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Abstract

Avrticle Information This study was conducted at SMP Negeri 9 Jambi City to determine the
Submitted Nov 19, 2021 effect of the Problem-based Learning (PBL) model on mathematical
Revised Dec 11, 2021 literacy skills in the Pythagorean Theorem material. The quasi-
Accepted Dec 11, 2021 experimental design was used with a non-equivalent pretest and posttest

control group design. The researchers collected the mathematical literacy
Keywords ability data using a description test instrument. Furthermore, the visual-
Problem-Based Learning; Visual  verbal ability data was collected using a visual-verbal ability
Verbal Ability; Mathematical questionnaire. This research was conducted on the seventh-grade
Literacy Ability. students, with 69 students divided into two classes (experimental and

control classes). A random sampling technique determined the sample.
Based on the two-way ANOVA test, applying the Problem-based
Learning (PBL) model on students' mathematical literacy skills was an
effect. There was an effect of visual-verbal ability on literacy skills.

INTRODUCTION

Mathematical literacy is one of the important skills that students must possess (NCTM, 2000;
Demir, 2020). Mathematical literacy will give students awareness and understanding of the
role of mathematics in the modern world (Bolstad, 2021; Baumgartner et al., 2021,
Christiansen, 2006; Kuznetsova, 2021). Mathematical literacy has become a major goal in
schools in certain countries. It is stated that the priority of the mathematics curriculum should
be mathematical literacy. Now reading, writing, and arithmetic skills are not enough to deal
with increasingly complex and difficult problems in everyday life.

In mathematics, students must also understand the relationship between two or more
objects (Kuswidi, 2015). Mathematical literacy is very influential in students' mathematical
learning achievement (Fair & Stott, 2021; Federiakin et al., 2021). Mathematical literacy
skills include formulating, applying, and interpreting mathematics in various contexts that
involve mathematical reasoning, mathematical concepts, procedures, facts, and tools to
describe, explain, and predict phenomena related to everyday life (OECD, 2018).

Ideas in mathematics are often interpreted through visual symbols and verbal symbols.
The formats of mathematical interpretations can be spoken, pictures, tables, graphs, concrete
objects, and other mathematical symbols (Sabirin, 2014). Therefore, verbal and visual skills
are needed, especially to support mathematical literacy skills. Verbal skills express students’
knowledge and experience in an adequate form of language to communicate to others
(Vukovic & Lesaux, 2013). Visual ability is someone with a cognitive style will be easier to
receive, process, store, and process information contained in an image (Bjorling, 2007;
Christiansen, 2006). Visual-verbal abilities also need attention from teachers to support
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students' mathematical literacy skills. Visual-verbal abilities will help students understand the
model and solve mathematical problems. The better the students' visual-verbal skills, the
better their ability to solve problems (Wahyuddin, 2017) .

The relevance of mathematical literacy abilities indicated above does not correspond to
Indonesia's achievements on the international stage. According to the Program for
International Student Assessment (PISA) findings, Indonesia is ranked lower than other
countries. With a score of 379, Indonesia was ranked 37" out of 42 countries in 2018 (OECD,
2018). According to Indonesia's score, which is at the bottom, the country still has low
mathematics literacy skills. At the same time, mathematical literacy abilities are the primary
competencies required by pupils to solve mathematical problems, particularly those related to
the real world.

The results of the researcher's early observations revealed that the mathematical literacy
ability of students in one of Jambi's junior high schools was in a low category. The
mathematical literacy ability test results suggest a low level of mathematical literacy ability.
Only 26.6 percent of the 30 students given math literacy test questions met the indicators of
formulating mathematics, 13.3 percent met the indicators of using mathematics, 6.6 percent
met the indicators of interpreting mathematics, and 53.3 percent were unable to meet the
indicators of formulating, using, or interpreting mathematics.

Active and effective learning must be designed so that it can aid in the improvement of
students' mathematical literacy skills. Problem-based learning is a learning strategy that can
be used to develop mathematical literacy abilities. According to Prince (2004), PBL is a
learning strategy in which relevant problems are provided at the start of learning and used to
create context and motivation for students to learn. Real-life challenges enable students to
take an active role in their learning by encouraging them to look for data, think about design
solutions, and solve problems (Meke et al., 2018).

PBL can naturally shape students' thinking activities and help students solve their
learning problems (Suparman et al., 2021; Salim & Prajono, 2018). Furthermore, this learning
paradigm necessitates that students conduct research, integrate theory and practice, and use
knowledge and abilities to generate answers to specific challenges (Savery, 2006). PBL
encourages students to solve problems and produce new meaningful knowledge (Kilroy,
2004; Hung et al., 2008). PBL learning contains the following stages: (1) integrating students
into real-world situations, (2) organizing students for learning, (3) encouraging students to
discover problems, (4) developing and presenting work results, (5) encouraging students to
examine and evaluate problem-solving processes (Strobel & Van Barneveld, 2009; Aufa et
al., 2021; Juandi & Tamur, 2021)

According to several studies, the PBL model can improve students' critical thinking
skills in problem-solving (Aufa et al., 2021; Juandi & Tamur, 2021) because PBL can help
students think rationally and orderly, which aims to understand the relationship between ideas
and facts in real life (Krzic et al., 2020; Mudrikah, 2016; Geitz et al., 2016; Kim, 2016;
Hazrati & Gavgani, 2016; Ramstedt et al., 2016; Tano, 2021). If students' critical thinking
skills improve due to PBL learning, it is intended that PBL will also improve students'
mathematical literacy skills. However, according to research by Hanum et al., (2019), this
study intends to close this gap by overcoming low mathematical literacy skills with the PBL
approach and assessing students' mathematical literacy skills based on visual-verbal abilities.
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There has been no research that has examined mathematical literacy skills based on students'
visual-verbal ability.

METHODS

This is an experimental study with non-equivalent pretest and posttest control groups. The
random sampling technique was used to select the experimental and control classes. The
researcher chose the two classes because they were not superior classes, and the same teacher
taught them. The PBL learning took place over the course of six meetings. At the first
meeting, an initial test of mathematical literacy skills was administered to determine the initial
ability of students’ mathematical literacy. Following that, a visual-verbal ability questionnaire
was administered to each class to collect data on students' visual-verbal abilities. Then, both
classes were treated, with the experimental class using problem-based Learning and the
control class using traditional learning. Students in the experimental class used student
worksheet media created using the PBL model, but students in the control class didn’t get
student worksheet media.

The participants in this study were students from SMP Negeri 9 in Jambi City. The
sample consisted of 35 students from class VIIIE as the experimental class and 34 students
from class VIIIG as the control class. The sample was assessed for normality and
homogeneity using SPSS 25 software with a significance value of 0.05. The significant value
of the experimental class was 0.200, while the control class was 0.198 based on the normality
test. As a result, both samples have a normal distribution and both classes are from the same
population (homogeneous).

In this study, questionnaires and tests were employed as instruments. The questionnaire
utilized was a visual-verbal ability questionnaire with 18 items that employ a Likert scale to
collect the data. Furthermore, the test instrument was in the form of a three-question
description test of mathematical literacy skills. The test questions were designed in line with
the indicators of mathematical literacy ability to determine students' mathematical literacy
ability. The Pythagorean Theorem was the subject matter. Before administering the literacy
ability test, a prerequisite test was performed to determine the validity, reliability, level of
difficulty, and discriminating index. The instrument was declared valid and reliable based on
the validity and reliability tests. The level of difficulty and discriminating index were
adequate. This study implemented the two-way ANOVA test for hypothesis testing and the
Tukey follow-up test to determine the mean difference of the dependent variable between the
two sets of data. The research steps depicted in Figure 1 are as follows:
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The Steps of the Problem-based Learning (PBL)

Model
|

W v v b v v
The teacher The teacher directs The teacher directs The teacher The teacher The teacher
proposes students to each group to encourages encourages helps  students
phenomena/ identify as many collect relevant students in their students to to conclude the
demonstrations/ questions  related information to groups to discuss their discussion.
stories to raise to the problem. answer the discuss observations and
problems and questions that have processing data verify their
encourage been identified from
students to engage throuah learnina observations.
in problem-
solving activities.

Figure 1. Problem-based Learning (PBL) Steps

RESULTS AND DISCUSSION

This study collected data on students' visual-verbal abilities and their mathematical literacy
skills on Pythagorean theorem material. Data were collected from both the experimental and
control groups. A visual-verbal ability questionnaire was used to collect data on students'
visual-verbal abilities, and the outcomes of those abilities are shown in Figure 1 below:

20
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Figure 2. The Frequency Distribution of Students' Visual Verbal Ability

Figure 2 shows that the experimental students' verbal and visual abilities were greater than
those of the control students. The data on mathematical literacy skills collected by tests,
specifically the pretest (before treatment) and posttest (after treatment), can be seen in Table
1.

Table 1. Mathematical Literacy Ability Data

Data Model P Mean SD Min Max Max score
Experimental 35 6.88 3.79 1 14
Pretest  control 34 6.52 3.75 1 14 30
Experimental 35 17.2 7.05 5 29
Posttest ol 34 10.94 5.3 2 21 30
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Table 1 shows the results of the pretest and posttest data analysis. Based on the statistics, it is
known that the experimental class's average pretest and posttest scores are greater than the
control class's average scores. Furthermore, Figures 2 and 3 show the frequency distribution
of mathematical literacy abilities in the experimental and control classes:

15 15
10 10
Score 1-5 Score 5-12
> Score 6-9 > Score 13-20
0 W Score 10-14 0 [ Score 21-29
Pretest in Experimental Class Posttest in Experimental Class

Figure 3. Frequency Distribution of Students' Mathematical Literacy Ability in the PBL Model

20 15
Score 1-5 10 Score 2-7
10
l Score 6-9 5 Score 8-14
0 [ Score 10-14 0 [ Score 15-21
Control Class Control Class

Figure 4. Frequency Distribution of Students' Mathematical Literacy
Ability in Conventional Learning
Figures 3 and 4 show that the average pretest and posttest in the experimental class are higher,
but the pretest and posttest scores are also higher. There is a substantial increase between the
experimental class's pretest and posttest scores.

The two-way ANOVA test on the first hypothesis obtained a significance value of 0.000
(lower than 0.05). Therefore, H, was accepted, and H, was rejected. It can be concluded that
there was an effect of the Problem-based Learning (PBL) model on students’ mathematical
literacy abilities. The two-way ANOVA test on the second hypothesis obtained a significance
value of 0.000 (lower than 0.05). Therefore, H;was accepted, and H, was rejected. It can be
concluded that there was an effect of the high visual-verbal ability, medium visual-verbal
ability, and low visual-verbal ability on students’ mathematical literacy skills. Because H, was
rejected, the researchers continued the testing with the Tukey test. The results are as follows:

Table 2. Tukey Test

Visual-verbal skills N Subs 1
Low 25 6.48
Medium 49 14.53

High 29 23.38

Sig 1,000

Table 2 shows that high and moderate visual-verbal abilities are more effective than low
visual-verbal abilities. This study showed that students with high and moderate visual-verbal
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abilities are better than students with low visual-verbal abilities in terms of mathematical

literacy skills.

Table 3. PBL learning activities on mathematical literacy skills

PBL Syntax

Activity

Indicator of Mathematical
Literacy ability

Problem Scenario

Propose a phenomenon or
demonstration to raise a
problem.

Identify as many questions
as possible related to the
problem.

Formulate:

a) Identify the mathematical
aspects of the problem in a real-
world context and the variables
seen in the problem.

b) Simplify a situation or problem
to make it mathematically
analyzable.

Collect relevant information
to answer the identified
guestions identified through
learning activities

Students discuss data
processing based on
observations.

Use:

a) Design and implement
strategies to find mathematical
solutions.

b) Apply mathematical facts,
rules, algorithms, and structures
when looking for solutions.

Abstraction

Students discuss and verify
the results of their
observations by writing

answers in front of the class.

The teacher and students
discuss to conclude the
lesson.

Interpret:

a) Interprete
mathematical
results back into a
real-world context.

b) Evaluate the
reasonableness of
mathematical
solutions in the
context of real-
world problems.
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c) Explain why
mathematical
results or
conclusions make
sense or do not fit
the context of the
problem.

The PBL significantly influenced students’ mathematical literacy skills (Fery et al.,
2017; Kane et al., 2016). The PBL model influenced students’ mathematical literacy abilities
based on the two-way ANOVA test. The PBL stages encourage students to build their
knowledge, improve skills, and develop critical thinking. The results are in line with the
research results conducted by (Karyatin, 2017) that PBL can improve students' skills in
constructing mind maps. Table 4 presents students’ different answers between the
experimental and control classes.

Table 4. Example of Student Answers from the Experimental Class and the Control Class
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Control

Table 4 compares and contrasts the posttest responses of students in the experimental
class and students in the control class. Before treatment, the students were still incorrect in
answering pretest questions. They were unable to appropriately formulate, design, or interpret
problems. There was an increase in students' literacy skills when working on the posttest after
receiving treatment using different models in the two classes. Students in the experimental
class, on the other hand, offered more structured and full replies than students in the control
class. Students in the experimental class correctly formulated mathematical problems, devised
strategies for locating appropriate answers and reinterpreted mathematical findings in real-
world contexts.
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The PBL model helps students develop the ability to understand mathematical concepts,
mathematical representation, mathematical reasoning, communication and mathematical
connections, contextual problem-solving, and non-routine questions, all of which fall under
the scope of mathematical literacy skills (Tabun et al., 2020).

Students in the experimental class outperformed students in the control class in both
visual and verbal abilities. Students with strong visual-verbal skills can effectively represent
answers. Students' ability to express concepts fluently improves due to their strong verbal and
visual abilities (Kumara, 2001; Gordon et al., 2021; Dehaene, 1999) state that several
components of number processing, such as reading, writing, and manipulating symbols, are
heavily reliant on verbal skills. As a result, visual ability can be a valuable cognitive tool in
problem-solving in mathematics. It is a key talent in learning, applying, and developing
students’ positive characters (Zhang, 2019; Surya, 2012).

CONCLUSIONS

According to the findings, the Problem-based Learning (PBL) approach affected students'
mathematical literacy abilities. There was also an influence of students' verbal-visual abilities
on mathematical literacy abilities, as indicated by the average value of students in the
experimental class and the results of the two-way ANOVA test, which showed that the
significant value was less than 0.05. This suggests that the PBL paradigm has an impact on
mathematical literacy skills. According to the Tukey test, kids with high and moderate visual-
verbal abilities have superior mathematical literacy skills than students with low visual-verbal
abilities.Based on the discussion, it is hoped that other researchers would not make conceptual
errors in the learning process while employing the Problem-based Learning (PBL) model.
They must assess students' visual-verbal abilities through testing and make the required
efforts to improve them.
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