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Abstract 
In learning mathematics, real problems become one of the means for students to 
connect mathematics with everyday life, while developing strong and structured 
communication skills. One way to help develop math communication can be through a 
problem-based learning approach. This study focuses on the problem-based learning 
(PBL) model in mathematics education and its impact on students. The research 
involved 36 students from an Indonesian high school. Data collection methods included 
observation sheets and test questions. The study found that PBL in mathematics 
learning involves several stages: directing students to solve linear program problems, 
organizing student learning, facilitating individual and group investigations, developing 
and presenting student work, and analyzing and evaluating the problem-solving 
process. The research highlights that problem-based learning helps students connect 
mathematics with real-life situations and fosters the development of strong 
communication skills. The study provides valuable insights into the effectiveness of 
problem-based learning in mathematics education. The positive impact can be seen 
from 86.11% of students who were able to fulfill most of the indicators of mathematical 
communication skills, such as explaining or asking questions related to the 
mathematical model or graph/table given. However, some aspects that need to be 
improved include the ability to identify variables correctly, accuracy in modeling 
mathematical situations in the form of pictures, tables, or graphs, and determining the 
area of the solution set. These shortcomings are allegedly derived from the students’ 
lack of habit in applying mathematical skills to solve problems. Overall, problem-based 
learning proved to be effective in helping the development of students’ mathematical 
communication skills. 
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Introduction 
Several efforts by educators in providing the best services in education continue to be 

carried out until now, especially after the COVID-19 pandemic even though it passed four 

years ago, the impact on education is still profound, one of which is students' 
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mathematical communication skills. During the pandemic, learning activities were 

carried out online, both face-to-face and through e-learning, as a student learning space. 

With this model of learning activities, it changes the way students interact with the 

subject matter which requires students' mathematical communication skills. One of the 

biggest weaknesses in online learning is the lack of direct interaction between 

educators and students or fellow students. Especially in online mathematics learning, 

students' mathematical communication must always be considered and improved [1]. 

According to [2] mathematical communication ability is one of the abilities that students 

must have because communication is an essential part of the mathematics learning 

process.  This is because, in the learning process, students can convey their ideas or 

ideas. 

One of the learning models that can be implemented to generate, improve, and 

maintain students' mathematical communication in online learning is the problem-

based learning (PBL) learning model. According to [2] and [3] said that to improve 

students' mathematical communication skills, one of the appropriate learning models is 

PBL. [4] Based on the results of their research, recommended the Problem-Based 

Learning learning model as a lesson used by teachers to facilitate the improvement of 

mathematical communication skills. Based on the problem at SMAN 1 Babadan, namely 

during online learning, students are less enthusiastic in learning mathematics. This 

results in the limitation of students to improve mathematical communication skills in 

mathematics learning activities. With the partnership activities of educational personnel 

education institutions (LPTK) lecturers and partner teachers of SMAN 1 Babadan, 

collaborate and cooperate in improving mathematics learning at SMAN 1 Babadan.   

Mathematics learning activities are carried out using the concept of lesson study. In its 

implementation, there are roles of model teachers and observers. One of the objectives 

of lesson study implementation is to improve the pedagogical ability and 

professionalism of educators, as well as to encourage increased student activity in the 

classroom. To achieve this goal, collaboration is the main key, and the implementation 

of lesson study is an important step in realizing it. According to [5] lesson study is one 

method that can be used by teachers to improve professionalism in teaching. This 

opinion is supported by [6] and [7], who state that lesson study is an effective approach 

to improving the quality of learning while developing educators' competencies. 

Method 
This research is included in qualitative descriptive research. This research design 

analyzes students' communication skills in learning mathematics with a problem-based 

learning model. [8] said that the main purpose of descriptive research is to provide an 

in-depth description of a phenomenon and its characteristics. This research focuses 

more on the “what” aspects that occur, rather than exploring “how” or “why” the 

phenomenon takes place. This research was conducted in class XI MIPA 4 SMAN 1 

Babadan Ponorogo with a total of 36 students. Each subject will be observed by several 
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observers from the beginning until the learning with the problem-based learning model 

ends.  

According to the narrative in the introduction, this research activity begins with planning 

learning by the team. Furthermore, the implementation of learning activities with a 

problem-based learning model that focuses on students' mathematical communication 

skills by conducting classroom observations and as evaluation material the team 

coordinates and discusses.  The research instruments used were test questions and 

observation sheets (for observers) as well as videos of learning activities in the 

classroom. Data analysis in this study by reducing data, presenting data, and drawing 

conclusions. 

Result and Discussion 

Results 
To ensure that the problem-based learning model supports honing students' 

communication skills, Table 1 presents the integration of the problem-based learning 

(PBL) model to hone mathematical communication skills. 

Table 1. The Integration of PBL Model to Hone Mathematical Communication Skills 

PBL Syntax  Main Activities Indicator 

Problem 
orientation 

Presenting contextual and challenging 
problems to motivate students to think 

Explain ideas orally and in writing about 
the problem at hand 

Learning 
Organization 

Understand the problem and plan a 
solution strategy 

Write down the results of problem 
identification mathematically 

Problem 
Investigation 

Gather information, analyze data, 
explore various solution strategies 

Explains the steps of problem solving in 
a clear and structured manner 

Development 
and Presentation 
of Results 

Present the results of problem solving  
Present solutions in written form either 
with tables, graphs, or relevant 
mathematical models 

Process Analysis 
and Evaluation 

Jointly evaluate the results and problem-
solving process 

Provide clear arguments regarding the 
solution found 

 

Based on the results of the work done by the subjects, 31 subjects were able to fulfill 

several indicators of mathematical communication skills. This means that 86.11% of 

subjects such as explaining or asking questions related to the mathematical model or 

graph/table given. However, some aspects that need to be improved include the ability 

to correctly identify some information in the problem, accuracy in modelling 

mathematical situations in the form of pictures, tables, or graphs, and determining the 

size of the solution set. These deficiencies are thought to stem from students' lack of 

habit in applying mathematical skills to solve problems. Overall, problem-based learning 

proved to be effective in assisting the development of students' mathematical 

communication skills. 

Figure 1 is an illustration of the work of the research subjects who have not fulfilled 

several indicators of students' mathematical communication skills. In Figure 1, it can be 

seen that the subject has been able to explain ideas orally and in writing about the 
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problem at hand, but has not been able to write the results of problem identification 

mathematically. It can also be seen that the research subject has not been able to 

explain the steps of problem-solving in a clear and structured manner and has not been 

able to present solutions in written form either with tables, graphs, or relevant 

mathematical models. In addition, they have also not been able to provide clear 

arguments regarding the solutions found. 

  
Figure 1. Overview of the Research Subject's Work 

In Figure 1, it can be seen that the research subject has not determined the area of the 

solution set which results in inaccuracy in determining the solution to the problem 

given. Moreover, students have not been able to provide arguments for each of what 

the research subject says in the answer or the results of his work. The subject certainly 

needs to plan the steps of problem-solving well, begin to understand the problem well 

according to the instructions given, and provide arguments from the solutions found.  

Thus, mathematical communication skills are very necessary to be possessed by all 

students, because in learning mathematics, students do not solve problems and find the 

right answers, but what is more important is how students can provide their arguments 

as they think to get solutions to the given mathematical problems. With some indicators 

of mathematical communication skills in Table 1 such as conducting discussions, 

presenting work results, providing some arguments, and accepting other friends' 

opinions, this has a good impact on improving mathematical communication skills. 

Discussion 
Overall, the mathematical communication skills of the research subjects provide a fairly 

good picture of the existence of mathematics learning with the PBL model. The results 

of this study are also to the opinions of [9] and [10] who state that PBL can improve 

students' mathematical communication skills.  Thus, it can be seen that the application 

of the PBL learning model can improve students' mathematical communication.  
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Table 1 also follows [11] which explains that PBL also plays a role in developing student 

independence. In the PBL approach, the teacher functions to provide questions, 

facilitate questions from students, and support the student learning process. Thus, PBL 

supports the indicators of students' communication skills, namely in the indicator that 

students can provide clear arguments regarding the solutions found. In addition, 

students can explain ideas orally and in writing about the problem at hand, can write 

the results of problem identification mathematically, and are also able to explain the 

steps of problem-solving in a clear and structured manner. 

Based on the opinions of [12] and [13] students mathematical communication skills are 

very good when learning mathematics using the PBL model. [14] also confirmed that to 

hone students' mathematical communication skills through the PBL model. [15] also 

added that mathematics learning activities with the PBL model cannot be separated 

from the role of the teacher as a facilitator in honing students' communication skills. 

Thus, it can be seen that each step or we are familiar with the syntax of the PBL model 

is very supportive in honing students' communication skills and this activity cannot be 

separated from the role of the teacher as a facilitator in mathematics learning activities. 

Conclusion 
Based on the above explanation, it can be concluded that 86.11% of the research subjects 

met most of the indicators of mathematical communication skills in mathematics 

learning with the PBL model. This includes students' ability to explain or ask questions 

related to the mathematical model, graph, or table provided. This ability shows that 

students are starting to be able to connect mathematical concepts in a more applicable 

and communicative way. However, although these results provide satisfactory results, 

there are still some aspects that need more attention. Some students still have difficulty 

in identifying variables appropriately, as well as in accurately modeling mathematical 

situations, both in the form of images, tables, and graphs. In addition, the accuracy in 

determining the area of the solution set is also a challenge that must be improved. These 

shortcomings are most likely caused by students' lack of habit in applying mathematical 

skills consistently in solving problems, which affects their accuracy and understanding 

of the material.  
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