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Abstract. This study aims to develop e-worksheets using contextual teaching and learning to 

improve students' critical mathematical thinking. The method used in developing e-

worksheets was design research. The research data were obtained through validation 

questionnaires, student responses, and critical mathematical thinking skills tests. The 

research subjects used were 36 Year 10 students in one of the public high schools in West 
Bandung Regency. Based on the results of data analysis, the validation results obtained were 

3.6 with valid criteria, and student responses about practicality obtained 'very practical' 

criteria with an average percentage of 86%. The product's effectiveness is said to be 'Very 

Good' with an average score of 80.75 from the students' post-test. The increased students' 

critical thinking resulted in the ‘Moderate’ criteria with an N-Gain of 0.66. E-worksheets 

with contextual teaching and learning are feasible and can improve students' critical 

mathematical thinking skills on the comparison of trigonometric function. 
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Introduction  

Learning mathematics helps students improve their ability to think critically. However, in 

improving these abilities, there are difficulties that students must face in their learning process. It 

is the same as the comparison of trigonometric function studied after studying phytagoras and 

triangles. It is used as one of the conditions for studying three-dimensional matter, limits, 

functions, and derivatives. Students must comprehend comparative trigonometric material to 

study other subjects with higher difficulty levels, such as limit, derivative, and integral (Ojmba, 

Gogo, & Cletus, 2021). Such a study takes a lot of comparative trigonometric material to 

determine the size of the angle, the comparison of trigonometry in the right triangle, and the value 

of the special angle in the triangle. Although the comparison of trigonometry is used as a 

prerequisite for further study, many students who have not yet understood the comparison of 

trigonometric function when going to study the material later still solve trigonometry problems 

with the wrong concepts, not even knowing the initial concepts (Sibaen, Buasen, & Alimondo, 

2023). 
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Some reasons for students' mistakes in solving trigonometric comparison problems include 

(1) identifying, questioning, answering, and drawing conclusions. (2) Students are confused about 

the use of trigonometry. (3) Students have difficulty understanding the purpose of the questions. 

(4) When solving problems, students tend to answer quickly and carelessly; they are not 

accustomed to it and do not think it is necessary to conclude at the end of their answers (Rukman, 

Zulfikar, & Rahayu, 2023). Therefore, the comparison of trigonometric function emphasizes the 

need for students to sharpen and enhance their critical mathematical thinking  (MCT) skills (Yang 

& Sianturi, 2017). 

According to Jahic and Pilav-Velic (2020), the ability to think critically in mathematics 

needs to be enhanced because student development focuses on solving problems that can be 

applied in social, technological, economic, and mathematical contexts. Dvoryatkina, Melnikov, 

and Savvina (2022) argue that mathematics learning aimed at improving critical mathematical 

thinking skills will positively impact real life. Good mathematics instruction that applies 

contextual problems as a foundation will make it easier for students to enhance their critical 

thinking skills. 

 Students often avoid learning mathematics because it requires more thinking to be easily 

understood and applied (Dvoryatkina et al., 2022). Only a few students can systematically 

understand and solve mathematical problems (Hobri, Arifin, Murtikusuma, Oktavianingtyas, & 

Putri, 2021; Mulenga & Marbán, 2020). In 2018,  PISA results showed that Indonesian student 

performance had declined and remained relatively low (Tohir, 2019). According to Kurniati, 

Harimukti, and Jamil (Zulmi & Akhlis, 2020), solving PISA questions falls into the category of 

high-level thinking, one of which is critical thinking. Various methods have been implemented to 

improve students' critical mathematical thinking  (MCT) skills, especially in the comparison of 

trigonometric function (Heidari & Ebrahimi, 2016). Worksheets containing problems that invite 

students' comments and opinions in the problem-solving process, supported by reasons derived 

from independent thinking and information gathering, can help sharpen students' critical thinking 

skills (Mahmuzah, Ikhsan, & Yusrizal, 2014; Nugraheny, 2018).  

Based on observations made by some teachers, the worksheets used during the learning 

process face several obstacles, one is that the questions still rely on outdated indicators that have 

not been updated to align with the current curriculum. This issue arises because teachers often 

create worksheets once and reuse them in subsequent academic years. As a result, students are 

trained using outdated methods that do not keep pace with current educational standards, leading 

to a decline in their cognitive abilities, particularly their critical thinking skills (Yunianta, 

Herman, Wizhar, & Kurniawan, 2023).  
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The contextual approach is used to help enhance students' MCT skills because, using a 

context-based approach, students can provide reasons for their answers in everyday life (Agus, 

2019). When solving problems, students can apply and visualize them in daily life. Many students 

given worksheets with a contextual approach still show low critical thinking skills because the 

worksheets consist only of questions without any interactive elements. Therefore, it is necessary 

to develop worksheets that teachers can use as teaching materials for school activities. (Ernawati, 

2019). As Yaumi (2018) suggested, the worksheet is a teaching material that needs to be 

developed by current trends to accelerate students' thinking processes.  

Students can use web-based media such as Liveworksheets, which allows them to work on 

their worksheets anywhere and at any time. This transforms the material into electronic 

worksheets for students (e-worksheets) (Madden, Sweeney, & Gonzales, 2023). The teacher will 

provide a link to the e-worksheet for students to use as training or learning material in class on 

the comparison of trigonometric function. Students will focus on using their phones to work on 

interactive e-worksheets instead of playing on them during learning. E-worksheets also help 

students understand trigonometry problems better because they contain various forms of the topic, 

not just one type of question (Zamzam, Komarayanti, & Mahfud, 2023). Using e-worksheets can 

help enhance students' critical thinking by requiring them to upload the reasons behind their 

selected answers when solving trigonometric problems. 

There has been some research on developing student worksheets to improve students' 

ability to think critically about mathematics. Lestari, Prahmana, Chong, and Shahrill (2023) 

developed realistic mathematics education-based worksheets to improve students’ critical 

thinking skills. Similarly, Kristanti, Ainy, Shoffa, Khabibah, and Amin (2018) conducted 

development research on creating creative problem-solving worksheets for a transformation 

geometry course, Nurhidayah and Pratama (2024) conducted research on students’ e-worksheets 

based on the project and character of Pancasila through environmental issues. However, there has 

been no research on developing students' e-worksheets using contextual approaches to enhance 

students' critical mathematical thinking skills. Therefore, this current study develops e-worksheets 

using contextual teaching and learning to improve students' critical mathematical thinking skills. 

This study aims to measure the validity, practicality, and effectiveness of e-worksheets using a 

contextual teaching and learning approach to improve students' critical mathematical thinking. 

 

Method  

This research focuses on developing e-worksheets using a contextual teaching and learning 

approach for trigonometry comparison material. This research design is developmental research 

using a formative evaluation design (Tessmer, 1993), as illustrated in Figure 1. 
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Figure 1. Research design flow 

In the preliminary design stage, the researcher determines the location, subjects, and other 

preparations, such as the instruments to be used and the research schedule, to manage the duration 

of the research process. This research was conducted at Senior High School 1 Cisarua, West 

Bandung Regency, West Java Province, in April 2022. The subjects studied were 36 students in 

class X SMA, with four participating in individual trials, eight in small group trials, and 24 in 

field trials. The formative evaluation design stage is divided into three phases: self-evaluation, 

prototyping, and field tests. Each phase is connected to the development process and must be 

carried out sequentially, as students and experts assess the results from one phase to another. 

Self-evaluation focuses on two stages: analysis and design. The analysis stage is the initial 

phase in the development process. At this stage, the researcher analyzed student criteria, the 

curriculum used, and the content to be studied. The aspects analyzed include students' abilities, 

from basic skills like comprehension to higher-order skills like critical thinking. This analysis was 

conducted to observe students' criteria during the learning process through interviews with one of 

the teachers involved in the study. A curriculum analysis was also carried out based on core skills, 

basic skills, and learning indicators used in teaching comparative trigonometry material in high 

schools. 

Furthermore, an analysis was conducted on the source material used to design the product, 

which is the e-worksheets. In the design stage, researchers created student e-worksheets based on 

prototypes designed to enhance students' MCT skills in trigonometry comparison material using 

a contextual approach. In the development process, a prototype focus is necessary to guide each 

step of the research. Prototyping focuses on four aspects of feasibility, namely: (1) content, (2) 

presentations, (3) language, and (4) comfort with contextual teaching and learning (Hidayat, 

Rohaeti, Ginanjar, & Putri, 2022). Prototyping focuses on three stages: expert review, one-on-

one, and small group. The purpose of prototyping is to demonstrate the validity and practicality 

of the product. At this stage, the developed product has been designed and evaluated. 

The expert review stage involves practitioners considered experts in mathematics learning, 

particularly contextual teaching and learning. These practitioners aim to validate the e-worksheet 

by analyzing its strengths and weaknesses in various aspects. The expert assessment aims to 

assess, evaluate, and validate whether the e-worksheets developed are valid according to specific 
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criteria. Based on the expert evaluation, the student worksheets were revised based on comments 

and suggestions from the experts. The results of the expert validation determine whether the 

student worksheets are valid. The revision results obtained in Prototype I are referred to as 

Prototype II. The description of the average score of the validity test data can be seen in Table 1. 

Table 1. The average score of validation results 
Score Criteria 

3.33 < 𝑥̅ ≤ 4 Valid (can be used) 

2.67 < 𝑥̅ ≤ 3.33 Valid (usable through revisions) 

2 < 𝑥̅ ≤ 2.67 Not valid (needs revision) 

𝑥̅ ≤ 2 Invalid (needs to be replaced) 

 Source: Ernawati & Sujatmika, 2021 

One-to-one is the initial step, where the first development results are trialed on several 

students separately. This phase runs parallel to the expert review phase, with the revision results 

from this phase used to improve the student worksheets, leading to Prototype II. The small group 

phase is part of the development process for expert reviews and is referred to as Prototype II. The 

experimental results from the one-to-one stage involve several students with different abilities. 

At this stage, eight students are invited to discuss and undertake to learn about the worksheets 

developed to get comments and engage with the developed worksheets to provide comments and 

suggestions. These three stages aim to determine the practicality of the student worksheets. The 

comments and suggestions from students at the small group level led to further revisions, resulting 

in Prototype III.  

The final stage in this development process is the implementation phase, which involves 

many students according to the specified subject. Comments from testing Prototype II serve as 

the basis for revisions to Prototype II. The product tested at the field test stage should be the best 

according to the criteria. Furthermore, the results of student response data were analyzed through 

the percentage calculation of student responses to each statement given in the form of a 

questionnaire. The criteria of practicality based on students' responses are presented in Table 2. 

Table 2. The criteria of practicality 

Score Criteria 

0.00% -20% Not practical 
20.1%-40% Less practical 

40.1%-60% Pretty practical 

60.1%-80% Practical 

80.1%-100% Very practical 

Source: Arikunto and Suharsimi, 2011 

Students worked on critical mathematical thinking skills test questions on the comparison 

of trigonometric function during the field test. The results obtained from the assessment were then 

analyzed to determine the effectiveness of the e-worksheets. There are two criteria for 

effectiveness: the percentage of students who reach the minimum mastery criteria (MMC) in a 

class (P) and the average N-gain score.  
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The score of the minimum mastery criteria is 72. The criteria of the percentage of students 

who reach the minimum mastery criteria in a class (P) is presented in Table 3. 

Table 3. The criteria of the percentage of students who reach the MMC 

Post-test Score Criteria 

P > 80 Very Good 

60 < P ≤ 80 Good 

40 < P ≤ 60 Middle 

20 < P ≤ 40 Lacking 

 P ≤ 20 Very lacking 

Source: Sugandi and Maya, 2020 

 

The formula of the N-gain score is: 

𝑁 − 𝑔𝑎𝑖𝑛 =
𝑃𝑜𝑠𝑡𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒 − 𝑝𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒

𝐼𝑑𝑒𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 − 𝑝𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒
 

The criteria for the average N-gain score is presented in Table 4. 

Table 4. The average of N-gain score criteria 
Score Criteria 

n-gain > .70 High 

.30 < n-gain ≤ .70 Moderate 

 n-gain ≤ .30 Low 

Source: Meltzer (Wahyuni, Erman, Sudikan, & Jatmiko, 2020) 

The e-worksheets are said to be effective if the percentage of students who reach the 

minimum mastery criteria is at least in the good criteria and the average n-gain score is at least in 

the Moderate criteria. 

 

Results and Discussion  

The process of developing student worksheets begins with the preliminary design stage. In 

the preliminary design stage, a preliminary study and analysis are carried out on the subject. A 

preliminary study was conducted to determine the conditions of students and schools that used 

them as subjects. Furthermore, the school was observed and analyzed in terms of curriculum, 

student character, and the material provided to students. This is done so that the products 

developed can become innovations for schools and can be used for the long term. After the 

preliminary design was carried out, a design was carried out regarding the student worksheet, 

which would be developed using a contextual approach to improve students' MCT skills. 

Researchers also prepare other instruments used during the learning process, such as lesson plans, 

questionnaires, and test questions to measure students' MCT abilities. 

The results obtained in this preliminary design process show differences in the 

characteristics possessed by students, so some students are grouped as research subjects according 

to their characteristics. This is aimed at equity in other stages of development. The school uses 

the 2013 curriculum with a syllabus that is arranged according to the situation of the students at 
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that time. At this early stage, the researcher prepared the worksheets based on the criteria obtained 

during the preliminary study to create a worksheet that could impact students' MCT abilities. The 

e-worksheets are organized according to the sub-chapters of the given material, starting from 

angle measures, values of comparison of trigonometric function, relationship between angles, and 

their applications. Then, the e-worksheets were arranged for four meetings according to the sub-

chapters of the material given. Worksheets also contain trigonometry comparison material 

adapted to a contextual approach to positively impact students' MCT skills.  

The developed e-worksheets are structured according to a contextual approach that aims to 

improve students' MCT skills. While developing the e-worksheets-, there were several obstacles 

in compiling and adjusting to the contextual approach because, at that time, students had just 

returned to offline school after being carried out online due to COVID-19. So, researchers need 

to adjust to the circumstances of students who are adapting again to offline schooling. At this 

early stage, the researcher prepared the e-worksheets based on the criteria obtained during the 

preliminary study to create a worksheet that could impact students' MCT abilities. E-worksheets 

are arranged in four meetings on the material to be provided, namely four meetings. E-worksheets 

also contain the comparison of trigonometric function adapted to a contextual approach to 

positively impact students' MCT skills. The following is the form of the e-worksheets that have 

been compiled.  

         

Figure 2. Design e-worksheets  

Figure 2. shows the results of the student's e-worksheet design. After the e-worksheets 

above are completed, a validation test is carried out on validators who are experts in e-worksheets 

and a contextual approach. The validation test aims to check whether the e-worksheets developed 

are valid and by the criteria. These results are described in Table 5. 

Based on the results in Table 5. It is explained that the score for each aspect almost meets 

the requirements. Several things need to be revised, and the validator must give suggestions to 

improve the product being developed. By Table 5, the criteria obtained from the expert validator's 

assessment results are valid. This proves that I have received expert validation from the e-
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worksheets that Prototype has prepared. After the student worksheets with contextual teaching 

and learning have been revised based on the comments and suggestions provided by the validator, 

which can be seen in Table 6, the student electronic worksheets using contextual teaching and 

learning can be considered valid. 

Table 5. Expert validation results 

Validator 
A score of each criterion 

Average score sum Percentage Criteria 
I II III IV 

I 3.53 3.48 3.54 3 3.45 86.25% Valid 

II 3.5 3.5 3.25 3.5 3.31 82.69% Valid 

III 3.53 3.48 3.25 3.5 3.44 86% Valid 

Based on Table 6, it was found that there were several deficiencies in the product being 

developed, especially regarding instructions and legibility to students. So, improvements must be 

made according to expert validation so that students have no difficulties using the developed e-

worksheets and feel helped by these e-worksheets. 

Table 6. Comment and Suggestions of the experts and researcher's feedback 
No Comments Revision Decision 

1. Instructions must be given at the constructivist 

stage to help students conclude concepts 

independently through problems. 

Provide instructions to students on how to 

convert rounds, degrees, and radians. 

2. At the asking stage, a clue must be given A question is given as a guide for work, and 

answers on the e-worksheets 

3. All problems are made based on real problems All contents of student worksheets are 

adapted to real problems 

4.  Facilitate students in accessing e-worksheets Students are given a barcode to make 
accessing electronic worksheets easier. 

 

The next stage is practitioner trials. Student mathematics electronic worksheets based on 

contextual teaching and learning on the comparison of trigonometric function are said to be 

practical based on observations during one-to-one trials and small groups. The development of 

student e-worksheets was tested on three students face-to-face. At the one-to-one stage, students 

were given the e-worksheets, and then the researcher gave several questions regarding the 

student's electronic worksheets that had been given. Students provide comments, suggestions, and 

views on the product being developed. In this process, the student provides some input regarding 

the e-worksheets he examines. According to the student, the answer box needs to be enlarged 

because even though the e-worksheets media will automatically be in order, students will feel 

confused in checking back on the answers they have filled in. After conducting revisions based 

on student input, small groups were carried out. 

Products that have gone through the one-to-one stage will enter the small group stage. 

Before entering the small group stage, the student's electronic worksheet must go through the 

revision stages in advance according to comments and suggestions from expert validation and 

student subjects in the one-to-one stage, the student's electronic worksheet (now Prototype II) can 
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be tested Try it on eight students at the small group stage. This stage is different from the one-to-

one stage. Students are provided with electronic worksheets that have been developed and revised. 

Then, students try the e-worksheet using e-worksheets during the learning process. Students are 

asked several questions about the difficulties they face when using e-worksheets using contextual 

teaching and learning. 

Responses and results from small groups can be used in development to improve e-

worksheets, and development results in small groups can be said to be Prototype III or the final 

design phase. Before the e-worksheets were carried out at the field test stage and implemented in 

the application of MCT skills using contextual teaching and learning, there were several inputs 

given by students at the small-group stage, namely: 1) lack of legibility in filling in symbols and 

several other conditions in e-worksheets; 2) when inputting answers, the lack of shapes given; 

and 3) lack of legibility in providing instructions for filling. 

The student worksheets can be implemented after going through the revision stages at the 

small-group stage. At the small-group stage, the revised results produced a prototype III, which 

could be given during field trials. The e-worksheets used and tried by students aim to determine 

whether these e-worksheets can improve students' MCT skills in the comparison of trigonometric 

function. 

The process of implementing e-worksheets was carried out in six meetings. In the first 

meeting, the pretest was carried out. The learning process was carried out at the second meeting 

using the developed e-worksheets. Students experienced a little difficulty at this second meeting 

due to the novelty of the media provided during the learning process. At the third to fifth meetings, 

learning is carried out using the e-worksheets that have been developed. Students are used to 

learning using e-worksheet, so there are no problems when using e-worksheets. The following 

are some of the results of student answers when learning using e-worksheets. 

In Figure 3, some student work results are shown on the e-worksheets on the e-worksheets 

page for the second to fifth meetings. The answers were obtained from the teacher's account that 

created the e-worksheets. All workmanship and student scores will be immediately captured for 

closed and open questions. The teacher can check first and then adjust the assessment of the results 

obtained by students. At the last meeting, namely the six meeting, students were given a post-test 

to measure the increase in critical thinking skills before being given a learning process using e-

worksheets and after giving action on the second to fifth meetings using the e-worksheets that 

have been compiled.  

The field test is the final stage, which aims to implement the results of the prototype III 

design and obtain results from student responses and post-tests. The results of student responses 

regarding the developed e-worksheets can be seen in Table 7. 
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Figure 3. Result of students e-worksheets answer 

Based on Table 7, it is revealed that in the material aspect, namely the problems contained 

in the e-worksheet can greatly help students in the comparison of trigonometric function so that 

it gets a percentage result of 90% in the very practical criteria. While in the language aspect, 

students easily understand the instructions for using the comparison of trigonometric function e-

worksheets more than 87% in the very practical criteria. While in the media aspect, students can 

understand the comparison of trigonometric function through images or illustrations in e-

worksheets by 90% in the very practical criteria. The average student response is 89%. It means 

the e-worksheet is very practical. 

Table 7. Student response questionnaire results 
No Aspects assessed Score Percentage Criteria 

1 Material 3.6 90% Very Practical 
2 Language 3.5 87% Very Practical 

3 Media 3.6 90% Very Practical 

Average 3.56 89% Very Practical 

 

The pretest, post-test, and N-gain score is presented in Table 8. Based on Table 8. it can be 

concluded that all students’s pretest scores are less than the minimum mastery criteria (72). On 

the other hand, based on the post-test, after learning, there were 66,7 % of students’ mastery, 

which is in good criteria referred to in Table 3. The N-gain of students' critical thinking ability is 

0,66, namely in moderate criteria. 

Table 8. The student pretest score, post-test scores, MMC, and N-gain score 

Students Pretest 
Minimum Mastery 

Criteria 
Post-test Minimum Mastery Criteria N-Gain 

S-1 53 Not Mastery 98 Mastery 0.96 
S-2 56 Not Mastery 100 Mastery 1.00 
S-3 54 Not Mastery 86 Mastery 0.70 
S-4 53 Not Mastery 85 Mastery 0.68 

S-5 50 Not Mastery 83 Mastery 0.66 
S-6 55 Not Mastery 92 Mastery 0.82 
S-7 49 Not Mastery 83 Mastery 0.67 
S-8 48 Not Mastery 87 Mastery 0.75 
S-9 55 Not Mastery 90 Mastery 0.78 

S-10 46 Not Mastery 80 Mastery 0.63 
S-11 46 Not Mastery 74 Mastery 0.52 
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Students Pretest 
Minimum Mastery 

Criteria 
Post-test Minimum Mastery Criteria N-Gain 

S-12 60 Not Mastery 100 Mastery 1.00 
S-13 32 Not Mastery 70 Not Mastery 0.56 
S-14 29 Not Mastery 60 Not Mastery 0.44 
S-15 44 Not Mastery 73 Mastery 0.52 
S-16 43 Not Mastery 89 Mastery 0.81 
S-17 39 Not Mastery 71 Not Mastery 0.52 
S-18 29 Not Mastery 70 Not Mastery 0.58 

S-19 32 Not Mastery 71 Not Mastery 0.57 
S-20 39 Not Mastery 70 Not Mastery 0.51 
S-21 39 Not Mastery 68 Not Mastery 0.48 
S-22 56 Not Mastery 82 Mastery 0.59 
S-23 46 Not Mastery 70 Not Mastery 0.44 
S-24 57 Not Mastery 86 Mastery 0.67 

Average 46.25  80.75 Mastery with very good criteria 0.66 

 

Figure 4 shows the success of students solving the critical mathematical thinking problems. 

The results of the students' answers show that there are two problems regarding comparison of 

trigonometric function. Both students can solve these problems systematically, as seen from the 

answers. Students can determine what comparison is used to prove the answers that are available. 

Then, students can determine the value of the special angle well to get the correct value.  

 

  

 

Figure 4. Result of students' answers 

Figure 5 shows some of the students’ errors in solving the students’ critical mathematical 

thinking problems. The reason for students' errors in answering the critical mathematical thinking 

indicators is the lack of basic knowledge, shown by errors in arithmetic operations on fractions. 

Other errors occur when students determine the value of special angles; students do not know the 

value of trigonometric comparisons at special angles, so they write incorrect results. The last 

mistake commonly made by students is when understanding contextual problems; students are 

confused when modeling contextual problems into mathematical models, which can then be 

(Translate) 

(Translate) 
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solved using systematic solution steps. The factors commonly experienced by students will 

always be related to basic skills because when students' basic mathematical skills are good, it will 

make it easier to solve other problems (Hidayati, 2020). 

 

       

Figure 5. Example of incorrect answer 

A valid, practical, and effective e-worksheets were obtained. The teaching materials are 

intended to change students' critical mathematical thinking skills. If seen from the results of one-

to-one and small groups, students' critical mathematical thinking skills have changed. Students' 

ability to experience changes either increases or decreases based on the teaching materials 

provided by students during the learning process (Harjono, Gunawan, Adawiyah, & Herayanti, 

2020). An appropriate approach must accompany the teaching material so students can easily 

accept it. With the success of the field tests that have been carried out, it can be said that teaching 

materials with this approach have succeeded in changing students' critical mathematical thinking 

skills (Saragih & Surya, 2017; Katyeudo & de Souza, 2022). 

Another factor that can impact students' thinking skills, especially students' MCT, is the 

student environment (Minarni & Napitupulu, 2020). Students can improve their thinking skills by 

being assisted by a supportive environment to improve their abilities so they can easily accept the 

learning process and improve their critical thinking skills (Chukwuyenum, 2013). Students can 

change their MCT skills, as seen from the results obtained during the pretest and post-test, so 

these students already know the concept of solving a problem accompanied by problems that 

require MCT skills (Le & Phuong, 2017; Zhang, 2020). 

Teaching materials must be developed to support the development of students' abilities, 

especially students' MCT skills (Afrilianto, Rosyana, Linda, & Wijaya, 2022; Suherman & 

Vidákovich, 2022). Teaching materials are very influential in improving students' MCT skills 
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because students will be helped to improve their MCT skills based on the assistance of teaching 

materials provided by the teacher during the learning process takes place (Fauzan, Andita, Rada, 

Zafirah, & bin Abdullah, 2022; Hidayat & Sari, 2019). Many teaching materials are used but are 

still less interactive, so the learning objectives are not achieved. So, worksheets are used in 

different forms and can be varied and interactive. The form of the worksheets is to use website 

assistance in the completion process. E-worksheets can motivate students because they have 

different ways of filling in and getting new experiences during the learning process. By learning 

to use e-worksheets, students can produce another ability, namely the affective ability of 

independent learning (Mulyasari, Gunarhadi, & Roemintoyo, 2022). 

Developed e-worksheets make it easier for students to hone their cognitive and affective 

abilities. However, it can also help the teacher add material and check student answers. In using 

e-worksheets that the teacher has carried out, it is easy to add references for students to complete 

and provide understanding concepts through video forms, whether videos made by themselves or 

results from other platforms by simply adding video links. This can make it easier to develop 

student learning independence; in the video, you can add motivation to learning for students 

(Farman, Hali, & Rawal, 2021). So, the development of e-worksheets benefits students and 

teachers, who will benefit from the various features in the e-worksheets website. 

It's just that there are a few obstacles in using the product, namely, the e-worksheet is a 

little difficult to apply in the form of a group; if in group form, e-worksheets must be accessed 

using a PC to make filling easier. In the automatic value assessment by the website, only on the 

closed problem section; for open problems, it must be corrected again, and the value is averaged. 

The website lacks symbols for solving mathematical problems, so it is necessary to collect manual 

solutions for open questions. 

 

Conclusion  

E-worksheet with web live worksheet using contextual teaching and learning approach on 

the comparison of trigonometric function produced can be used because it has met the valid, 

practical, and effective criteria, 1) valid criteria are met because based on the assessment of 2 

expert validators and 1 practitioner validator the assessment is on valid criteria, so it only needs 

to be made some improvements; 2) practical criteria are met because the results of student 

responses to e-worksheet are 89% so that they are on very practical criteria; and 3) effective 

criteria are met because the effectiveness test results obtained a result of 80.75 which is in the 

Very Good category. In addition to obtaining the feasibility of the e-worksheet developed, an 

increase in students' MCT ability was also obtained, indicated by an N-gain value of 0.66 in the 

moderate category. The increase shows that e-worksheets using contextual teaching and learning 
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can improve students' MCT skills. The learning process is effective, so it positively impacts the 

development of e-worksheets and improves students' MCT skills. This means that the worksheets 

product developed can be used to improve students' MCT skills in the comparison of 

trigonometric function. Student errors in solving trigonometric comparison problems are caused 

by several factors, namely basic concepts, determining special angles, and understanding the 

problem. 
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