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A B S T R A K 

Berpikir kritis merupakan salah satu keterampilan utama yang 
dibutuhkan dalam berkarir di era digital. Meskipun berpikir kritis telah 
dipelajari, pemikiran kritis siswa belum begitu ditekankan dalam 
matematika sekolah. Namun, penting untuk memberikan kehidupan 
siswa di masyarakat di masa depan, terutama ketika mereka 
menghadapi situasi yang tidak dikenal. Penelitian ini bertujuan untuk 
mendukung penalaran matematis siswa pada materi barisan dan deret 
dengan menggunakan pembelajaran berbasis masalah. Langkah-
langkah pembelajaran mengintegrasikan masalah kontekstual pada 
lembar kerja di setiap episode. Penelitian ini merupakan penelitian 
tindakan kelas. Pengumpulan data menggunakan dokumentasi dan tes 
tertulis untuk menggali kemampuan berpikir kritis siswa. Analisis data 
paket pembelajaran dilakukan secara kualitatif, sedangkan 
kemampuan berpikir kritis siswa diolah dengan analisis deskriptif 
kuantitatif. Penelitian ini menyajikan deskripsi episode pembelajaran 
yang difokuskan untuk mengatasi pemikiran kritis siswa tentang 
masalah barisan dan deret. Analisis data menekankan pada lembar 
kerja masalah kontekstual pada pembelajaran berbasis masalah. 
Selain itu, kemampuan berpikir kritis siswa dijelaskan dengan metode 
kualitatif. Berpikir kritis siswa ditingkatkan dengan mendapatkan 
pembelajaran berbasis masalah dengan LKS kontekstual, meskipun 
keterampilan pada indikator penilaian dan inferensi belum optimal. 

 
A B S T R A C T 

Critical thinking is one of the primary skills needed in a career in the digital era. Although critical 
thinking has been studied, students' critical thinking has not been so emphasized much in school 
mathematics. However, it is essential to provide student life in the community in the future, especially 
when they face an unfamiliar situation. This research purposed to support students' mathematical 
reasoning on sequences and series material using problem-based learning. Learning steps integrated 
contextual problems on the worksheet in every episode. This research is classroom action research. 
Data collection utilizes documentation and written tests to explore students' critical thinking skills.  
Data analysis of the learning package is carried out qualitatively, while students’ critical thinking skills 
are processed by quantitative descriptive analysis. This study presents a description of learning 
episodes focused on tackling students' critical thinking about sequences and series problems. The 
data analysis emphasized contextual problem worksheets on problem-based learning. Besides, 
students’ critical thinking skills are described by a qualitative method. Students' critical thinking is 
enhanced by getting problem-based learning with contextual problem worksheets, although the skills 
on assessment and inference indicators have not been optimal. 

 

1. PENDAHULUAN 

 To face with Information and Communications Technology (ICT) Age, students need to master 
21st-century skills (Pilgrim & Martinez, 2013; Pratama & Retnawati, 2018). The four primary learning 
skills echoed in the century are critical thinking, creativity, collaboration and communication. To deal with 
these challenges, schools should provide opportunities for students to develop critical thinking skills, 
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flexible problem solving, and collaboration and communication (Erdogan, 2019; Pardede, 2020). Critical 
thinking is one of the primary skills needed in a career in the digital era (Vincent-Lancrini et al., 2019). 
Moreover, critical thinking skill is sorely students required to succeed in later life (Binkley et al., 2011). 
Especially for vocational secondary students before pursuing their career. Students need critical thinking 
skills to solve problems they encounter while working in the future (Effendi et al., 2021). Students deal 
with various problems (Yasin et al., 2019).  Assessment of critical thinking skills must be considered 
regarding students' career readiness because this ability is used for data-based decision making 
(Lombardi et al., 2015). Thus, critical thinking must be encouraged and assessed. Schools have a 
responsibility in this regard (Firdaus et al., 2015). 

Several experts have offered definitions and components of critical thinking skills. Ennis (1989)  
describes critical thinking as reasonable reflective thinking to justify what to do and believe. This concept 
is compatible with problem-solving, higher order thinking skills, and metacognition (Ennis, 
1989). Furthermore, six basic elements of critical thinking: focus, reason, inference, situation, clarity, and 
overview (Chusni et al., 2020). On the other hand, there are four critical thinking indicators, namely 
clarification, assessment, inference, and strategies (Perkins & Murphy, 2006). In another article, instead of 
explaining the definition of critical thinking skills, the core of critical thinking skills as part of cognitive 
abilities consisting of interpretation, analysis, inference, evaluation, explanation, and self-regulation, and 
questions used to explore each indicator (Facione, 2015). Apart from the various indicators presented by 
the experts, students' critical thinking skills must be developed because this leads to problem-solving 
skills.  

Teachers must work on how students' critical thinking skills can be built and 
improved. Integration in learning is necessary so that students are accustomed to gathering information, 
interpreting existing information, and solving problems. However, this is not easy. Teachers still tend to 
organize teacher-centred learning, provide direct material explanations, demonstrate problem-solving, 
and provide exercises. This situation also happens in learning mathematics. This learning requires 
students to reason and think critically. In addition, this subject truly must be mastered by students at the 
vocational high school. Mathematics is beneficial in various fields. It is the fundamental knowledge used in 
many careers, such as finance, accounting, engineering, medical. In addition, this is also an essential aspect 
in the field of technology and software development that strongly supports the progress of technology and 
information today (Mullis et al., 2015). Therefore, vocational students majoring in Computer and Network 
Engineering have to master mathematical content. 

One of the mathematical contents that students of the Computer and Network Engineering 
Vocational School must be mastered is sequences and series. These material studies number patterns, 
arithmetic sequences and series, and geometric sequences and series. This study can strengthen students' 
provision in studying programming languages. In fact, the teacher observed that most students could 
solve routine problems related to sequences and series, but all of them had to struggle in solving non-
routine problems. Students have not been able to understand the context of the problem, sort out the 
existing information, analyze what will be solved and determine the steps for solving it. Students tend to 
leave the problems of sequences and series that look complex. Students' critical thinking skills seem not 
optimal. Student’s study using Electronic School Books (books provided by the government) and 
commercial worksheets during this time. Although the book was written to support the implementation of 
the 2013 Curriculum, which applies a scientific approach, the implementation in the classroom has not 
been optimal. Actually, the textbooks are prepared based on student activities  (Kemendikbud, 2014). 
Students are also not actively involved in the learning process. The content of mathematics lessons that 
teachers must transfer is so dense that it is impossible to take a scientific approach all the time. In 
addition, students tend to be passive when learning occurs (Putra et al., 2020).  They tend to be silent, 
listen and take notes on the teacher's explanation, then follow the teacher's instructions to try exercises 
that are often in the form of multiple-choice, students' critical thinking skills become challenging to 
develop. Based on the initial data of the study, only 4.17%, 12.5%, 25.5%, and 8.33% of students met the 
indicators of clarification, assessment, inference and strategies, respectively. 

In the 2013 curriculum, learning must be packaged as fun, challenging and motivating students to 
be active in the learning process.  In addition, learning must meet contextual and collaborative 
characteristics. Some learning models are offered to build a vibrant atmosphere in the classroom, such as 
problem-based learning. Problem-based learning can develop students' critical thinking skills in 
mathematics subjects (Firdaus et al., 2015; Serevina, 2018). Problem-based learning consists of five 
syntaxes: orient students to the problems, organize students to study, facilitate individual and group 
investigations, develop and present work, and finally analyze and evaluate the problem-solving process 
(Arends, 2012; Qomariyah, 2019). The problems that initiate learning must be designed to attract 
students' interest, problems that are by real life, and problems must be close to students to generate 
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interest in conducting investigations. Presentation of this problem can be done through student 
worksheets. Teachers can develop worksheets to support problem-based learning scenarios. Students 
need worksheets to facilitate understanding of the problem (Krisdiana et al., 2019). This paper presents 
two episodes of learning with contextual problem worksheets on problem-based learning designed to 
improve the critical thinking skills of vocational high school students in sequence and series learning. 
Besides, the result of the implementation is discussed as well. 

 

2. METODE  

 This research is classroom action research. Classroom action research involves qualitative and 
interpretive research methods. Data collection is carried out by teachers who often involve academics so 
that teachers can assess how the learning practices are improving. The step of this research consists of 
planning, acting and observing, then reflecting (Subudi, 2021; Tias, 2017). This paper describes two 
problem-based learning cycles to improve students' critical thinking skills. This research is conducted in 
SMK (vocational senior high school) 1 Banyudono in grade 10 in Computer and Network Engineering 
Class with 24 students. It is a public school that prepares students to be workers or continue studying to a 
higher degree. This paper focuses on describing two mathematics class cycles that integrates contextual 
problem worksheets on problem-based learning. However, the improvement of students' critical thinking 
skills is also reviewed. Thus, the data of this study are a description of the use of problem-based learning 
tools (especially student worksheets) and the results of students' critical thinking tests. Data collection 
utilizes documentation and written tests to explore students' critical thinking skills.  Data analysis of the 
learning package is carried out qualitatively, while students’ critical thinking skills are processed by 
quantitative descriptive analysis. The problem-based learning syntax used in this study refers to the 
model by Arends (Arends, 2012). While the indicators of critical thinking skills using the indicators 
described by Perkins & Murphy (Perkins & Murphy, 2006). This indicator is chosen because the trend of 
research data related to critical thinking skills was obtained through a written test (without an 
interview).  A case study related to developing a model to see students' involvement in critical thinking in 
online asynchronous discussions where research data was obtained through student comments on 
asynchronous discussion forums (Perkins & Murphy, 2006). 

 

3. HASIL DAN PEMBAHASAN 

Hasil  
Problem-based learning can only occur if the teacher plans a learning situation that allows an 

open and honest exchange of ideas between students (Arends, 2012). Teachers must prepare learning 
designs and supporting tools, including lesson plans, contextual problems worksheets, learning media, 
and critical thinking tests. In the first stage of problem-based learning, orient students to problems, the 
teacher must begin by explaining the learning objectives, and the learning process students will 
experience. Furthermore, the teacher presents contextual problems and confusing problems to arouse 
students’ curiosity. It is an essential part of this learning (Arends, 2012). The problem for the first learning 
cycle related to arithmetic sequences and series can be seen in Figure 1. 

 

 

Figure 1. Contextual Problems in the First Learning Cycle Worksheet 
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 While the second cycle is related to geometric sequences and series, contextual problems related 
to paper webbing are presented to start learning as shown in Figure 2. 

 

 

Figure 2. Contextual Problems in the Second Learning Cycle Worksheet 
 
Learning begins with presenting contextual problems that students can imagine. Problems are 

designed to be challenging so that students are interested in solving them and are actively involved in the 
learning process. Problem-based learning makes students motivated and willing to work hard in the 
learning process (De Graaff & Kolmos, 2003). The problems presented must be authentic, confusing, 
meaningful, and appropriate to the learning time, and benefit from group efforts (Arends, 2012). The next 
phase is organizing students to learn. The teacher facilitates students to develop collaboration skills and 
helps students to plan investigations. In this phase, the class is divided into 3-4 students each. In problem-
based learning, teachers can divide groups according to the goals to be achieved (Arends, 2012). The third 
phase is investigation. In this section, students must investigate the problem both independently and in 
group discussions. In the first learning cycle, students investigate various information and collect data so 
that they find patterns of arithmetic sequences to get to the solution of the problem. The teacher ensures 
an in-depth investigation and helps students to ensure that students' solutions match the problems in the 
first cycle. Similarly, in the second cycle, students investigate the data to find solutions to the problems of 
geometric sequences and series. Giving students opportunities to share opinions and think about other 
students' arguments can make them critical thinkers (NCTM, 2000). In developing and presenting the 
work, students compile the investigation results coherently by writing them on students’ worksheets 
completely. Next, they present the results and comment on the solutions obtained. This stage occurs 
feedback on the results of student work. In this phase, students also share the results of their activities 
with their friends (Rustam E et al., 2017). 

The last phase is to analyze and evaluate the problem-solving process. At this stage, the teacher 
facilitates students in reconstructing thinking. Evaluation is carried out thoroughly on the stages of 
problem-solving that students have carried out during the learning process. Through this activity, the 
teacher allows students to express reflections on student experiences related to understanding the 
situation on contextual problems, the reasons students agree or reject statements, and when students find 
solutions to problems. Both learning cycles are implemented with a problem-based learning syntax as 
described above. From the two implementation cycles, the results of students' critical thinking skills are 
evaluated at the end of each cycle. Table 1 presents the results of students' critical thinking skills. This 
critical thinking skill is measured by using an instrument in contextual problems. 

 
Table 1. Results of students' critical thinking skills 

Indicators Pre-cycle (%) Cycle 1 (%) Cycle 2 (%) 
Clarification 4.17 41.67 83.33 
Assessment 12.5 12.5 25 

Inference 12.5 12.5 58.33 
Strategies 8.33 75 87.56 
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Discussion 
From Table 1, the initial results of critical thinking skills in solving contextual problems of 

students are not optimal. In the four critical thinking indicators, the percentages of students who meet the 
indicators are below 13%. Under the teacher's initial assumption, students are not familiar with complex 
problems. Learning resources used so far tend to be routine problems that do not develop students' 
critical thinking skills. After the first learning cycle is completed, students' critical thinking skills are still 
not optimal. In the assessment and inference indicators, there has been no improvement. However, two 
other indicators appear to have increased significantly, especially the strategic aspect that reached 75%. 
In the results of the first cycle evaluation, students began to identify important information in contextual 
problems. However, most students have not comprehensively analyzed the aspects contained in the 
problem. Therefore, in the second cycle of learning, investigations are more optimized, especially at the 
data collection stage, so that students identify and analyze every detail of issues and information that arise 
in the problem. In addition, the teacher facilitates students to discuss and ask questions related to the 
contextual problem situation. At the end of the second cycle, the clarification indicator was achieved by 
83.33% of students. The assessment indicators are still not optimal until the second cycle is completed. In 
the first cycle, there is no increase in the percentage of students who could give arguments to the answers 
given. Most students also have not made sure the problem solving is correct. When students are asked to 
argue the truth of a statement, students also have not been able to state logical reasons. However, the 
percentage of students meeting this indicator has doubled, from 12.5% in the pre-cycle to 25% at the end 
of the second cycle. 

At the end of the first cycle, there is no increase in the students who met the inference 
indicator. From the pre-learning cycle data and the first learning cycle, only 12.5% of students could relate 
various facts in the problem to solve it, ending with concluding solving the problem. From the results of 
the reflection of the first cycle, most students are still not able to use all the related information. Some 
students are seen making tables composed of the data in the problem and trying to generalize the 
pattern. The second cycle of learning presents worksheets with more directed instructions to help 
students find patterns of relationships between facts. The teacher helps with trigger questions so that 
students have an active discussion in problem-solving. However, this assistance is sought not to interfere 
with the problem-solving process carried out by students (Arends, 2012; Qomariyah, 2019). At the end of 
the second cycle, students who met this indicator rose to 58.33%. As a facilitator, the teacher has an 
essential role in successfully implementing problem-based learning (Amini et al., 2019; Wakit & 
Kusumodestoni, 2020). 

From the two learning cycles, it is seen that there is an increase in the percentage of each 
indicator of critical thinking ability. Problem-based learning can improve students' critical thinking skills 
(Arviana et al., 2018; Samura et al., 2019).  Students' mathematical communication skills can be improved 
through problem-based learning on the material of sequences and series (Atika et al., 2020). In 
addition, problem-based learning can improve students' higher-order thinking skills (Jailani et al., 2017), 
in which critical thinking is part of higher-order thinking (Arviana et al., 2018). Although there were still 
two critical thinking indicators at the end of the second cycle whose achievements were below 75%, the 
clarification aspect increased from 4.17% to 83.33%, likewise, for the strategic aspect, which rose 
significantly. Teachers are committed to developing the critical thinking skills of SMK students because 
this is very much needed when they are in the world of work and live in society. Teachers need more time 
to organize learning scenarios that aim to improve critical thinking skills. Treatment in a short time has 
not provided optimal results (Espinosa et al., 2013). Not only the final result but the success of learning is 
also seen in the learning process that has taken place. Problem-based learning focuses on this (Wakit & 
Kusumodestoni, 2020). Teachers must plan each stage of learning well because it impacts students' 
thinking abilities. One of the critical things teachers can prepare is a worksheet based on contextual 
problems, which are authentic according to the environment around students (Suryawati et al., 2020). 
With a worksheet according to a well-prepared lesson plan, students' critical thinking skills can increase 
(Afdareza et al., 2020). It is indeed not easy for teachers to do at every learning hour. It is not only a 
matter of preparing learning tools that take a lot of time; teachers also have to think up problem ideas that 
challenge and foster interest in an investigation for students. 

 

4. SIMPULAN 

Problem-based learning to improve students' critical thinking skills is carried out through six 
steps, namely orient students to contextual problems presented in student worksheets; organize students 
to learn with the help of contextual problem worksheets; individual and group investigations to complete 
the worksheets; develop and present the results of the work through contextual problem-solving 
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presentations; and analyze and evaluate the solving processes that students have carried out. Problem-
based learning by integrating contextual problem worksheets improves students' critical thinking skills 
on all indicators, although the assessment and inference indicators have not provided optimal 
improvement. Mathematics learning must have a learning atmosphere to develop students' critical 
thinking skills. Indeed, the results can't be seen instantly, but activities designed to foster an investigative 
desire and curiosity in students will positively impact students' thinking skills. Again, teachers have a 
significant role to play in facilitating these things. 
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