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Abstract This study aims to improve student learning outcomes in Function material
through the application of the Problem Based Learning (PBL) model in class
XI-C MAN 1 Probolinggo. This study is a Classroom Action Research (CAR)
carried out in two cycles, each consisting of planning, action implementation,
observation, and reflection. The subjects of the study were 24 students of
class XI-C MAN 1 Probolinggo. Data were collected through observation of
student activities and learning outcome tests at the end of each cycle. The
results of the study showed an increase in student learning outcomes after
the application of the problem based learning (PBL) model. The average
value of learning outcomes increased from 66 in the pre-cycle to 71.5 in cycle
I, and then increased again to 94.83 in cycle II. With learning completeness
from 37.5% to 62.5%, and increased again to 100%. In addition, student
activity and involvement in the learning process also showed a significant
increase. Based on these results, it can be concluded that the application of
the Problem Based Learning model is effective in improving student learning
outcomes in Function material in class XI-C MAN 1 Probolinggo. This model
can be an alternative innovative learning strategy to create an active,
meaningful, and student-centered learning process.
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INTRODUCTION

Mathematics is often considered the foundation of higher secondary education due to its
contribution to developing logical and analytical thinking skills, as well as problem-solving skills,
which are crucial for academic progress and daily activities.! Mathematical skills extend beyond
calculation or symbol manipulation; they encompass conceptual understanding, mathematical

representation, and the application of concepts to real-world situations.? When students grasp
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mathematical structures well, they are prepared to think abstractly, solve problems, and make
decisions based on logic and data.? However, several studies have shown that students' conceptual
understanding of mathematics is often lacking, especially when the learning process emphasizes
memorizing formulas and mechanical problem-solving.* This situation suggests that mathematics
teaching methods require approaches that can develop in-depth conceptual mastery and higher-
level critical thinking skills.5

Furthermore, the sub-topics of composition and inverse functions play a central role in
building students' mathematical reasoning structures because they are directly related to the
concept of operations on functions and the formation of relational equivalence.® Function
composition helps students understand how two mathematical relations can be connected to form
new relations.” While inverse functions require students to reinterpret relational transformations in
reverse.® Previous research found that most students were only able to correctly solve word
problems involving composition or inverse functions, indicating a low understanding of the
relationships between functions.” Meanwhile, other findings revealed that using a didactic
approach that emphasizes conceptual understanding helps reduce students' misconceptions about
inverses and composition of functions.!* These findings support the argument that if basic mastery
of functions is weak, students' abilities to think abstractly and model contextual problems will be
impaired, not just academic grades.

The results of initial observations in class XI-C MAN 1 Probolinggo showed that most
students experienced difficulties not only in their arithmetic abilities, but also in understanding the

fundamental concept of functions. Students had difficulty determining domain-codomain-range,
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solving composition problems of functions and inverse functions, relying solely on memorizing
formulas without understanding the meaning of relationships between sets. This indicates that
conventional learning processes have not been able to stimulate in-depth understanding. This
phenomenon is in line with recent research in mathematics education, which states that students in
various countries face similar challenges in learning functions, because these concepts require
abstract understanding. Another study revealed that most students experience difficulties
connecting the concept of functions to the context of word problems, particularly in determining
the domain, range, and meaning of relationships between variables.! Similarly, a common student
error lies in the inability to understand the structure of function composition, which impacts the
generalization and problem-solving process.!? Furthermore, misconceptions in function material
often arise because students are unable to conceptually understand graphical representations and
variable changes.”® These findings confirm that the difficulties faced by students at MAN 1
Probolinggo are not isolated cases, but rather part of a general phenomenon in function learning in
Indonesia.

This lack of conceptual understanding directly impacts student learning outcomes and
confidence in mathematics. Students tend to be passive, less engaged in discussions, and wait for
examples from the teacher to provide solutions, thus limiting opportunities to develop logical
reasoning and problem-solving skills. Previously showed that learning motivation and learning
independence significantly contribute to mathematics learning outcomes; students who lack
confidence and are not accustomed to independent learning are at greater risk of experiencing
difficulties in understanding the material.’* Another finding confirmed that self-confidence is a key
factor determining student success in understanding mathematics material, including when
dealing with concepts that require high-level reasoning.’> Therefore, implementing learning
strategies that provide space for students to actively participate, explore ideas, and construct
understanding independently is crucial.

In response to these challenges, active learning methods such as problem-based learning
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(PBL) have emerged as a frequently recommended solution. PBL focuses on student participation
in solving real-world problems, which can improve conceptual understanding, mathematical
literacy, and problem-solving skills. Recent research indicates that the application of problem-
based learning (PBL) consistently correlates positively with improvements in students'
mathematical problem-solving abilities and mathematical literacy, compared to conventional
teaching methods. A literature review found that PBL is effective in improving mathematical
literacy because it encourages students to construct knowledge through authentic investigation
and problem-solving.' This finding aligns with experimental research which showed that students
learning with a PBL approach have better mathematical problem-solving skills than students
receiving traditional instruction.”” Additional support comes from research reported that PBL
integration significantly improves mathematical literacy scores because it provides students with
opportunities to interpret, analyze, and apply mathematical concepts in new contexts.!
Furthermore, this study aims not only to improve learning outcomes but also to enhance
the mathematics learning process by increasing student engagement, problem-solving skills, and a
deeper conceptual understanding of functions. Problem-based learning (PBL) provides a learning
framework that allows students to collaborate in solving contextual problems, presenting findings,
and reflecting on their thinking processes. Furthermore, the implementation of Problem-Based
Learning can significantly improve students’ mathematical reasoning abilities and learning
independence.!” These results are in line with findings that prove that students who learn using
PBL have better mathematical problem-solving skills than students who learn through traditional
methods.? Additional support reports that PBL integration can significantly improve
mathematical literacy because this model provides students with opportunities to analyze,
interpret, and apply mathematical concepts in various new contexts.?? Therefore, the

implementation of PBL in class XI-C MAN 1 Probolinggo has academic and pedagogical urgency.
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Based on the description above, this study focuses on "Improving Mathematics Learning
Outcomes Using Problem Based Learning Model on Function Material in Grade XI". The purpose
of this study is to improve student learning outcomes on function material through the application
of problem-solving-based learning that encourages students to analyze real situations, identify the
variables involved, formulate relevant function representations, and evaluate solutions
independently and collaboratively. Through the application of problem-based learning models,
this approach is expected to increase student activeness during the learning process, strengthen
critical thinking skills, and encourage systematic reasoning habits in solving mathematical
problems.

METHOD

This study applies the Classroom Action Research (CAR) method using the spiral model
developed by Kemmis and McTaggart, which includes the stages of planning, action
implementation, observation, and reflection in each cycle.?? This approach was chosen because it is
relevant to addressing learning problems that arise directly in the classroom. This research was
conducted in class XI-C MAN 1 Probolinggo during the odd semester of the 2025/2026 academic
year, with the aim of improving mathematics learning outcomes through the application of the
Problem Based Learning (PBL) model on the material of functions. This research was conducted in
two cycles. The planning process included the preparation of learning tools needed to support the
problem-based learning (PBL) model, consisting of Student Worksheets (LKPD), observation
sheets, and learning outcome test instruments tailored to the material indicators in grade XI. These
test instruments were designed to assess students' understanding of the material's core
competencies, particularly in determining domain-codomain-range, solving function
compositions, and inverse functions.

The action is implemented using a problem-based learning model that emphasizes solving
real-world problems as an introduction to learning. Students then work in groups to analyze the
problem, formulate strategies to solve it, and present their mathematical thinking. The teacher's
role is to support students when needed so they can build understanding independently and
collaboratively. Throughout the learning process, the teacher and observers will observe student
engagement, the quality of discussions, the effectiveness of interactions in learning, and how the

use of PBL helps students understand the material on functions. Observations were conducted
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throughout the learning process to gather data on student engagement and the effectiveness of
PBL implementation. Furthermore, reflection was conducted to identify successes and
shortcomings of the current cycle, allowing improvements to be integrated into the next cycle. The
study was deemed successful if there was an increase in the quality of learning activities and at

least 85% of students achieved the Minimum Competency (KKM).

RESULTS AND DISCUSSION

Results

The students' learning outcomes on functions were demonstrated at each stage of the
action. In the pre-cycle, only 9 out of 24 students achieved learning completion with an average
score of 66, resulting in a completion percentage of only 37.5%. This indicates that most students
still have difficulty understanding the concept of functions and applying it to problems. After
implementing the problem-based learning model in cycle I, the average score was 71.5, with the
number of students completing the course increasing to 15, or 62.5%. However, there are still 9
students who haven't completed the course, so we need to improve our teaching methods to help
those who are still struggling.

The learning improvements implemented in Cycle II resulted in even more significant
improvements. The class average score rose to 94.83, with 24 students (100%) achieving
completion, exceeding the Minimum Completion Criteria (KKM). This demonstrates that the
implementation of problem-based learning coupled with optimized student activities can improve
overall learning outcomes.

Table 1. Student Learning Outcomes Completion in Each Cycle

Learning Stage Average value Number of Number of Percentage of
Studens Incomplete completion
Completed Studens
Pre-cycle 66 9 studens 15 studens 37%
Cycle 1 71,5 15 studens 9 studens 62.5
Cycle 11 94,83 24 studens 0 studens 100%
Discussion

Learning outcome completion data showed significant changes from pre-cycle to cycle II. In

the pre-cycle, most students did not understand the function material well, reflected in only 9
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students who completed it while 15 others had not completed it or had not reached the Minimum
Completion Criteria (KKM). This condition is in accordance with the observation results that many
students still experience difficulties in determining the domain-codomain-range, solving function
compositions and inverse functions. The learning model used previously tended to be teacher-
centered so that students only received information without the opportunity to explore concepts
independently.

In cycle I, the implementation of problem-based learning (PBL) began to show positive
impacts. The completion rate increased to 15 students completing the task and 9 students failing to
complete it. PBL encouraged students to work in groups, identify problems, formulate hypotheses,
and develop solutions through discussion. This mechanism provided opportunities for students to
understand functions in greater depth, not just using algebraic symbols. However, the
improvement in cycle I was not comprehensive, as evidenced by the fact that some students were
not actively involved during problem-solving and remained confused when solving function
composition and inverse function problems.

Through reflection at the end of cycle I, revised actions were implemented in cycle II. The
teacher strengthened the guidance of group discussions, provided scaffolding in problem analysis,
and required each group member to contribute to problem-solving. This strategic change resulted
in significant improvement in cycle II: all 24 students achieved completion. These findings indicate
that PBL effectively helps students understand the concept of function because their thinking
processes are developed through problem exploration and social interaction, rather than simply
listening to teacher explanations. Overall, the results of this study indicate that PBL not only
improves students' grades, but also strengthens analytical thinking skills, conceptual
understanding, collaboration, and learning independence. PBL syntax that requires students to
think critically about real-world problems is proven to be relevant to the character of the function
material that requires linking between representations. The increase in completeness in cycle II
provides empirical evidence that targeted action interventions, implemented continuously through
improvement cycles, are able to overcome learning difficulties that were initially dominant in class
XI-C MAN 1 Probolinggo.

CONCLUSION

This classroom action research confirms that the implementation of the Problem Based

Learning (PBL) model can significantly improve students' mathematics learning outcomes in the

function material of class XI-C MAN 1 Probolinggo through a process of repeated, reflective
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actions, and based on actual learning needs in the classroom. Pre-cycle conditions show a gap
between student learning outcomes and competency standards, which is caused by conventional
teacher-centered learning patterns that make students passive, less involved in mathematical
reasoning, and only follow problem-solving procedures without understanding the concept in
depth. The findings in cycle I show that the implementation of PBL has begun to create positive
changes because students are encouraged to construct knowledge through contextual problem
solving, although the activeness and independence of thinking are not evenly distributed across all
groups.

Improvements in strategies in cycle II through more structured discussion guidance,
scaffolding when students had difficulty finding solutions, and emphasizing the roles and
contributions of each group member resulted in a much more equitable increase in learning
engagement. These changes in learning behavior resulted in improved understanding of function
concepts, mathematical modeling skills, and mathematical communication skills through
presentations of discussion results. The increase in learning outcomes completion to 100% in cycle
II not only demonstrated students' success in solving problems but also reflected a more stable
internalization of concepts and the ability to apply concepts in real-world problem contexts.

Thus, it can be concluded that the Problem Based Learning model is effective in improving
mathematics learning outcomes when applied consistently, taking into account student readiness,
the quality of the problems presented, and the academic guidance mechanism during the
discussion process. Furthermore, the success of PBL is greatly influenced by students' active
involvement in identifying problems, formulating problem-solving strategies, and reflecting on the
understanding gained. This study also indicates that the role of the teacher is not as the sole source
of information, but rather as a facilitator, mediator, and guide for the thinking process. Therefore,
the implementation of PBL not only impacts academic grades but also forms the critical,
collaborative, and independent thinking patterns needed in advanced mathematics learning.
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