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 The study aimed to determine the validity, practicality, and effectiveness of electronic 

student worksheets (e-worksheets) based on problem based learning (PBL) to improve 

students' metacognitive abilities on stoichiometric material. The research was used a 

research and development (R&D). The sample of the study was 30 students from SMAN 19 

Surabaya. The instruments were validation sheets, student observation sheets, cognitive test 

sheets, and MAI questionnaires. The metacognition ability was tested using MAI 

questionnaire on the aspects of planning, monitoring, and evaluating. Then, it was 

strengthened again with a cognitive test consisting of 6 cognitive questions. The results 

showed that the developed e-worksheet has 89.76%; 86.67%; 83.33%; and 86.67% of 

content; graphics; presentation; and language validities, respectively. All components were 

in the very high category. The results of the practicality of the e-worksheet were 94.64%; 

99.29%; 95.24%; 97.62%; and 94.05% for the PBL strategy; metacognitive; graphics; 

presentation; and language components, respectively. All components were in the very 

practical category. Based on the t-test, the sig.2-tailed of the planning, monitoring, and 

evaluating aspects were less than 0.05 so Ha is accepted, which means that the e-worksheet 

can improve students' metacognitive abilities in those aspects. This is supported by the t-

test of students' cognitive abilities where the sig.2-tailed is 0.000 so Ha is accepted, which 

means that the developed e-worksheet can improve students' cognitive abilities. 

 
   

 

INTRODUCTION  

The 2013 Curriculum is the curriculum used in 

Indonesia today and it is a substitute for the KTSP 

curriculum. The curriculum focuses more on the 

student, not the teacher. In addition, in the learning 

process, the approach used is the scientific 

approach, which consists of observing, asking, 

reasoning, trying, and creating networking. The 

2013 curriculum is a product of educational change 

and is designed to meet the needs of the 21st century 

(Widodo, 2016). 

The 21st century is not just an expression of 

time because of the development of science, 

technological innovation, new thinking, and 

different perspectives experienced by humans. 21st 

century skills in the learning curriculum are not only 

useful for students in their life but also can prepare 

students for their future lives (Alismail & McGuire, 

2015). 

According to Jonassen (2011) there are several 

types of problems. These problems are divided into 

two, i.e.: well-structured and ill-structured 

problems. A well-structured problem is a problem 

whose solution applies fixed concepts, rules, and 

principles in chemistry, whereas ill-structured 

problem is a problem concerning the resolution of 

unknown elements, the relationship among 

concepts, rules, and principles that are not mutually 

consistent (Jonassen, 2011). The two types of 

problem have different levels of completion so 

different characteristics of metacognitive abilities 

will be produced. Students are better at solving 

existing problems based on good metacognitive 

characteristics. 

Chemical stoichiometry is a broad concept that 

is taught in chemistry lessons, e.g.: the relationship 

between the moles of reactants and products in an 

equilibrium reaction. This allows students to solve 

problems related to chemical reactions, amounts of 

substances, concentrations, and chemical 

equilibrium. The stoichiometric concepts mentioned 

above are fundamental in quantitative chemistry. 
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Failure to understand and make connections 

between these concepts creates conceptual problems 

for students (Jonassen, 2011). 

The habits of mind can help students to prepare 

information choices related to complexities in 

personal, professional, and civil life. Learning is 

needed to develop integrative and metacognitive 

abilities (Huber & Hutchings, 2008). 

Metacognitive skills are needed to overcome 

various types of problems, including well-structured 

and ill-structured in stoichiometric material. 

Metacognitive skill is one of the higher-order 

thinking skills (HOTS) of humans in their thinking 

processes (Greenstein, 2012). Metacognition occurs 

in the use of prior knowledge to plan strategies in 

carrying out tasks, as well as taking the necessary 

steps to solve problems, reflect, and evaluate the 

results (Teal, 2010). Metacognitive skills refer to 

students' ability to plan in order to achieve goals and 

to manage, monitor, and modify problem-solving 

processes. Therefore, the study of metacognitive 

skills in the problem-solving process is important. 

Skills that need to be learned include planning, 

monitoring, and evaluation (Livingston, 1997). 

In improving metacognitive skills, learning 

strategies are needed to follow the goals desired by 

the teacher. One of the effective learning strategies 

that can increase the sensitivity, creativity, 

independence, and problem-solving of students is 

the problem-based learning (PBL) (Mustofa & 

Hidayah, 2020). In PBL, students are given real-life 

problems that occur in the community, so that 

students get an innovative and creative learning 

process in their problem-solving approach, hence 

students become interested and want to solve the 

problem (Dasna et al., 2007). The main goal of the 

PBL approach is to show students the relevance of 

the subject matter by conveying an appropriate, 

realistic, and practical context (Alrahlah, 2016). 

Based on the results of the pre-research, it is 

found that the metacognitive ability of the students 

in SMAN 19 Surabaya was measured using an MAI 

questionnaire. The percentage of the planning aspect 

is 67.24% in the good category. The percentage of 

the monitoring aspect is 64.38% in the sufficient 

category. Lastly, the percentage of the evaluating 

aspect is 61.44% in the sufficient category. Based 

on these results, the metacognitive ability of 

students at SMAN 19 Surabaya is 64.35%, which is 

in a sufficient category. 

In the learning activities, media is needed to 

support the learning process. One example of the 

media in chemistry learning is the e-worksheet. E-

worksheet is an electronic-based worksheet that 

contains assignments and work instructions for a 

given task. E-worksheet is easy and effective to be 

used because it can be accessed at any time and does 

not need much space to store. Student worksheets 

are student’s guides in conducting investigations or 

problem-solving activities (Trianto, 2010). 

Based on the above description, the study aims 

to determine the validity, practicality, and 

effectiveness of the e-worksheet based on PBL in 

improving students' metacognitive abilities. 

 

RESEARCH METHOD  

This was a research on the development of 

learning media using a design that refers to the 

research and development (R&D) method by 

Sugiyono. The R&D method was a research method 

used to produce certain products and to test the 

validity, practicality, and effectiveness of the 

product. The R&D method has 10 stages, namely 

(1) potencies and problems, (2) data collection, (3) 

product design, (4) design validation, (5) design 

revision, (6) product trial, (7) product revision, (8) 

usage trial, (9) product revision, and (10) mass 

production. Here, this research was conducted only 

until the product trials (Sugiyono, 2016). 

This study used a sample of 30 students in the 

XII grade of MIPA 8 from SMAN 19 Surabaya. 

This research used questionnaires, observation, and 

test methods. The instruments used were e-

worksheets study sheets, MAI questionnaire sheets 

to measure metacognitive ability, e-worksheet 

validation sheets, test sheets to measure students' 

cognitive abilities, and student response sheets to 

see the practicality of the e-worksheet. 

The measurement of the validity of the e-

worksheet used a validated questionnaire, which 

was then filled out by 2 lecturers of the Universitas 

Negeri Surabaya and 1 teacher of SMAN 19 

Surabaya. The percentage of the questionnaire data 

was obtained based on the Likert scale calculation in 

Table 1. 

 

Table 1. Likert Scale 

Score Description 

1 Very Less 

2 Less 

3 Enough 

4 Good 

5 Very good 

 

Table 2. Score Conversion 

Score (%) Category 

0.00 – 20.0 Very low validity 

20.1 – 40.0 Low validity 

40.1 – 60.0  Medium validity 

60.1 – 80.0  High validity 

80.1 – 100.0  Very high validity 

 

The score results obtained were percentages 

and converted to obtain the quality of the developed 
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products. The score conversion is presented in Table 

2. 

The measurement of the practicality of the e-

worksheet was seen based on student response 

questionnaires. The measurement scale used for 

practicality is the Gautman scale in Table 3. After 

obtaining the percentage score, then the percentage 

was converted to see the level of practicality of the 

developed e-worksheet as given in Table 4. 

 

Table 3. Gautman Scale 

Description Score 

Yes 1 

No 0 

 

Table 4. Score Conversion 

Score (%) Category 

0.00 – 20.0  Not practical 

20.1 – 40.0  Less practical 

40.1 – 60.0 Practical enough 

60.1 – 80.0 Practical 

80.1 – 100.0 Very practical 

 

Metacognitive measurement of students - 

before and after treatment using the MAI 

questionnaire in the aspects of planning, monitoring, 

and evaluating were measured based on the Likert 

scale. The MAI questionnaire used a questionnaire 

developed by Scraw & Dennison (1994). 

Furthermore, the data from the ordinal Likert 

scale was converted into interval data using 

successive interval method (SIM) that was installed 

in Microsoft Excel. The action was performed 

because if the ordinal scale data was still used in the 

quantitative test analysis, it will be an erroneous 

interpretation. Therefore, this needs to be converted 

into interval data. Converting data from ordinal 

Likert scale data to interval data using the SIM 

method does not cause any difference in the analysis 

conclusions so this data conversion can be used 

(Suliyanto, 2011). Furthermore, the data was tested 

using the paired sample t-test. The results of the t-

test of metacognitive abilities were strengthened by 

the results of the t-test of cognitive abilities based 

on the results of the pretest and posttest of the 

cognitive test, which consists of 6 essay questions. 

 

Table 5. MAI Likert Scale 

Score Description 

1 Never 

2 Very rarely 

 3 Seldom 

4 Often 

5 Very often 

 

RESULTS AND DISCUSSION 

In this study, the development of e-worksheet 

was tested for its validity, practicality, and 

effectiveness in training students' metacognitive 

abilities. This e-worksheet is developed using the 

R&D method by Sugiyono (2016). Figure 1 

illustrates the steps of the R&D. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Seps of R&D 

 

 

1. Potencies and Problems 

Potencies and problems aim to identify initial 

problems that occur in the field. This is carried out 

through a preliminary study by distributing 

questionnaires to students of SMAN 19 Surabaya. 

The results of the preliminary study show that the 

stoichiometry material is difficult. 

Based on the results of the preliminary 

research, it is found that the metacognitive ability of 

the students of SMAN 19 Surabaya was measured 

using an MAI questionnaire. The percentage of the 

planning aspect is 67.24% in the good category. The 

percentage of the monitoring aspect is 64.38% in the 

sufficient category. Finally, the percentage of the 

evaluating aspect is 61.44% in the sufficient 

category. Based on these results, the metacognitive 

ability of students at SMAN 19 Surabaya is 64.35% 

in the sufficient category. 
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The results of the questionnaire state that 

87.1% of students considered chemistry as a 

difficult subject because it consists of many 

calculations and theories that need to be memorized 

and the worksheet is less supportive. Then, 77.4% 

students considered stoichiometry material a 

difficult material in learning chemistry. Not only 

many calculations, but also many concepts need 

to be memorized. 61.3% students do not 

understand the stoichiometry material taught by 

the teacher during the learning process because 

the teacher often uses the discourse or lecture 

method. 
Based on the results of teacher interviews, 

chemistry lessons are considered difficult because 

students have not received chemistry lessons in 

junior high school. So, chemistry is a new lesson. 

Learning stoichiometry chemistry is one of the 

difficult materials for students. Even in the 

stoichiometric material, many students’ scores are 

below the minimum completeness criteria. 

The challenge in chemistry learning is choosing 

or getting media that is appropriate for students 

according to the student’s thinking ability. 

According to the chemistry teacher, an e-worksheet 

is needed that can improve students' metacognitive 

skills in chemistry subjects. So, the teacher also 

strongly agrees that the e-worksheet based PBL 

should be developed for stoichiometric material 

because the PBL learning strategy expects students 

to solve problems according to the material. This 

makes learning more meaningful with the help of an 

e-worksheet, which is very useful for students. 

 

2. Data Collection 

Data collection aims to collect various 

information and data that can be used for product 

development planning to solve the problems. 

 

3. Product Design 

The product design aims to develop the e-

worksheet media design as a stoichiometry learning 

media. Figure 2 shows the design display of the 

developed e-worksheet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. The e-worksheet design display 

 

4. Analysis 

After making the e-worksheet design, then, 

the e-worksheet is given to the reviewers who 

are media expert lecturers. The review stage 

aims to improve the media before validation so 

that the validation results are satisfied. 

 
5. Product Validation 

The product validation stage aims to assess the 

reviewed and revised product to determine the 

feasibility in terms of the validity. Based on the 

results of the product validation, the results of the 

validity of the developed e-worksheet is presented 

in Table 7. 

 
Table 7. E-worksheet Validation Result 

Component Score (%) Category 

Contents 89.76 Very high validity 

Graphic 86.67 Very high validity 

Presentation 83.33 Very high validity 

Language 86.67 Very high validity 

 

Based on the validation results, it is found that 

the developed e-worksheet has very high validity. 

The assessments of this validity have 4 components. 

The first component is the content of the e-

worksheet. The content component includes the 

compatibility of the e-worksheet with the 2013 

Curriculum; its conformity with core competencies, 

basic competencies, indicators, and objectives; 

conformity with stoichiometric material which 

includes facts and concepts; suitability of the 

influence given to students such as to train students' 

metacognitive abilities and following the PBL 

Cover Cover for submaterial Learning activity 
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strategies; conformity with the syllabus and lesson 

plans; conformity with the students' cognitive 

pretest and posttest sheets; and conformity with the 

e-worksheet practicality questionnaire. 

The second component is the graphics 

component, which consists of the cover representing 

the content of the manuscript; phenomena that 

arouse students' curiosity; pictures that can help 

students understand concepts; presentation of the 

material allows students to work together and 

interact with friends, teachers, and/or other learning 

resources that support and are by the learning 

material. 

The third component is presentation that 

consists of an assessment of the attractiveness of the 

cover. So, this presents the contents of the e-

worksheet; the use of fonts (type and size), which 

makes it easier for students to use the e-worksheet; 

the suitability of the e-worksheet background with 

colors and text; text, matching image, and table 

layout; mold quality; and well written terms, 

symbols, and formulas. 

The fourth component is language that includes 

an assessment of the use of language following the 

enhanced spelling of Bahasa Indonesia; writing of 

the e-worksheet using appropriate words and 

language that is easy to understand, convey 

messages, and effective sentences. 

 

6. Product Trial 

The product trial aims to determine the 

practicality and effectiveness of the products. The 

product trial stage is carried out in a limited manner 

and offline. 

 

 

 

 

 

 

 

 

 
Figure 3. Product Trial Activity 

 
Table 8. E-worksheet Practically Result 

Component 
Percentage 

(%) 
Category 

PBL Strategy 94.64 

Very Practical 

Metacognitive 99.29 

Graphic 95.24 

Presentation 97.62 

Language 94.05 

Total 96.19 

 

The measurement of the practicality of the e-

worksheet is conducted through a student’s 

response questionnaire. The results of the 

developed e-worksheet are presented in Table 8. 

Based on the practicality results, the developed e-

worksheet is in the very practical category. The 

practicality score is seen from 5 components, i.e.: 

the PBL strategy as the basis of the e-worksheet, 

the practicality of the e-worksheet in training 

students' metacognitive abilities, the graphics of 

the e-worksheet, the presentation in the e-

worksheet, and the language used in the e-

worksheet. 

The components of the PBL strategy that 

were assessed, namely the interest of students 

when using the e-worksheet; students' learning 

enthusiasm when using the e-worksheet; the level 

of students' critical thinking when working on 

problems related to real life; level of awareness to 

learn more when using PBL strategies; students' 

interest in understanding the material better 

because the phenomena exist in real life. Problem-

solving strategies involve analyzing problems, 

planning problem solving, executing actions, and 

drawing conclusions (Agustin et al., 2022). 

The assessed metacognitive components are 

students' awareness to 1) plan the learning process; 

2) monitor the learning process, 3) evaluate their 

learning process, 4) think harder, and 5) learn 

more. 

The assessed graphic components are the 

attractiveness of color combinations in the e-

worksheet, the convenience of e-worksheet media 

to be viewed as a whole, and students' interest in 

learning to use the e-worksheet. 

The assessed presentation components are the 

ease of 1) use of the e-worksheet, 2) operation of 

the buttons on the e-worksheet, and 3) e-worksheet 

instructions to understand. 

The assessed language components are the 

ease of language to be understood, ease of problem 

to understand, and the absence of words that cause 

double meaning (ambiguous). 

In addition, based on observations of student 

activities, 100% of the activities have been 

conducted. So it can be concluded that all 

activities are carried out. The student activity 

observation sheet consists of assessing the 
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enthusiasm of students in learning, using the 

developed e-worksheet, group discussions, 

working on the e-worksheet, and conducting 

metacognitive activities. 

In line with study conducted by Febriani and 

Sudomo (2017), PBL-based e-worksheets 

developed were in the good category in terms of 

practicality. The effectiveness of the e-worksheet 

is observed through the results of the MAI 

questionnaire on planning, monitoring, and 

evaluating aspects. The effectiveness assessment is 

seen from the results of the questionnaire before 

and after the product trial. The following are the 

results of the effectiveness of the developed e-

worksheet in training students' metacognitive 

abilities. 

 

Table 9. Normality Test Result 

Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

pre_planning 0.096 30 0.200* .982 30 0.865 

post_planning 0.113 30 0.200* .974 30 0.652 

pre_monitoring 0.104 30 0.200* .973 30 0.618 

post_monitoring 0.065 30 0.200* .975 30 0.670 

pre_evaluating 0.105 30 0.200* .967 30 0.472 

post_evaluating 0.087 30 0.200* .957 30 0.253 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

A normality test is used to determine whether 

the data is normally distributed or not. If the data 

is normally distributed, then the paired sample t-

test can be continued (Ubaidillah & Wilujeng, 

2019). Based on the data, all data from the MAI 

Likert scale questionnaire has been converted into 

interval data using SIM. The data is normally 

distributed. So, the parametric analysis of the 

paired sample t-test can be used. Several statistical 

techniques cannot be processed using ordinal data. 

Then the ordinal data should be converted into an 

interval scale using the SIM (Sartika, 2010). 

 
Table 10. Paired Sample t-test Result 

 Mean 

Std. 

Deviation 

Std. 

Error 

Mean t df Sig. (2-tailed) 

Pair 1 Pre-planning – Post-

planning 
-5.37783 4.86920 

.88899 -6.049 29 
0.000 

Pair 2 Pre-monitoring – 

Post-monitoring 
-2.51727 5.07605 .92676 -2.716 29 0.011 

Pair 3 Pre-evaluating – 

Post-evaluating 
-5.62763 4.67701 .85390 -6.590 29 0.000 

 
Based on Table 10, the value of sig.(2-

tailed) in the planning, monitoring, and evaluating 

aspects are 0.000 ≤ 0.05, 0.011 ≤ 0.05, and 0.000 ≤ 

0.05, respectively. So, in all these aspects H0 is 

rejected and H1 is accepted. This shows that there 

is a significant increase in the metacognitive 

abilities in the aspects of planning, monitoring, 

and evaluating of students after using the PBL-

based e-worksheet on stoichiometry material. 

Problems given to students in the PBL are 

used as a stimulus and focus of student learning 

activities. So, it trains students' ability to think 

(Hestiana & Rosana, 2020). 

The MAI questionnaire developed by Scraw 

& Dennison (1994) was used to determine 

students' metacognitive abilities. Figure 2 presents 

the answers to the questionnaire from the students. 

In the monitoring aspect, before using the e-

worksheet, students are often anxious to get 

optimum achievement, rarely consider various 

possible answers on a chemistry test, rarely have 

options when solving questions about the material 

of chemistry, rarely repeat things that can make 

studying chemistry easier, often analyzes the 

learning strategies, never checks the understanding 

regularly, and often asks on how good to learn 

something new. Meanwhile, after using the e-

worksheet, students very often tries to achieve 

maximum achievement, often consider possible 

test answers, often have options on tests, often 

repeat things that make it easier in learning, very 

often analyzes the learning strategies, rarely 

checks their understanding, and often ask to learn 

new things. 
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Figure 2. The Answers of MAI Questionnaire 

 

In the evaluating aspect, before using the e-

worksheets, students often realize how good their 

learning outcomes, rarely ask after completing 

assignments, very rarely make learning 

summaries, rarely ask themselves how well they 

have achieved the learning goals, often ask 

themselves to consider all options after solving a 

problem, rarely asks if they have learned as much 

as they could. Meanwhile, after using the e-

worksheet, students are often aware of how well 

their score after the exam, often ask after 

completing assignments, make summaries, often 

ask for options after solving problems, and often 

ask questions whether they learn as much as they 

can. 

Based on the results of the MAI student 

questionnaire, students experienced an increase in 

every metacognitive aspect because the e-

worksheet is developed based on PBL and aims to 

train metacognitive skills. So, students are required 

to actively find out various existing reference to 

increase their understanding. As the result, they 

can also improve their metacognitive abilities. 

The results of the t-test of metacognitive 

abilities are corroborated by the results of the t-test 

of cognitive abilities. The results of the t-test of 

students' cognitive abilities are presented in Table 

12. 

 

Tabel 11. Normality Test Result 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic Df Sig. Statistic Df Sig. 

Pre-cognitive .109 30 .200* 0.947 30 .136 
Post-cognitive .106 30 .200* 0.942 30 .102 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 
Tabel 12. Paired Sample t-test Result for Cognitive 

 Mean Std. Deviation 

Std. Error 

Mean t df Sig. (2-tailed) 

Pair 

1 

Pre-cognitive – 

Post-cognitive 
-19.16667 6.57625 1.20065 -15.964 29 0.000 

 

Based on Table 12, the results of the paired 

sample t-test from the cognitive score data of 

students’ produces the value of sig. 2 tailed ≤ 0.05 

so that H0 is rejected and H1 is accepted. This 

shows that there is an increase in students' 

cognitive abilities after using the e-worksheet-

based PBL on stoichiometry material. This finding 

can strengthen the results of students' 

metacognitive abilities where students' 

metacognitive abilities increase. 

In line with a previous study by Ni'mah et al. 

(2017) the PBL-based e-worksheet to train 

scientific literacy receives a response of 94.99% in 

the very good category. In addition, Lestari & 

Hidayah (2014) states that students received a 

positive response to metacognitive-based 

worksheets on stoichiometry material with a 

percentage of 61%. Based on a study by Astuti et 

al. (2018), the e-worksheet-based PBL improves 

students' critical thinking skills because the results 

of the N-Gain test analysis are 0.824 in the high 

category. A study by Komarudin et al. (2021) 

states that PBL-based Makerspace Approach 

STEM Learning has an effect on students' ability 

and understanding of mathematical concept. 

The increase in students' metacognitive and 

cognitive abilities due to the PBL strategy 

provides more opportunities for students to explore 

information in various learning resources and the 

freedom to use various learning media to build 

their knowledge. In addition, the PBL strategy 

provides real or theoretical problems to be 

investigated in various learning resources. This 

activity makes students more active in finding 

solutions to problems so that students understand 

what they are doing (Aisyah, 2015). The 
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implementation of STEM-integrated PBL helps 

students acquire experience from studying 

situations, solving complex problems, and gaining 

a deep understanding of chemical material 

(Octafianellis et al., 2021). Hence, it is urgent to 

improve students’ learning outcomes, by which 

their metacognitive skills grow as well. 

Assessment of the learning outcomes is used to 

assess the achievement of student competencies, 

materials, and improve the learning process 

(Maryanto et al., 2020). 

 

CONCLUSION 

Based on the results of data analysis, it can be 

concluded that the developed e-worksheet is valid 

with a value of 86.61% in the very high category. 

The content component is 89.76% in the very high 

category, the graph component is 86.67% in the 

very high category, the presentation component is 

83.33% in the very high category, and the 

language component is 86.67% in the very high 

category. The results of the practicality of the e-

worksheet are 96.19% in the very practical 

category whereas in the PBL strategy component 

is 94.64% in the very practical category. The 

metacognitive is 99.29% in the very practical 

category, the graphic component is 95.24% in the 

very practical category, the presentation 

component is 97.62% in the very practical 

category, and the language component is 94.05% 

in a very practical category. The results of the 

effectiveness of the e-worksheet show that the H0 

is rejected and H1 is accepted. Hence, there is an 

increase in students' metacognitive abilities after 

using the developed e-worksheet. This is further 

strengthened by the increase of students' cognitive 

abilities after using the e-worksheet.  
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