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Objective: The research aims to analyze the effectiveness of physics learning by 
applying technology or digital teaching materials significantly to improve students' 
critical thinking abilities. Knowledge regarding the need to use digital technology in 
educational institutions today can be used to implement innovative learning plans in 
the future. Method: The research was carried out using quantitative descriptive 
methods based on the data that had been obtained. Statistical tests in research involve 
the analysis of student response questionnaire results and literature reviews. Analysis 
of case study questionnaire responses on using technology in learning and the media 
needs of 92 students were analyzed using Exploratory Factor Analysis (EFA). 
Results:  Based on the case study analysis obtained using EFA analysis, the need for 
learning using digital technology is very high. The response of students' motivation and 
interest in future learning received the maximum response that students need 
interactive learning with the help of engaging digital media, one of which is virtual 
simulation, which is relevant in improving critical thinking skills. Novelty: 
Application of Exploratory Factor Analysis (EFA) to analyze students' needs for digital 
media to improve critical thinking skills in physics learning. With support, the 
literature review shows a relevant relationship between the needs and challenges of 
developing technology in current digital learning media in providing an impact on 
alternative aspects of cost, time, space, and security to improve critical thinking skills. 
This research can be used to plan innovative learning in the future. 

Keywords: 
Critical Thinking Skills 
Digital Technology 
Instructional Media 
Physics Learning 
Physics 
 

 

 
INTRODUCTION 
In the development of the Industrial Revolution 5.0, society will always be involved in 
digital-based information related to information-based technology, technological 
activities, network logic, flexible technology, and integrated systems (Surahman, 2020). 
This development certainly has an impact on educational processes and institutions. The 
aims and objectives of national education are to improve the quality of Indonesian people 
who are faithful, devout, and have noble characters, personalities, independence, 
discipline, professionalism, responsibility, and productivity (Hasibuan, 2023). Good 
education is also influenced by optimal learning. Learning must be carried out, planned, 
and interconnected with the supporting factors of education (Irmayanti et al., 2023).  With 
optimal learning, 21st-century skills can be improved (Kennedy & Sundberg, 2020; Le et 
al., 2022). One of the skills that students need to have is critical thinking skills. Critical 
thinking occurs when someone can reflect on their thoughts rationally based on the 
reasoning in determining the main idea or idea to solve a problem (Lintangesukmanjaya 
et al., 2024).  
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The challenge of realizing good learning is one of the problems faced by teaching staff. 
Cognitive development is related to increasing the ability to think, solve problems, and 
make decisions, as well as intelligence and talent (Anggraeni et al., 2022; Sumarni & 
Kadarwati, 2020). The decline in the quality of skills and numeracy in Indonesian 
education, which is below the average for OECD countries, is one of the problems 
(Almarashdi & Jararah, 2023; Sutrimo et al., 2024). This is due to the lack of maximum 
implementation of national learning models and media. Learning media is an instrument 
that can be used in communication activities between teachers and students to realize 
learning both virtual and in-person (Riyasni, 2023). Teaching media is a form of facility 
that students need in the KBM (Teaching and Learning Activities) process. The difference 
in the use of learning media influences students' comprehension of material, one of which 
is in physics learning.   

Physics learning, in general, examines the phenomena of the relationship between 
living things and natural phenomena using scientific theoretical concepts (Rizaldi, 2020). 
Physics has a level of cognitive understanding above average than most other subjects. 
Physics learning feels boring because the learning process is generally less interactive, so 
innovation or changes in learning methods need to be made (Maysyaroh & Dwikoranto, 
2021). Seeing these conditions, developments are certainly needed regarding using 
teaching materials given to students. One of the developments in learning media that is 
currently relevant is teaching materials using digital technology.  

Teaching materials using digital technology in learning are implemented to 
significantly impact educators' ability to develop digital competence (Sahronih, 2023). 
Digital teaching materials are a form of learning media that contain multimedia 
compositions with reading text content, images, videos, and visual animations in the 
form of information or learning materials that are integrated into the use of technology 
(Amelia, 2023). The content in digital teaching materials varies. This variation is the 
trigger in attracting students' enthusiasm for learning. The quality of learning is always 
directly proportional to the learning media and active learning without ignoring the 
character of the student's way of learning (Nurmaya, 2023). The application of technology 
in digital teaching materials is generally developed in the form of hardware or software 
with or without applications (Hastuti, 2023). The combination of multimedia elements 
makes digital teaching materials more interactive to use.  

Based on the above, it is necessary to analyze the current use of digital teaching 
materials through case studies and literature reviews. Effective learning instruments are 
teaching materials designed with an attractive design; the content is applicable and able 
to stimulate students' curiosity about the material provided in an informative manner so 
that it can improve students' cognitive abilities in certain subjects (Fitri, 2023). The 
effectiveness of teaching materials or instruments can be determined from their use 
results in terms of their effect on student learning outcomes and skills. This research aims 
to analyze the effectiveness of physics learning by applying technology or digital 
teaching materials, significantly improving students' critical thinking skills. Through 
Exploratory Factor Analysis (EFA) in physics learning to find out trends and factors that 
influence digital technology considerations used in learning. So, there is knowledge 
regarding the use of digital technology in educational institutions today and the 
effectiveness of digital teaching materials by several educational institutions. In that case, 
this can be used to learn how to implement innovative learning plans in the future. 
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RESEARCH METHOD  
General Background  
The research was carried out using quantitative descriptive methods based on the data 
that had been obtained. Quantitative research examines samples by statistically 
analyzing data using specific numerical samples (Pramudita et al., 2023). Primary data is 
obtained from observations in the context of case studies through student responses. 
Furthermore, secondary data was obtained from a literature review on the research's 
theoretical basis (Madyani et al., 2020; Rizalia & Wuriani, 2023). The following is a draft 
research design in Figure 1. 
 

 
Figure 1. Research Design 

 
Research Sample  
The research was carried out at high schools in Surabaya, East Java. Samples from the 
study were taken randomly from the entire population involved (Sutrimo et al., 2024). 
The total number of research samples was 92 students from several schools. Apart from 
that, data collection was also used, obtained from the results of analysis of reviews of 
relevant articles, and data reduction was collected through the results of previous data 
summaries. From the results of the data presentation, generalizations can be made to 
decide and verify new findings (Suliyanah et al., 2021). From the results of data analysis, 
knowledge was obtained about the effects of using digital teaching materials in 
improving critical thinking in physics learning. 

Instrument and Procedures 
This research was carried out with findings from case study data in the field and literature 
studies of relevant articles. Primary data was obtained from observations in the form of 
student response questionnaires. Furthermore, secondary data was obtained from a 
literature review on the research's theoretical basis (Madyani et al., 2020; Rizalia & 
Wuriani, 2023).  The response questionnaire instrument is applied to students by 
following the statement points in Table 1. 
 

Table 1. List of Student Questionnaire Statements 
No Questionnaire 
1 Learning physics is a lesson that is difficult to learn without the help of digital 

technology. 
2 Students can receive the material presented by the teacher well. 

Formulation of the 
Problem

Determining Research 
Design

Determining the Size of 
the Samplel

Data Retrieval EFA Analysis Conclusion
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No Questionnaire 
3 Physics learning currently carried out uses digital technology. 
4 Teachers have taught using digital media and teaching materials. 
5 Students are motivated if physics learning is carried out through active student 

activities such as practicums, discussions, and observations. 
6 Students are interested in whether physics learning activities involving digital 

technology learning media are carried out at school. 
7 Students need learning media that is easily accessible and interactive when 

learning physics. 
 
Data Analysis 
Research analysis was conducted using statistical tests from the research results (Hardani 
et al., 2020). Statistical tests in research involve student response questionnaire results 
and literature review analysis. Analysis of case study questionnaire responses on the use 
of technology in learning and students' media needs were analyzed using Exploratory 
Factor Analysis (EFA). Exploratory Factor Analysis (EFA) is used to identify structure 
and correlation in data sets consisting of many variables (Mohtar et al., 2024; Suprapto, 
2019). The results obtained are concluded and strengthened using the results of relevant 
article study literature based on the findings in the research objectives. 
 
RESULTS AND DISCUSSION 
Results 
Digital technology is necessary for the development of learning media. Interactive 
learning media can improve students' learning abilities (Idris et al., 2023).  
EFA Analysis Results 
EFA analysis (Exploratory Factor Analysis) was carried out to analyze the response to 
students' media needs. In reviewing the questionnaire, responses via KMO (Kaiser–
Meyer–Olkin) were obtained to prove the reliability of the questionnaire and correlation 
(Suprapto, 2016, 2019). The following are the results of the KMO analysis in Table 2. 
 

Table 2. KMO Test Results 
KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.557 
Bartlett's Test of Sphericity Approx. Chi-Square 56.388 

df 21 
Sig. 0.000 

 
Based on Table 2, it shows that the Kaiser–Meyer–Olkin (KMO) Value Is 0.557. the Bartlett 
test results are significant (df = 21, p < 0.001), indicating that the data is reliable and 
suitable for further analytical study (Ince et al., 2020). Apart from that, the results of the 
Eigenvalue diagram distribution obtained three main factors in the response 
questionnaire given to students in Figure 2. 
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Figure 2. Eigenvalue diagram 
 

Table 3. Eigenvalue Factors in the 3 Main Factors of Response Questionnaires 
Component 

Factor 
Initial Eigenvalues 

Total % (Variance) % (Cumulative of Variance) 
1 1.842 26.310 26.310 
2 1.396 19.943 46.252 
3 1.151 16.443 62.695 

 
From the results in Table 3, the three eigenvalue factors account for 62.695% of the total 
variance. This factor contains a questionnaire response to an analysis of students' needs 
in learning physics. Meanwhile, loading factors with a value <0.400 were excluded from 
the analysis (Suprapto, 2019). Other values measured in the total variance are between 
0.4706 and 0.8490. Overall, the Cronbach Alpha value is 0.633. In knowing the grouping 
of relationships between response questionnaire components it can be seen in the 
following data in Table 4. 
 

Table 4. Pattern Metrix in Questionnaire Response Factors 
Pattern Matrix 

 Component 
1 (KB) 2 (PB) 3 (EB) 

Students need learning media that is easily accessible 
and interactive in learning physics (7) 

0.769   

Students are interested in physics learning activities 
involving digital technology learning media are carried 
out at school (6) 

0.756   

Students are motivated if physics learning is carried out 
by involving active student activities such as practicums, 
discussions, and observations (5) 

0.566   

Physics learning currently carried out uses digital 
technology (3) 

 0.885  
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Pattern Matrix 
 Component 

1 (KB) 2 (PB) 3 (EB) 
The material presented by the teacher can be well 
received by students (2) 

 0.777  

Learning physics is a lesson that is difficult to learn 
without the help of digital technology (1) 

  0.853 

Teachers have taught using digital media and teaching 
materials (4) 

  0.661 

 
Based on data from Table 4, variables 7, 6 and 5 are in the same factor group KB (Learning 
Needs), variables 3 and 2 are in the PB (Learning Process) group and variables 1 and 4 
are in the EB (Learning Evaluation) group. All variables have a factor loading value > 
0.50, so they fulfill the existing component grouping where the variables are 
questionnaire statements. If analyzed from the average results of each response 
questionnaire, the following data is obtained in Figure 3. 
 

 

 
Figure 3. Average Student Response Results 

 
The highest agreement value was in questionnaire response number 7, which stated that 
students need learning media that are easily accessible and interactive to learn physics 
(Muflikhun & Setyarsih, 2022). The response with the lowest agreement was number 2, 
which means the students did not well receive the material presented by the teacher. 
Knowing the media analysis studies and learning models that students need is very 
important. 
 
Literature Study Results 
In using interactive technology-based teaching materials, some skills need to be 
improved. One of these skills is the ability to think critically. According to Ennis (1996), 
critical thinking skills are part of rational thinking or deep thinking based on reason in 
solving problems that require high confidence and are implemented and even 
familiarized with other people (Black, 1988; Fatmawati et al., 2020; Lintangesukmanjaya 
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et al., 2024; Yusuf, 2022). In strengthening arguments related to the relationship between 
using digital media to improve critical thinking skills, the results of a review of accredited 
and relevant articles were obtained as follows in Table 5. 
 

Table 5. Results of Literature Review of Relevant Articles 
Source Review 

Rosyida, K. M. I., & 
Prahani, B. K. (2025). 

Findings: The integrationof 3D digital modules, is crucial 
for improving students’ critical thinking skills in topics 
likerotational dynamics. 

Wardhani, S., Yusnita, 
D., & Astriani, M. (2025) 

Findings: The results of the implementation analysis at each 
meeting in the experimental class show that the 
implementation of learning with electronic LKPD has 
reached excellent criteria. 

Lintangesukmanjaya, R., 
Prahani, B., Marianus, 
M., Wibowo, F., Costu, 
B., & Arymbekov, B 
(2024) 

Findings: Future inquiry learning will change the CTS of 
SMA Negeri 2 Tuban students to the kinetic theory of gases. 
Because students need more understanding. 

Putri, S. J., & Prahani, B. 
K. (2024).  

Findings: Students still needhelp solving physics problems 
involving heat material, particularly regarding the five 
critical thinking skill indicators with applying more varied 
learning models, such as combining PBL withother 
technologies, such as Augmented Reality (AR) or Virtual 
Reality (VR). 

Riyasni, S., Purnama 
Yani, I., Kemala Sari, W., 
& Zulhendra, Z. (2023). 

Findings: This research shows that learning still does not 
use digital teaching materials, so it is necessary to develop 
teaching materials based on the PJBL learning model that is 
integrated with STEM to help students with project 
assignments. 

Kuswinardi, J. W. 
Rachman , A. ., Taswin, 
M. Z. ., Pitra, D. H. ., & 
Oktiawati , U. Y. (2023) 

Findings: The use of AR greatly increases student 
engagement and creates a more engaging and interactive 
learning experience. Furthermore, AR has also been proven 
to improve understanding of learning content and allows 
learning to be tailored to individual student needs. 

Susanti, E., Septiana, S., 
Meilinda, S., & Rosa, I. 
M. (2023) 

Findings: Based on research results, Google Sites-based e-
modules can be an effective learning medium to facilitate 
and develop students' critical thinking skills through a 
structured and interactive approach. 

Nusroh, H.,  Khalif, M. 
A., &  Saputri, A. A. 
(2022) 

Findings: Augmented Reality learning media has been 
successfully developed on optical materials. The feasibility 
test results show that Augmented Reality-based physics 
learning media is suitable for use as learning media, with a 
feasibility score percentage of 78.79% (valid) based on 
media experts and 90% (very (very valid) based on material 
experts. 
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Source Review 
Sinaga, P., & Setiawan, 
W. (2022) 

Findings: Students responded positively to EITM stored 
and operated on their cellphones while improving their 
critical thinking skills. 

Faridi H, Tuli N, Mantri 
A, Singh G, Gargrish 
S. (2021) 

Findings: AR-based learning has a significant positive 
impact on students' critical thinking skills and learning 
gains in physics learning. 

 
Discussion  
Based on the case study analysis obtained using EFA analysis, the need for learning using 
digital technology is very high. It was found that the factors that influence students' needs 
are the learning process factors (PB) which have the highest average value, explaining 
that students' needs are very basic in process needs. The process in question is teaching 
and learning activities in class, by knowing the realization of activities or learning 
processes in class, students can consciously analyze the needs they want, these needs are 
in line with the needs of digital technology in learning physics. Apart from that, students' 
motivation and interest in future learning received the maximum response that students 
need interactive learning with the help of interesting digital media to increase interest 
and motivation (Lu & Rameli, 2023). 

In producing technology-integrated learning here, innovative learning is assisted by 
digital media. The literature review found many uses of E-books, E-modules, Augmented 
Reality (AR), or Virtual Reality (VR). in digital technology-based learning media. This 
learning media is suitable for helping students acquire critical thinking skills, especially 
in physics. According to Prastyo (2021), digital teaching materials are one of the 
important components in achieving learning goals. In line with Riyasni's (2023) 
statement, digital teaching materials can communicate between teachers and students in 
virtual and face-to-face learning.  Using digital teaching materials is effective for 
independent learning, so students can still learn even if they are not accompanied by a 
teacher (Mella, 2022). However, several previous studies have been on applying 
technology-based learning media, such as e-books, e-modules, augmented reality (AR), 
and virtual reality (VR). The use of digital teaching materials is minimal due to a lack of 
innovation and limited capabilities of individuals and resources. 

Based on the literature review, using digital media in physics learning can also 
improve students' critical thinking skills. According to Safarati & Zuhra (2023), the 
physics learning model with AIR (Auditory Intellectually Repetition) assisted by e-
learning can improve students' CTS (Critical Thinking Skills). This is also in line with the 
findings of Susanti et al. (2023), that E-Module learning media can facilitate and develop 
students' critical thinking skills. Khaeruddin and Bancong (2022) also explained that 
STEM Education through PhET simulations can improve students' critical thinking skills. 
These findings indicate that using digital media in physics learning activities in the 
classroom has successfully improved students' critical thinking skills.   

Digital teaching materials need to be developed in physics learning. Using digital 
teaching materials is hoped to be a breakthrough in creating more interactive physics 
learning. Interactive learning assisted by digital teaching materials has a very high 
feasibility value and can be used in physics learning (Idris & Suhendi, 2021). Knowing 
how to improve students' abilities is essential when developing teaching materials and 
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digital media. Good learning media with integrated technology to improve the learning 
process (Jafnihirda, et al., 2023). The weakness of current digital media, which is often 
developed, lies in the virtual interactive aspect, which is less than optimal. Therefore, it 
is important to develop technology in learning media, primarily virtual simulations. 

The development of virtual simulation technology in digital learning media is a 
necessary update. Regarding cost, time, space, and security alternatives, virtual 
simulations are needed to provide a learning experience rich in visual cues and instant 
feedback (Isra et al., 2023). So, by prioritizing virtual simulations, we can improve our 
understanding of concepts when they are used in interactive learning. This digital media 
provides an engaging and visual impression that increases students' enthusiasm for 
learning physics. Virtual simulation design from innovation media used in experience-
based learning as a form of educational innovation by utilizing information technology 
provides a different atmosphere for students (Rizki et al., 2023). It is rare to develop 
virtual simulations in physics learning, so it is essential to develop effective learning 
using interactive digital media based on virtual simulation technology. 
 
CONCLUSION 
Fundamental Finding: Based on the case study analysis obtained using EFA analysis, the 
need for learning using digital technology is very high. The response of students' 
motivation and interest in future learning received the maximum response that students 
need interactive learning with the help of engaging digital media, one of which is virtual 
simulation, which is relevant in improving critical thinking skills. Implication: The 
development of technology in digital learning media has an impact in terms of alternative 
costs, time, space, and security by providing a rich learning experience with visual cues 
and instant feedback, which is needed to improve critical thinking skills. Limitation: The 
literature review provided is limited, with a research focus on physics learning 
technology and critical thinking skills. Future Research:  Knowing that it is rare to 
develop virtual simulations in physics learning, it is essential to develop effective 
learning by utilizing interactive digital media based on virtual simulation technology. 
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