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ABSTRACT

Chemical numeracy is essential for understanding quantitative concepts in chemistry; however, there are indica-
tions of achievement gaps between male and female students. This study aims to analyze the influence of gender
on students’ numeracy skills when implementing the Problem-Based Learning (PBL) model. This study em-
ployed a quasi-experimental design with a nonequivalent control group. The study population consisted of Phase
F students at three high schools in West Sumatra, Indonesia. The sample comprised 188 students selected through
purposive sampling based on initial ability equivalence. The research sample came from three schools, each serv-
ing as a research context for different topics: salt hydrolysis (experimental class = 33; control class = 30), reaction
rates (experimental class = 35; control class = 35), and chemical equilibrium (experimental class = 26; control
class = 29). The research instrument consisted of a chemistry numerical literacy test on reaction rates, chemical
equilibrium, and salt hydrolysis, which experts had validated. Instruction in the experimental classes used the
PBL model, while the control classes used conventional instruction, as typically implemented in schools. Data
were analyzed using the N-gain test, normality test, homogeneity test, and Two-Way ANOVA. Results showed
that improvement in numerical literacy in chemistry was greater in PBL classes than in control classes. Statisti-
cal analysis indicated that the PBL. model had a significant effect on improving numerical literacy in chemistry.
Gender was significant in only one school, and the interaction between the learning model and gender was also
significant there, suggesting that the model’s effectiveness may vary by context. These findings indicate that PBL
is effective in enhancing students’ numerical literacy in chemistry and imply that chemistry instruction should be
designed around problem-solving approaches to develop quantitative reasoning and a contextual understanding
of chemical concepts.
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INTRODUCTION

21st-century education emphasizes the
integration of character development, literacy
skills, practical skills, technology use, and know-
ledge mastery (Maulidia et al., 2023; Shaber et al.,
2025). This concept aligns with the fourth Sustai-
nable Development Goal (SDG), which focuses
on providing quality, inclusive, and equitable edu-
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cation; developing skills aligned with the needs
of the future world of work; mastering techno-
logy; and upholding the principles of sustainable
development. It also serves as the foundation for
the view that quality education is a fundamental
right and the key to national development. More
specifically, Target 4.6 of the fourth SDG aims to
ensure that by 2030, all adolescents and a certain
proportion of adults, both men and women, have
literacy and numeracy skills (Bappenas, 2024).
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In this context, numerical literacy has be-
come an essential competency in 21st-century
learning because it involves using numbers and
mathematical symbols to solve problems across
a range of daily contexts. Numerical literacy re-
quires not only the ability to calculate but also to
analyze quantitative information, interpret data,
and make logical and appropriate decisions. Ho-
wever, Indonesian students’ numerical literacy
achievement is still relatively low. The results of
the 2022 Programme for International Student
Assessment (PISA) show that Indonesia ranks
73rd out of 80 countries with a score of 379, far
below the OECD average score of 487 (OECD,
2023). This data shows a significant gap between
the global demands of 21st-century education
and students’ numeracy and literacy skills in In-
donesia, underscoring the need for more effecti-
ve, context-based learning efforts. In chemistry
education, numerical literacy is critical because
many chemical concepts require quantitative ana-
lytical skills, such as stoichiometry, reaction rates,
chemical equilibrium, and the interpretation of
graphs and experimental data. These skills enab-
le students to integrate chemical concepts with
mathematical reasoning to understand scientific
phenomena and solve data-driven problems (Chi
et al., 2024; Altindis et al., 2024). Several studies
also indicate that integrating numerical literacy
into chemistry instruction can enhance students’
conceptual understanding and data analysis skills
(Cahyana et al., 2023; A’yuni & Ardhana, 2024).

To address this gap, a learning model
is needed that can train students’ quantitative
analysis and contextual problem-solving skills.
One learning model for chemistry instruction is
Problem-Based Learning (PBL). The PBL model
emphasizes students’ active involvement in sol-
ving contextual problems through critical, ana-
lytical, and reflective thinking (Qondias et al.,
2022). Through PBL, students are encouraged to
construct knowledge independently and collabo-
ratively, in line with 21st-century skills such as cri-
tical thinking, communication, and collaboration
(Suyato et al., 2024). Several studies show that
PBL can improve students’ learning outcomes
(Almagribi et al., 2024), critical thinking skills
(Lubna et al., 2023), and science literacy (Asda et
al., 2023). These findings indicate that PBL has
strong potential in supporting the improvement
of numerical literacy (Martiana et al., 2025), es-
pecially when applied to chemistry learning that
requires quantitative analysis skills. Previous re-
search has also demonstrated that the PBL ap-
proach can improve students’ abilities to analyze
data, interpret quantitative information, and sol-

ve context-based problems through investigative
and collaborative discussion processes (Chang
et al., 2022; Hidayatullah & Setiawan, 2024; Sa-
lim et al., 2024). Furthermore, PBL encourages
students to integrate conceptual knowledge with
mathematical reasoning in addressing scientific
problems, thereby strengthening numerical litera-
cy in science learning (Rahma et al., 2025).

Along with the characteristics of PBL that
require students’ active involvement in solving
contextual problems, the application of this mo-
del requires a learning environment that facilita-
tes information exploration, data analysis, and
effective collaboration (Fausan et al., 2021). In
the context of 21st-century learning, this need
is increasingly relevant with the use of digital
technology as a learning support tool, because
technology allows for the presentation of prob-
lems, data, and learning resources in a more va-
ried, interactive, and accessible way for students
(Moliner et al., 2021; Razak et al., 2022; Kuma-
lasari et al., 2024).

The integration of technology into lear-
ning makes learning more flexible and accessible,
allowing it to be used on smartphones anytime,
anywhere with an internet connection (Zigh et
al., 2022; Rashid & Howard, 2023; Abusam-
ra, 2024; Aliyyah et al., 2024; Nur et al., 2024).
The use of information technology in teaching
materials can help students absorb information
(Rachmadtullah et al., 2023), enhance learning
experiences (Simbolon & Febrianti, 2020), imp-
rove learning outcomes (Jasrial et al., 2023), and
develop students’ communication skills (Yermek-
bayeva et al., 2024). The use of technology in
learning can foster important 21st-century skills
such as problem solving, collaboration, creati-
vity, and HOTS in students (Zainil et al., 2023;
Kuncoro et al., 2025; Rangkuti et al., 2025), as
well as increasing students’ self-efficacy and lear-
ning achievement (Fitriyana et al., 2020). Digital
technology-based learning also creates a more
engaging learning experience, thereby increasing
student engagement and strengthening the role of
teachers, schools, and parents in optimizing stu-
dent learning outcomes (Sumardi & Muamaroh,
2020; Bakhsh et al., 2022; Khaeruddin, 2025).
However, integrating digital technology with the
right learning model not only increases learning
engagement but also develops students’ contextu-
al numerical literacy in chemistry.

In line with this, PBL is one of the lear-
ning models that is relevant for implementation
in digital learning (Rudolphi-Solero et al., 2025).
PBL encourages students to actively solve con-
textual problems through critical, analytical, and
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reflective thinking processes, both independently
and collaboratively. The use of PBL-based di-
gital platforms has been proven to improve cri-
tical thinking skills (Suharno & Setyarini, 2021;
Kristiantari et al., 2022; Suresman et al., 2023;
Fongkanta & Buakanok, 2024), interest and lear-
ning achievement (Choo & Taha, 2023), reaso-
ning (Fitrawati et al., 2023), and students’ prob-
lem-solving abilities (Manurung & Panggabean,
2020). In addition, integrating PBL-based lear-
ning media in a digital environment can improve
students’ digital literacy (Perdana et al., 2020).
However, studies on PBL in digital learning are
still dominated by a focus on the development of
general cognitive skills, while its role in suppor-
ting numerical literacy integrated into chemistry
learning is still relatively limited.

Although many studies have examined stu-
dents’ numeracy or mathematical literacy, they
generally focus on general mathematical achieve-
ment and large-scale assessment rather than on
numerical literacy integrated into the learning
of specific subjects such as chemistry (OECD,
2023; Shanahan & Shanahan, 2008). Research in
chemistry education also tends to examine prob-
lem-based learning and digital resources such as
e-modules separately, with little attention to how
combining the two can support students’ numeri-
cal literacy (Gazali et al., 2025; Islamiati & Red-
hana, 2025). Furthermore, findings on gender
differences in numeracy and chemistry-related
achievement vary across contexts, and very few
studies explore whether male and female students
benefit differently from problem-based learning
supported by chemistry e-modules (Odom et al.,
2021). A study on gender and digital instructional
tools in chemistry education found inconsistent
or insignificant interaction effects, highlighting
a gap in research on how interventions provide
different benefits for different genders (Oladejo et
al., 2021). Furthermore, in the Indonesian con-
text, research exploring how gender affects nu-
merical literacy when digital chemistry modules
are used remains limited (Marsila et al., 2025).
Findings from other countries may not be directly
applicable, as gender-related learning outcomes
can vary across socio-cultural contexts (Guo et
al., 2024). This leaves a gap in understanding
how teaching models and digital materials inte-
ract with gender to influence students’ numerical
literacy in the context of chemistry.

Furthermore, gender is also an important
factor that greatly influences the learning process
(Sucipto et al., 2023; Anwar et al., 2024; Pineda
et al., 2025). Gender also greatly influences stu-
dents’ cognitive abilities (Kawuryan et al., 2021;

Wahyudi et al., 2024), reading interest (Sultan
et al., 2020), writing skills (Nggawu, 2024), and
the ability to express arguments (Ningrum &
Crosthwaite, 2020). Therefore, it can be stated
that gender significantly influences students’ in-
teraction and learning methods in an educational
environment (Rusydiyah et al., 2024). Gender
also plays a role in students’ tendencies toward
certain abilities, including numerical literacy. Pre-
vious studies have shown that men’s literacy skills
are superior to women’s, while women’s numera-
cy skills are superior to men’s (Lukman, 2023).
In line with this, other findings also show that
women’s numeracy skills are better than men’s
(Suprawata & Riastini, 2022). The study shows
differences in numerical literacy tendencies bet-
ween men and women. Moreover, in the context
of science education, several studies have shown
that gender can influence students’ interest, self-
efficacy, and participation in learning analytical-
ly and quantitatively oriented science concepts
(Aguillon et al., 2020; Kucuk & Sisman, 2020;
Wang et al., 2023). Given these differences, te-
acher responsiveness to gender-related patterns
is essential to creating an inclusive and equitable
learning environment. This pedagogical approa-
ch supports equity as outlined in the Sustainable
Development Goals (SDGs), particularly SDG 4,
and reflects the principles of gender equality in
teaching and learning.

However, existing studies generally exami-
ne gender and learning models separately (Man-
gubat & Mangubat Jr, 2025), thus failing to provi-
de a complete picture of the interaction between
gender and the application of PBL in improving
students’ numerical literacy in chemistry. Stu-
dies that specifically examine the simultaneous
influence of gender and PBL on numerical lite-
racy are still limited, especially in the context of
chemistry learning. In fact, numerical literacy is
an essential 21st-century skill that requires integ-
rating mathematical reasoning, contextual prob-
lem-solving, and appropriate learning strategies.
This condition highlights a research gap in the
PBL model regarding gender differences in imp-
roving students’ numerical literacy in chemistry
learning. Thus, the uniqueness of this study lies
in its attempt to simultaneously analyze the ef-
fects of implementing the PBL model and gender
factors on improving students’ chemical numera-
cy, thereby providing a more comprehensive un-
derstanding of the role of learning models and
gender differences in the development of nume-
racy skills in chemistry education.

Based on the background discussed, one
approach to improving students’ numeracy and
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literacy skills is to implement a learning model
supported by relevant, inclusive materials that
account for gender differences and cultural con-
texts. This approach contributes to greater equi-
ty in teaching and learning. Therefore, research
is needed to examine the influence of gender
on the application of the PBL model on impro-
ving students’ numerical literacy, so that it can
complement, strengthen, and expand on previo-
us research findings, while providing empirical
contributions to the development of inclusive,
equitable chemistry learning that is in line with
the Sustainable Development Goals (SDGs), par-
ticularly SDG 4 on quality education oriented to-
wards 21st-century learning demands and SDG-5
on gender equality.

Based on the background above, the rese-
arch question for this study is: Is the numerical
literacy of students taught using the PBL model
influenced by gender?

METHODS

This quasi-experimental study used a no-
nequivalent control group design. The population
for this study consists of all students in Phase F at
SMAN X, SMAN Y, and SMAN Z who are ta-
king chemistry. The sample schools were selected
based on several criteria. First, these schools
implement the same curriculum, namely the
Merdeka Curriculum. Second, the schools have
similar levels of academic achievement. Third,
there were chemistry teachers available who were
willing to implement the PBL model.

Furthermore, classes were selected based
on their previous average chemistry performance.
The research sample consisted of experimental
and control classes selected through purposive
sampling. Purposive sampling was used because
respondents were selected based on specific cri-
teria aligned with the research objectives and va-
riables. In quantitative research, this technique is
used to ensure that the sample possesses charac-
teristics relevant to the hypothesis being tested,
thereby making the analysis results more accurate
and valid within the study’s context (Memon et
al., 2025).

The research instruments used include a
chemistry numerical literacy test covering reacti-
on rates, chemical equilibrium, and salt hydroly-
sis. Before use in the study, the instruments were
tested for validity and reliability. The validity test
results showed that there were 22 valid items for
the reaction rate material, 16 for the chemical
equilibrium material, and 13 for the salt hydro-
lysis material. Furthermore, the reliability test

using the rq; coefficient yielded values of 0.753
for the reaction rate topic, 0.90 for the chemical
equilibrium topic, and 0.67 for the salt hydrolysis
topic. Based on reliability criteria, these values in-
dicate that the instrument has high reliability for
the reaction rate and chemical equilibrium topics
and adequate reliability for the salt hydrolysis to-
pic; thus, the instrument is deemed suitable and
consistent for use as a data collection tool in the
study.

In the questions on reaction rate, stu-
dents were asked to analyze data on concentra-
tion changes over time to determine the reaction
rate and interpret its quantitative meaning. In
the questions on chemical equilibrium, students
were asked to calculate the equilibrium constant
(Kc) from equilibrium concentration data and to
interpret its implications for the direction of the
reaction shift. Meanwhile, in the material on salt
hydrolysis, students are asked to determine soluti-
on properties and calculate pH using the relevant
hydrolysis equation. These items were designed
to measure numerical literacy in chemistry, parti-
cularly in reading and processing numerical data,
applying mathematical concepts in a chemical
context, and interpreting calculation results logi-
cally and contextually. These questions were then
used to assess students’ numerical literacy in the
experimental and control classes.

The study began with a pretest adminis-
tered to both the experimental and control clas-
ses. The experimental class was taught using the
PBL model, while the control class implemented
the conventional learning model typically used
in schools. In the experimental class, learning
was conducted according to the PBL syntax, be-
ginning with orienting students to the problem
through the presentation of contextual problems
relevant to the material (Jansson et al., 2015).
Students were then organized into small groups
to identify facts, formulate problems, and set
learning objectives. Next, during the investigati-
on stage, students collected and processed infor-
mation individually and collaboratively, with the
teacher serving as a facilitator. The investigation
was conducted as group presentations to obtain
feedback and reinforce concepts, and concluded
with an analysis and evaluation of the problem-
solving process and results to deepen conceptual
understanding. The learning intervention in both
classes covered three materials: chemical equi-
librium (10 lessons), reaction rate (10 lessons),
and salt hydrolysis (7 lessons), for a total of 27
lessons (each lasting 45 minutes). After the enti-
re learning series in both classes was completed,
a posttest was administered to assess students’
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learning outcomes following the treatment and
to compare improvement in ability between the
experimental and control classes.

The results of students’ numerical litera-
cy in chemistry were analyzed using the N-Gain
formula, the normality test, the homogeneity
test, and the hypothesis test (Fraenkel & Wal-
len, 1990). Data on students’ numerical literacy
in chemistry skills were obtained by comparing
pretest and posttest scores in each sample class.
The N-Gain interpretation results can determi-
ne the level of numerical literacy in chemistry
using the PBL model in the high, medium, and
low categories. For the normality test, the Kol-
mogorov-Smirnov and Lilliefors tests were used.
The data were declared normally distributed if
D-calculated< D-table or L-calculated < L-table.
The homogeneity test was performed using the F
(Fisher) test. The data were declared homogeneo-
us if F-calculated < F-table.

The hypothesis test was formulated as a
statistical hypothesis. This hypothesis test aims
to determine whether the research hypothesis is
accepted or rejected. This hypothesis test uses the
formula H1: ul # p2. Hlis accepted if there is a
difference in the numerical literacy in chemistry
of students who learn using the PBL model (ex-
perimental class) from those who do not use the
PBL model (control class). Hypothesis testing
was conducted using a Two-Way ANOVA to exa-
mine the effects of gender and the PBL model on
improvements in numerical literacy in chemistry
across the three research schools, including the
entire data processing and analysis process.

Table 1 shows the relationship between the
learning model and gender. The learning models
in this study consisted of Problem-Based Lear-
ning (PBL) and non-PBL. PBL refers to learning
using the PBL model applied in the experimental
class, while non-PBL refers to learning not using
the PBL model applied in the control class. Gen-
der is divided into two categories: male and fema-
le. In this table, the X-axis represents the learning
model and the Y-axis represents gender. Thus, the
two axes interact to illustrate the treatment com-
binations in each group. The test design is shown
in Table 1.

Table 1. Two-Way ANOVA Design

Gender/ Model PBL Non-PBL
Male AlB1 Al1B2
Female A2B1 A2B2

This design was applied to data analysis in
each school. AB represents numerical literacy in

chemistry. Code A1B1 indicates the numerical li-
teracy in chemistry of male students who use the
PBL model. Code A1B2 indicates the numerical
literacy in chemistry of male students who follow
non-PBL. A2B1 indicates the numerical literacy
in chemistry of female students who use the PBL
model. Code A2B2 indicates the numerical lite-
racy in chemistry of female students who follow
non-PBL.

RESULTS AND DISCUSSION

Based on the research, data on students’
numerical literacy in chemistry were obtained, as
shown in Figure 1.

0.8
0.7

0.6
0.5
03
0.2
" 0

0
Male Famel Male Famel Male Famel Male Famel Male Famel Male Famel

=3
=

Experiment  Control Control Control

SMAN X

Experiment

SMAN Y

Experiment
SMAN Z

Figure 1. N-Gain Test Results

Based on Figure 1, students’ N-Gain sco-
res indicate differences in learning gains by samp-
le class and gender (male and female) at SMAN
X, SMAN Y, and SMAN Z. At each school, the
N-Gain scores of male and female students in the
experimental and control classes show variation
across categories. Based on the N-Gain interpre-
tation criteria, improvements in student ability
can be categorized into three levels: low, mode-
rate, and high. Analysis results indicate that most
N-Gain scores fall within the moderate to high
categories, particularly in the experimental clas-
ses, whereas in the control classes, some scores
remain in the low to moderate categories. This
suggests that improvements in students’ nume-
rical literacy in chemistry in the experimental
classes tend to be better than those in the cont-
rol classes. These variations in numerical litera-
cy in chemistry improvements are related to the
characteristics of the chemistry materials used in
the assessment. This material requires numeracy
skills through the use of numbers and symbols,
data analysis in the form of tables and graphs,
and the interpretation of calculation results for
decision-making. Thus, the N-Gain scores ob-
tained by the students reflect their ability to solve
quantitative chemistry problems in accordance
with numeracy indicators.
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The findings of improved numerical lite-
racy through the application of the PBL model
in this study are in line with previous research
results, which show that students taught through
the PBL model have higher numerical litera-
cy improvement compared to students taught
without the PBL model (conventional), both in
terms of N-Gain scores and statistical test results
(Awami et al., 2022; Imala et al., 2024). Other
studies also show that integrating PBL into scien-
ce learning can encourage students to develop
quantitative thinking skills through data analysis,
the use of mathematical symbols, and the inter-
pretation of calculation results in the context of
solving real problems. This reinforces the finding
that the improvement in students’ chemistry nu-
merical literacy in the experimental class is inse-
parable from the characteristics of PBL, which
emphasize active engagement and contextual
problem-solving.

Numerical literacy is evident in the mate-
rial on reaction rates. The material on reaction
rates is one of the materials related to chemical
calculations, namely, determining the reaction
rate equation and the reaction order. In the reacti-
on rate equation, symbols and numbers are used;
in the order of reaction, reaction order graphs
are applied; and in determining the reaction rate
equation, experimental data are presented in ta-
bular form. This relates to indicators of numeri-
cal literacy, namely using various numbers and
symbols in basic mathematics to solve problems
in daily life, analyzing information presented in
various forms, and interpreting the results of the
analysis to predict and make decisions (Kemdik-
bud, 2017; Pusmenjar, 2020).

One example of a chemistry numerical
literacy question on reaction rates is asking stu-
dents to determine the reaction rate equation
by first determining the reaction order. Students
determine the reaction order against Q (x) at the
same T. Students then determine the reaction or-
der against T (y) by finding the same Q concent-
ration. After the reaction order is determined,
students can determine the reaction rate equati-
on using r = k [A][B]’ (Chang, 2011). Based on
the answers, students can determine the reaction
rate equation from the tabular data. This means
that students can read quantitative data in tables
and work with numbers or chemical symbols to
determine the reaction rate equation, demonstra-
ting numerical literacy in chemistry. Therefore,
applying the PBL model to reaction rate materi-
als can help improve students’ numerical literacy
in chemistry. In implementing the PBL model
in reaction rate learning, students are guided

through PBL syntax to solve problems. The first
syntax concerns students’ orientation to the prob-
lem, which can be presented as images, discour-
se, or barcodes containing videos or audio. The
problems presented are contextual problems that
will be observed and understood by students. The
second syntax is organizing students to learn,
where students discuss in groups to find the infor-
mation needed to solve the problems presented.
The third syntax guides individual and group in-
vestigations, in which students find information
from various sources or references to solve prob-
lems. This syntax presents material on reaction
rate equations and reaction orders, demonstra-
ting the use of numbers and symbols from basic
mathematics, as well as reaction rate and reaction
order graphs and experimental data presented in
tabular form. This shows that this syntax supports
students’ numerical literacy in chemistry skills.
The fourth syntax is developing and presenting
work results, where students produce discussi-
on results by working on reaction rate material
questions related to calculations. Questions about
the use of numbers and symbols can support stu-
dents’ numerical literacy in chemistry. The last
syntax is analyzing and evaluating the problem-
solving process, where students find solutions to
problems and draw conclusions. The existence of
PBL model syntaxes related to numerical litera-
cy indicates that the PBL model can support stu-
dents’ numerical literacy in chemistry. The PBL
model can help students understand problems in
everyday life.

In addition to reaction rate material, the
PBL model was also implemented in chemical
equilibrium material. Chemical equilibrium ma-
terial is also closely related to numerical litera-
cy. The numerical literacy indicator in chemical
equilibrium material is found in the section on
calculating the concentration equilibrium cons-
tant (Kc). In this case, the data is presented in tab-
les, including pressure equilibrium constants (Kp)
and the relationship between Kc and Kp, which
uses various basic mathematical numbers and
symbols. Based on this, it is known that chemical
equilibrium material is closely related to numeri-
cal literacy indicators.

One example of a chemical equilibrium
question related to numerical literacy is when
students are asked to determine the equilibrium
constant for a chemical reaction. This question is
related to numerical literacy, specifically an indi-
cator of applying numbers or symbols in a mathe-
matical context to solve a problem. Based on the
students’ answers, they were able to determine the
equilibrium constant Kc using the concentration
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equilibrium constant (Kc) formula by applying
mathematical operations, comparing the product
concentration with the reactant concentration,
each raised to its coefficient (Chang, 2011). Stu-
dents can also calculate the value of the chemi-
cal equilibrium constant in partial pressure (Kp)
using the Kp-Kc relationship, which is expressed
as Kp = Kc(RT)"". Based on this, students can al-
ready use numbers or symbols to calculate the Kp
value from the Kc value. Thus, the use of PBL in
chemical equilibrium material can help improve
students’ numerical literacy in chemistry.

The first PBL syntax applied to the mate-
rial on calculating the concentration equilibrium
constant (Kc) is to orient students to the problem.
In this syntax, students are guided to recognize
contextual problems by using images related to
concentration equilibrium, with examples of ex-
perimental results presented in tables. The second
syntax is organizing students to learn. In this syn-
tax, students learn to determine the concentrati-
on equilibrium constant (Kc) through discourse,
videos, and examples of questions that contain
numbers and basic mathematical symbols. In
the third syntax, which guides independent and
group investigations, students are trained in nu-
meracy skills by working on exercises presented
as numbers and basic mathematical symbols,
using tables. This can help improve students’
chemical numeracy skills. In the fourth syntax,
which involves developing and presenting work
results. Students are given exercises using questi-
ons presented in the form of numbers and basic
mathematical symbols. The fifth syntax is analy-
zing and evaluating the problem-solving process.
In this syntax, students are guided to conclude
the material they have learned. During the lear-
ning process, students can listen to audio, which
supports differentiated learning based on lear-
ning styles. Students with a visual learning style
can learn by reading the text and watching the
videos, while students with an auditory learning
style can listen to the text by playing the audio.

In addition to reaction rate and chemical
equilibrium, the PBL model was also imple-
mented in salt hydrolysis. Salt hydrolysis is also a
chemistry topic that is closely related to numeri-
cal literacy. One of the skills required of students
in salt hydrolysis is calculating the pH of hydroly-
zed salts. In calculating pH, students must be able
to apply numbers and mathematical symbols to
complete calculations using the appropriate for-
mulas. This aligns with the first numeracy indica-
tor, which is to use various numbers and symbols
related to basic mathematics to solve problems in
everyday contexts. In addition, in learning about

salt hydrolysis, students are also required to ana-
lyze the properties of hydrolyzed salts. This aligns
with the second and third numerical literacy indi-
cators, namely analyzing information presented
in various forms and interpreting the results of
the analysis to predict and make decisions (Kem-
dikbud, 2017).

One example of a question on salt hydroly-
sis related to numerical literacy requires students
to calculate the pH value of a known compound.
The question presents the molarity of the salt
(NH,),CO,, the Ka value of H,CO,, and the Kb
value of NH,OH. To solve this question, students
are required to analyze the Ka and Kb values to
determine whether the salt (NH,) ,CO3 is acidic
or basic, since the constituent salts are derived
from weak acids and weak bases. Salts derived
from weak acids and weak bases will ionize in
water to form cations and anions. These cations
and anions undergo hydrolysis (Ebbing & Gam-
mon, 2009). The pH of the salt is calculated from
the Ka and Kb values (Moore, 2011). Based on
the student’s answer, the Ka value is greater than
the Kb value, indicating that the salt is acidic be-
cause the hydrolysis of cations is greater than that
of anions (Chang, 2011). Students calculated the
pH of the salt solution by first determining the
[H+] value, then calculating the pH. Referring
to the answers, the students were able to analy-
ze and interpret the properties of salt based on
the Ka and Kb values, and were able to operate
numbers or chemical symbols to calculate the pH
value according to the questions presented. This
aligns with the three indicators of numerical lite-
racy, which require students to calculate, analyze,
and interpret results (Kemdikbud, 2017). Based
on this explanation, it can be concluded that the
PBL model used in the salt hydrolysis material
can help improve students’ numerical literacy in
chemistry.

Implementing the PBL model in salt hydro-
lysis learning, following the PBL syntax, can help
students solve problems related to mathematical
concepts. The first syntax is to orient students to
the problem. At this stage, a discourse on every-
day life’s contextual problems is presented. The
problems in the discourse are solved using mathe-
matical calculations to develop students’ numeri-
cal literacy in chemistry. To understand the prob-
lems, students can read the discourse or listen to
the audio using the available barcode feature. The
second syntax is to organize students to learn.
At this stage, images or videos are presented to
help students perform mathematical calculations
using formulas to solve problems. The third syn-
tax guides individual or group investigations. At
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this stage, several questions are presented to help
students discover and understand concepts. Stu-
dents can collaborate individually or in groups
to solve the questions presented. The questions
range from easy to difficult. Students’ proficiency
in applying numbers and symbols in mathemati-
cal calculations is expected to make it easier for
them to solve the problems presented in the initial
stage. The fourth syntax is the development and
presentation of the work’s results. The results of
the discussion, in the form of working through
the questions, are presented to the class to assess
students’ understanding of the concepts.

The teacher provides clarification when
students have misunderstood a concept. The last
step is to analyze and evaluate the problem-sol-
ving process. The teacher guides students in sol-
ving the contextual problems presented at the be-
ginning of the lesson and concludes by reflecting
on the learning process. In the PBL-based salt
hydrolysis learning, a YouTube video is linked.
Students can access the video by scanning the
barcode using their smartphones. The video pro-
vides step-by-step instructions for solving mathe-
matical problems, making it easier for students to
apply formulas and perform calculations for salt
hydrolysis material. The use of this video can
support differentiated learning based on learning
styles. Students with visual and auditory learning
styles can see and hear the material presented in
the video to better understand the lesson’s con-
cepts.

To determine the difference in improve-
ment in numerical literacy in chemistry between
the experimental and control classes, a hypothe-

Table 2. Results of the Two-Way ANOVA Test

sis test was conducted. In selecting the method
for the hypothesis test, a normality test was per-
formed. At SMAN X, the experimental class ob-
tained an L-calculated value of 0.08, while the
L-tablewas 0.17. The control class obtained an L-
calculated value of 0.11 and an L-table of 0.16. It
can be concluded that L-calculated < L-table, so
the data are normally distributed. At SMAN Y,
the D-calculated value for the experimental and
control classes was 0.14, and the D-table value
was 0.22. It can be concluded that the D-calcula-
ted value is less than the D-table value, indicating
that the data is normally distributed. In the expe-
rimental class at SMAN Z, the value of L-calcu-
lated was 0.12, and the L-table was 0.15. In the
control class, L-calculated was 0.09 and L-table
was 0.16. It can be concluded that L-calculated <
L-table, so the data are normally distributed.

To assess whether the data have homoge-
neous variance, a homogeneity test is performed.
For SMAN X, the F-calculated value is 2.42, and
the F-table value is 0.51. F-calculated > F-table,
s0 it can be stated that the data has non-homoge-
neous variance. For SMAN Y, the F-calculated
value was 1.47, and the F-table value was 1.77.
F-calculated < F-table, so it can be stated that the
data has homogeneous variance. For SMAN Z,
the F-calculated value is 1.20, and the F-table va-
lue is 1.84. F-calculated < F-table, so it can be
stated that the data has a homogeneous variance.

To determine whether the research hypot-
hesis is accepted, a hypothesis test is conducted.
The results of the hypothesis test are shown in
Table 2.

School Vi:i‘;rgsn Sig. (p) Description
SMAN X Model 0.002 Significant
Gender 0.824 Not significant
Model x Gender 0.026 Significant
SMANY Model 0.006 Significant
Gender 0.000 Significant
Model x Gender 0.468 Not Significant
SMAN Z Model 0.124 Not significant
Gender 0.508 Not significant
Model x Gender 0.497 Not significant

Table 2 shows variations in the influence
of model, gender, and their interaction in the
three schools. At SMAN X, the results show
that the model factor is significant. This means
there is a difference in achievement between the

control and experimental classes, with the experi-
mental class achieving better results. This shows
that the PBL model at SMAN X has a real im-
pact on improving students’ numerical literacy
in chemistry. However, the gender factor is not
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significant, indicating that numerical literacy in
chemistry is not influenced by gender; both male
and female students achieve the same results.
Although the gender factor does not have a sig-
nificant effect on numerical literacy in chemistry,
there is a significant interaction between gender
and model. This shows that the influence of the
learning model can differ between genders, even
though gender itself does not cause differences in
numerical literacy in chemistry.

At SMAN'Y, the results show that the mo-
del and gender factors have a significant effect
on chemistry numerical literacy. This means that
using the PBL model improves students’ numeri-
cal literacy in chemistry at SMAN Y. In addition,
the gender factor shows that male and female stu-
dents obtain different results. However, the absen-
ce of a significant interaction indicates that the
PBL model remains effective across all genders,
with only one gender achieving higher outcomes.

At SMAN Z, neither the model nor gender
had a significant effect on chemistry numerical
literacy. The use of the PBL model with gender
factors did not have a significant effect on numeri-
cal literacy in chemistry. This means that the PBL.
model used produced equivalent results, and the
numerical literacy in chemistry results for males
and females were similar. The absence of model-
by-gender interaction indicates that neither males
nor females showed significant differences across
the PBL models.

Across the three schools, these findings
show that the effect of using the PBL model dif-
fers by gender. The results of the two-way ANO-
VA indicate that the experimental class showed
a significant increase in numerical literacy in
chemistry compared to the control class in both
schools. The gender factor was significant in
one school, indicating a difference in numerical
literacy in chemistry between male and female
students. However, in the other two schools, the
gender factor was not significant, indicating no
difference between males and females. The inte-
raction between the model and gender was also
significant in one school, indicating that the ef-
fect of using the PBL model differs by gender in
that context. The differences in improvements in
numerical literacy in chemistry across schools
indicate that the effectiveness of implementing
the PBL model does not always yield the same
impact in every school context. The variations in
improvement may be influenced by several fac-
tors, such as differences in student characteristics,
teachers’ readiness and experience in implemen-
ting the PBL model, the school learning envi-
ronment, and students’ initial numerical literacy

skills (Nurwidodo et al., 2024; Sari et al., 2024;
Nityasanti et al., 2025). Additionally, differences
in learning facilities, school academic culture,
and the intensity of student engagement in dis-
cussion and problem-solving processes can also
influence the success of implementing the PBL
model in improving chemistry numerical literacy
(Gazali et al., 2025). Thus, differences in results
across schools indicate that the implementation
of learning models should take into account each
school’s conditions and characteristics to opti-
mally improve numerical literacy in chemistry.

One factor that greatly influenced improve-
ments in students’ numerical literacy in chemistry
was teachers’ pedagogical approach, which foste-
red active, innovative, enjoyable, and easily ab-
sorbed learning (Azizah et al., 2023). The peda-
gogical aspect lies in the PBL model used. The
PBL model is a learning model that can improve
students’ numerical literacy skills (Tan, 2021).
The PBL model is student-centered, thereby inc-
reasing student engagement in learning (Almulla,
2020). The application of the PBL model encou-
rages students to collaborate in solving contextu-
al problems. Students can also communicate the
solutions to the problems they have collaborative-
ly solved (discussed) with their group (Hidayah,
2021). The PBL model encourages students to
collaborate and practice communication skills in
line with the learning demands of the Society 5.0
era (Sajidan et al., 2022).

The steps of PBL learning greatly influen-
ce students’ numerical literacy skills (Sari et al.,
2022). In the first syntax, students are oriented
towards the problem presented in the form of
images and discourse. Students observe the ima-
ges and read the discourse to understand the con-
textual problems presented. In addition, there is
an audio feature for students who want to listen
to the discourse. In the second syntax of the PBL
model, the teacher orients to learning. Students
collaborate in their groups to gather information
and find solutions to the problems presented in
the previous stage. In the third syntax of the PBL
model, students conduct individual/group inves-
tigations. These investigations can take the form
of experiments or calculations to solve problems.
In the fourth stage of the PBL model, students
present their work in the form of reports, vide-
os, or other formats, then share it with the class.
The final stage is analyzing and evaluating the
problem-solving process. Students find solutions
to problems and can draw conclusions based on
learning objectives.

The advantage of the PBL model for imp-
roving numerical literacy is that the problems pre-
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sented strongly motivate students to understand
the subject matter (Navy & Kaya, 2020). This is
evidenced by the results of the PBL model imple-
mentation test, in which students increased their
chemistry numeracy skills when using the PBL
model assisted by electronic chemistry teaching
materials (Adhelacahya et al., 2023). In addition,
PBL can increase the number of learning acti-
vities (Sakir & Kim, 2020). This is because the
steps in the PBL model encourage students to ac-
tively investigate, collaborate in problem-solving,
and be skilled at communicating problem-solving
solutions (Magaji, 2021). Another advantage of
implementing the PBL model is that it helps stu-
dents understand problems in everyday life. This
is because the problems presented are real and
close to students’ daily lives. The PBL model also
supports real-world learning and motivates stu-
dents to continue learning.

The use of electronic chemistry teach-
ing materials also supports differentiated lear-
ning based on learning styles (Setyaningsih et
al., 2023). Electronic teaching materials include
technological features such as barcodes or mul-
timedia displays with videos and audio. Students
with a visual learning style can learn by reading
the text and watching the videos in the electro-
nic teaching materials. Students with an audito-
ry learning style can listen to the discourse via
audio and observe the presented videos. Students
with a kinesthetic learning style can observe the
practicum videos in the electronic teaching mate-
rials and apply the knowledge they have gained
in independent practicums. The use of digital te-
aching materials is an innovation to support lear-
ning in the era of society 5.0. The integration of
digital technology makes learning more engaging
by supplementing it with images, animations, and
video tutorials, and it is less monotonous than
verbal text (Havryliuk et al., 2020). Additional-
ly, the use of digital technology can improve the
quality of teachers’ learning management (Nur-
din et al., 2023). The use of electronic teaching
materials, including smartphones as a learning
medium, is effective for improving 21st-century
skills (Mufit et al., 2023).

The findings of this study indicate an imp-
rovement in numerical literacy in chemistry skills
through the implementation of the PBL model,
consistent with previous studies showing impro-
vements in students’ science literacy skills (Paris-
tiowati et al., 2019) and science process skills. In
this research, the PBL model has been proven ef-
fective not only in developing science literacy but
also in improving students’ 21st-century science
learning skills (Aripin et al., 2025). Other studies

also report that implementing the PBL model can
improve students’ achievement in chemistry (Ai-
doo et al., 2016), enhance critical thinking skills
(Wulandari & Supiah, 2023), and foster scienti-
fic attitudes during the learning process (Anazi-
fa & Djukri, 2017). Other findings also indicate
that implementing the PBL model can improve
students’ problem-solving skills (Gultom & Ro-
haeti, 2024), creative thinking skills (Iftitah et al.,
2023), and creative actions (Wahyudiati, 2022).
Other studies show that the PBL model positi-
vely affects students’ digital literacy (Yustina et
al., 2022). These findings are consistent with the
results of this study. This is because the learning
steps in the PBL model encourage students to be
active learners, helping them develop their thin-
king skills. The steps in the PBL model include
scientific activities such as identifying problems,
conducting literature reviews, conducting experi-
ments, and analyzing and communicating experi-
mental data, to develop students’ scientific attitu-
des and literacy skills. Thinking and literacy skills
are important for 21st-century learning.

The results of the study show that in two
schools, gender did not have a significant effect
on improving chemistry numerical literacy. This
finding indicates that the PBL model can create
an inclusive learning environment, where op-
portunities for critical thinking, discussion, and
problem-solving are provided equally, without
distinction by gender. Equality can occur becau-
se the PBL model emphasizes group work, open
communication, and students’ active involve-
ment in solving problems. In this context, teach-
ers play an important role in ensuring a balanced
distribution of group roles and encouraging equal
participation between male and female students.
This aligns with previous research findings, which
show that gender has no significant influence on
students’ understanding of problems, problem-
solving abilities, or curiosity (Yusuf, 2023). This
reinforces the results of this study, which show
that both male and female students have balanced
curiosity, problem understanding, and problem-
solving abilities when involved in problem-based
learning. In other words, the PBL model provides
equal space for both genders to develop through
critical thinking activities.

The results of this study show that stu-
dents’ numerical literacy in chemistry skills
improved significantly when the PBL model
was applied. These results have implications for
educators to apply the PBL model in chemistry
learning. The use of this model can facilitate he-
terogeneous students’ learning by allowing them
to learn according to their learning styles. Thus,
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implementing the PBL model can facilitate diffe-
rentiated learning. In addition, continuous efforts
are needed to implement the PBL model effecti-
vely in a heterogeneous classroom environment.

The limitations of this study regarding the
implementation of the PBL model include va-
riability in students’ abilities in chemistry, which
may affect the study’s results. Although purposi-
ve sampling was used to select classes based on
academic characteristics, variations in individual
abilities within each class could not be fully cont-
rolled. These differences in initial abilities can
affect the dynamics of group discussions and
the effectiveness of PBL implementation during
the learning process. Furthermore, the research
was limited to three chemistry topics: reaction
rates, chemical equilibrium, and salt hydrolysis.
Moreover, the use of electronic teaching mate-
rials accessible via smartphones has limitations
when answering essay questions on mathemati-
cal calculations in chemistry, so these questions
were answered by hand. Nevertheless, this study
provides empirical support for integrating PBL,
digital technology, and gender, and contributes to
SDG-4, which is to improve students’ numerical
literacy in chemistry.

Further research could be conducted to
implement the PBL model in other chemistry
materials to improve students’ numerical literacy
skills in high school. In addition, the PBL mo-
del can be implemented in different contexts to
provide a comprehensive understanding of PBL
in learning. Furthermore, the study’s sample size
can be expanded to achieve higher accuracy in
the research results.

CONCLUSION

This study demonstrates that implemen-
ting the PBL model effectively improves students’
chemical numeracy skills. This is evidenced by
the N-Gain scores in the experimental class,
which were generally higher than those in the
control class, indicating that problem-based lear-
ning encourages students to develop data analysis
skills, use mathematical symbols, and interpret
calculation results when solving quantitative
chemistry problems. Furthermore, the results in-
dicate that the influence of gender on chemical
numeracy skills in PBL implementation does
not follow a consistent pattern across all schools.
In one school, the gender effect was significant,
whereas in another it was not; thus, overall, the
chemical numeracy skills of male and female stu-
dents are relatively comparable. This finding con-
firms that the implementation of the instructional
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model has a greater influence on improvements
in chemical numeracy than gender factors do.
Thus, this study contributes to strengthening the
empirical evidence on the effectiveness of PBL
in improving chemical numeracy skills while de-
monstrating that the model can be implemented
inclusively, with no significant gender differences
in achievement. Further research is recommen-
ded to involve a broader sample and examine ot-
her factors that may influence students’ chemical
numeracy skills.
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