
Volume 9 No. 2 December 2023  Jurnal Pendidikan Fisika dan Teknologi (JPFT) 

   

274 

The Effectiveness of the Problem Based Flipped Classroom 

Model with E-Modules in Improving Critical Thinking 

Skills of Pre-Service Physics Teachers
 
Sutrio, Ahmad Busyairi*, Aris Doyan, Kosim, & Hikmawati 

Physics Education Study Program, University of Mataram , Indonesia 

*Corresponding Author: ahmad.busyairi@unram.ac.id 

 
Received: 11 October 2023; Accepted: 11 December 2023; Published: 13 December 2023 

DOI: https://dx.doi.org/10.29303/jpft.v9i2.5826   

 
Abstract - Critical thinking skills are one of four skills that students must have in the 21st century. 

However, several research results show that students' critical thinking skills in Indonesia are still very 

low. This research aims to test the effectiveness of the Problem-Based Flipped Classroom (PBFC) model 

assisted by e-Modules in improving the critical thinking skills of prospective physics teachers. This type 

of research is quasi-experimental with a non-equivalent control group design. The research was 

conducted at the Physics Education Study Program at the University of Mataram. The research subjects 

consisted of 52 prospective physics teachers who were studying Basic Physics I. Data was collected 

using a critical thinking skills test given before and after treatment. The results of data analysis show 

that the average score of critical thinking skills of prospective physics teachers in the experimental class 

and control class both increased to the moderate category with N-Gain scores of 0.63 and 0.48 

respectively. Based on the results of the t-test at the 95% confidence level (𝑎 = 0.05) with the degree of 

freedom (dk= 𝑛1 + 𝑛2 −2 = 52) it shows that there is a significant difference in the increase in Critical 

Thinking Skills between the experimental class and the control class with a value of 𝑡ℎi𝑡𝑢𝑛g = 2.21 with 

a value of 𝑡𝑡𝑎𝑏𝑒𝑙 = 𝑡0.95 (52) = 2.01 (𝑡ℎi𝑡𝑢𝑛g > 𝑡𝑡𝑎𝑏𝑒𝑙). Apart from that, based on the results of the effect size 

calculation, it shows that the effectiveness of the E-Module assisted PBFC model in improving students' 

critical thinking skills relative to the conventional model is different in the large category. In other 

words, the PBFC model assisted by e-modules can be used as an alternative learning in the classroom 

to improve the critical thinking skills of prospective physics teachers or students in general. 
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INTRODUCTION 

Critical thinking skills are one of the 

skills that students must have in the 21st 

century. Critical thinking skills have now 

become a trend that is the main focus of 

learning in several developed countries in 

the world. Several developed countries such 

as the United States, Canada, Europe, 

Australia and New Zealand place critical 

thinking skills into their educational 

curriculum (Prayogi et al, 2018a; Howard, 

2018). Likewise in Indonesia, since 2013 

critical thinking skills have become one of 

the competencies that all students in 

Indonesia must have (Regulation of the 

Minister of Education and Culture of the 

Republic of Indonesia Number 73 of 2013). 

Considering the importance of critical 

thinking skills, several assessment programs 

at the international level include critical 

thinking skills as one of the domains in their 

assessment, including the PISA and TIMSS 

International Student Assessment Programs 

(Verawati et.al, 2018; Mullis et al, 2015). 

Based on the data provided by the two 

studies, it shows that the average score for 

the critical thinking domain of Indonesian 

students is always below the international 

average score (Simbolon, et.al, 2019). Apart 

from that, several previous research results 

also show that the critical thinking skills of 

Indonesian students from junior high school 

(SMP) to tertiary education (PT) are still 

low. This is proven by the research results of 
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Kassiavera et.al, (2019); Farcis, (2019); 

Makhrus et.al, (2020); Safitri et.al, (2021) 

show that students' critical thinking skills, 

especially in solving physics problems, are 

still very low. The results of this research 

indicate that the learning activities 

implemented in schools or universities have 

so far not been able to improve students' 

critical thinking skills. 

There are two main factors causing 

students' low critical thinking skills, namely 

curriculum and learning. A curriculum 

designed with a broad target material makes 

teachers or lecturers more focused on 

completing the delivery of all teaching 

material in accordance with the specified 

time. This has an impact on the low level of 

depth of material that students are able to 

absorb during class learning. Apart from 

that, the use of learning models and methods 

that are not oriented towards critical thinking 

activities can also cause students' low critical 

thinking skills (Soden, 1994); Bloomer, 

1998; Anderson et. al., 2001). One learning 

model that can be used to overcome limited 

face-to-face time in class and is oriented 

towards students' critical thinking activities 

is the Problem Based Flipped Classroom 

(PBFC) Model. 

PBFC is a combination of the Problem 

Based Learning (PBL) model with the 

Flipped Classroom (FC) learning design. FC 

is a type of Blended Learning (Hybrid 

Learning) whose process requires students to 

first study the material independently at 

home before the material is discussed in 

class (Susanti & Pitra, 2019). PBL is a 

learning model that involves students 

solving contextual problems through 

scientific procedures so that students can 

learn knowledge related to the problem 

(Ward & Peppard, 2002). Thus, the 

combination of FC and PBL allows students 

to spend time studying material 

independently outside the classroom and 

inside the classroom to solve more complex 

problems armed with the material they have 

studied previously (Chis et. al., 2018). It is 

hoped that this learning pattern can 

accelerate the process of assimilation and 

accommodation in students' cognitive 

structures so that the learning process in the 

classroom runs more effectively. Apart from 

that, the problem-solving process using the 

PBFC model can be carried out more 

effectively and optimally. 

Empirical evidence of the 

effectiveness of the PBFC model in 

improving students' critical thinking skills is 

the results of research conducted by Inayah, 

et.al, (2021); Faza, (2022) which shows that 

the PBFC model is effective in improving 

students' critical thinking skills. Apart from 

that, the research results of Srilaphat (2019); 

Damayanti et. al, (2020); Arnata et. al, 

(2020), also shows that the PBFC model is 

effective in improving students' high-level 

thinking skills. 

 

RESEARCH METHODS 

This type of research is a quasi-

experiment with a non-equivalent control 

group design (Frankel, et. al, 2012). The 

design of this research can be seen in Figure 

1 below. 

Table 1. Research Design 

 Pretest Treatment Posttest 

Experiment O1 X O1 

Control O1 - O1 

O1 = Critical thinking skills, X = PBFC Learning 

Model assisted by E-Module. 

 

This research was conducted at the 

Physics Education Study Program, Faculty 

of Teacher Training and Education, 

University of Mataram. The sample used in 

this research were all physics education 

study program students who were taking the 

Basic Physics I course. The instrument used 

in this research was a critical thinking skills 

test instrument. The test was carried out 
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twice, namely before treatment (pretest) and 

after treatment (posttest). The scoring 

technique uses a scale of 5 referring to the 

Ennis-Weir Critical Thinking Essay Test 

(EWCTET) scoring technique, where the 

highest score is +3, and the lowest is -1. 

Because the number of questions in this 

study consists of 6 questions, the maximum 

score is +18, and the minimum score is -6. 

Critical thinking ability criteria adapted from 

Prayogi et.al, (2018a), are presented in Table 

1 below. 

 

Table 2. Categorization of Critical Thinking 

Skills Using 5 Scales 
Intervals Category 

X > 11,00 Very Critical 

7,00 < X ≤ 11,00 Critical 

3,00 < X ≤ 7,00 Quite critical 

-1,00 < X ≤ 3,00 Less Critical 

X ≤ -1,00 Not Critical 

 

The pretest and posttest scores were 

then analyzed by calculating the average 

normalized gain (N-Gain) with the aim of 

finding out the criteria for improving the 

critical thinking skills of prospective physics 

teachers in both classes. The equation for 

calculating the average normalized gain is as 

follows (Hake, 1999). 

 
 

The results of the N-gain calculation 

are then interpreted using the criteria created 

by Hake (1999) with the provisions; N-gain 

≥ 0.7 (High), 0.3 < N-gain < 0.7 (Medium), 

and N-gain ≤ 0.3 (Low). 

To determine the difference in the 

increase in critical thinking skills of teacher 

candidates who were treated with the E-

Module assisted PBFC model and the 

conventional model, an inferential statistical 

test was carried out using the t-test 

(significance test). In addition, to determine 

the size of the impact (effect size) of 

implementing the PBFC model assisted by 

Interactive Video on improving the critical 

thinking skills of prospective Physics 

Teachers relative to increasing critical 

thinking skills with conventional learning 

models, an effect size calculation was 

carried out. The effect size in this study was 

sought by calculating the size of the 

standardized mean difference (d) with the 

following equation (Cohen, 1998). 

 

 
 

The calculation results were then 

consulted with the criteria created by Cohen 

(1998), namely; 0 < d < 0.2 (small effect); 

0.2 ≤ d ≤ 0.8 (medium effect); and d ≥ 0.8 

(large effect). 

 

RESULTS AND DISCUSSIONS 

The category or level of critical 

thinking skills of prospective physics 

teachers before and after being treated in the 

two class groups can be seen in Table 3 

below.

 

Table 3. Category of Critical Thinking Skills for Prospective Physics teachers 

Group N Pretest Category Posttest Category 

Experiment 28 -2,68 Not Critical 8,43 Critical 

Control 26 -2,46 Not Critical 6,06 Quite critical 

 

The data in Table 3 shows that the 

average critical thinking skills score of 

prospective physics teachers based on the 

pretest results in both the experimental class 

and the control class is in the non-critical 

category (Score ≤ -1.00). This means that the 
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level of critical thinking skills of prospective 

physics teachers in both class groups, 

especially in solving physics problems 

regarding particle kinematics, is very low. In 

fact, as many as 46% of prospective physics 

teachers were unable to answer correctly and 

provide basic explanations regarding 

particle kinematics. However, the posttest 

results showed that there was a change in the 

category or level of critical thinking skills of 

prospective physics teachers in both class 

groups. The average level of critical thinking 

skills in the experimental class was in the 

critical category (7.00 < X ≤ 11.00) while in 

the control class it was in the moderately 

critical category (3.00 < These results show 

that there is an influence of the PBFC model 

assisted by E-Modules and conventional 

learning models on improving the critical 

thinking skills of prospective physics 

teachers. 

Next, to determine the category of 

improvement in critical thinking skills in the 

two class groups, N-Gain was calculated. 

Data on the results of N-Gain Critical 

Thinking Skills for prospective physics 

teachers in both class groups can be seen in 

Table 3 below.

 

Table 4. Results of N-Gain Calculation for Critical Thinking Skills 

Group N Pretest Posttest N-Gain Category 

Experiment 28 -2,68 8,43 0,63 Medium 

Control 26 -2,46 6,06 0,48 Medium 

 

Data from N-Gain calculations in the 

experimental and control classes shows that 

there is an increase in the critical thinking 

skills scores of prospective physics teachers 

in both classes with a large increase (N-

Gain) in both class groups in the medium 

category. These results indicate that the 

application of the PBFC Model assisted by 

E-Modules and the conventional learning 

model are both able to improve the critical 

thinking skills of prospective teachers with 

the magnitude of the increase being in the 

medium category. 

Next, for a more in-depth analysis, an 

N-gain calculation was carried out for each 

Critical Thinking Skills indicator. The 

following are the results of the N-Gain 

calculation for each Critical Thinking Skills 

indicator.

 

Table 5. Data on Critical Thinking Skills for Each Indicator 

Critical Thinking Indicators Group Pretest  Posttest  N-Gain Category 

Elementary Clarification 
Experiment -0,14 1,93 0,66 Medium 

Control 0,04 1,46 0,48 Medium 

Advanced Clarification 
Experiment -0,20 1,96 0,68 Medium 

Control -0,20 1,35 0,48 Medium 

Inference 
Experiment -0,30 1,68 0,60 Medium 

Control -0,20 1,27 0,46 Medium 

Basic Suport 
Experiment -1,00 1,57 0,64 Medium 

Control -1,00 1,12 0,53 Medium 

Strategies and Tactics 
Experiment -1,00 1,29 0,57 Medium 

Control -1,00 0,88 0,47 Medium 

 

The data above shows that the average 

Critical Thinking Skills of prospective 

teachers has increased in all indicators of 

Critical Thinking Skills in both the 

experimental and control classes. The 

magnitude of the increase for all indicators 

of critical thinking skills in both classes was 

in the medium category. 
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To find out whether the increase was 

significantly different or not, a comparative 

statistical test was carried out using the t-test 

(significance test). Based on the results of 

the t-test at the 95% confidence level (𝑎 = 

0.05) with the degree of freedom (dk= 𝑛1 + 

𝑛2 −2 = 52) it shows that there is a significant 

difference in the increase in Critical 

Thinking Skills between the experimental 

class and the control class with a value of 

𝑡ℎi𝑡𝑢𝑛g = 2.21 with a value of 𝑡𝑡𝑎𝑏𝑒𝑙 = 𝑡0.95 

(52) = 2.01 (𝑡ℎi𝑡𝑢𝑛g > 𝑡𝑡𝑎𝑏𝑒𝑙). 

Next, to find out how big the impact 

(Effect) or effectiveness of implementing the 

PBFC model assisted by E-Modules is on 

improving the Critical Thinking Skills of 

prospective teachers relative to conventional 

learning models, an effect size calculation is 

carried out. The results of the effect size 

calculation are shown in Table 6. 

 

Table 6. Effect Size Calculation Results 

Group N N-Gain Std Cohen’s d Efektivias 

Experiment  28 0,63 0,019 
1,07 Large 

Control 26 0,48 0,018 

 

Based on the results of the effect size 

calculation, it shows that the implementation 

of the PBFC model assisted by the E-module 

has an impact on increasing the critical 

thinking skills of prospective teachers in the 

large category (d = 1.07). 

In this research, the experimental class 

was treated with the PBFC model assisted by 

E-Module while the control class was treated 

with the conventional model. PBFC is a 

combination of the Problem-Based Learning 

(PBL) model with the Flipped Classroom 

(FC) learning design. PBL is a learning 

model that involves students solving 

contextual problems through scientific 

procedures so that students can learn 

knowledge related to the problem (Ward, 

2002). FC is a type of Blended Learning 

whose process requires students to first 

study the material independently at home 

before the material is discussed in class 

(Susanti & Pitra, 2019). The learning stages 

in the classroom using PBFC are the same as 

the PBL stages, namely; (1) Directing 

learners to the problem; (2) Organizing 

learners to learn, (3) Guiding a team 

experience; (4) Developing and represent 

products; and (5) Analyze and evaluate the 

problem-solving process (Astutia et al., 

2021; Habibah et. al., 2022; Fithriyana & 

Fikri, 2022; Tabroni et al., 2022; Triyanti, 

2022; Fitriyyah, & Wulandari, 2022 ). It's 

just that in this PBFC model, students are 

provided with initial knowledge before 

participating in the PBL process in the 

classroom. Because of this, the effectiveness 

of PBFC in improving students' critical 

thinking skills is almost the same or even the 

same as the PBL model.  

Each stage in PBL always involves 

critical thinking activities in it. First, at the 

stage of student orientation towards the 

problem. At this stage, the teacher gives 

students a problem, and students are invited 

to identify information, analyze the problem, 

provide a simple explanation, analyze the 

relationship between variables as a first step 

in formulating the problem, and identify or 

formulate criteria to determine possible 

answers to the problem. formulations that 

have been made and other critical thinking 

activities. Of course, these activities can 

support improving students' critical thinking 

skills. This statement is in line with the 

statement by Leicester & Taylor, (2010), 

namely that students learn to think critically 

gradually through habits that are trained in 

the form of activities to identify problems, 

formulate problems, and answer questions 

that require explanation. 
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The second step of the PBL model is 

organizing learning activities. At this stage, 

the teacher organizes students to make plans 

regarding the steps that must be taken. At 

this stage, several critical thinking activities 

can increase students' critical thinking skills, 

including; Selecting criteria for making 

solutions, formulating alternative solutions, 

determining temporary actions, reviewing 

the problems given, obtaining a number of 

solutions, and preparing rubrics to monitor 

the progress of planned activities. This 

activity can certainly train students' critical 

thinking skills, especially in the aspect of the 

ability to determine strategy and tactics. 

The third step of the PBL model is 

investigating to find a solution to the given 

problem (guiding a team experience). This 

process is dominated by critical thinking 

activities. At this stage, students observe 

phenomena and analyze and identify data, 

information, or concepts that are relevant to 

the given problem. This activity is closely 

related to the critical thinking process, 

especially for the Induce indicator and 

considering the results of induction and 

deduction. Likewise with the final stage of 

the PBL model. The final stage of PBL is 

analyzing and evaluating the problem-

solving process. Analyzing and evaluating 

activities are identical to critical thinking 

activities. 

Apart from that, empirically it also 

shows that PBL is effective in improving 

students' critical thinking skills. This can be 

seen from the research results of Aswan, et., 

al. (2018); Cahyono, & Dwikoranto, (2021); 

Ibrahim, et., al. (2019); Laksono, et., al. 

(2018); Nasihah, et., al. (2019); Nurhayati, 

et., al. (2021); Parno, et., al. (2019); Prayogi, 

et., al. (2018a); Putri, et., al. (2022); Putri, 

et., al. (2016); Ramadani, & , Murtiani, 

(2019); Safitri, et., al. (2021); Supriyanto, & 

Mustika, (2019); Verawati, et., al. (2018); 

Wulandari, et., al. (2020); and Yuliatia, et., 

al. (2018) which shows that the PBL model 

can significantly improve students' Critical 

Thinking Skills. Other research shows that 

the PBFC model can further improve 

students' critical thinking skills compared to 

conventional models (Triyanti, 2022). 

 

CONCLUSION 

It can be concluded that the application 

of the PBFC model assisted by e-modules 

can further improve the Critical Thinking 

Skills of prospective teachers when 

compared to the conventional model. In 

other words, the PBFC model assisted by e-

modules can be used as alternative learning 

in the classroom to improve the critical 

thinking skills of prospective physics 

teachers or students in general. This research 

tries to compare the extent of the difference 

in the effectiveness of the PBFC model 

assisted by e-modules with conventional 

learning models in terms of improving 

students' critical thinking skills. Researchers 

are interested in finding out the extent of the 

effect or impact of providing e-modules in 

problem-based learning. Therefore, the 

researcher suggests that future researchers 

be able to compare the PBL model with the 

PBL model assisted by e-modules or 

between the PBFC model assisted by e-

modules and PBFC assisted by media or 

other learning sources in order to see the 

magnitude of the influence of each variable 

combined or mixed and matched. 
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