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Abstract: This research aims to determine the effectiveness of guided inquiry based 
student worksheet integrated with flipped classroom system on reaction rate material on 
students' ability to think critically. This is a further development research with the type 
of quasi experiment and research design Non-equivalent control group design. In this 
study, two sample classes were used, namely control class and experiment class with a 
total sample size of 71 people who were taken using purposive sampling technique. After 
conducting the research, it is known that the n-gain value for the control class is 0.3 and 
the experimental class is 0.57, the difference in n-gain value is inferred that there is a 
difference in treatment in the two sample classes on student critical thinking skills. 
Furthermore, for hypothesis testing, the ttable value is 1.995 and tcount value is 6.13. Based 
on the results of data analysis, it is concluded that the use of guided inquiry-based 
student worksheet integrated with the flipped classroom system is effective in enhancing 
student critical thinking skills.  
 
Keywords: Critical thinking skills; Flipped classroom system; Guided inquiry; Reaction 
rate; Student worksheet. 

  

Introduction  

 
The industrial revolution 4.0 has an impact on all 

sectors of human life including education (Dito & 
Pujiastuti, 2021). This evolution is indicated by the use 
of technology that is synchronized to create 
opportunities that advance education. Therefore, 4 
competencies were added to the education curriculum, 
namely critical thinking skills, creative and innovative 
skills, communication skills, and the ability to 
collaborate (Maulidah, 2019). This curriculum changes 
demand teachers and learners to be proficient in 
technology to answer the challenges in the industrial 
revolution era. 

Learning in the era of revolution 4.0 draws on the 
use of technology-based media or devices (Surahman, 
2019). The use of technology in the field of education has 
been used even before the covid-19 outbreak attacked 
the world. Covid-19 has spread since November 2019 
causing changes in the order of human life including in 
the educational field (Samudera, 2020). Changes in the 
field of education lead to new problems that must be 
quickly resolved so that learning activities continue to be 
effective and one of the solutions applied is blended 
learning. 

Blended learning refers to a study system that 
combines synchronous and asynchronous learning 
(Powell et al., 2015). There are two types of synchronous 
learning: online synchronous and offline synchronous. 

https://doi.org/10.29303/jppipa.v9i5.3271
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The synchronous step is implemented directly by the 
teacher at school, whereas the asynchronous step is held 
outside of school with the help of technology as a media 
link between teachers and students. One model that 
implements both synchronous and asynchronous 
learning is the flipped classroom (Waer & Mawardi, 
2021). 

The flipped classroom refers to a way of learning 
system where students start learning material at home 
(asynchronous) and reinforce the concepts that have 
been acquired at school with the assistance of the teacher 
(synchronous) (Stein & Graham, 2014). In the 
asynchronous stage, the teacher prepares a video 
containing supporting information as a media to help 
students study at home (Syafei & Mawardi, 2022). In the 
synchronous stage, the teacher confirms the concepts 
that have been mastered by students during 
asynchronous (Lenggogeni & Mawardi, 2022). 
Asynchronous learning uses a Learning Management 
System (LMS) to support student activities while at 
home.  

LMS is software used to carry out activities using 
internet technology. The LMS used in asynchronous 
learning is YouTube and WhatsApp. YouTube and 
WhatsApp applications help teachers to coordinate the 
class and help students to connect with other students in 
the network. The utilization of the flipped classroom 
system in learning activities is in sync with the purpose 
of the curriculum 2013, which is student centered 
activities (Hartandi & Mawardi, 2022). One of the 
learning models that focuses on students is guided 
inquiry (Nengsih & Mawardi, 2021). 

Guided inquiry is a learning model that involves 
prior knowledge to build their own concept 
understanding by using 5 stages, namely orientation, 
exploration, concept formation, application, and closing 
(Hanson, 2005). Concept formation is a stage that 
determines the role of a teacher in helping students to 
find their own concepts.  At this stage the teacher is 
required to make key questions that are able to direct 
students to find concepts independently. Guided 
inquiry is able to improve students' critical thinking 
skills because students must answer key questions to get 
concepts by exploring a model in the exploration stage 
(Hanson, 2013). 

Critical thinking is a combination of mental 
processes, strategies, ways of solving problems, and 
learning new concepts (Kong, 2014). Critical thinking 
skills are needed so that students able to make decisions 
in solving given problems. In the 21st century, four skills 
need to be mastered: critical thinking and problem 
solving, communication, collaboration, creativity and 
innovation (Widana et al., 2018). According to 
Hayudiyani (2017) there are 6 aspects in critical thinking, 
namely interpretation, analysis, inference, evaluation, 

explanation, self-regulation. Students' ability to think 
critically can be measured using HOTS questions at the 
C4-C6 level. These questions not only focus students on 
remembering, restating, or applying concepts but also to 
measure students' ability to connect several concepts to 
obtain information, find relationships from different 
information, use existing information to solve problems 
and critically analyze ideas and information (Setiawati 
et al., 2018).  

The developed HOTS questions are used to 
measure the metacognitive dimension. The 
metacognitive dimension describes students' ability to 
connect different concepts, interpret and solve 
problems, choose the right strategy in solving problems, 
find new methods, argue and choose the right decision 
(Ariyana et.al, 2018). Critical thinking skills can be 
trained in the learning process during classroom 
activities. 

Reaction rate is material that can help students' 
critical thinking skills because it is an abstract concept 
with concrete examples that require submicroscopic 
level solutions (Paramita et al., 2021). There are two basic 
competencies (KD) that must be learned in the reaction 
rate material KD 3.6 and 3.7. The primary objective of 
learning reaction rate is for students to be proficient in 
defining the concept of reaction rate, describing factors 
that affect reaction rate, and determining the order and 
rate of reaction. This material has three chemical multi-
representations, namely macroscopic, submicroscopic, 
and symbolic (Sodanango et al., 2021). 

This particular research is related to previous 
research, namely the effectiveness of the guided inquiry 
learning model integrated with the flipped classroom 
system on acid-base material to improve student 
learning outcomes (Lenggogeni & Mawardi, 2022) and 
buffer solutions (Hartandi & Mawardi, 2022) which 
shows the level of effectiveness at a high level. Another 
study that is also relevant to this research is the study 
conducted by Mawardi et al. on improving students' 
critical thinking skills using guided inquiry-based 
student worksheet on acid-base material which shows 
effectiveness at a medium-high level (Mawardi, Js, & 
Yani, 2020). Another related research is the development 
of a guided inquiry learning model integrated with the 
flipped classroom system by Pratiwi & Mawardi (2022) 
which shows high validity and practicality results.  

This research is a extension of Ramadansyah & 
Mawardi (2021) development research which shows that 
the guided inquiry-based student worksheet integrated 
with the flipped classroom system has a level of validity 
and practicality with a value of 0.85 and 87%, so it can be 
concluded that this product is valid and practical. This 
research has not yet reached the stage of testing the 
effectiveness of student critical thinking skills. 
Therefore, this study aims to determine the effectiveness 
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of guided inquiry-based student worksheet integrated 
with the flipped classroom system on reaction rate 
material on students' ability to think critically. 
 

Method  
 

The effectiveness test uses a type of quasi 
experiment. Quasi experiment is research where other 
variables outside the variables studied cannot be 
controlled by the researcher (Sugiyono, 2013). Referring 
to the kind of research selected, the research design is a 
non-equivalent control group (Sugiyono, 2013). This 
research design involves two sample classes, namely the 
control class and the experimental class with a total 
sample of 71 people. This sampling was selected based 
on certain considerations and suggestions from experts 
so that the selection technique is called purposive 
sampling technique (Sugiyono, 2013). This research 
designs can be shown in Table 1. 

 
Table 1. Non-equivalent control group design 
Pretest Treatment Posttest 

O1 X O2 

O3 Y O4 

Source: Sugiyono, (2013) 

 
Description: 
O1: experimental class pretest 
O2: experimental class posttest 
O3: control class pretest 
O4: control class pretest 
X: treatment 
 

In order to determine students' critical thinking 
skills, a multiple choices test instrument at the c4-c6 level 
was used. This question consists of 15 multiple choice 
questions that have been tested for validity, reliability, 
difficulty index, and differentiation. After the research 
was completed, the data obtained was analyzed using 
the N-gain test, normality, homogeneity, and hypothesis 
testing.  
 

Result and Discussion 
 

The study results obtained after conducting 
research from September to October 2022 at SMAN 1 
Banuhampu. The data collected was in the form of 
learning outcomes at the C4-C6 level of cognitive 
competence. This data was obtained through the initial 
assessment (pretest) and the final assessment (posttest) 
in class XI IPA 1 as the experimental class and class XI 
IPA 4 as the control class. Analysis of the data showed 
that the average value of the experimental class was 
higher than the control class this analysis can be seen in 
Figure 1. 

 
Figure 1. Data analysis sample class 

 
Based on Figure 1, it is shown that the average 

increase in student learning outcomes in the cognitive 
domain with the HOTS question category in the 
experimental class is higher than in the control class. The 
experimental class has a difference in pretest and 
posttest scores of 30.2 and the control class has a 
difference in pretest and posttest scores of 8.8. This is 
because the treatment in the control class used textbooks 
while the experimental class used guided inquiry-based 
student worksheet integrated with the flipped classroom 
system written by Ramadansyah & Mawardi (2021). 

After recognizing the average difference from the 
pre-test and post-test of the control and experimental 
classes. The next step is N-gain analysis. From the results 
of data analysis, the N-gain values for the control class 
and experimental class were 0.30 and 0.57. The 
difference in the value of the two samples concluded that 
the treatment provided had a beneficial effect on the 
critical thinking skills of the sample class students. The 
data obtained was then tested for normality using the 
Kolmogorov-Smirnov method and homogeneity test 
using Levene’s statistics. The results of the test indicate 
that the data is normally distributed and homogeneous. 

The next step is to test the hypothesis using the t-
test. Hypothesis testing using t-test is done if the data is 
normally distributed and homogeneous. After analyzing 
the data, it is known that the tcount value in hypothesis 
testing is 6.13 and the ttable value is 1.997. the data 
analysis results prove that H0 is rejected and H1 is 
accepted. H1 is accepted, meaning that the 
implementation of guided inquiry-based student 
worksheet has an impact on students' higher order 
thinking skills. 

This guided inquiry student worksheet writes the 
material following the steps of the guided inquiry 
model. Guided inquiry has five syntaxes, namely 
orientation, exploration, concept formation, application, 
and closing. Then the student worksheet combined with 
the flipped classroom system. Flipped classroom is a 
learning system that applies synchronous and 
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asynchronous learning. Flipped classroom makes 
activities that are usually performed at school into 
activities that are performed at home. Flipped classroom 
system learning based on guided inquiry has two stages, 
namely the orientation and concept formation stage 
before the face-to-face class begins (asynchronous) and 
the stage related to the reinforcement of concepts carried 
out in the classroom (synchronous). 

Asynchronous learning using WhatsApp learning 
management system (LMS) to share videos that have 
been made by the teacher which are placed on the 
YouTube platform. The video that was given by the 
teacher contained an orientation to the learning material 
that would be learned during the synchronous class. The 
learning process using the guided inquiry learning 
model integrated with the flipped classroom system can 
be seen in Figure 2. 

 

 
 Figure 2. Guided inquiry learning on flipped classroom 

Sources: (Ramadhansyah & Mawardi, 2021) 
 
The orientation stage is a stage that contains 

prerequisite material that must be mastered by students 
before entering the core material.  At this stage students 
must watch the video that has been shared on YouTube. 
The orientation video consists of greetings, motivation, 
apperception, basic competencies, learning objectives 
and prerequisite material designed by the teacher and 
uploaded to the YouTube platform.  At this stage 
students can watch videos anywhere without any time 
limit (Iqbal & Mawardi, 2022). The next stage is the 
exploration stage. The exploration stage is the stage 
where students explore their ability to find concepts 
through the models given in the student worksheet. One 
of the models shown in the orientation stage can be in 
Figure 3. 

 
Figure 3. Fast and slow reaction models Sources: 

(Ramadhansyah & Mawardi, 2021) 

 
Figure 3 explains the concept of reaction rate. The 

reaction rate is the process of reducing the concentration 
of reactants and the process of increasing the 
concentration of products per unit time (Chang, 2011). 
The number of experimental class students was 36 
people arranged into 6 groups, and one person from 
each group was used as a representative to compare 
answers related to the model in the LKPD. The results of 
the group representative's answers can be seen in the 
following table 2. 

According to the table above, it can be inferred that 
student 4 has a good understanding of the model given. 
This is evident from the conclusion obtained in 
accordance with the definition of the reaction rate, which 
is the change in concentration of reactants and products 
per unit time. Meanwhile, students 1,2,3,5, and 6 have 
also almost well understood the model, this is shown in 
the answers given. Therefore, it can be concluded that 
students can explore and understand concepts well if 
they are able to answer questions, think critically and 
creatively. 
 
 
 
 

 

  

Preparation 

Orientation 

Exploration and 
concept formation 

Application 

Closing 

Asynchronous 

Synchronous 
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Table 2. Group representative's response to figure 3 
Sample Each group representative's answer 

Student 1 Based on the model in Figure 2, the higher the 
concentration of the reacted substances, the 

greater the reaction rate. 
Student 2 According to the model in Figure 2, the 

increase in the concentration of the reacted 
substance, the greater the reaction rate and 

the less the reacted substance, the slower the 
reaction rate. 

Student 3 Based on the model in Figure 2, the size of the 
reaction rate depends on the substance 

concentration 
Student 4 Referring to the model in Figure 2, the 

reaction rate is the change of reactants to 
products per unit time. 

Student 5 Referring to the model in Figure 2, the 
reaction rate is a measure of how 

rapidly/slowly the reaction products are 
formed. 

Student 6 Based on the model in Figure 2, the reaction 
rate is a measure of how fast/slow the 

reaction product is formed. 

 
Application is a stage that is run face-to-face at 

school. This stage is the reinforcement stage of the 
concepts that students have already discovered in the 
exploration and concept formation steps. During this 
stage, students will answer several questions that have 
been designed to further explore students' 
understanding of the concepts that have been gained in 
the previous stage. At this stage students also work in 
groups. The presence of group learning will involve 
students playing an active role in learning that 
emphasizes data analysis and critical thinking. If 
students understand the concepts found in the 
exploration and concept formation stages, they will also 
be successful in answering questions at the application 
stage. One of question provided in this stage can be 
shown in table 3. 

Based on the table above, the questions designed 
are used to explore further the concepts that have been 
gained in the previous stage. At this stage, 95% of the 
sample answered correctly. It is summarized that almost 
all samples were able to explain the concept of reaction 
rate. 

The last step is closing this stage also apply in the 
classroom face-to-face with the teacher. At this stage 
students will present the concepts that have been 
obtained in the previous step. After the presentation 
session ends, it will be followed by a question and 
answer session from other students to the presentation 
group. During this activity, the teacher only acts as a 
facilitator who organizes the presentation so that it runs 
well. After the question and answer session is over, the 
teacher and students will strengthen and confirm the 
concepts that have been obtained by students before. 

The use of a flipped classroom system by implementing 
a guided inquiry model is useful for optimizing time in 
class (Nuryadin et al., 2021). Collaboration between 
asynchronous and synchronous learning makes the time 
required by students to learn and understand the 
material more. Furthermore, the use of technology as a 
media in asynchronous learning allows students to learn 
anytime and anywhere. One of the factors that influence 
critical thinking skills is learning independence (Dores 
et al., 2020). This factor is in line with the guided inquiry-
based flipped classroom system where students are 
required to be independent in finding learning concepts. 
The benefits presented are directly proportional to the 
student learning outcomes that have been obtained in 
the study, which is 0.57 in the medium-high category. 

 
Table 3. Question in application stage 
Number Question 

1 If it is assumed that the volume of the tube is 2 
liters and the avogadro constant is 6.02 x 1023 

whereas the number of product particles formed 
is 12 x 1023. Convert the number of product 

particles formed into molarity? 
2 In chemistry practicum, the following reaction 

occurs 
2𝑁2𝑂5 → 4𝑁𝑂2 (𝑔) +  2𝑂2 (𝑔) 

After the reaction has gone on for 10 seconds, it is 
known that N2O5 is reduced from 2 mole/L to 0.5 
mole/L. What is the reaction rate of the reduction 

of N2O5? 

 

Conclusion  

 
This research proves that the guided inquiry-based 

student worksheet integrated with the flipped classroom 
system is effective for enhancing students' critical 
thinking skills. This can be seen from N-gain analysis 
and hypothesis testing. The n-gain for the control class 
and experimental class were 0.3 and 0.57 which were in 
the medium-high category. Hypothesis testing t' for the 
experimental class and control class found that ttable 1.997 
and tcount 6.13, this value indicates that H1 is accepted 
and Ho is refused. The enhancement of students' critical 
thinking skills is the main target for assessing the 
effectiveness of guided inquiry student worksheets and 
this is also in line with the demands of the curriculum 
2013. 
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