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Introduction

Technological advances and the proliferation of big

Abstract: Numeracy skills in the context of science are crucial in helping
students understand and interpret scientific phenomena quantitatively.
However, there has been no comprehensive review of students' numeracy
skills in the context of science in secondary schools, particularly in the
Bandung area. This study aims to describe the level of numeracy skills in the
context of science and identify areas of student weakness. The method used
is descriptive quantitative, involving 121 11th-grade students from several
schools. Students who had taken science subjects (physics, chemistry, and
biology) in 10th grade were assessed on numeracy skills covering five
numeracy domains: arithmetic, algebra, data processing, graphing, and
geometry. The data were analyzed descriptively using mean values,
standard deviations, and minimum and maximum score ranges. These
findings indicate that students' numeracy skills are generally in the
moderate to low category, with a wide distribution of scores. Data
processing is the domain with the highest success rate, while arithmetic
received the lowest average score of the five numeracy domains.
Strengthening in arithmetic operations is also needed to calculate decimals,
ratios, fractions, and percentages. These results indicate the need to integrate
numeracy content into science learning to strengthen students' numeracy
skills.

Keywords: High school student; Numeracy skill; Science context
data analysis, prediction, and informed decision-making

(Gittens, 2015; D’Ignazio & Bhargava, 2016; Giese et al.,
2020). Integrating quantitative skills into science

data have made numeracy skills a fundamental
competency for individuals. Numeracy enables
individuals to understand, interpret, and use
quantitative information in diverse contexts, including
critical decision-making (Sulak et al., 2020; Geiger et al.,
2015). Furthermore, science education in the 21st century
focuses on developing students' abilities in critical
thinking, communication, collaboration, and
innovation, which support life skills (Sahil et al., 2022).
Proficiency in interpreting numerical data, diagrams,
graphs, and tables is necessary for pattern recognition,

How to Cite:

learning familiarizes students with numerical reasoning
and fosters critical thinking (Flanagan & Einarson, 2017).
Numeracy in science learning combines scientific and
mathematical concepts, providing interdisciplinary and
contextual knowledge (Scott, 2017; Abrori et al., 2024).
Enhancing students' numeracy skills is essential for
understanding the context of quantitative data (Scott,
2021). Furthermore, numeracy skills can improve their
ability to understand mathematical models, which can
contribute to interpreting and communicating results in
biology (Andrews & Aikens, 2018). Students will
construct their understanding of data as they get more
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familiar with numeracy-based skills, allowing them to
think critically when evaluating information, identifying
misinformation, and making informed decisions (Aini et
al., 2024).

Multiple international studies  consistently
highlight the challenges in mathematics and science
literacy among Indonesian students. National
assessments reveal that high school students' numeracy
skills are limited to level 2 on the global scale (Arsiah et
al., 2024). At this level, students are only able to
recognize and interpret simple data (OECD, 2023). This
performance falls short of the curriculum’s intended
learning outcomes (Siregar et al., 2024). The curriculum
requires students to demonstrate numeracy skills such
as selecting, comparing, modeling, and evaluating
scientific phenomena in complex situations. Students'
insufficient understanding of basic mathematical
concepts can hinder students’ comprehension of
scientific principles (Scott, 2021). These findings
underscore the need to enhance students' scientific
literacy and numeracy.

Although numeracy integration into science
learning has commenced in schools, its implementation
remains limited (Aini et al, 2024). Most studies
addressed general mathematical competencies rather
than the specific application of numeracy within science
disciplines such as physics, chemistry, and biology.
Moreover, there is insufficient comprehensive data on
actual classroom conditions, particularly in densely
populated regions with diverse educational challenges
such as Bandung. Addressing this gap is essential for
designing effective educational interventions. Samputri
et al. (2024) report that students' science literacy skills
relatively low. This finding is consistent with research
indicating that students' abilities to interpret data and
information are also limited (Sartianis & Yuliati, 2022).

Numeracy skills have several dimensions,
including arithmetic, handling data, algebra, graphs,
and geometry (OCR, 2015; Arsiah et al., 2024). Student
difficulties in achieving numeracy competency are
influenced by external factors, such as the quality of
learning, school management, facilities and
infrastructure, and the learning environment (Arsiah et
al., 2024). In addition, internal factors including learning
motivation and self-efficacy in solving numeracy
problems, also play a significant role (Rafiola et al., 2020;
Siswandari et al., 2025). This study aims to provide a
detailed analysis of high school students' numeracy
skills within the context of science in the Bandung
region. The findings aim to clarify students'
understanding of each numeracy dimension, allowing
teachers and education practitioners to design lesson
plans and teaching materials that effectively enhance
numeracy skills in science learning.
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The results of this study are expected to provide a
comprehensive overview and establish a foundation for
integrating numeracy in science learning. The research
findings may also serve as an empirical basis for
designing targeted programs to improve numeracy
competency, addressing students’ specific needs and
fostering critical and analytical thinking skills necessary
for future challenges.

Method

This study wuses a quantitative descriptive
approach. This method is a test method to explore and
describe high school students' numeracy skills in the
context of science. This study was conducted on July 21-
25, 2025, involving 121 11th-grade high school students
from two public and two private schools. Participants
were selected using a purposive sampling technique,
with the criteria being students who had taken science
subjects (physics, chemistry, and biology) in 10th grade.
The  research  stages included  preparation,
implementation, data analysis, and reporting. The
flowchart of the research stages carried out can be seen
in Figure 1.

Preparation

Implementation

Reporting Data Analysis

Figure 1. Flow chart for the research stages

The preparation phase began with a literature
review to examine theories on numeracy, its indicators,
and existing similar research. The instrument used in
this study was a numeracy test with a science context,
consisting of 20 questions. The test instrument was
adapted from the AKM questions developed by the
Center for Assessment and Learning (Pusmenjar), the
PISA (Program for International Student Assessment),
the OCR A Level, and the CBSE (Central Board of
Secondary Education). The questions used covered five
numeracy domains: arithmetic, algebra, data processing,
graphics, and geometry. These five domains are divided
into several indicators, as presented in Table 1.

During the implementation phase, a numeracy
ability test was administered to all research subjects.
Before the test, students received a detailed explanation
of the research objectives and instructions. The test
lasted 60 minutes. Test results were analyzed
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quantitatively. Assessment was based on two types of
questions: a) multiple-choice/short-answer questions:
scored 1 for a correct answer and 0 for an incorrect
answer; b) essay questions: scored on a scale of 1-5, with
scores reflecting the depth of the answer.

Table 1. Domains and Indicators of Numeracy
Questions with a Science Context (OCR, 2015)
Domain

Indicator

Arithmetic Make use appropriate units in calculations
(4 items) Use expressions in decimal and standard forms
Use of ratios, fractions, and percentages

Algebra Understand and use symbols =; <; > ; ~
(4 items) Substitute numerical values in algebraic
equations using appropriate units for physical

quantities

Handling Understand the terms means, median, mode
Data Construct and interpret frequency and
(4 items) diagrams, bar charts, and histograms
Graph Translate information between graphical,
(4 items) numerical, and algebraic forms
Understand that y=mx + c represents a linear

relationship

Geometry Calculate circumference, surface area, and
(4 items) volumes of regular shape

The next stage involved analyzing the collected
quantitative and qualitative data. The collected scores
were analyzed using descriptive statistics to provide an
overview of students' numeracy skills. This analysis
included calculating the average score, minimum score,
maximum score, and percentage of successful answers.
Furthermore, document analysis, specifically student
answer sheets, was conducted to further explore
domains that had been mastered and presented
challenges for students. The final stage was reporting to
capture the overall profile of students' numeracy skills.

Result and Discussion

The evaluation of students' numeracy skills within
the science context demonstrates that their proficiency
remains insufficient. As shown in Table 2, the average
student score was 35.78 on a 0 to 100 scale. This result
indicates the overall level of numeracy skills in the
moderate to low range, with scores widely distributed.
Most students were unable to apply numeracy concepts
to solve problems in the science context of the
assessment.

Table 2. Average Student Scores on Numeracy

Questions

Mean Standard deviation Minimum score Maximal score
(SD)

35.78 10.98 15.52 75.86
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The data analysis revealed a substantial standard
deviation (10.98), indicating considerable variability in
student ability. Some students achieved scores as high as
75.86, demonstrating both the feasibility of the test
instrument and the presence of students with strong
numeracy skills. Conversely, scores as low as 15.52
suggest that a group of students experienced serious
difficulties and lacked mastery of the numeracy
components assessed.

This study assessed five numeracy domains,
including handling data, geometry, algebra, arithmetic,
and graph. Student performance in each numeracy
domain is presented in Figure 2. The highest average
score, 42.09, was achieved in the handling data domain.
In contrast, the arithmetic domain had the lowest
average score. These results suggest that students tend
to understand numeracy concepts related to data
processing and interpretation, as well as visual
representation through graphs, compared to basic
arithmetic skills. Weak performance in arithmetic
indicates insufficient mastery of basic numeracy skills,
which are essential for further development.
Contributing factors to low numeracy achievement
include limited understanding of mathematical
concepts, insufficient context-based practice, inadequate
integration of numeracy in instruction, and a lack of
innovative teaching methods (Ramdhani et al., 2025).
Furthermore, students' difficulties with context-based
problems are attributed to instructional practices that do
not emphasize mathematical model construction, as
science learning typically focuses on reading,
comprehension, and writing skills (Hasnawati, 2016).

43,80

45,00 39.75 3896
40,00
35,00 32,04
30,00
£ 25,00 [
g
2 20,00
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10,00
5,00

0,00

W Handling Data
W Geometry

@ Algebra

O Arithmetics
W Graph

Handling
Data

Geometry Algebra  Arithmetics Graph

Numeracy Domain

Figure 2. Mean scores on five numeracy domains

In the handling data domain, students were asked
to perform basic data analysis, including calculating
averages, determining the median, and identifying the
mode. Students' abilities to construct and interpret
frequency, bar charts, and graphs were also assessed.
While this domain received the highest score among the
five domains, some specific indicators did not achieve
good results.
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Table 3 presents the percentage of students who
completed questions in the handling data domain. The
indicators for calculating means, medians, and modes
were notably low. This difficulty likely results from
students” limited understanding of these statistical
concepts and their insufficient ability to analyze data
within contextual tables (Satriawan, 2018). In these
questions, students were required to perform
calculations based on the presented data. Many students
demonstrated reluctance to engage with calculation-
based problems, instead favoring questions that could
be analyzed through direct observation. This trend is
concerning, as proficiency in calculation is essential for
science subjects such as chemistry and physics.

Table 3. Indicators in the Data Processing Domain

Indicator Percentages
Understand the terms means, median, and mode 35.95%
Construct and interpret frequency and 55.57%

diagrams, bar charts, and histograms

In contrast, students demonstrated a relatively high
level of success in interpreting diagrams, indicating an
understanding of variable contexts and the ability to
interpret diagrammatic information. Science learning,
especially practical activities, has generally integrated
the handling data domain, which has contributed to
students” competence in diagram interpretation (Tanti et
al,  2020). Learning that involves multiple
representations in the form of graphs, tables, and
conceptual models has been shown to enhance students’
understanding of scientific material (Damayanti &
Wulanningtyas, 2025).

Table 4. Indicators in the Geometry Domain
Indicator

Percentages
39.75%

Calculate circumference, surface area, and
volumes of regular shape

In the geometry domain, students are expected to
be proficient in calculating the perimeter, surface area,
and volume of regular plane figures. Table 4 presents the
percentage of students who successfully solved
geometry problems. The results indicate that students’
numeracy skills in geometry are moderate to low. More
than half of the students correctly solved problems
involving surface area and volume comparisons.
However, performance declined on more complex
problems requiring advanced reasoning. For example,
when asked to compare two identical objects with
different geometric structures and determine the actual
area from a scale, only about 7% of students answered
correctly. This represents one of the lowest success rates
among all indicators. These problems required students
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to compare objects from multiple representations and
convert measurements to scale.

As shown in Figure 3, most students applied the
Pythagorean theorem rather than utilizing the block
scale comparison provided in the problem. This result
indicates that participating students demonstrated
limited spatial skills, which hindered their ability to
visualize geometric shapes from different perspectives.
Spatial skills are essential for solving geometric
problems (Yu et al.,, 2022). Spatial skills help students
visualize problems, understand relationships between
objects, and solve geometric problems. Students with
good spatial skills tend to understand geometric
concepts and solve problems involving visualization
and apply spatial thinking (Rangkuti et al., 2024; Madya
etal., 2023).

Notto seale

Diagram menunjukkan rancang bangun ruangan
matahari (sunroom). Ruangan tersebut tersusun
dari empat dinding persegi berbahan gelas.
Bagian atap terbuat dari:

Empat panel gelas berbentuk trapesium dengan
ukuran yang sama setiap sisinya

Satu panel gelas redup yang berukuran setangah
| oktagon.

Front view

Scale 1 om= 1 m

Tepi garis AB adalah salah satu sisi panel yang ditunjukkan dalam diagram. Berapa panjang aktual garis AB?

| tm I ‘i\_':

~ -

[m.

A
z:( 7 O

Figure 3. Example of student answers in the geometry
domain.

The algebra domain in numeracy refers to the
ability to understand, use, and apply algebraic concepts
and operations in various contexts. Two indicators were
assessed: comprehension of comparison symbols (>, <,
=, ~) and the ability to substitute numerical values into
algebraic equations using appropriate units for physical
quantities. Table 5 presents the percentage of students'
success in solving problems in the algebra domain. The
findings suggest that students' abilities in this domain
are moderate. Notably, students demonstrated greater
proficiency in interpreting comparison symbols than in
understanding verbal comparisons such as ‘less than’,
‘more than’, or ‘equal to’. This is reflected in higher
success rates for problems using symbolic
representations. The reason for this difference may be
attributed to the use of visualizations, which facilitate
direct observation of size differences between objects.
Visual aids have been shown to improve the accuracy
and speed of data comparison (Jee et al., 2022; Jardine et
al., 2020). However, students continued to struggle
when comparing sizes using different units of
measurement, even when images and unit descriptions
were provided.
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Table 5. Indicators in the Algebraic Domain

Indicator Percentages
Understand and use symbols =; <; > ; ~ 51.92%
Substitute numerical values in algebraic 58.47%

equations using appropriate units for physical
quantities

The use of decimal numbers also posed challenges.
For example, students had difficulty comparing the size
of 7 p with 0.6 mm using the appropriate symbols.
Previous studies have reported similar findings, with
many students struggling to understand the relationship
between units, particularly when converting units of
different magnitudes or dimensions, such as from cm? to
m? (Jaikla et al., 2021). These difficulties are often linked
to underdeveloped proportional reasoning, which is
necessary for assimilating and transforming hierarchical
unit structures (Lee & Shin, 2024; Zwanch et al., 2024).

The arithmetic domain focused on three indicators
as presented in Table 6. This domain had the lowest
score among all domains. Assessment results indicate
that students' ability to use appropriate units in
calculations was moderate. Students could determine
the correct units when converting certain measurements,
but encountered difficulties with decimal-related
problems. Although decimal concepts are introduced in
elementary education, research indicates that many
students continue to struggle with both conceptual and
procedural aspects of decimals. Common issues include
misunderstanding place value, treating digits after the
decimal points as a whole number, and difficulty
comparing and ordering decimals. For instance, some
students incorrectly believe that decimals with more
digits are larger (Pulungan & Suryadi, 2019).

Table 6. Indicators in the Arithmetic Domain

Indicator Percentages
Make use of appropriate units in calculations 57.85%
Use expressions in decimal and standard forms 29.47 %
Use of ratios, fractions, and percentages 12.26%

Students also face challenges with decimal
arithmetic operations, such as placing the decimal point
during multiplication or division and converting text
notation to numeric expressions (Gonzélez-Forte et al.,
2022). The ability to calculate ratios, fractions, and
percentages was particularly low at 12.26%. This may be
attributed to a limited understanding of division
concepts. Figure 4 illustrates examples of both incorrect
and correct student answers, highlighting persistent
difficulties in identifying the dividend and divisor.
These results suggest that students have not yet
mastered place value in serial division operations
(Puspitaningtyas et al., 2023). Additionally, a lack of
contextual understanding can negatively impact student
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motivation and performance in arithmetic tasks (Belinda
et al., 2023). For example, the indicator topic involved
counting dividing cells in the metaphase stage.
Although the total frequency of observed cells was
provided, students’” motivation was reduced because
they perceived the cell cycle topic as unfamiliar.

5 “50
. . 2
A\ ~N
ersebut adalah /. \_/) rsebut adalah Ve ¥ 0]
a
- L
P A A E e ———
N
". L2 loe
~ =58
s8e’s J ™ 2
0 L3

o,
rsebut adalah . ;b /a g

b

Figure 4. a. Example of a wrong answer, b. Example of a
correct answer

In the geometry domain, two indicators were
assessed as shown in Table 7. The success rate for these
indicators was low, though higher than that in the
arithmetic domain. Students demonstrated stronger
abilities in interpreting discrete data in bar charts
compared to continuous data in line graphs. However,
they showed limited capacity to analyze the contextual
meaning of variables on the X and Y axes and to draw
implications from the data. These findings suggest that
while students can interpret basic mathematical
concepts, their skills remain at a fundamental level. This
aligns with PISA results, which indicate that Indonesian
students” numeracy skills are at level 2, meaning they
can recognize and interpret only simple mathematical
situations (OECD, 2023).

Table 7. Indicators in the Graph Domain

Indicator Percentages
Translate information between graphical, 32.57%
numerical, and algebraic forms

Understand that y=mx + c represents a linear 25.61%

relationship

Students' understanding of the linear function y =

mx + ¢ was also limited. In this indicator, students are
given a graph showing sugar consumption and the
number of dental caries in various countries, but their
ability to capture trends in the presented graph is also
not optimal. These results are in line with several studies
that found that students often experience difficulties in
struggling to identify correlations and trends. These
challenges are consistent with previous research
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showing that students often have difficulty transferring
knowledge between mathematics and physics contexts
(Angkotasan et al., 2024; Fitrieyah & Mabrouk, 2024;
Becker et al., 2023). Generally, students tend to focus on
surface features rather than developing a deep
understanding of linear equations (Efuansyah et al,
2024). This result indicates that students' numeracy skills
are still inadequate. Numeracy skills play a significant
role in science learning, as they underpin the
interpretation of graphs and data in physics, chemistry,
and biology. Algebra, geometry, and arithmetic are also
integral for solving quantitative problems, such as
calculating microscope scale, object density, and
stoichiometry. Therefore, integrating numeracy into
science learning is necessary. This integration should
include both quantitative analysis and conceptual
reinforcement through arithmetic calculations, graphs,
and diagrams. Teaching modules, discussion materials,
and assessments should incorporate numeracy to
familiarize students with quantitative analysis (Rizki &
Nuranti, 2022; Soesanto & Dirgantoro, 2024).
Additionally, assigning more challenging tasks during
class discussions can enhance students” self-efficacy and
motivation, thereby increasing their confidence in
assessments (Street et al., 2022). Although this study
found that students” numeracy skills are not yet optimal,
the sample size was small, which restricts the
generalizability of the findings. Nevertheless, the results
contribute valuable insights into high school students’
numeracy skills in science contexts and can inform the
development of targeted teaching materials.

Conclusion

The study found that students’ performance in
solving numeracy problems within scientific contexts
remained low, with an average score of 34.96 = 11.15.
Students demonstrated the highest proficiency in the
handling data domain and the lowest in the arithmetic
domain. Strengthening division operations, which
underpin calculations involving decimals, ratios,
fractions, and percentages, is necessary. Integrating
numeracy into science curricula in a contextual manner
may enhance students” numeracy skills. Future research
recommendations include teacher training in the
development of contextual-based numeracy biology
teaching materials in order to improve students’
numeracy skills.
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