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Abstract: One of the skills that students must have in the 21st century is analytical thinking skills. Learning media that can 

support this is needed to facilitate learning and practice analytical thinking skills. One learning media that can be used is an 

electronic student activity sheet (e-worksheet). This research aims to produce a product in the form of an e-worksheet suitable 

for use to improve students' analytical thinking skills on chemical equilibrium material. The feasibility of the e-worksheet is 

reviewed on its validity, effectiveness, and practicality. The method used is the research and development of 4D models 

consisting of definition, design, development, and deployment. This research was limited to the development stage by 

conducting a limited trial on students in grades XI-8 of SMAN 7 Surabaya who had studied chemical equilibrium material. 

The data collection technique of this research uses questionnaire, observation, and test methods. The research instruments 

used in this study include study sheets, validation sheets, student response questionnaire sheets, observation sheets, and test 

sheets. This study was analyzed using the N-gain test and the Wilcoxon test. The results of the validation of the e-worksheet 

from the aspects of content validity and construct validity obtained a mode of 4 so that it can be declared very valid for use. 

The results of the student response questionnaire reached an average of 98% positive responses in the very practical category. 

The results of the analysis of pretest and post-test data were obtained to improve analytical thinking skills, which was shown 

by 80% of students receiving an N-gain score of ≥ 0.7 with a high category and based on the Wilcoxon test, a P-Value value 

of 0.000 (< 0.05) was obtained which stated that there was a significant difference between the pretest and posttest scores 

Learners. From the results of the N-Gain analysis and the Wilcoxon Test, the e-worksheet was declared effective. It was 

concluded that the flipped classroom inquiry e-worksheet on chemical equilibrium material is suitable for training students' 

analytical thinking skills.  
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Introduction  
 

The 21st century is marked by the rapid 

development of knowledge and technology, including in 

education. In this era, education is a primary need so that 

students can innovate, master technology, and access 

information to survive with their life skills [1]. Students 

need to have the skills to analyze and use the information 

to solve problems in the real world [2]. One of the skills 

that students must have is analytical thinking skills 

reflected in graduate competency standards that 

emphasize the ability to analyze complex problems and 

ideas and convey indispensable arguments [3].  

Chemical equilibrium is a science that requires a 

deeper understanding of the concept [4]. One of the 

learning objectives that students in chemical equilibrium 

subjects must master is to design, conduct experiments, 

and make scientific reports on factors that affect the shift 

in the direction of equilibrium collaboratively [5]. To 

achieve these learning goals, high analytical thinking 

skills are needed so that students can understand and 

analyze chemical equilibrium material, not only 

memorize the theories so that they do not trigger 

misconceptions.  

It must be balanced by applying a learning model 

syntactically related to analytical thinking skills to 

improve analytical thinking skills in chemical equilibrium 

materials. One of them is the inquiry learning model. The 

inquiry model is a learning activity that emphasizes the 

process of critical thinking and analysis to find answers to 

a problem [6]. Concept discovery can help students 

understand the material more easily, actively participate 

in learning activities, and improve their analytical skills 

[7]. The inquiry learning model can be combined with the 

flipped classroom strategy.  

The flipped classroom strategy can be used as a 

solution to overcoming the problem of limited time during 

learning in the classroom and the learning style gap 

experienced by students. Independent learning outside the 

classroom can provide more responsibility to students to 

understand the subject matter outside the classroom [8]. 

Implementing the flipped classroom strategy at the lowest 

level of the cognitive realm according to taxonomy, 

namely memorization and comprehension activities 

practised by themselves outside of class hours. 

Meanwhile, in the classroom, students are more focused 

on learning at a deeper cognitive level, namely analyzing 

[9].  
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In implementing a learning model, learning media 

that can contain the syntax of the learning model is 

needed. One learning media that can be used is an 

electronic student activity sheet (e-worksheet). E-

worksheets can be created using the live worksheet 

website [10]. E-worksheets are used as a solution in this 

study because they can simplify and narrow the space and 

time so that learning becomes more effective and can 

increase students' enthusiasm for carrying out learning 

activities [11]. In addition, e-worksheets can contain the 

syntax of the inquiry learning model used and can include 

learning videos and virtual labs.  

Based on the description of the problems that have 

been described above, the development of learning media 

is needed as an effort to improve analytical thinking skills 

in the learning process, one of which is chemical 

equilibrium material. Therefore it is necessary to conduct 

research with the title “Development of E- Worksheet 

Inquiry-Flipped Classroom on Chemical Equilibrium 

Materials to Improve Analytical Thinking Skills of Grade 

XI High  School Students”.  
 

Research Methods 
 

This research was conducted at SMAN 7 Surabaya 

in grades XI-8 in the even semester of the 2023/2024 

school year. This type of research is research and 

development (R&D), as proposed by Thiagaragan. The 

development model, namely 4-D, consists of 4 main 

stages: define, design, development, and disseminate [12]. 

However, this study is only limited to the development 

stage by conducting limited trials.  

The preliminary stage is an analysis stage that is 

carried out to obtain initial information about the 

characteristics of students in participating in learning 

activities and students' understanding of the concept of 

chemical equilibrium material. From this stage, 

researchers can formulate learning objectives for chemical 

equilibrium material. The design stage is preparing a draft 

of electronic student activity sheet media (e-worksheet). 

The development stage is a review, validation and limited 

testing stage using a one-group pretest-posttest design 

[14].  

The data sources used in this study are primary data 

obtained from research instruments in the form of study 

sheets, validation sheets, observation sheets, 

questionnaire sheets, and student test sheets. Meanwhile, 

secondary data comes from sources in the literature that 

support this research. The data collection methods used 

are observation, questionnaire (analysis questionnaires, 

validation, responses), and test methods.  

The validation questionnaire analysis uses the 

mode values of three validators. If the validation score is 

obtained ≥ 3, then the media developed is declared valid 

[15].  

 

Table 1. Guttman Scale Score 

Valuation Response Score 

Yes  
Positive 

1 

Not   0 

Yes 
Negative 

0 

Not  1 

 

The data used to determine the product's 

practicality was obtained by filling out a questionnaire of 

student responses (quantitative data ). The measurement 

scale used for practicality is the Guttman scale, as shown 

in Table 1[16]. 

Data from filling out student response questionnaires  were 

analyzed using percentage analysis as follows : 

 

 

 

 

The results of the response questionnaire are then used to 

determine the percentage of practicality interpreted in the 

practicality criteria table as follows [16].  

 

Table 2. Percentage of Practicality Criteria 

Percentage Criterion 

0.00%-20% Impractical 

20.1%-40% Less Practical 

40.1%-60% Quite Practical 

60.1%-80% Practical 

80.1%-100% Very Practical 

 

The e-worksheet learning media is said to be 

practical if it obtains a percentage of ≥ 61%. The e-

worksheet learning media is said to be practical, but it 

obtained a percentage of ≥ 61%. 

The data from student observations was analyzed 

to support the data from the student response 

questionnaire in analyzing the practicality of the e-

worksheet. The scoring is based on the Guttman scale 

criteria, as shown in Table 1. The percentage of each 

student’s activity is calculated using the following 

formula. 

 
 

The results of the observation scores of student 

activities obtained were analyzed quantitatively using the 

interpretation of the scores shown in Table 2. The e-

worksheet learning media is said to be practical, but it gets 

a percentage of ≥ 61%. 

The analysis of test results in this study uses two 

types of analysis: the N-gain Test and the Wilcoxon Test. 

These two tests were conducted to see if there was a 

significant difference in students' analytical thinking skills 

after and before treatment. The test result data was 

obtained from the pretest (before treatment) and posttest 

(after treatment). The following formula can calculate the 

N-gain test: 

 
 

Furthermore, the n-gain obtained was interpreted 

using the n-gain score table to determine the improvement 

of learners' analytical thinking skills [17]. 

 

Table 3. N-gain Interpretation Criteria 

Interval   Criterion 

N-gain ≥ 0.7 High 

0.3 ≤N-gain< 0.7 Medium 

N-gain< 0.3 Low 

Practicallity percentage(%) =
∑ score obtained

∑maximum score
x 100% 

 

N − gain Score =
posttest score − pretest score

maximum score − pretest score
 

Practicallity percentage(%) =
∑ score obtained

∑ maximum score 
x 100% 
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In addition to the N-gain test, the Wilcoxon test 

was also carried out. The Wilcoxon test is a non-

parametric test used to test hypotheses about an increase 

in students' analytical thinking skills if the data is not 

normally distributed [18]. The Wilcoxon test is performed 

using the Minitab program. The decision-making criteria 

on the Wilcoxon Test is that if the P-value value < 0.05, it 

can be concluded that there is a significant difference in 

the pretest and post-test data.  

 

Results and Discussion  

 

Define 

 

This stage aims to define and collect various 

information related to the media to be developed to train 

students' analytical thinking skills [12]. In the preliminary 

stage, several types of activities are carried out, including 

initial analysis, student analysis, task analysis, concept 

analysis, and specification of learning objectives. The 

preliminary analysis aims to identify the main problems 

that students face in chemistry learning, which researchers 

will use to develop relevant learning media. The analysis 

was conducted based on related journals and interviews 

with chemistry teachers at SMAN 7 Surabaya. The 

interviews show that chemistry learning at the school is 

still teacher-centered, with teachers dominating the 

classroom and lacking time for students to learn 

effectively. A learning model that encourages active 

student participation is needed to overcome this, such as 

an inquiry model combined with a flipped classroom. The 

inquiry model allows students to find solutions to 

problems through thinking and observation. At the same 

time, the flipped classroom reverses the conventional 

classroom by asking students to understand the material 

outside of class hours, thus creating a more flexible and 

personalized learning environment [19]. 

Student analysis aims to understand the 

characteristics of students in learning. The results of the 

study of students at SMAN 7 Surabaya by providing a 

questionnaire showed that 70% of students considered 

chemical equilibrium material to require a deep 

understanding of concepts. To understand the material, 

students need analytical thinking skills, but the test results 

show that students' analytical skills are relatively low, 

namely elemental analysis 22.9%, relationship analysis 

53.3%, and organizational principles analysis 17.1%. 

Students feel that the learning media used only contains 

material and practice questions, which makes them bored 

and less interested. The teacher also confirmed that the 

learning media used has not been effective in practicing 

analytical thinking skills. To overcome this problem, it is 

necessary to develop learning media that is more 

interactive and can increase students' enthusiasm and 

analytical thinking skills in learning chemical equilibrium 

material. 
 Concept analysis aims to find out the main concepts 

to be taught and systematically compile concepts from one 

another to form a concept map in the subject matter of 

chemical equilibrium. Therefore, a concept map of 

chemical equilibrium material is obtained, which can be 

seen in Figure 1.  

 

 
Figure 1. Chemical Equilibrium Concept Map 

 

Task analysis aims to determine the content of the 

e-worksheet to be developed. E-worksheet will be 

adjusted to learning outcomes (CP) and learning 

objectives (TP) according to the independent curriculum 

at SMAN 7 Surabaya. The learning objectives to be 

achieved in this study are designing, conducting 

experiments, and making scientific reports on factors that 

affect equilibrium shifts collaboratively. Activities in the 

e-worksheet include reading phenomena, observing 

videos, formulating problems, determining hypotheses, 

conducting experiments, collecting and interpreting data, 

making inferences, and communicating results. 

 

Design  
  

At the design stage, researchers prepare an inquiry-

flipped classroom e-worksheet tailored to the components 

of analytical thinking skills that will be trained in students. 

This stage begins with preparing tests to test students' 

analytical thinking skills and knowledge of chemical 

equilibrium material. The preparation for the test is 

divided into two parts, namely the initial test (pretest) and 

the final test (posttest). After that, it continued with the 

selection of media to be developed in this study, namely 

electronic student activity sheets (e-worksheets). The 

platform used to support e-worksheets is the 

liveworksheet website. Here's what the e-worksheet 

developed looks like. 

 

 
Figure 2. E-worksheet Cover Display 

 

The e-worksheet developed is also equipped with 

instructions to make it easier for students to use the 

features in the e-worksheet. Here's what the e-worksheet 

user instructions look like.  
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Figure 3. E-worksheet Instructions for Use 

 

In e-worksheets, researchers use several media that 

can facilitate students' understanding of the material, 

encourage them to participate in learning, and improve 

analytical thinking skills actively. Some media used are 

Google Classroom, experimental videos, and laboratory 

activities directly or indirectly using virtual labs. Google 

Classroom is a platform used to support the flipped 

classroom strategy in this study. Before doing face-to-face 

learning, teachers share prerequisite understanding 

through Google Classroom, and students can learn the 

material before participating in face-to-face learning. In 

addition, Google Classroom is used to share assignments. 

Here's what looks Google Classroom.   

 
Figure 4. Google Clasroom Display 

 

The e-worksheet developed by researchers is 

equipped with learning videos as learning media. This 

video contains experiments on the effect of concentration 

on shifts in the direction of chemical equilibrium carried 

out by researchers. Here's the test video. 

 

 
Figure 5. Ekperiment Video Display 

 

Researchers also added laboratory activities 

carried out in person and virtually. In virtual laboratory 

activities, researchers use virtual labs. Here's what the 

virtual lab [20]. 

 

 
Figure 6. Virtual lab 

 

Development 
 

The development stage aims to determine the 

feasibility of the developed device. The eligibility criteria 

referred to in this study include validity, practicality, and 

effectiveness [12]. The validity aspect of this study was 

obtained from the validation sheets carried out by three 

validators. Before entering the validation stage, the e-

worksheet is first reviewed by a chemistry lecturer. The 

study results are suggestions and comments on improving 

the e-worksheet before the validation stage.  
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The review of the e-worksheet to get suggestions 

and comments on the first cover of the e-worksheet must 

be accompanied by images that represent the material 

contained in the e-worksheet. In addition, the e-worksheet 

for the concentration factor phase 2 section is added with 

a learning video in the form of a concentration factor 

experiment on the shift in chemical equilibrium carried 

out by the researcher himself. After the e-worksheet was 

reviewed and improved, it was validated by three 

validators: two chemistry lecturers and one chemistry 

teacher. The validation assessed includes the validity of 

the content and the construct validity. The following is a 

recapitulation of the three validators.  

 

Table 4. Recapitulation of an e-worksheet Validation 

Results 

Validation 

Aspect 

Valuation   
Modus Criterion 

V1 V2 V3 

Content 

Validity 
3 4 4 4 Very valid 

Construct 

Validity 
3 4 4 4 Very  valid 

Based on Table 4, each mode obtained on the 

validity of content and construct is 4, so in this hall, the e-

worksheet inquiry-flipped classroom media to train 

students' analytical thinking skills there is chemical 

equilibrium material can be said to be valid.  

After going through the validation stage, to 

determine the practicality and effectiveness of the e-

worksheet, a limited trial was carried out on 35 students 

of SMAN 7 Surabaya who had received chemical 

equilibrium material with heterogeneous abilities. The 

research was conducted on March 1-18, 2024, by 

conducting three meetings. The practicality of e-

worksheets can be assessed through data from student 

response questionnaires and observations of student 

activities during learning activities.  

Response questionnaires were distributed after 

students participated in learning activities using the 

inquiry-flipped classroom e-worksheet as a learning 

medium. The student response questionnaire contains 

statements about the appearance of the e-worksheet, the 

ease of features on the e-worksheet, and the completeness 

of information related to chemical equilibrium materials. 

The following are the results of the analysis of student 

response questionnaires.

Table 5. Result of Response Questionnaire Analysis 

No. Statement Response (%) Category 

1. 
The information presented in the e-worksheet is complete and easy to 

understand 
100 

Very Practical 

2. 
The study instructions in the e-worksheet are less clear, making it difficult to 

use them 
95 

3. 
Inquiry-based e-worksheet makes chemical equilibrium materials more 

accessible to understand 
85 

4. 
The e-worksheet used can train me to analyze a phenomenon related to 

chemical equilibrium 
100 

5. Practice questions in an e-worksheet according to the material presented 100 

6. 
The experimental activities contained in the e-worksheet made it easier for me 

to understand the concept of chemical equilibrium 
100 

7. 
Images, videos, and virtual-labs on the e-worksheet do not match the content of 

the material 
100 

8. The language used is uncommunicative and unclear 100 

9. I think the type and size of the letters used are appropriate and accessible to read 100 

10. 
With e-worksheet  media it adds practicality to learning about chemical 

equilibrium material 
100 

Average 98 Very Practical 

From the response questionnaire analysis results, 

98% of students agreed with positive statements and did 

not agree with negative statements contained in the 

response questionnaire. The results of observations of 

student activities support the results of the analysis of 

student response questionnaires. Five observers made 

observations, with 12 statements observed according to 

the inquiry phase, analytical thinking components, and 

students' effectiveness in following learning for three 

meetings. The following are the results of the analysis of 

observations of student activities. 

Data from the analysis of student activity shows 

that during learning with three face-to-face meetings, 

student activities in the inquiry phase and the component 

of analytical thinking skills were carried out with a 

percentage range of 75%-100% at the first meeting, 75%-

100% at the second meeting, and 90%-100% at the third 

meeting. The results obtained from the analysis of 

observations of student activities are in line with the 

results of the study of student response questionnaires. 

Following the practical criteria in Table 3, the flipped 

classroom inquiry e-worksheet is declared practical to be 

used as a learning medium for chemical equilibrium 

material to improve students' analytical thinking skills.  

Furthermore, the feasibility of the effectiveness of 

the e-worksheet in this study was determined using the N-

gain test and Wilcoxon test. The data used in this analysis 

was obtained from students' pretest and posttest results. 

The N-gain test is performed to determine whether or not 

there is a difference before and after treatment. The 

following are the results of the N-gain test analysis of 

learners. 
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Table 6. Result of Observation of Student Activities 

No Statement 
Percentage (%) 

Category 
P1 P2 P3 

1. Students occupy their respective seats 80 85 90 

Very Practical 

2. Students read prayers before learning 100 100 100 

3. Students listen well to the instructions for using the e-worksheet 85 75 90 

4. Students listen to the teacher's explanation throughout the learning process 75 80 90 

5. 
Students learn prerequisite knowledge and then work on the questions 

contained in phase 1 of the e-worksheet 
80 90 95 

6. 

Learners observe and understand phenomena related to factors that 

influence shifts in the direction of chemical equilibrium contained in the e-

worksheet 

90 90 95 

7. Learners create hypotheses to explain phenomena 100 100 100 

8. 

Students observe experimental videos and experiments directly or indirectly 

using the virtual lab contained in the e-worksheet, then record the results of 

observations and experiments 

100 100 100 

9. 
Students work on the analytical questions contained in the e-worksheet and 

draw conclusions 
100 100 100 

10. 
Students associate hypotheses that have been made based on Phenomenon 

1 with the conclusions obtained 
100 100 100 

11. e-worksheet makes students more enthusiastic during learning activities 85 100 90 

12. Students upload the e-worksheet that has been done 100 100 100 

 

 
 

Figure 7. Analytical Thinking Skills N-gain score chart 

 

The overall percentage of n-gain score data is 

presented as a diagram stating that students' analytical 

thinking skills have improved. As many as 80% of 

students get an n-gain score with high criteria, 15% get n-

gain scores with medium criteria, and 5% get n-gain 

scores with low criteria. Analytical thinking skills are 

broken down based on their components: element 

analysis, relationship analysis, and organizational 

principle analysis [6]. The results of data analysis of 

analytical thinking skills tests based on their components 

are presented in the following table. 

 

Table 7. Analytical Thinking Skills N-gain Analysis 

Result 

No

. 

KBA 

Components 

Value (%) N-

Gain 

Score 

Category Pre Pos 

1. Elemental 

analysis 
35.1 85.3 0.77 High 

2. Relationship 

analysis 
36.2 78.5 0.66 Medium 

3. Analysis of 

organization

al principles 

31.8 80.5 0.71 High 

Average 0.71 High 

Based on Table 7, an analysis of the analytical 

thinking skills test data revealed that n-gain score results 

were obtained with a range of 0.6 to 0.7 in the medium to 

high category. The components of analytical thinking 

skills, namely elemental analysis and analysis of 

organizational principles, get an n-gain value of 0.7 in the 

high category. However, one component of analytical 

thinking skills receives a lower n-gain value than the other 

components, namely relationship analysis, with an n-gain 

score of 0.6, which is in the medium category. Students 

are still weak in analyzing the relationship between 

equilibrium influencing factors and the phenomenon in 

question. Apart from that, some students still do not 

completely participate in learning activities, so the 

understanding of the concepts obtained is not optimal. 

After carrying out the N-gain test, the Wilcoxon 

test was carried out to test the hypothesis about increased 

students' analytical thinking skills before and after 

treatment. The Wilcoxon test was carried out because the 

post-test data in this study were not normally distributed. 

In Figure 8, a graph states that the pretest scores 

are normally distributed with a P-value of 0.100 (>0.05). 

Meanwhile, in Figure 9, a graph states that posttest 

students got a P-value of 0.010 (<0.05), so it can be 

concluded that the data is not normally distributed. 

Because the assumption of normality was not met, a non-

parametric test was carried out, namely the Wilcoxon test. 

The Wilcoxon test in this study was explained using 

Minitab. The decision-making criteria for the Wilcoxon 

Test is if the P-Value is <0.05, then it can be concluded 

that there is a significant difference in the pretest and post-

test data. Meanwhile, if the P-value value is > 0.05, it can 

be concluded that there is no significant difference in the 

pretest and posttest data. The following results were 

obtained via the Wilcoxon Test via the Minitab 

application. 
 

80%

15%
5%

Tinggi

Sedang

Rendah
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Figure 8. Analytical Thinking Skills Pretest Normality 

 

 
 

Figure  9. Analytical Thinking Skills Posttest Normality 

Test 

 

Table 8. Wilcoxon analysis result 

Descriptive Statistics 

Sample N Median 

DATA WILCOXON        20 -48 

Test 

Null hypothesis H₀: η = 

0 

Alternative 

hypothesis 

H₁: η ≠ 

0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

DATA 

WILCOXON 

20 0.00 0.000 

    

Based on the results of the data analysis above, it 

can be seen that the P-value value obtained is 0.000 (< 

0.05), so it can be concluded that there is a significant 

difference in the pretest and posttest data. So that the 

results Ha are accepted and Ho are rejected, it can be 

concluded that there is a substantial difference in students' 

scores before and after using the inquiry-flipped 

classroom e-worksheet to improve students' analytical 

thinking skills on chemical equilibrium material. The 

results of this research are also supported by Setiani, 

which stated that the development of e-LKPD using the 

inquiry learning model was effectively used to improve 

analytical thinking skills as indicated by an average score 

of pretest and posttest results of 90 [21]. 

 

Conclusion 
 

E-worksheet inquiry-flipped classroom on 

chemical equilibrium material to improve analytical 

thinking skills of grade XI high school students is declared 

suitable for use as a learning medium. This is based on the 

results of media validity that obtained mode 4 with very 

valid criteria in terms of content and construct validity. In 

addition, from the practicality aspect, 98% of students 

gave positive responses, and the percentage of student 

activity during three meetings was in the range of 75%-

90% with a very practical category, as well as 

effectiveness results based on pretest and posttest scores 

of analytical thinking skills as many as 80% of students 

had a gain score of ≥ 0.7 with a high category and based 

on the Wilcoxon test which had a P-Value value of 0.000 

(< 0.05) it was stated that there was a difference 

significantly on pretest and posttest data.  
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