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ABSTRACT 

To align with Assessment and Teaching of 21st-Century Skills (ATC21S), especially in the 

area of Critical Thinking Skills (CTS), it is crucial to embrace educational innovations that 

depart from traditional approaches and to incorporate technological advancements into 

the educational process. This study seeks to (1) elucidate how the PBL model, with the 

support of PHysBook, is employed to enhance students' CTS, (2) delineate the 

enhancements in students' CTS resulting from the implementation of the PBL model with 

PHysBook assistance, and (3) characterize the student responses following the adoption 

of the PBL model supported by PHysBook to boost learners' CTS. This research follows a 

true experimental design with randomly assigned subject control groups and pre-test and 

post-test evaluations. The study encompassed 140 tenth-grade high school students, with 

a sample size of 104 students.  The assessment of student activity in the control class has 

sufficient categories—the value of observation of student activities on CTS in the high 

category. There is a difference between O1 and O2 in class with the PBL model assisted 

by PHysBook in improving CTS with an increased rate in the high category with strong 

effect scores. The incorporation of PBL learning with PHysBook assistance to enhance 

CTS garnered positive feedback from students, making it a valuable innovation in the 

realm of education. In light of the study's limitations, it is recommended that future 

researchers explore similar investigations in different educational institutions or at 

various academic levels to compare the outcomes of CTS improvement. 
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Introduction  
 

In the pursuit of meeting the demands of The Assessment and Teaching of 21st-Century Skills 

(ATC21S), there is a realization of a modernized learning approach. This contemporary learning 

process necessitates the development of critical thinking (CT), creativity, effective communication, 

collaboration abilities, and innovative and scientific thinking (Astuti et al., 2019; Hastuti et al., 2019; 

Miras et al., 2023). In the twenty-first century, critical thinking skills (CTS) is crucial to allows students 

to be considerably more precise about what happens (Wafa & Jatmiko, 2022).  

According to information from the Organization for Economic Co-operation and 

Development (OECD), the CTS of Indonesian schoolchildren remains quite low, science performance 

scores are nine from the bottom (71) from 79 countries (Lentika & Admoko, 2022). They were then, 

based on preliminary study data conducted in two Senior High Schools (SHS) in Surabaya, with a 

total of 190 students. A total of 171 learners fell into the category of low CTS, 19 learners fell into the 

category of medium CTS, and none fell into the high CTS. Thus, it can be seen that students' CTS level 

is still in the low category in physics subjects (Saphira & Prahani, 2022). Other findings, in research by 

Saphira & Prahani (2022), learning is still carried out with conventional learning models and learning 

media based on physical books and work on boards. As a result, poor CTS is now a critical issue that 

requires quick attention.  

One subject that has many aspects related to the flow of CT is physics. Physics is based on 

experimental observations and quantitative measurements. The process of acquiring knowledge 

physics gives students the opportunity to hone their critical, creative, collaborative, and 

communication skills (the 4C's) (Estuhono et al., 2019; Khoiri et al., 2021a; Sarwi et al., 2019; Yuli et al., 

2022). Physics learning strongly supports integrating technology to motivate students to provide 

interest, convenience, and exploration space for users. In order to get significant education, physics 

has to prioritize higher-order thinking skills (HOTs), mainly CT (Lestari & Winarto, 2022). For 

instance, Susetyarini et al. (2022) state that students' collaborative, critical thinking, creative thinking, 

and communication skills were in the good category. There was an increase in the first and second 

cycles through problem-based learning. The findings of this study are problem-solving-oriented 

learning can improve classical 4C skills. 

Previous research by Wijayanto et al. (2021) shows that using PBL models is very good for 

physics learning. Educators have demonstrated for the past 50 years that PBL successfully enhances 

students' cognitive and social learning skills. Furthermore, Samadun & Dwikoranto (2022) concluded 

that applying the PBL model could improve students' CTS. Research by Prahani et al. (2022) shows 

that the utilization of Android-based educational tools for physics instruction is on the rise, and the 

ongoing digitization of physics learning is a gradual and continuous trend (Jatmiko et al., 2021). In 

line with research by Saphira (2022), mobile-based learning has increased publication trends over the 

past ten years. Thus, research on mobile-based learning is in demand by researchers, and there needs 

to be development and implementation in schools. Research by Bakri et al. (2021), Develop an 

Android-based Pocket Book application on physics learning. The resulting development shows that 

the product can be used effectively and efficiently. As well as research by Bani & Masruddin (2021) 

also developed research on Android-Pocket Book on harmonic oscillation material. The results show 

that android-pocket book learning media is effective for improving learners' cognitive learning 

outcomes (Rahmasari & Kuswanto, 2023), and learners tend to respond positively to android-based 

learning media. Based on the description above, in order to meet ATC21S, especially CTS, it is 

necessary to have learning innovations that are different from traditional learning and apply 

technological digitalization in the learning process (Negoro et al., 2024; Ristanto et al., 2022). Only 

now, previous research has been limited to the development and implementation of ability indicators 

or even no previous research at related high schools that implement e-pocket book-assisted PBL to 

improve CTS. Utilizing PHysBook to support the implementation of the PBL model offers the 

following benefits: 1) Can be accessed offline (without being connected to the internet); 2) The 

development can be adjusted to the material to be applied; 3) High compatibility and easy to operate; 
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4) No privacy data is stored; 5) In accordance with the problems and needs of students.  However, to 

its initial development, PHysBook is still limited to Android operating systems and still in Indonesian 

Language. To further development its is will be upgrading to more variety operating systems and 

languages. Moreover, to its feasibility of PHysBook it is will be uploading to Google Playstore. 

 

Research Questions 

 
To meet the needs of schools and become the latest in this research, an e-pocket book-assisted 

learning innovation was prepared using the PBL model for high school students. Hence, this research 

raises the following inquiry: 

(1) How to implement the PBL learning model assisted by PHysBook to improve students' CTS?  

(2) How to improve students' CTS with the PBL learning model assisted by PHysBook? 

(3) How do students respond after implementing PBL assisted by PHysBook to improve students' 

CTS? 

 

Literature Review 

 

The Rational Between Learning Theory, PBL Models, and CTS Indicators 

 
One of the abilities that supports each of these 3 HOTs is CT. It follows that mastering CT is a 

prerequisite to learning the remaining 3 HOTs processes (Satriawan et al., 2020). CTS have been 

integrated into the Indonesian school curriculum since the introduction of the 2013 National 

Curriculum and continue to be part of the Curriculum Merdeka (Afdareza et al., 2020; Pahrudin et al., 

2021; Tyas et al., 2019). CTS students will make an effort to use logical thinking to comprehend and 

make difficult decisions, as well as to see how various systems are interconnected (Saputri et al., 2019). 

Physics lessons provide pupils the opportunity to build the 4C’s (Aliftika & Utari, 2019; Khotijah et al., 

2019).  

The four indicators in CT and problem taking process are interpretation, analysis, evaluation, 

and inference (Facione, 2020; Seventika et al., 2018). Using present-day technology as an instructional 

tool in conjunction with real-world difficulties experienced in daily life is one method of enhancing 

CTS, according to established educational theories (Antón-Sancho et al., 2023; Damayanti & 

Kuswanto, 2021; Wibowo, 2023; Wijayanto et al., 2023). Based on research by Ardianti et al. (2022) 

states that the the PBL model is supported by several foundational learning and developmental 

theories. Piaget's Individual Constructivism Theory emphasizes that learners build knowledge 

through personal experiences, while Vygotsky's Constructivist Social Learning Theory highlights the 

importance of social interactions and cultural context. PBL aligns with Bruner's Discovery Learning 

Theory by encouraging exploration and inquiry, and with Ausubel's Theory of Meaningful Learning 

by integrating new knowledge with existing cognitive structures. John Dewey's Theory of experiential 

learning is reflected in PBL's emphasis on engaging students in real-world problems and active 

participation. The relationship between learning theory, PBL syntax, and indicators of CTS is as in 

Table 1. 
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Table 1 

The relationship of learning theory, PBL syntax, and CT indicators 

Learning Theory Syntax of PBL CT Indicators 

Piaget 

Piaget saw that the 

process of constructing 

knowledge is carried out 

through assimilation and 

accommodation. 

 

 

 

 

 

 

Dewey 

Teachers should provide 

assignments with a problem-

solving focus and assist students in 

researching social justice and 

intellectual significance. 

 

Bruner 

Encourage students to select, 

retain and change information 

effectively by encouraging 

students to have hands-on learning 

experiences and conduct their own 

experiments for them to discover 

principles for themselves. 

 

 

Phase 1 

Orient students to 

problems. 

Interpretation 

In this case, giving 

impressions, opinions, or 

views on something is a 

problem given to 

learners. 

Phase 2 

Organizing learners on 

problems. 

Analyze 

Linking the information 

obtained with concepts 

and solving strategies. 

Vygotsky 

Although students are 

still involved in active 

learning, educators must 

actively guide every 

student's activity. 

 

Ausubel 

Assimilate new 

knowledge into learners' 

preexisting cognitive 

systems. 

Phase 3 

Support instructors' 

individual or group 

research projects. 

Phase 4 

Learners create and 

showcase demonstrations 

and artifacts. 

Phase 5 

Examine and assess the 

process of solving 

problems. 

Evaluation 

Review or review each 

troubleshooting step or 

identified information. 

Inference 

Make conclusions by 

attaching supporting 

evidence and explaining 

reasoning with logic. 

 

PHysBook (Pocket Physics E-Book) 

 
In this study, a media was implemented that helped in the process of implementing PBL in the 

classroom. The media is in the form of an application-based computer program with the name 

PHysBook or stands for Pocket Physics E-Book. The specifications of PHysBook  development are as 

in Table 2.  

 

Table 2 

Specification of PHysBook 

App Name : PHysBook Language  : Indonesia 

File Size : < 100 MB Operating systems : Android 

Link Download : unesa.me/PHysBookApk   Minimum Version : Nougat (Android 7.0) 

Application features : 1. Home start 

2. A pocket book of materials 

3. Teaching modules for teachers 

4. Students Worksheet  

5. Developer info 

   

 

The use of mobile-based Android as a learning medium has become one future technology 

with high flexibility (Prahani et al., 2022). Moreover, research by Hidayatulloh et al. (2020) the 

development of STEM-based textbook has a validity score of 3.70, categorizing it as very valid. 

Additionally, the increase in students' classical problem-solving skills was 0.75, placing it in the high 

https://drive.google.com/file/u/1/d/1fdORYaSN4ZX9oUX3YKV6Tvqp3Iv1gYO2/view?usp=share_link
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category. Furthermore, the percentage of students achieving completeness in problem-solving skills 

tests is 90%, indicating that STEM-based textbooks are effective in enhancing students' problem-

solving skills. In line with this, Kaukaba et al. (2022) developing “ABC - Acid & Base Chemistry" 

android mobile learning media that is valid, practical, and effective in improving students’ learning 

outcomes and motivation. The initial display and initial homepage in this application are as in Figure 

1a. 

 

Figure 1  

PHysBook start and home view 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            (1a)         (1b)               (1c)                (1d)                    (1e) 

 

If the user selects the student pocketbook sub-menu, a student pocketbook presentation will 

appear as in Figure 1b. Figure 1c shows Student Pocketbook Sub-Menu To 'Pengukuran' (Measurement) 

Material. If the user, especially the teacher, a presentation will appear to enter the access code so that 

students cannot access it freely. Previously, teachers would be assigned an access code. After typing 

the access code, namely 'GURUMODUL' as in Figure 1d then a presentation of teaching modules will 

appear as shown in Figure 1e. Figure 1e shows Teacher Teaching Module Sub-Menu Display After Access 

Code Successfully Entered. 

 

Methods 
 

This quantitative descriptive research method details the application of the PBL model with 

PHysBook support. The study follows a true experimental research (TER) with a randomized control 

group O1 and O2 design (Jatmiko et al., 2018). TER design research uses comparison or control groups 

to obtain definite results after treatment in a particular class (Nisa & Hariyono, 2019).  Furthermore, 

research flowchart is likely in Figure 2.  

 

The implementation process including 14x45 minutes course hours in total and 2x45 minutes 

in each learning, with PBL model that including theories of Piaget's Individual Constructivism 

Theory, Vygotsky's Constructivist Social Learning Theory, Bruner's Discovery Learning Theory, 

Ausubel's Theory of Meaningful Learning and John Dewey's Theory (Inayati, 2022). 
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Figure 2 

Research flowchart 

  
 

Population and Research Sample  
 

The study population is a subject or object with specific qualities and characteristics within the 

generalization area set by the researcher from whom conclusions are drawn. The research sample was 

taken based on the formulation by Slavin in equation (1) with an error tolerance  (e) is 5.00%. 

 

Sample = [Population / (1 + e2 x Population)]  (1) 

(Jatmiko et al., 2018) 

Thus, from 140 population students in this study, 104 samples of students were obtained, 

which will be used as research samples. Each class will be given an O1 as the initial stage of research. 

The pre-test (O1) is carried out so that researchers can analyze students' initial skills against critical 

thinking indicators. Then, applying the PBL model assisted by PHysBook will be applied to 

experimental class 1 (X1). While experimental class 2 (X2) will be applied learning with a PBL model 

but using PowerPoint media. For comparison, the conventional class (C) was enforced using the 

lecture method. In conventional classes, the learning process is carried out without unique learning 

models or media from researchers. After implementing these learning treatments, each class will be 

given a post-test (O2) to measure final CTS after classroom learning with specific models and media 

(Khoiri et al., 2021). 

Start 

Preliminary study Literacy study 

Formulation of the problem 

Preparation of learning and research instruments including the PHysBook 

Validation of PHysBook, research instruments and learning 

Revision? 

Implementation of pre-test in each research class 

Implementation of learning according to research 

design 

Observation of learning 

implementation 

Implementation of post-tests in each research class 

Implementation of processing, analysis, discussion of research data and 

finding limitation of the products 

Concluding the findings and writing the article Finish 

Research Preparation 

Stage (2022) 

Research 

Implementation 

Stage (2023) 

Yes 

No 
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Learning and Research Instrument  
 

This research uses learning tools to support the implementation of research, namely teaching 

modules, Student Worksheets (SW), and PHysBook. The research tools employed in this investigation 

include observation forms for monitoring the learning process and assessing CTS, alongside 

observation sheets and questionnaires to gauge student responses. The observation sheet for learning 

implementation and CTS is an assessment sheet filled out by one class teacher and two students 

designated observers to observe researchers during the learning process in class. 

A learning tool is said to be suitable for use if it has gone through a validation and reliable 

assessment process. Learning devices and instruments are validated by selected lecturers at the 

Department of Physics, Surabaya State University. The devices that must go through the validation 

stage before use are teaching modules, SW, and PHysBook. Then, the research instruments that go 

through the validation stage are critical thinking test sheets, observation sheets on learning 

implementation and CTS. In order to ascertain the validity criteria of produced items and 

technologies, data on the outcomes of validity evaluation are conducted through descriptive analysis 

(mean) on the significance of the approach of each feature. Furthermore, Cronbach Alpha values are 

employed to assess the dependability of technologies and goods using validity result data (α). 

Device validation is carried out by three expert lecturers as validators. The assessment range is 

between 1–4 with criteria (1) very poor, (2) poor, (3) good, and (4) excellent.  The validation results 

and reliability of learning tools and research instruments are showing that the average validation 

mode value for 8 aspects of assessment in experimental class 1 teaching module is 3.14 or with valid 

categories. It was concluded that the teaching module in experimental class 1 was suitable for use. The 

average validation score for 8 aspects of assessment in the experimental class 2 teaching module is 

3.25 or with a very valid category. It was concluded that the teaching module in experimental class 2 is 

worth using. Experimental media validation sheet 1 in the form of the PHysBook application  which 

was assessed by validators with 19 aspects of learning media both the feasibility of content, language 

and presentation of 3.53 with very valid categories. The average value of validation mode for 19 

aspects of assessment in experimental class 2 learning media in the form of power points is 3.42 with a 

very valid category. It was concluded that the learning media in both experimental classes were 

feasible to use. Further analyzed shows that the SW validation sheet consists of 18 aspects that will be 

assessed by validators in terms of format, language and content, the average validation mode value 

for 18 aspects of assessment in SW is 3.44 with a very valid category, so it is concluded that SW is 

feasible to use. 

The question instrument validation sheet consists of two aspects in terms of content and 

language for each indicator of CTS. For each of the three research courses, pre- and post-test question 

forms were utilized. The average value of the validation mode is 3.19 with valid categories, so it is 

concluded that the question instrument is suitable for use. The validation sheet of the teacher activity 

observation sheet consists of 10 aspects of objectives, learning elements and language. The average 

validation mode value is 3.70 with a very valid category. The results of the student activity 

observation sheet showed an average validation mode value of 3.70 with a very valid category. It was 

concluded that the observation sheet of student activities was suitable for use. 

In the study, reliability testing was carried out to determine the level of stability or accuracy of 

an assessment. The reliability of a learning device and instrument is measured using SPSS software. 

Learning aids and research equipment are regarded to be trustworthy if 0.60 ≤ ≤ 1.00 and unreliable if 

𝛼 < 0.60  (Jatmiko et al., 2018). Assess the reliability of each learning tool and research instrument. 

Reliability is calculated using SPSS with regard to decision making. Experimental teaching module 1 

has a value of 0.72 with a high category based on intervals. Experimental teaching module 2 has 0.61 

with medium category. Experimental media 1 and experimental media 2 each have values of 0.75 and 

0.72 with high categories. SW is rated at 0.74, indicating high reliability. The research instruments, 

including pre-test and post-test sheets, score 0.66, signifying a medium level of reliability. The 

response questionnaire achieves a reliability score of 0.83, classified as high. The observation sheets for 
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both teachers and students score 0.78 and 0.77, respectively, falling within the high reliability range. In 

summary, all utilized learning tools and research instruments are considered reliable. 

 

Data Analysis Techniques  
 

Observational Analysis of Learning Implementation and CTS 

Data analysis on the results of this observation aims to determine the implementation of a 

learning process carried out in experimental and control classes using the PBL model assisted by 

PHysBook with observers of one physics teacher and two physics education students. The analysis 

learning implementation carried out by observers is analysed using equation (2) with category 

intervals in Table 3. 

 

Response (%) =
Total Score

Ideal Score
x100  (2) 

 

Table 3  

Learning success rate interval 

 

Learning 

Implementation 

Achievement 

Category 
Learning 

Success Rate 

Learning 

Implementation 

Achievement 

Category 
Learning 

Success Rate 

3.50 – 4.00 Excellent Success 1.50 – 2.49 Moderate It did not work 

2.50 – 3.49 Good Success 0.00 – 1.49 Less It did not work 

 

Analysis of Improving Learners' CTS 
 

Learners' CTS can be measured in writing using O1 and O2 scores. Learners' O1 and O2 scores 

were analyzed using difference tests and N-gain analysis. Prior to the disparity test, the homogeneity 

testing and a normal distribution test are used to ascertain whether O1 and O2 are from a 

homogenous population and have a normal distribution. The N-gain criteria are based on  Adilla & 

Jatmiko (2021) and Wardani & Jatmiko (2021) that ⟨g⟩ < 0.30 is low criteria, 0.30 ≤ ⟨g⟩ <0.70 is in 

moderate criteria, and ⟨g⟩ < 0.70 is in high criteria. Effect size is a value that measures the intensity of a 

population's link between two variables or a sample-based calculation for that amount. In this study, 

the effect size was calculated based on Cohen's d with intervals of 0.00 – 0.20, Very Low, 0.21 – 0.5 

Low, 0.51 – 1.00, Moderate and > 1.00 Strong (Lestari et al., 2021b; Prahani et al., 2022,). Cohen's d 

concludes that the greater the value, the more significant the difference between the control and 

experimental groups (Goodman et al., 2019).   

 

Analysis of Student Response Questionnaire Sheets 
 

Positive and negative comments are applied equally in the Likert Scale evaluation of 

responses from pupils surveys. Then, convert the percentage of learner response values into 

categories, 0.00 – 19.00, Very lacking; 20.00 – 39.00, Lack; 40.00 – 59.00, Moderate; 60.00 – 79.00, Good; 

80.00 – 10.00, Excellent (Lestari et al., 2021a). 

Findings  

Analysis of the Implementation of the PBL Learning Model Assisted by PHysBook  

Teacher Activity 

Teacher activities during learning are observed and assessed to determine the suitability of 

teacher activities with the stages of the PBL model and the media that have been implemented. Data 

from the analysis of observations of teacher activity are shown in Table 4. 
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Table 4  

Results of the assessment of observations of teacher activities 

 

No. Assessment Aspect Average Percentage Category 

Opening 

1 
The teacher opens the learning with greetings, prayers, giving receptions, and 

delivering learning steps. 
4.00 100.00 Excellent 

Phase 1 

2 The teacher provides a stimulus regarding the importance of measurement. 4.00 100.00 
Excellent 

3 The teacher gives a problem and asks students to give an initial interpretation. 4.00 100.00 

Phase 2 

4 The teacher asks students to form groups of 4-6 people and then distribute SW. 4.00 100.00 

Excellent 
5 

Teachers provide opportunities for learners to analyze problems and get relevant 

information related to the material.  
4.00 100.00 

Phase 3 

6 Teachers guide students to collect data or explore problems assisted by PHysBook. 3.67 91.67 

Excellent 
7 

The teacher guides students to analyze the results of their group discussions 

related to the problems presented at SW.   
4.00 100.00 

Phase 4  

8 The teacher guides the learners to make an inference from the solution they find. 3.67 91.67 Excellent 

9 
The teacher asked each group to present the results of their discussion through a 

presentation.  
3.00 75.00 Good 

Phase 5  

10 
Teachers facilitate class discussion activities related to inter-group evaluations that 

present the results of their discussions. 
4.00 100.00 

Excellent 11 The teacher confirms the results of the class discussion.  4.00 100.00 

12 
The teacher asks students to provide final inferences on the learning process that 

has been carried out. 
3.67 91.67 

Closing  

13 
Teachers provide opportunities for students to ask questions about what they still 

need to understand. 
4.00 100.00 

Excellent 

14 The teacher ends the lesson by praying and greeting and thanking. 4.00 100.00 

Average 3.86 96.43 Excellent 

 

Table 4 indicates that the mean value derived from the assessments of the three observers is 

3.86. The analysis of teacher activity observations yields an average percentage of 96.43%, falling into 

the "very good" category. Considering the average scores and percentages from the three observers, it 

is evident that nearly all phases and components of the teaching module are executed exceptionally 

well during the learning process. 

 

Student Activities 
 

Student activities during learning are observed and assessed to determine the suitability of 

teacher activities with student activities to the stages of the learning model PBL assisted by learning 

media to train CTS of student activities are shown in Table 5.  

 

Table 5  

The results of observational activities of learners with indicators of CTS 

 
Class Average Score Category 

X1 3.53 88.30 Excellent 

X2 3.20 80.00 Good 

C 2.44 60.89 Moderate 
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Overall, the evaluation of CTS in X1 yielded an average score of 3.53 out of a possible 4.00, 

signifying that student involvement in learning through the PBL model with PHysBook support falls 

within the excellent range. X2 achieved a score of 3.20, categorizing it as good, while the C class 

obtained an average score of 2.44, which is considered moderate.  

 

Analysis of Learners' CTS Improvement with the PBL Model Assisted by PHysBook   

 

Test Prerequisites 
 

Prerequisite testing is fundamental for establishing which test statistics are required, whether 

the test uses parametric or non-parametric statistics. Normality tests were performed on O1 and O2 

scores using Kolmogorov-Smirnov. Table 6 is the result of a normality test using Kolmogorov-

Smirnov with SPSS. Table 6 shows that each class's normality test results in the O1 and O2 have a sig 

value. < 0.05 so that H0 is rejected. It was concluded that the data was not normally distributed. 

Homogeneity test used based on Levene. 

 

Table 6  

Findings of normal distribution testing with kolmogorov-smirnov in SPSS 

 

Classes 
Kolmogorov-Smirnova Shapiro-Wilk 

Hypothesis 
Statistic df Sig. Statistic df Sig. 

O1 X1 0.21 

35.00 

0.00 0.88 

35.00 

0.00 

H0 rejected: Data is not 

normally distributed 

O2 X1 0.16 0.02 0.83 0.00 

O1 X2 0.21 0.00 0.88 0.00 

O2 X2 0.17 0.01 0.91 0.01 

O1 C 0.19 0.01 0.88 0.00 

O2 C 0.26 0.00 0.86 0.00 

 

Table 7  

O1 and O2, homogeneity test results, based on the mean 

 
 Levene Statistic Sig. Hypothesis 

O1 2.26 0.10 H0 accepted: Data 

homogeneous O2 2.70 0.07 

 

Table 7 shows that the homogeneity test results on the O1 based on the mean have a sig value. 

> 0.05 which is 0.10 > 0.05 so that H0 is accepted. It was concluded that the data were homogeneously 

distributed for O1 assessment. Table 7 indicates that the homogeneity test result on the O1 based on 

the mean has a Sig value. > 0.05 i.e. 0.07 > 0.05 so that H0 is accepted. It was concluded that 

homogeneously distributed data for O2 assessment. 

 

Improved CTS of Learners 
 

Several assessments were carried out to measure the impact of the educational tool on 

students' CTS in every research groups. The data proved abnormally distributed; the difference test 

analysis used the Wilcoxon non-parametric test. The results of the Wilcoxon difference test in each 

class did not show a decrease from O1 scores to O2 scores; this was seen based on the negative rank 

values in each class showing 0.00 results.  
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Table 8  

Comparison of Average O1 and O2 Scores of CTS Indicators In Each Research Class 

 
Classes X Interpretation (1) Analysis (2) Inference (3) Evaluation (4) 

X1 O1 0.80 (L) 0.51 (L) 0.40 (L) 0.06 (L) 

O2 8.89 (H) 8.43 (H) 7.31 (H) 6.40 (H) 

X2 O1 1.54 (L) 0.69 (L) 0.23 (L) 0.06 (L) 

O2 3.43 (L) 1.91 (L) 0.29 (L) 0.11 (L) 

C O1 0.71 (L) 0.66 (L) 0.51 (L) 0.26 (L) 

O2 1.69 (L) 1.80 (L) 0.66 (L) 0.91 (L) 

 

Note. L is Low category and H is High category 

 

Based on Table 8 Interpretation indicators have the highest value from both O1 and O2 scores, 

while evaluation indicates CTS with the lowest value. The N-gain test was conducted to determine 

and analyse the level of improvement in students' CTS after being given learning treatment. Table 9 is 

the result of the N-gain calculation based on SPSS. 

 

Table 9  

N-gain and effect size results 

 
N-gain Effect Size 

Classes Statistic Category Class Effect Size Category 

X1 0.78 High X1-X2 0.80 Moderate 

X2 0.13 Low X1-C 0.76 Moderate 

C 0.10 Low X2-C 0.40 Low 

 

Table 9 shows that the N-gain result for X1 was 78.87 in the high category. X 2 showed a 

known N-gain of 13.91, while for the C class, an N-gain of 10.39. It was concluded that X 2 and C 

classes in the N-gain category were low. Furthermore, the effect size was calculated based on Cohen's 

d. Table 9 is the result of calculating the effect size value. Furthermore, Table 9 shows that the 

difference in effect between X1 and X2 is 0.80 with the medium category. The difference in effect size 

for experimental class 1 and control is 0.76 with the moderate category. X2 with C class has an effect 

size ratio 0.40 in the low category. 

 

Analysis of Learner Responses After the PBL Model Assisted by PHysBook 

Implementation to Improve Learners' CTS  

 

The student response questionnaire sheet applied to this study consists of 10 statements that 

will be assessed by each student in X1, X2, and C classes using per-item analysis with the Likert scale. 

Table 10 is the result of a student response questionnaire.  

 

Table 10  

Results of student response questionnaire 

 

Statement 
Students’ response (%) (n=104) 

1 2 3 4 

S1 0.00 (0.00) 11.76 (4.00) 32.35 (11.00) 55.88 (19.00) 

S2 41.18 (14.00) 58.82 (20.00) 0.00 (0.00) 0.00 (0.00) 

S2 2.94 (1.00) 14.71 (5.00) 41.18 (14.00) 41.18 (14.00) 
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Discussion 

 

Analysis of the Implementation of the PBL Learning Model Assisted by PHysBook  

 

Observations are carried out according to the phase of the learning model applied in each 

research class. X1 and X2 have 14 assessment aspects in 5 phases of PBL. The opening and closing of 

the lesson also complement the assessment aspect. Observation of learning is carried out for 2x45 

minutes in each learning meeting. At the opening stage, the teacher applied greetings, prayed, gave 

perceptions, and conveyed learning steps before starting learning (Anggraeni et al., 2023). Perception 

helps teachers attract students' attention and provide focus and attention to students so that learning 

begins immediately (Molloy et al., 2020; Qadir & Al-Fuqaha, 2020; Wolff et al., 2021). 

Table 4 Showing phase 1, getting an average score in the very good category. Phase 1 has 

aspects of teacher assessment, provides stimulus about the importance of the material and provides a 

problem, and asks students to provide initial interpretation. Phase 1 of the PBL model has one 

indicator of CT: interpretation. Interpretation asks students to give impressions or opinions and initial 

views on the problems given by the teacher (Amin et al., 2020).  

Observations in phase 2 show that the results of the assessment of teacher activity 

observations in Table 4 showed that phase 3 was carried out very well. In this phase, the indicator of 

CTS implemented is analysis. The analysis is performed to acquire data gathered from the issues that 

are supplied and while working on SW (Martawijaya et al., 2023; Suryawati et al., 2020). In line with 

this, the assessment of observations of student activities on the analysis indicators is in the very good 

category in X1 and X2. The C class had an assessment of learner activity in the sufficient category.   

Phase 4 is the teacher's activity to guide students to make an inference from the solution of 

physical problems in everyday life that they have found and present their artifacts or findings through 

presentations carried out very well. In phase 5, the teacher's activity, namely facilitating class 

discussion activities and forming an evaluation and final inference on learning, was carried out very 

well. In both phases, students can make conclusions about what they have found as a solution to 

physical problems in everyday life with the help of PHysBook. 

Table 4 also shows that the closing activities are carried out very well. At this stage, the 

teacher provides opportunities for students to ask questions related to what they do not understand to 

avoid misconceptions. In this aspect, the teacher ended the lesson by praying and saying greetings 

and thanks. Final learning sessions are necessary to give inferences from studying activities and 

confirmation of answers to physics issues in real life that pupils have provided during class through 

presentations (Monica et al., 2020).  

Table 5 demonstrate an assessment of student activity with indicators of CTS in X1 in the 

excellent category. Learners successfully meet the assessment of each aspect of learning in each 

indicator of CTS. X2 is in a good category, in order that learners still need help with inference 

indicators. When making presentations, learners need help to conclude the solution to the problem 

they make based on the analysis. In line with this, the assessment of student activity in the control 

class has sufficient categories. This is because the learning model used by the C class still uses a 

conventional model in the form of lectures, so in each indicator of CTS, students still need help 

conveying initial opinions, analysing, evaluating, and inferring. This problem is continuous with 

students who are not trained in CTS in the physics learning process, and no learning media supports 

learning (Koes-H et al., 2023). However, based on the Table 5, X1 had the highest student activity 

observation value compared to X2 and C classes.  
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Analysis of Learners' CTS Improvement with the PBL Model Assisted by PHysBook   

Improvement of CTS is carried out using O1 and O2 research instruments. Each O1 and O2 

consists of two questions, including indicators of CTS, O1, and O2 instruments were given to the 

entire research class. O1s are given before the researcher conducts treatment. O2 is given after 

researchers treat learning using certain media-assisted models. O1 and O2 research instruments have 

the same questions. Before the analysis of improving CTS, O1, and O2 data were tested using 

prerequisite tests, namely normality tests and homogeneity tests.  

Test normality using Kolmogorov-Smirnov with SPSS in Table 6 states that H0 is rejected or 

the data is not normally distributed. This is because the samples used are more than 30 samples or 

include big data, so the tested data is not normally distributed (Orcan, 2020). Furthermore, the 

homogeneity test, which aims to determine whether the assumption of homogeneity in each criterion 

has been achieved (Ilkorucu et al., 2022; Muhfahroyin et al., 2023, 2024). Based on Table 7 the 

homogeneity test result using the Levene test is H0 received or homogeneously distributed. 

Statistically, the measured population must be homogeneous for the measurement results to be valid 

and accurate (Clark et al., 2019; Sürücü, 2020).  

 

Figure 3 

Learners' O1 Answers on Interpretation Indicators 

  

 
 

The analysis continued with a difference test using a non-parametric Wilcoxon test because, 

based on prerequisite tests, the data was not normally distributed. Wilcoxon is a non-parametric test 

to measure the significance of the difference between 2 groups of data in pairs of ordinal or interval 

scales but abnormally distributed (Budiono & Prasetia, 2022). The results shows that H0 is accepted or 

there is a difference between CTS from O1 and O2. The difference is in the form of an increase in 

students' CTS. Based on the CTS of each class, it can be analysed based on indicators with the highest 

to lowest scores. Figure 3 is the average of O1 and O2 scores of CTS indicators. Interpretation is an 

indicator with the highest value in terms of O1 and O2.  

Figure 3 is an example of an answer to a question to provide an interpretation (opinion) in the 

form of a design drawing and size of the areca nut climbing frame of the three students during the O1. 

The answers given by students still need to be detailed and appropriate. Students only describe the 

frame of panjat pinang (a competition carried out by climbing an areca tree) without providing details 

of the size of the initial plan of climbing the areca nut. One of the students also only wrote an opinion 

without a significant solution to the existing problem. Learners struggle due to the must have a deeper 

understanding of the idea and the problem information (Abidah et al., 2020). This causes the value on 

the interpretation indicator on the O1 to be still in the low category. However, compared to other 

indicators, interpretation has the highest value. Because many learners still answer to interpretation 
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indicators, this is in line with the research of Basri et al. (2019), which concludes that interpretation 

indicators have a higher category than other indicators of CTS, such as evaluation and analysis. Refer 

to Figure 3 The value of the interpretation indicator on the O2 increased to the high category. There 

are examples of students' answers during the O2, as in Figure 4.  

 

Figure 4  

Learners' O2 answers on interpretation indicators 

 

 

 

 

 

 

 

 

 

 

Figure 4 shows that learners have successfully written answers to the requested aspects. After 

learning, students have understood the terms value, unit, and magnitude. This causes the score on the 

O2 to increase. Based on Table 8 the second highest indicator is analysis. Students are asked to analyse 

measuring instruments that can be used to make areca nut climbing frames that they have made. 

Students are also asked to write down the measured quantity, type of quantity, and unit on the tool, 

but during the O1, students only give a blank table with answers, as in Figure 5. 

 

Figure 5  

Learners' O1 answers on analysis indicators 

 
 

Most of these students need to explain how they will analyze the use of measuring 

instruments. Thus, students' answers must still meet a logical, systematic, and complete assessment. 

This discovery aligns with research by Saphira & Prahani (2022), which states that most students must 

explain how to model the problem in the analysis indicators. Students also do not add analysis based 

on the results of calculations they have done. The rise in CTS also showed up in the analysis 

indicators. The implementation of learning causes the value of the analysis indicator to increase from 

the low category to the high category. Figure 6 is an example of students' answers to analysis 

indicators during the O2. 
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Figure 6  

Learners' O2 answers on analysis indicators 

 
Based on Figure 6 Students have successfully named several measuring instruments that they 

will use when realizing their design, along with magnitudes, units, and dimensions. Students have 

met the assessment criteria on the analysis indicators, so there is an increase in CTS in the analysis 

indicators during the O2. The next indicator is inference. Inference indicators ask learners to make 

inferences from what they have designed regarding the solution to the problem presented (Prahani et 

al., 2023). Figure 7 is the learner's answer to the inference indicator during the O1.  

 

Figure 7  

Learners' O1 answers on inference indicators 

 
Figure 7 is a learner's O1 answer on inference indicators. One of the questions on inference 

indicators is to provide conclusions about the relationship of each variable on density. Based on 

Figure 7 the answer does not match what is requested. This causes the scores of the O1 students to be 

in the low category. Improvement of CTS in inference indicators also occurs based on Table 8. As for 

O2 answers on inference indicators, as in Figure 8.  

 

Figure 8  

Learners' O2 answers on inference indicators 

 
Figure 8 shows that learners have been able to mention the relationship between variables in 

density based on the results of observations in the previous point. This causes the O2 value on the 

inference indicator to increase. The next indicator is the evaluation indicator, which has the lowest 

value among the four indicators of CTS, based on Table 8. The student's answers on the evaluation 

indicator at the time of the O1 are blank, so the O1 score on the indicator has an average of 0.12. 

Examples of student answers as in Figure 9.  
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Figure 9  

Learners' O1 answers on evaluation indicators 

 
Figure 9 is a learner's O1 answer on the evaluation indicator. Students are asked to provide 

reviews related to what they have worked on. Evaluation indicators are indicators that students need 

to answer. Figure 9 is one of the answers filled in by students, but there is no further review of 

deficiencies or specific reviews related to the solutions they have described. Based on Table 8 

however, evaluation indicators still have an increase in value after the O2. Figure 10 is the answer 

from students to the evaluation indicators during the O2.  

 

Figure 10  

Learners' O2 answers on evaluation indicators 

 
 

Figure 10 illustrates that students effectively identified challenges encountered while 

designing the areca nut climbing frame. They displayed critical thinking by recognizing the difficulty 

of measuring an 8.00-meter length of bamboo with a roller meter. Consequently, there was an 

enhancement in CTS in the evaluation indicators during O2. To determine the extent of CTS 

improvement, an N-gain test was performed using SPSS. Table 9 reveals that the increase in CTS was 

rated as high for X1, and low for both X2 and the C class. Accordingly, the most substantial CTS 

improvement occurred in X1 following the implementation of the PBL model assisted by PHysBook. 

The next step involves an effect size analysis, which aims to gauge the strength of the relationship 

between two variables in a population or sample through the estimation based on Cohen's d (Lestari 

et al., 2021b; Prahani et al., 2020). Based on Table 9 shows that the difference in effect between X1 and 

X2 with the moderate category. This shows that the treatment of the PBL model assisted by 

PHysBooks has a more influential field operational impact on improving students' CTS. 

 

Analysis of Learner Responses After the PBL Model Assisted by PHysBook 

Implementation to Improve Learners' CTS  

 
Student response data is obtained from student response questionnaires filled out after the 

learning process through Google Forms. Based on Table 10 as many as 44.12% of students did not 
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agree that physics subjects were boring. Furthermore, 55.88% of students strongly agree that learning 

physics using PHysBook is fun and can be an innovation in classroom learning, and 58.82% of 

students disagree with the negative statement of using digital pocketbook-assisted PBL models in 

learning boring physics. Based on the results of interviews with several students, it was stated that: 

I am interested in learning Physics, especially using interesting learning media such as PHysBook, as 

well as fun classroom activities so that Physics does not feel difficult. -Fs 

Previously, physics lessons were troublesome and difficult to understand because learning only listened, 

but after learning to use applications and activities in class, I became interested in physics. My rational 

thinking about physics is getting more and more open. -Rz 

Hence, it response also match with the other preliminary studies, it is stated that using this e-

pocket book can be one of the alternative learning media that attract the interest and attention of 

students. In the following statement, all three research classes disagreed with the negative statement 

that CTS is not necessary for physics learning. Statements related to the use of digital pocketbook-

assisted PBL models can improve CTS, all three classes agreed. In line with this, the implementation of 

the PBL model assisted by PHysBook to improve CTS has a good response from students so that it can 

be used as an innovation in learning.  

 

Conclusion and Implications 

 

The implementation of the PBL learning model with the help of PHysBook was successfully 

implemented with a very good category. Learners successfully meet the assessment of each aspect of 

learning in each indicator of CTS. Learners still need help with inference indicators. In line with this, 

the assessment of student activity in the control class has sufficient categories—the value of 

observation of student activities on CTS in the high category. There is a difference between O1 and O2 

in class with the PBL model assisted by PHysBook in improving CTS with an increased rate in the 

high category with strong effect scores.  Based on the research problem's limitations, this study's 

drawback is that the research subject is limited to PHysBook-assisted in the measurement of physics 

material with an operating system (OS) Android only as a representative of improving CTS. To 

broaden the applicability and impact of the findings, future research should explore other educational 

contexts, operating systems, languages, and physics materials. Researchers can extend the study to 

different schools or educational levels to compare results and measure CTS improvements using 

PHysBook. Furthermore, developing the application for other operating systems and in multiple 

languages could enhance its usability and effectiveness. Future research should also consider 

implementing or developing new approaches on other physics materials to measure additional skill 

variables. These expansions will provide more detailed implications for practice and offer specific 

areas for future research based on the study’s limitations and findings. 

 

Funding 

The author (s) received financial support for the research and publication of this article from 

LPPM Universitas Negeri Surabaya, Indonesia. 

 

References 

  
Abidah, A., Hidaayatullaah, H. N., Simamora, R. M., Fehabutar, D., & Mutakinati, L. (2020). The 

impact of COVID-19 on Indonesian education and its relation to the philosophy of "Merdeka 

belajar." Studies in Philosophy and Education, 1(1), 38–49. 

Adilla, I. N., & Jatmiko, B. (2021). Keefektifan pembelajaran daring fisika SMA berbasis probing 

promting untuk meningkatkan keterampilan berpikir kritis peserta didik. PENDIPA Journal of 

Science Education, 5(3), 426–435. https://doi.org/10.33369/pendipa.5.3.426-435 

https://doi.org/10.33369/pendipa.5.3.426-435


Prahani, Saphira, Hariyono, Wibowo, & Bunyamin, 2024 

 

66 

  

Afdareza, M. Y., Yuanita, P., & Maimudah, M. (2020). Enhancing science process skills through 

conceptual teaching and learning related to water-savings and natural events concepts. Journal 

of Educational Sciences, 4(1), 146–152. 

Aliftika, O., & Utari, S. (2019). Profil keterampilan abad 21 siswa SMA pada pembelajaran project 

based learning (PJBL) materi gerak lurus. WaPFi (Wahana Pendidikan Fisika), 4(2), 141–147. 

Amin, S., Utaya, S., Bachri, S., Sumarmi, & Susilo, S. (2020). Effect of problem-based learning on CTS 

and environmental attitude. Journal for the Education of Gifted Young Scientists, 8(2), 743–755. 

https://doi.org/10.17478/jegys.650344 

Anggraeni, D. M., Prahani, B. K., Suprapto, N., Shofiyah, N., & Jatmiko, B. (2023). Systematic review of 

problem based learning research in fostering critical thinking skills. Thinking Skills and 

Creativity, 49, 1-11. https://doi.org/10.1016/j.tsc.2023.101334 

Antón-Sancho, A., Fernández-Arias, P., & Vergara-Rodríguez, D. (2023). Impact of the COVID-19 

pandemic on the use of ict tools in science and technology education. Journal of Technology and 

Science Education, 13(1), 130-158. https://doi.org/10.3926/jotse.1860  

Ardianti, R., Sujarwanto, E., & Surahman, E. (2022). Problem-based learning: Apa dan bagaimana. 

Diffraction, 3(1), 27–35. https://doi.org/10.37058/diffraction.v3i1.4416 

Astuti, A. P., Aziz, A., Sumarti, S. S., & Bharati, D. A. L. (2019). Preparing 21st century teachers: 

Implementation of 4C character’s pre-service teacher through teaching practice. Journal of 

Physics: Conference Series, 1233(1), 1-9. https://doi.org/10.1088/1742-6596/1233/1/012109 

Bakri, F., Putri, A. S. T., & Indrasari, W. (2021). Pocket book based on Android: Physics learning 

practice media in the 21st century. AIP Conference Proceedings, 23201-7. 

https://doi.org/10.1063/5.0037604 

Bani, M., & Masruddin, M. (2021). Development of an android-based harmonic oscillation pocketbook 

for senior high school students. Journal of Technology and Science Education, 11(1), 93–103. 

https://doi.org/10.3926/jotse.1051 

Basri, H., Purwanto, As’ari, A. R., & Sisworo, S. (2019). Investigating CT skills of junior high school in 

solving mathematical problems. International Journal of Instruction, 12(3), 745–758. 

https://doi.org/10.29333/iji.2019.12345a 

Budiono, B., & Prasetia, A. (2022). Studi perbandingan hasil uji wilcoxon pada data hasil pengukuran 

dan hasil kategori data penelitian kesehatan tingkat stress tekanan darah dan motorik halus. 

Jurnal Ilmiah Pamenang, 4, 8–15. 

Clark, L. A., Watson, D., Clark, L. A., & Watson, D. (2019). Constructing validity: New developments 

in creating objective measuring instruments. Psychological Assessment Manuscript, 1–51. 

Damayanti, A.E., & Kuswanto, H. (2021). The effect of the use of indigenous knowledge-based physics 

comics of android-based marbles games on verbal representation and critical thinking abilities 

in physics teaching. Journal of Technology and Science Education, 11(2), 581-593. 

https://doi.org/10.3926/jotse.1142  

Estuhono, E., Festiyed, F., & Bentri, A. (2019). Preliminary research of developing a research-based 

learning model integrated by scientific approach on physics learning in senior high school. 

Journal of Physics: Conference Series, 1185(1), 1-7. https://doi.org/10.1088/1742-

6596/1185/1/012041 

Facione, P. A. (2020). Critical thinking: What it is and why it counts. Insight assessment 

Goodman, W. M., Spruill, S. E., & Komaroff, E. (2019). A proposed hybrid effect size plus p-value 

criterion: Empirical evidence supporting its use. American Statistician, 73, 168–185. 

https://doi.org/10.1080/00031305.2018.1564697 

Hastuti, P. W., Setianingsih, W., & Widodo, E. (2019). Integrating inquiry-based learning and 

ethnoscience to enhance students' scientific skills and science literacy. Journal of Physics: 

Conference Series, 1387(1), 1-7. https://doi.org/10.1088/1742-6596/1387/1/012059 

Hidayatulloh, R., Suyono, S., & Azizah, U. (2020). Development of STEM-based chemistry textbooks to 

ımprove students’ problem solving skills. Jurnal Penelitian Dan Pengkajian Ilmu Pendidikan: E-

Saintika, 4(3), 308–318. https://doi.org/10.36312/e-saintika.v4i3.306 

https://doi.org/10.17478/jegys.650344
https://doi.org/10.1016/j.tsc.2023.101334
https://doi.org/10.3926/jotse.1860
https://doi.org/10.37058/diffraction.v3i1.4416
https://doi.org/10.1088/1742-6596/1233/1/012109
https://doi.org/10.1063/5.0037604
https://doi.org/10.3926/jotse.1051
https://doi.org/10.29333/iji.2019.12345a
https://doi.org/10.3926/jotse.1142
https://doi.org/10.1088/1742-6596/1185/1/012041
https://doi.org/10.1088/1742-6596/1185/1/012041
https://doi.org/10.1080/00031305.2018.1564697
https://doi.org/10.1088/1742-6596/1387/1/012059
https://doi.org/10.36312/e-saintika.v4i3.306


Prahani, Saphira, Hariyono, Wibowo, & Bunyamin, 2024 

 

67 

  

Ilkorucu, S., Broutin, M. S. T., & Boyaci, M. (2022). The effect of the critical thinking based 4 MAT 

instruction applied in science education on critical thinking dispositions. Journal of Turkish 

Science Education, 19(2), 641–659. https://doi.org/10.36681/tused.2022.142 

Inayati, M. (2022). Penerapan model pembelajaran berbasis masalah (problem based learning). Al 

Yasini: Jurnal Keislaman, Sosial, Hukum dan Pendidikan, 7(2), 144–159. 

https://doi.org/10.55102/alyasini.v7i2.4875 

Jatmiko, B., Sunarti, T., Prahani, B. K., Hariyono, E., Dwikoranto, D., Wibowo, F. C., Mahtari, S., 

Misbah, M., & Asy’ari, M. (2021). CTS on physics learning during COVID-19 pandemic: A 

bibliometric analysis using vosviewer. Journal of Physics: Conference Series, 1–9. 

https://doi.org/10.1088/1742-6596/2110/1/012020 

Jatmiko, B., Prahani, B. K., Munasir, Supardi, Z. A. I., Wicaksono, I., Erlina, N., Pandiangan, P., Althaf, 

R., & Zainuddin. (2018). The comparison of OR-IPA teaching model and problem-based 

learning model effectiveness to improve critical thinking skills of pre-service physics teachers. 

Journal of Baltic Science Education, 17(2), 300–319. https://doi.org/10.33225/jbse/18.17.300 

Kaukaba, S. Q., & Lutfi, A. (2022). ABC - acid and base chemistry: An android mobile learning media 

to ımprove students’ learning outcomes and motivation. Jurnal Penelitian Dan Pengkajian Ilmu 

Pendidikan: E-Saintika, 6(2), 77–92. https://doi.org/10.36312/esaintika.v6i2.737 

Khoiri, A., Evalina, E., Komariah, N., Utami, R. T., Paramarta, V., Siswandi, Janudin, & Sunarsi, D. 

(2021a). 4Cs Analysis of 21st century skills-based school areas. Journal of Physics: Conference 

Series, 1764(1), 1-9. https://doi.org/10.1088/1742-6596/1764/1/012142 

Khoiri, A., Evalina, K. N., Utami, R. T., Paramarta, V., Siswandi, S., Janudin, J., & Sunarsi, D. (2021). 

4Cs analysis of 21st century skills-based school areas. Journal of Physics: Conference Series, 

1764(1), 1-11. https://doi.org/10.1088/1742-6596/1764/1/012142 

Khotijah, K., Arsini, A., & Anggita, S. R. (2019). Pengembangan praktikum fisika materi hukum 

kekekalan momentum menggunakan aplikasi video tracker. Physics Education Research Journal, 

1(1), 37. https://doi.org/10.21580/perj.2019.1.1.3961 

Koes-H, S., Putri, S. F., Purwaningsih, E., & Salim, A. Y. (2023). The influence of flipped classroom in 

inquiry learning. The 3rd International Conference on Mathematics and Sciences Education 

(ICoMSE) 2019, 1–7. 

Lentika, D. L., & Admoko, S. (2022). Development of Newton gravity student worksheets on problem-

based learning model to improve students' scientific argumentation skills. Prisma Sains : Jurnal 

Pengkajian Ilmu dan Pembelajaran Matematika dan IPA IKIP Mataram, 10(3), 556–566. 

Lestari, N. A., & Winarto, G. H. (2022). Evaluation of CT ability through the development of 

contextual physics teaching materials assisted by Socratic questions. Jurnal Phenomenon, 12(1), 

1–16. 

Lestari, T., Supardi, Z. A. I., & Jatmiko, B. (2021a). Implementation of virtual classroom CT in high 

school physics classes. IJCSE, 209, 510–513. 

Lestari, T., Supardi, Z. A. I., & Jatmiko, B. (2021b). Virtual classroom CT as an alternative teaching 

model to improve students’ CTS in pandemic Coronavirus disease era. European Journal of 

Educational Research, 10(4), 2003–2015. https://doi.org/10.12973/EU-JER.10.4.2003 

Martawijaya, M. A., Rahmadanningsih, S., Swandi, A., Hasyim, M., & Sujiono, E. H. (2023). The effect 

of applying the ethno-stem-project-based learning model on students ' higher-order thinking 

skills and misconception of physics topics related to lake temple, Indonesia. Jurnal Pendidikan 

IPA Indonesia, 12(1), 1–13. https://doi.org/10.15294/jpii.v12i1.38703 

Miras, S., Ruiz-Bañuls, M., Gómez-Trigueros, I.M., & Mateo-Guillen, C. (2023). Implications of the 

digital divide: a systematic review of its impact in the educational field. Journal of Technology 

and Science Education, 13(3), 936-950. https://doi.org/10.3926/jotse.2249  

Molloy, E., Ajjawi, R., Bearman, M., Noble, C., Rudland, J., & Ryan, A. (2020). Challenging feedback 

myths: Values, learner involvement and promoting effects beyond the immediate task. Medical 

Education, 54(1), 33–39. https://doi.org/10.1111/medu.13802 

https://doi.org/10.36681/tused.2022.142
https://doi.org/10.55102/alyasini.v7i2.4875
https://doi.org/10.1088/1742-6596/2110/1/012020
https://doi.org/10.33225/jbse/18.17.300
https://doi.org/10.36312/esaintika.v6i2.737
https://doi.org/10.1088/1742-6596/1764/1/012142
https://doi.org/10.1088/1742-6596/1764/1/012142
https://doi.org/10.21580/perj.2019.1.1.3961
https://doi.org/10.12973/EU-JER.10.4.2003
https://doi.org/10.15294/jpii.v12i1.38703
https://doi.org/10.3926/jotse.2249
https://doi.org/10.1111/medu.13802


Prahani, Saphira, Hariyono, Wibowo, & Bunyamin, 2024 

 

68 

  

Monica, B., Putri, A., Dwi, A., & Putri, S. (2020). Analisis kompetensi pedagogik guru dalam tematik. 

Jurnal Pendidikan dan Konseling (JPDK), 3(1), 136–143. https://doi.org/10.31004/jpdk.v4i6.8817 

Muhfahroyin, M., Rachmadiarti, F., Mahanal, S., & Zubaidah, S. (2024). Improving critical thinking 

skills of low academic ability students through TPS and PBL integration in biology learning. 

Journal of Turkish Science Education, 20(4), 606–618. https://doi.org/10.36681/tused.2023.034 

Muhfahroyin, M., Rachmadiarti, F., Mahanal, S., Zubaidah, S., & Siagiyanto, B. E. (2023). Improving 

critical thinking of low ability students through TPS and PBL integration in biology learning. 

Journal of Turkish Science Education, 20(4), 606–618. https://doi.org/10.36681/tused.2023.034 

Negoro, R. A., Rusilowati, A., & Aji, M. P. (2024). Scratch-assisted waves teaching materials: ICT 

literacy and students’ critical thinking skills. Journal of Turkish Science Education, 20(1), 189–210. 

https://doi.org/10.36681/tused.2023.011 

Nisa, N. A., & Hariyono, E. (2019). Student response to the implementation of an ecopreneurship-

based modified free inquiry model on physics learning. IPF : Inovasi Pendidikan Fisika, 8(2), 

696–699. 

Orcan, F. (2020). Parametric or non-parametric : Skewness to test normality for mean comparison. 

International Journal of Assessment Tools in Education, 7(2), 255–265. 

Pahrudin, A., Misbah, A. G., Saregar, A., Asyhari, A., Anugrah, A., & Susilowati, N. E. (2021). The 

effectiveness of science, technology, engineering, and mathematics-inquiry learning for 15-16 

years old students based on K-13 Indonesian curriculum: The impact on the CTS. European 

Journal of Educational Research, 10(2), 681–692. https://doi.org/10.12973/eu-jer.10.2.681 

Prahani, B. K., Jatmiko, B., Pristianti, M. C., Satriawan, M., Amelia, T., & Makahinda, T. (2023). The 

dHOTLearn model to improve critical thinking skills of physics education program 

undergraduate. Journal of Higher Education Theory and Practice, 23(19), 1-11. 

https://doi.org/10.33423/jhetp.v23i19.6676 

Prahani, B. K., Jatmiko, B., Saphira, H. V., & Amelia, T. (2022). Android and web-based learning 

research during the last 10 years: How does it impact physics learning? International Journal of 

Interactive Mobile Technologies, 16(16), 74–99. https://doi.org/10.3991/ijim.v16i16.32985 

Prahani, B. K., Rizki, I. A., Nisa, K., Citra, N. F., Alhusni, H. Z., & Wibowo, F. C. (2022). 

Implementation of online problem-based learning assisted by digital book with 3D animations 

to improve student’s physics problem-solving skills in magnetic field subject. Journal of 

Technology and Science Education, 12(2), 379–396. https://doi.org/10.3926/jotse.1590 

Putra, W. T., Triwijaya, A., Menix, F., & Desnita, D. (2021). Meta-analysis of the effect of problem-

based learning model on understanding physics concepts of high school students. Jurnal Geliga 

Sains: Jurnal Pendidikan Fisika, 9(1), 26-38. https://doi.org/10.31258/jgs.9.1.26-34 

Qadir, J., & Al-Fuqaha, A. (2020). A student primer on how to thrive in engineering education during 

and beyond COVID-19. Education Sciences, 10(9), 1–22. https://doi.org/10.3390/educsci10090236  

Rahmasari, A., & Kuswanto, H. (2023). The effectiveness of problem-based learning physics 

pocketbook integrating augmented reality with the local wisdom of catapults in improving 

mathematical and graphical representation abilities. Journal of Technology and Science Education, 

13(3), 886-900. https://doi.org/10.3926/jotse.1962  

Reynders, G., Lantz, J., Ruder, S. M., Stanford, C. L., & Cole, R. S. (2020). Rubrics to assess CT and 

information processing in undergraduate STEM courses. International Journal of STEM 

Education, 7(1), 1-15. https://doi.org/10.1186/s40594-020-00208-5 

Ristanto, R. H., Kristiani, E., & Lisanti, E. (2022). Flipped classroom–digital game-based learning (FC-

DGBL): Enhancing genetics conceptual understanding of students in bilingual programme. 

Journal of Turkish Science Education, 19(1), 328–348. https://doi.org/10.36681/tused.2022.1124 

Samadun, S., & Dwikoranto, D. (2022). Improvement of students' CT ability in physics materials 

through the application of problem-based learning. IJORER : International Journal of Recent 

Educational Research, 3(5), 534–545. https://doi.org/10.46245/ijorer.v3i5.247 

Saphira, H. V. (2022). The trend of mobile learning implementation in science education from 2010 to 

2021. Jurnal Penelitian Pendidikan Sains, 12(1), 14–25. https://doi.org/10.26740/jpps.v12n1.p14-25. 

https://doi.org/10.31004/jpdk.v4i6.8817
https://doi.org/10.36681/tused.2023.034
https://doi.org/10.36681/tused.2023.034
https://doi.org/10.36681/tused.2023.011
https://doi.org/10.12973/eu-jer.10.2.681
https://doi.org/10.33423/jhetp.v23i19.6676
https://doi.org/10.3991/ijim.v16i16.32985
https://doi.org/10.3926/jotse.1590
https://doi.org/10.31258/jgs.9.1.26-34
https://doi.org/10.3390/educsci10090236
https://doi.org/10.3926/jotse.1962
https://doi.org/10.1186/s40594-020-00208-5
https://doi.org/10.36681/tused.2022.1124
https://doi.org/10.46245/ijorer.v3i5.247
https://doi.org/10.26740/jpps.v12n1.p14-25


Prahani, Saphira, Hariyono, Wibowo, & Bunyamin, 2024 

 

69 

  

Saphira, H. V., & Prahani, B. K. (2022). Profile of senior high school students’ CTS and the need for 

implementation of PBL model assisted by augmented reality book. Jurnal Pendidikan Sains 

Indonesia, 10(3), 579–591. https://doi.org/10.24815/jpsi.v10i3.25031 

Saputri, A. C., Sajidan, S., Rinanto, Y., Afandi, A., & Prasetyanti, N. M. (2019). Improving students’ 

CTS in cell-metabolism learning using stimulating higher order thinking skills model. 

International Journal of Instruction, 12(1), 327–342. https://doi.org/10.29333/iji.2019.12122a 

Sarwi, S., Ellianawati, E., & Suliyanah, S. (2019). Grounding physics and its learning for building 

global wisdom in the 21st century. Journal of Physics: Conference Series, 1171(1), 1-8. 

https://doi.org/10.1088/1742-6596/1171/1/012001 

Satriawan, M., Liliasari, Setiawan, W., & Abdullah, A. G. (2020). Analysing of pre-service physics 

teachers CTS profile in ocean wave energy topic. Journal of Physics: Conference Series, 1521(2), 1–

6. https://doi.org/10.1088/1742-6596/1521/2/022041 

Seventika, S. Y., Sukestiyarno, Y. L., & Mariani, S. (2018). CT analysis based on Facione (2015) - Angelo 

(1995) logical mathematics material of vocational high school (VHS). Journal of Physics: 

Conference Series, 983(1), 1–6. https://doi.org/10.1088/1742-6596/983/1/012067 

Sürücü, L. (2020). Validity and reliability in quantitative research. Business & Management Studies: An 

International Journal, 8(3), 2694–2726. https://doi.org/10.15295/bmij.v8i3.1540  

Suryawati, E., Suzanti, S., Zulfarina, A. R., Putriana, L., & Febrianti, F. (2020). The implementation of 

local environmental problem-based learning student worksheets to strengthen. Jurnal 

Pendidikan IPA Indonesia, 9(2), 169–178. https://doi.org/10.15294/jpii.v9i2.22892 

Susetyarini, E., Nurohman, E., & Husamah, H. (2022). Analysis of students’ collaborative, 

communication, critical thinking, and creative abilities through problem-based learning. Jurnal 

Penelitian Dan Pengkajian Ilmu Pendidikan: E-Saintika, 6(1), 33–42. 

https://doi.org/10.36312/esaintika.v6i1.584 

Turiman, P., Omar, J., Daud, A. M., & Osman, K. (2012). Fostering the 21st century skills through 

scientific literacy and science process skills. Procedia - Social and Behavioral Sciences, 59, 110–116. 

https://doi.org/10.1016/j.sbspro.2012.09.253  

Tyas, M. A., Nurkamto, J., Marmanto, S., & Laksani, H. (2019). Developing higher order thinking skills 

(HOTS) – based questions: Indonesian EFL teachers’ challenges. Proceeding of the 2nd 

International Conference on Future of Education, 52–63. 

https://doi.org/10.17501/26307413.2019.2106 

Wafa, Z., & Jatmiko, B. (2022). Learning physics with a free discovery model to improve CTS of high 

school students. Prisma Sains : Jurnal Pengkajian Ilmu Dan Pembelajaran Matematika dan IPA IKIP 

Mataram, 10(3), 637. https://doi.org/10.33394/j-ps.v10i3.5375 

Wardani, C. A., & Jatmiko, B. (2021). The effectiveness of TPACK-based learning physics with the PBL 

model to improve students’ CTS. International Journal of Active Learning, 6(1), 17–26.  

Wibowo, F.C. (2023). Effects of Augmented Reality Integration (ARI) based Model Physics 

Independent Learning (MPIL) for facilitating 21st-Century Skills (21-CS). Journal of Technology 

and Science Education, 13(1), 178-192. https://doi.org/10.3926/jotse.1800  

 

Wijayanto, B., Sumarmi, Utomo, D.H., Handoyo, B., & Aliman, M. (2023). Problem-based learning 

using e-module: Does it effect on student’s high order thinking and learning interest in 

studying geography? Journal of Technology and Science Education, 13(3), 613-631. 

https://doi.org/10.3926/jotse.1965 

Wolff, C. E., Jarodzka, H., & Boshuizen, H. P. A. (2021). Classroom management scripts: A theoretical 

model contrasting expert and novice teachers’ knowledge and awareness of classroom events. 

Educational Psychology Review, 33(1), 131–148. https://doi.org/10.1007/s10648-020-09542-0 

Yuli, E., Asmawati, S., Setyawati, E., Sastaviana, D. O., & Suseno, N. (2022). Penerapan problem based 

learning dengan aplikasi google meet dan google classroom untuk meningkatkan 4Cs pada 

pembelajaran fisika SMA. Jurnal Penelitian dan Pembelajaran Fisika, 8(1), 17–26. 

 

https://doi.org/10.24815/jpsi.v10i3.25031
https://doi.org/10.29333/iji.2019.12122a
https://doi.org/10.1088/1742-6596/1171/1/012001
https://doi.org/10.1088/1742-6596/1521/2/022041
https://doi.org/10.1088/1742-6596/983/1/012067
https://doi.org/10.15295/bmij.v8i3.1540
https://doi.org/10.15294/jpii.v9i2.22892
https://doi.org/10.36312/esaintika.v6i1.584
https://doi.org/10.1016/j.sbspro.2012.09.253
https://doi.org/10.17501/26307413.2019.2106
https://doi.org/10.33394/j-ps.v10i3.5375
https://doi.org/10.3926/jotse.1800
https://doi.org/10.3926/jotse.1965
https://doi.org/10.1007/s10648-020-09542-0

