
with students’ cognitive profiles becomes essential for optimizing the coordination of executive
functions in numeracy performance (Cragg & Gilmore, 2014). This approach helps FD students
achieve more stable numeracy outcomes and ensures that both FI and FD learners receive
equitable opportunities to develop their numeracy.

Conclusion

Students with Field-Independent (FI) cognitive style have achieved understanding, application,
and reasoning aspects; although a small proportion still face difficulties in reasoning tasks that
demand justification and the evaluation of arguments. FI students are able to navigate complex
context-based numeracy problems; however, when confronted with tasks requiring critical
evaluation and advanced mathematical argumentation, some FI students continue to experience
challenges. In contrast, students with Field-Dependent (FD) cognitive style have not yet
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reached the reasoning aspect; they tend to remain at the levels of understanding and application,
and some of them even continue to struggle with these aspects. FD students demonstrate
limitations in decontextualizing information.

It is recommended that middle-school mathematics teachers implement differentiated
instruction that aligns numeracy task structures with students’ cognitive styles. To support the
reasoning aspects of FI students, teachers should consistently provide non-routine, context-rich
problems that require justification. In contrast, FD students benefit from clear visual and
structural scaffolding, such as highlighting critical information, using focused diagrams, and
providing simple argument frameworks (claim—evidence-reasoning). Although tailoring
instruction for both FI and FD learners is challenging in large classrooms, teachers are
encouraged to adopt these practices to ensure equitable opportunities for the development of
numeracy among all students.

This study was conducted with a small and localized sample, which limits the
generalizability of the findings. Therefore, future researchers are encouraged to conduct
experimental studies employing differentiated instruction tailored to FI-FD cognitive profiles
with larger participant groups and to conduct mixed-methods research to examine the role of
instructional design and its effects on students’ numeracy performance.
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