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Abstract. This study aims to investigate the effectiveness of an interactive reading strategy supported by 

electronic learning materials in improving pre-service teachers’ knowledge in designing physics instruction 

based on a 4C-oriented PBL model. This study employed a pre-experimental design with a one-group pretest–

posttest approach. The participants were 24 pre-service physics teachers enrolled in a physics teaching planning 

course in a physics education program. Data were collected using multiple-choice knowledge tests 

administered before and after the intervention, as well as interview sheets. The data were analyzed using 

descriptive statistics, Rasch model analysis, and normalized gain (N-gain) to determine the level of 

improvement. The results indicate that the implementation of the interactive reading strategy supported by 

electronic learning materials significantly improved students’ knowledge in designing 4C-oriented PBL 

instruction. The mean posttest score was higher than the pretest score, with an N-gain value of 0.82, categorized 

as high. In addition, the distribution of knowledge levels shifted substantially from low and very low categories 

before the intervention to high and very high categories after the intervention. These findings suggest that the 

integration of interactive reading strategies with electronic learning materials is effective in facilitating self-

regulated learning and strengthening instructional design competence. This approach can be considered an 

alternative strategy to support the development of pre-service teachers’ pedagogical knowledge, particularly in 

designing physics instruction aligned with 21st-century skills. 

Keywords: Interactive Reading, Electronic Learning Materials, Problem-Based Learning, 4C Skills, Pre-
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1. Introduction 

The rapid development of science and technology in the 21st century has had significant implications 

for education, particularly in preparing students with essential competencies known as 4C skills. The 

4C skills: critical thinking, communication, collaboration, and creativity and innovation are essential 

for students, as they enable not only adaptation to change but also the capacity to act as agents of 

change. Students who possess critical thinking skills are able to filter information more selectively, 

distinguish between valid information and misinformation, and make decisions based on available 

alternatives. Strong communication skills enable students to effectively express ideas and arguments, 
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which is a key factor for success in the workplace. In addition, creative thinking skills contribute to 

the development of innovative products that address various problems, including limitations in 

infrastructure and natural resources. Meanwhile, collaboration skills are essential for building 

partnerships and networks in the 21st century. The 4C skills are not innate abilities but are developed 

through life experiences, both in formal education and in professional environments (Dilekçi & 

Karatay, 2023; Radifan & Dewanti, 2020). Training in 4C skills can be implemented across various 

disciplines, including physics education (Setiawati et al., 2020; Viyanti et al., 2021).  

 

The 4C skills are highly relevant to the characteristics of physics as a subject, which requires students 

to think systematically, structurally, and creatively (Novitra et al., 2021; Viyanti et al., 2021). In 

efforts to develop 21st-century competencies through physics education, the Indonesian government, 

through the 2013 Curriculum and the Merdeka Curriculum, mandates the use of student-centered 

learning models such as Problem-Based Learning (PBL). Through active and interactive learning 

approaches, students are trained to develop critical thinking skills by analyzing information, 

evaluating various solutions, and drawing logical conclusions. Problem-solving activities encourage 

students to generate creative solutions to challenges they encounter, while communication and 

collaboration skills are developed through teamwork, idea sharing, and effective interpersonal 

interaction. Furthermore, creativity and innovation enable students to generate new ideas that are 

applicable to real-life contexts. 

 

PBL is a learning model in which students engage in solving real-world problems without prior 

structured preparation, relying on sufficient prior knowledge to address the problem. This requires 

students to expand their existing knowledge and understanding while working collaboratively in 

groups. Learning is facilitated by a tutor or teacher, and students apply the knowledge they acquire 

to produce solutions to the given problems (Moallem et al., 2019; Tefera et al., 2024). A key 

characteristic of PBL is that the problems presented are ill-structured and do not have a single correct 

solution, thereby encouraging students to formulate questions and seek additional information.  

 

For the effective integration of 4C skills in physics learning, teachers must possess adequate 

knowledge and skills in designing instruction that supports these competencies (Aidoo, 2023; 

Darling-Hammond et al., 2017; Shulman, 1987), including pre-service teachers. This competency is 

essential for both in-service teachers and pre-service teachers in order to design effective learning 

experiences that prepare future generations to compete in an increasingly complex global era. 

 

However, preliminary evidence from universities in West Kalimantan, obtained through a knowledge 

assessment on 21st-century learning characteristics, 4C skills, 4C-oriented instructional design, and 

the Problem-Based Learning (PBL) model, indicates a concerning gap in pre-service teachers’ 

understanding. Data collected from 99 pre-service physics teachers (see Figure 1) reveal that their 

knowledge remains at a low level, particularly in relation to 4C skills and PBL (Nurhayati et al., 

2025). This gap is critical, as these competencies are essential for preparing students to meet the 

demands of 21st-century learning.  

 

This finding is consistent with prior research by Varas et al. (2023), which highlights that both in-

service and pre-service teachers possess limited knowledge of 4C skills and encounter difficulties in 

integrating, implementing, and assessing these skills in classroom contexts. Therefore, there is a clear 

need for targeted interventions to enhance pre-service teachers’ knowledge and capacity in designing 

4C-oriented learning environments. 
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Figure 1. Percentage Distribution Chart of Students at Each Knowledge Level 

 

One potential instructional strategy is the use of an interactive reading strategy supported by 

electronic learning materials. Interactive reading encourages active engagement with learning 

content through questioning, reflection, and discussion. When combined with electronic learning 

materials, this strategy provides flexible access to structured content, enabling students to learn 

independently while still receiving guidance through well-designed instructional resources. 

Electronic learning materials also facilitate the integration of multimedia elements, which can 

enhance understanding of abstract physics concepts and principles of instructional design.  

 

An interactive reading strategy is considered an effective approach for independent learning to 

develop students’ deep understanding of instructional content. In interactive reading activities, 

students do not merely read texts passively; instead, they are actively involved in interacting with the 

text. They are encouraged to ask questions, make predictions, and reflect on the reading material. 

Such interactions strengthen conceptual understanding and enhance students’ ability to design 

instruction grounded in deep comprehension (Banditvilai, 2020). This approach is also consistent 

with constructivist theory, which emphasizes the importance of active engagement in the learning 

process to deepen learners’ understanding of the material. A study by Shao et al. (2025) found that 

the implementation of an interactive reading strategy supported by electronic books can improve 

students’ ability to analyze information, stimulate intrinsic motivation to learn, and strengthen 

interest and focus in learning.  

 

Several studies have demonstrated that interactive learning strategies and digital materials can 

improve students’ conceptual understanding and learning outcomes (Bahari et al., 2021; Cordero et 

al., 2015; Merga, 2017; Varol & Erçetin, 2021). However, limited research has specifically examined 

their role in enhancing pre-service teachers’ knowledge in designing 4C-oriented PBL, particularly 

in physics education. This gap highlights the need for further investigation. 

 

Therefore, this study aims to enhance pre-service physics teachers’ knowledge in designing 4C-

oriented PBL through an interactive reading strategy supported by electronic learning materials. The 

research questions are as follows: (1) How does the implementation of an interactive reading strategy 

supported by electronic learning materials improve prospective teachers’ knowledge in designing 

physics instruction based on the 4C skill-oriented PBL model?; (2) How does the level of prospective 

teachers’ knowledge change after the implementation of an interactive reading strategy supported by 

electronic learning materials?. The findings of this study are expected to contribute to the 

development of effective instructional strategies in teacher education and provide practical 

implications for improving the quality of physics instructional design. 
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2. Method 

The research method employed in this study was a pre-experimental design using a one-group 

pretest–posttest approach (Fan et al., 2022; Little et al., 2019). This method was chosen because it 

allows the researcher to identify changes occurring before and after the treatment within a single 

group of participants, thereby providing an overview of the effectiveness of the implemented 

intervention.  

 

The participants in this study consisted of 24 pre-service physics teachers from a physics education 

program at a university in West Kalimantan, Indonesia. The sampling technique used was purposive 

sampling, which allows researchers to deliberately select participants based on specific criteria 

relevant to the research objectives (Etikan, 2016; Palinkas et al., 2015; Wannenburg & Curlewis, 

2023). Through this approach, the selected sample is expected to possess appropriate characteristics 

to provide in-depth information related to the phenomenon under investigation (Fitriati et al., 2024).  

 

The research procedure consisted of three main stages: (1) administering a pretest to measure 

participants’ initial knowledge in designing PBL instruction oriented toward 4C skills; (2) 

implementing an interactive reading strategy supported by electronic learning materials, which 

included guided reading activities, integrated questions, tasks, and feedback; and (3) administering a 

posttest to measure participants’ knowledge improvement after the intervention. 

 

Data were collected using a validated knowledge test focusing on instructional design aligned with 

4C skills (critical thinking, creativity, collaboration, and communication), as well as interview 

guidelines. The instrument was developed based on specific indicators of PBL and 4C integration 

and met validity criteria based on expert judgment and reliability testing results. 

 

Data analysis was conducted using descriptive and inferential statistics. Students’ knowledge scores 

were transformed into logit units using Rasch model analysis (Nurhayati et al., 2025). The person 

logit values were then categorized into four levels: very high (VH), high (H), low (L), and very low 

(VL), for both pretest and posttest data. Subsequently, the pattern of changes in students’ knowledge 

levels before and after the intervention was analyzed. The improvement in participants’ knowledge 

was also examined using the normalized gain (N-gain) score, which was classified into high, 

medium, and low categories. 

 

3. Results and Discussion 

Improvement in Pre-Service Teachers’ Knowledge in Designing Physics Instruction Based on 

the 4C-Oriented Problem-Based Learning (PBL) Model 

The results of the study indicate that students’ knowledge in designing Problem-Based Learning 

(PBL)-based instruction oriented toward 4C skills significantly improved after the implementation 

of an interactive reading strategy supported by electronic learning materials. The data presented in 

Table 1 show that, following the intervention, students’ knowledge was categorized as high. This 

improvement is further supported by an N-gain value of 0.82, which falls within the high category. 

These findings suggest that the interactive reading strategy supported by digital learning materials, 

which emphasizes active learning and effective use of technology, is capable of facilitating students’ 

understanding in designing 4C-oriented PBL instruction. This strategy not only positions students as 

passive readers but also encourages active engagement through interaction with texts and 

collaborative discussion with peers (van Laar et al., 2020; Voogt & Roblin, 2012).  
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Table 1. Description of Students’ Knowledge Data 

Data Description Pre-test Posttest 

Number of Data (N) 24 24 

Maximum Score 42 67 

Minimum Score 10 54 

Ideal Maximum Score 70 70 

Mean Score 33,17 63,13 

Standard Deviation 8,34 3,49 

N-Gain 0,82 

Improvement Category High 

 

From a constructivist perspective, these findings indicate that the learning process enables students 

to actively construct knowledge through interaction with learning resources and meaningful learning 

experiences (Bruner, 1961). Within this framework, knowledge is not directly transmitted but is 

instead built through processes of interpretation, elaboration, and collaboration (Moyer et al., 2016). 

The interactive reading strategy employed in this study facilitates this knowledge construction 

process through active reading activities and reflective discussions (Nurhayati et al., 2026).  

 

This improvement can also be explained through Self-Regulated Learning (SRL) theory, in which 

students have control over their learning processes, including the regulation of strategies, time 

management, and learning resources (Zimmerman, 2005). The integration of electronic learning 

materials within the interactive reading strategy provides flexibility that supports students in learning 

independently and in a structured manner (Broadbent & Poon, 2015; Fayaza & Ahangama, 2024). 

This is consistent with the finding that 96% of students were in the high improvement category, 

indicating the effectiveness of self-directed learning management in enhancing cognitive 

achievement (Prasse et al., 2024).  

 

In addition, from the perspective of cognitive engagement, the strategy used in this study promotes 

high-level cognitive involvement through processes of analysis, evaluation, and synthesis of 

information. The interactive activities during learning enable students not only to understand 

concepts at a surface level but also to integrate these concepts into the context of designing 4C-

oriented PBL instruction. 

 

This improvement is not only evident in general terms but also specifically across each assessed 

topic. Based on Table 2, all three topics demonstrated high-category improvement, although the N-

gain values varied. These topics include 21st-century learning characteristics and 4C skills, physics 

instructional planning oriented toward 4C skills, and the 4C-oriented PBL model. This further 

confirms that the implemented strategy is consistently effective across different content domains. 

 

Table 2. Improvement in Students’ Knowledge of Designing Physics Instruction Based on the 4C-

Oriented PBL Model 

No Material 
Mean 

pre-test 

Mean 

posttest 

Ideal 

Maximum 

Score 

N-Gain Category 

1 21st-Century Learning 

Characteristics and 4C 

Skills 

8,58 22,88 25,00 0,88 Tinggi 
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No Material 
Mean 

pre-test 

Mean 

posttest 

Ideal 

Maximum 

Score 

N-Gain Category 

2 Planning Physics Instruction 

Oriented toward 4C Skills 

13,63 22,58 25,00 0,79 Tinggi 

3 4C-Oriented Problem-Based 

Learning Model 

10,96 17,67 20,00 0,74 Tinggi 

 

At the individual level, 96% of the students experienced a high category of knowledge improvement, 

while 4% were in the medium category (Figure 2). These findings indicate that nearly all students 

demonstrated an improvement in knowledge following the learning process. 

 

 
Figure 2. Pre-Service Teachers’ Knowledge Improvement Across Each Topic 

 

The observed improvement is closely related to the characteristics of independent learning integrated 

into the instructional strategy. Independent learning is an approach that assigns responsibility to 

students for managing their own learning processes, including determining strategies, time 

allocation, and learning resources. This aligns with SRL theory, which emphasizes the importance 

of self-control in the learning process to achieve optimal outcomes. 

 

The findings of this study also indicate that students were able to effectively manage their learning 

process through an interactive-based learning strategy, which contributed to improved conceptual 

understanding. This finding is consistent with Botha et al. (2025) and Scheel et al. (2022), who state 

that self-directed learning empowers learners to become more mature and independent, thereby 

enhancing deeper understanding of learning content. In addition, self-regulated learning has also 

been shown to be a strong predictor of academic performance (Gupta et al., 2024; Scheel et al., 2022).  

 

The interactive reading strategy focuses on active student engagement with the learning text rather 

than passive reading. In this context, students are not only required to comprehend the content but 

also to engage in various activities such as discussion, critical analysis, and reflection. This is 

consistent with findings indicating that interactive learning combined with digital media is effective 

in deepening conceptual understanding (Gupta et al., 2024). 

23

22

21

23

1

2

3

1

0 5 10 15 20 25

Material 1

Material 2

Material 3

Overall

N
u
m

b
er

 o
f 

P
ro

sp
ec

ti
v
e 

T
ea

ch
er

s

Low Moderate High



Proceedings of IJC-MaSTEd, Vol.1, No.1 (2026) 
The 1st International Joint Conference on Mathematics, Science, Technology, and 
Education (Hybrid Conference, April 23, 2026, Pontianak, Indonesia) 
 

Proceedings of IJC-MaSTEd  107 
Vol.1, No.1, (2026): Innovative and Inclusive Collaborative Approaches to Address Global Challenges in 
Mathematics, Science, and Technology Education       

 

The use of technology and digital learning materials also provides flexibility for students to access 

content according to their individual learning pace and needs. In addition to enriching the learning 

experience, the integration of technology enables a more dynamic and interactive learning process. 

This finding is consistent with previous studies showing that active learning involving direct student 

participation is more effective than passive, lecturer-centered instruction (Botha et al., 2025; 

Christanti & Sukoco, 2022; Hockings et al., 2018).  

 

In this context, interactive reading supported by digital learning materials not only facilitates 

individual text comprehension but also promotes collaboration and the exchange of ideas among 

students. This process enables deeper knowledge elaboration, broader perspectives, and the 

integration of learned concepts (Rui et al., 2024). Thus, this strategy contributes to strengthening 

conceptual understanding in designing 4C-oriented PBL instruction. 

 

Patterns of Changes in Pre-Service Teachers’ Knowledge Levels in Designing Physics 

Instruction Based on the 4C-Oriented Problem-Based Learning (PBL) Model 

The results of the study show variations in the improvement of students’ knowledge levels in 

designing PBL instruction oriented toward 4C skills after the implementation of an interactive 

reading strategy supported by digital learning materials. In general, students’ knowledge levels prior 

to instruction were categorized as “low” and “very low,” whereas after the intervention they 

improved to “high” and “very high” (Figure 3). This change indicates the effectiveness of the 

intervention in enhancing pre-service teachers’ knowledge in designing learning based on the PBL 

model oriented toward 4C skills. 

 

 
Figure 3. Patterns of Changes in Students’ Knowledge Levels 

 

In detail, 33% of students improved from the “low” category to “very high,” 38% from “low” to 

“high,” 4% from “very low” to “very high,” and 25% from “very low” to “high.” These differences 
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in improvement levels can be explained by variations in learning pace, motivation, and learning 

strategies used during the intervention process (Walker et al., 2024). Students who demonstrated 

higher improvement tended to show more rapid development of initial understanding through active 

engagement in the interactive learning process. 

 

From a constructivist perspective, these findings indicate that knowledge is not passively transmitted 

but is constructed through active interaction with learning materials, learning experiences, and social 

discussion. The interactive reading strategy facilitates this knowledge construction process through 

active reading, analysis, and reflection activities. In line with this, the approach also reflects the 

principle of cognitive engagement, in which students are involved in higher-order thinking processes 

such as analysis, synthesis, and evaluation in understanding the concept of 4C-oriented PBL. 

 

In addition, differences in achievement are also associated with aspects of SRL. Students with higher 

levels of improvement demonstrated better abilities in regulating their learning processes, including 

strategy planning, comprehension monitoring, and self-evaluation. This is reflected in their tendency 

to participate in multiple testing opportunities as a form of reflection and learning improvement. This 

finding is consistent with Hamza et al. (2025), who show that a combination of high motivation, 

strategic awareness, and time management contributes to consistent improvements in academic 

performance.  

 

Intrinsic motivation is also an important factor influencing these differences in achievement. Students 

with higher intrinsic motivation tend to be more active in exploring learning materials, asking critical 

questions, and striving to understand concepts in depth. This finding is consistent with (Walker et 

al., 2024), who report a positive relationship between motivation and learning outcomes.  

 

Furthermore, the learning environment also influences student learning outcomes. Loyens et al. 

(2008) and Scheel et al. (2022) emphasize that the effectiveness of self-directed learning is influenced 

by both learner characteristics and learning environment conditions. In this study, technical 

constraints such as unstable internet access were identified as limiting factors in optimizing self-

directed learning, as they hindered access to digital learning materials.  

 

Interview findings confirmed that these access limitations affected students’ learning time. This 

indicates that the success of self-directed learning does not depend solely on internal learner 

strategies but also on environmental support. Pradhan, S. (2021) emphasizes that self-directed 

learning can still pose challenges even for highly motivated students when it is not supported by 

adequate learning resources and access.  

 

In this context, the independent learning materials (Bahan Belajar Mandiri/BBM) used in this study 

were designed interactively to address these limitations. The BBM includes interactive features such 

as guiding questions, integrated text, videos, images, and additional references accessible via links 

and QR codes. The use of a flipbook application further enhances accessibility and visual 

attractiveness, thereby supporting student engagement. 

 

The quality of this instructional design aligns with the constructivist learning environment 

framework, in which students are encouraged to construct understanding through active exploration. 

This is supported by Botha et al. (2025) and Rui et al. (2024), who emphasize that effective self-

directed learning requires instructional design that supports reflection, autonomy, and self-

evaluation. 

 

Moreover, the structured design of the BBM, which begins with learning outcomes, indicators, and 

learning guidelines, provides clear direction for students in managing their learning process 
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(Nurhayati et al., 2026). This clarity helps reduce confusion and improves the organization of 

independent learning (Gupta et al., 2024). This is also consistent with Koňušíková & Kostelník 

(2009), who highlight the importance of guided self-directed learning in achieving optimal learning 

outcomes.   

 

Another aspect supporting the effectiveness of the learning process is the presentation of an 

introductory video as an initial stimulus that connects the learning material to real-world contexts. 

This strategy enhances students’ motivation and learning readiness. Furthermore, the interactive 

presentation of learning content with guiding questions strengthens cognitive engagement and helps 

students connect theoretical concepts with practical applications (Banditvilai, 2020; Freeman et al., 

2014).  

 

In addition, the provision of tasks based on links and QR codes offers flexible access that supports 

the principles of independent learning. Students can access learning materials anytime and anywhere, 

thereby enhancing learning autonomy (Minard, 2024). The designed tasks also promote higher-order 

thinking skills such as analysis and problem-solving (Lu, 2025; Schmid et al., 2023).   

 

Collaborative learning in task completion also strengthens the social dimension of learning, in 

accordance with Vygotsky’s social constructivist theory. Peer-to-peer interaction has been shown to 

enhance confidence and improve the effectiveness of decision-making (Keenan, 2014; Rowe et al., 

2021; Rui et al., 2024). Thus, learning is not only an individual process but also a socially 

collaborative one.  

 

The findings of this study indicate that the integration of an interactive reading strategy supported by 

digital learning materials within a self-directed learning framework can significantly improve 

students’ knowledge. This effectiveness is supported by the synergy of constructivism, self-regulated 

learning, and cognitive engagement, which operate simultaneously throughout the learning process. 

 

 

4. Conclusion  

The implementation of an interactive reading strategy supported by electronic learning 

materials has been proven effective in improving prospective teachers’ knowledge in designing 

physics instruction based on the 4C-oriented Problem-Based Learning (PBL) model. This 

improvement is indicated by a significant increase in knowledge scores and a high category of 

normalized gain. In addition, there is a clear shift in knowledge levels, from predominantly low and 

very low before the intervention to high and very high after the intervention, reflecting improvements 

in both quantitative outcomes and the overall quality of understanding. 

The findings imply that integrating interactive reading strategies with electronic learning 

materials is a promising approach to supporting the development of prospective teachers’ 

competencies in designing 21st-century learning. This approach also enhances student engagement 

and facilitates deeper conceptual understanding through the use of digital technology. 

Future studies are recommended to examine this approach using more rigorous experimental 

designs and in broader contexts, as well as to investigate its direct impact on 4C skills. Furthermore, 

adequate technological support and well-designed learning materials should be considered to ensure 

effective implementation. 

 

 

Reference 

Aidoo, B. (2023). Teacher educators experience adopting problem-based learning in science 

education. Education Sciences, 13(11), 1–13. 



Proceedings of IJC-MaSTEd, Vol.1, No.1 (2026) 
The 1st International Joint Conference on Mathematics, Science, Technology, and 
Education (Hybrid Conference, April 23, 2026, Pontianak, Indonesia) 
 

Proceedings of IJC-MaSTEd  110 
Vol.1, No.1, (2026): Innovative and Inclusive Collaborative Approaches to Address Global Challenges in 
Mathematics, Science, and Technology Education       

Bahari, A., Zhang, X., & Ardasheva, Y. (2021). Membangun model membaca interaktif berbantuan 

komputer. Komputer & Pendidikan, 172, 104261. 

Banditvilai, C. (2020). The Effectiveness of Reading Strategies on Reading Comprehension. 

International Journal of Social Science and Humanity, 10(2), 46–50. 

https://doi.org/10.18178/ijssh.2020.v10.1012 

Botha, A., Toit-brits, C., & Blignaut, J. H. (2025). Charting New Pathways : Unleashing the Potential 

of Self-Directed Learning and the Transformative Role of Teachers in Education. Education 

Sciences, 15(5), 1–19. https://doi.org/https://doi.org/10.3390/ educsci15050524 

Broadbent, J., & Poon, W. L. atio. (2015). Self-regulated learning strategies & academic achievement 

in online higher education learning environments: A systematic review. The Internet and 

Higher Education, 27, 1–13. 

Bruner, J. S. (1961). The act of discovery. Harvard Educational Review, 31, 21–32. 

Christanti, R., & Sukoco, A. A. (2022). Freedom to learn – independent campus policy : Do we really 

find our freedom? Journal of Education and Learning (EduLearn), 16(2), 189–198. 

https://doi.org/10.11591/edulearn.v16i2.20477 

Cordero, K., Nussbaum, M., Ibaseta, V., Otaíza, M. J., Gleisner, S., Gonzalez, ´ S., Rodríguez-

Montero, W., Strasser, K., Verdugo, R., Ugarte, A., Chiuminatto, P., & Carland, C. (2015). 

Read create share (rcs): A new digital tool for interactive reading and writing. Computers & 

Education, 82, 486–496. 

Darling-Hammond, L., Hyler, M. E., & Gardner, M. (2017). Effective teacher professional 

development. In Effective teacher professional development. Learning Policy Institute. 

Dilekçi, A., & Karatay, H. (2023). The effects of the 21st century skills curriculum on the 

development of students’ creative thinking skills. Thinking Skills and Creativity, 47(1), 1–11. 

Etikan, I. (2016). Comparison of Convenience Sampling and Purposive Sampling. American Journal 

of Theoretical and Applied Statistics, 5(1), 1. https://doi.org/10.11648/j.ajtas.20160501.11 

Fan, C., Chang, K., Lee, K., Yang, W., & Pakpour, A. H. (2022). Rasch Modeling and Differential 

Item Functioning of the Self-Stigma Scale-Short Version among People with Three Different 

Psychiatric Disorders. International Journal of Environmental Research and Publich Health, 

19(8843), 1–15. 

Fayaza, M. F., & Ahangama, S. (2024). Systematic Review of Self-Regulated Learning With 

Blended Learning in Digital Space. IEEE Education Society Section, 12, 143090–143105. 

Fitriati, F., Rosli, R., Iksan, Z., & Hidayat, A. (2024). Exploring challenges in preparing prospective 

teachers for teaching 4C skills in mathematics classroom: A school-university partnership 

perspectives. Cogent Education, 11(1), 1–22. 

Freeman, S., Eddy, S. L., McDonough, M., Smith, M. K., Okoroafor, N., Jordt, H., & Wenderoth, 

M. P. (2014). Active learning increases student performance in science, engineering, and 

mathematics. Proceedings of the National Academy of Sciences, 111(23), 8410–8415. 

Gupta, N., Ali, K., Jiang, D., Fink, T., & Du, X. (2024). Beyond autonomy : unpacking self-regulated 

and self-directed learning through the lens of learner agency- a scoping review. BMC Medical 

Education, 24(1), 1–12. https://doi.org/https://doi.org/10.1186/s12909-024-06476-x 

Hamza, M., Shadab, H., Zara, A., Shadab, H., Asif, Z., & Iqbal, S. (2025). Metacognitive Strategies 

Differ Across Academic Levels and Influence Success : A Cross-Sectional Study. International 



Proceedings of IJC-MaSTEd, Vol.1, No.1 (2026) 
The 1st International Joint Conference on Mathematics, Science, Technology, and 
Education (Hybrid Conference, April 23, 2026, Pontianak, Indonesia) 
 

Proceedings of IJC-MaSTEd  111 
Vol.1, No.1, (2026): Innovative and Inclusive Collaborative Approaches to Address Global Challenges in 
Mathematics, Science, and Technology Education       

Journal of Scientific Research and Modern Technology (IJSRMT), 4(5), 38–44. 

https://doi.org/https://doi.org/10.38124/ijsrmt.v4i5.492 

Hockings, C., Thomas, L., Ottaway, J., & Jones, R. (2018). Independent learning–what we do when 

you’re not there. Teaching in Higher Education, 23(2), 145–161. 

Keenan, C. (2014). Mapping student-led peer learning in the UK. Higher Education Academy, 8, 1–

50. 

Koňušíková, M., & Kostelník, J. (2009). Creation and effectiveness of educational texts for directed 

self learning at secondary technical schools. 

Little, T. D., Chang, R., Gorrall, B. K., Waggenspack, L., Fukuda, E., Allen, P. J., & Noam, G. G. 

(2019). The retrospective pretest–posttest design redux: On its validity as an alternative to 

traditional pretest–posttest measurement. International Journal of Behavioral Development, 

44(2), 175–183. 

Loyens, S. M., Magda, J., & Rikers, R. M. (2008). Self-directed learning in problem-based learning 

and its relationships with self-regulated learning. Educational Psychology Review, 20, 411–

427. 

Lu, Y. (2025). Self-directed learning strategies and knowledge construction of university students: 

Achieving learning goals and managing cognitive load. International Journal of Education and 

Social Development, 2(1), 13–19. 

Merga, M. K. (2017). Interactive reading opportunities beyond the early years: What educators need 

to consider. Australian Journal of Education, 61(3), 328–343. 

https://doi.org/10.1177/0004944117727749 

Minard, C. (2024). Use of QR Codes to Enhance Learning in a Graduate ‑ Level Clinical Course. 

Journal of Formative Design in Learning, 8(2), 63–70. https://doi.org/10.1007/s41686-024-

00092-0 

Moallem, M., Hung, W., & Dabbagh, N. (2019). The Wiley handbook of problem-based learning. 

John Wiley & Sons. 

Moyer, L. A., Wells, J. G., Ernst, J., Jones, B., & Parkes, K. (2016). Engaging Students in 21 st 

Century Skills through Non-Formal Learning. 

https://vtechworks.lib.vt.edu/bitstream/handle/10919/70949/Moyer_LA_D_2016.pdf;sequenc

e=1 

Novitra, F., Festiyed, Yohandri, & Asrizal. (2021). Development of Online-based Inquiry Learning 

Model to Improve 21st-Century Skills of Physics Students in Senior High School. Eurasia 

Journal of Mathematics, Science and Technology Education, 17(9), 1–20. 

Nurhayati, N., Suhandi, A., Muslim, M., Kaniawati, I., Wahyudi, W., Misbah, M., & Darman, D. R. 

(2025). Assessing the Knowledge and Skills of Prospective Physics Teachers in Designing 4C 

Skills-Oriented Learning: Rasch Analysis. Qubahan Academic Journal, 5(1), 718–741. 

https://doi.org/https://doi.org/10.48161/qaj.v5n1a1544 

Nurhayati, Wahyudi, Suhandi, A., Muslim, Kaniawati, I., & Saputri, D. F. (2026). Enhancing 

Prospective Teachers ’ Skills in Designing Physics Learning : Developing Electronic Learning 

Materials with Interactive Reading , Scaffolding and Modeling (IRTaMS ) Strategies. IJIS 

Edu : Indonesian Journal of Integrated Science Education, 8(1), 27–45. 

https://doi.org/Indonesian J. Integr. Sci. Education 



Proceedings of IJC-MaSTEd, Vol.1, No.1 (2026) 
The 1st International Joint Conference on Mathematics, Science, Technology, and 
Education (Hybrid Conference, April 23, 2026, Pontianak, Indonesia) 
 

Proceedings of IJC-MaSTEd  112 
Vol.1, No.1, (2026): Innovative and Inclusive Collaborative Approaches to Address Global Challenges in 
Mathematics, Science, and Technology Education       

Palinkas, L. A., Horwitz, S. M., Green, C. A., Wisdom, J. P., Duan, N., & Hoagwood, K. (2015). 

Purposeful sampling for qualitative data collection and analysis in mixed method 

implementation research. Administration and Policy in Mental Health and Mental Health 

Services Research, 42(5), 533–544. https://doi.org/https://doi.org/10.1007/s10488-013-0528-y 

Pradhan, S., S. (2021). Effect Of Self-Study Materials on Learning Among Senior Secondary School 

Students. Sanshodhan Chetana, 10(2), 7–17. 

Prasse, D., Webb, M., Deschênes, M., Parent, S., Aeschlimann, F., Goda, Y., & Yamada, M. (2024). 

Challenges in Promoting Self ‑ Regulated Learning in Technology Supported Learning 

Environments : An Umbrella Review of Systematic Reviews and Meta ‑ Analyses. Technology, 

Knowledge and Learning, 29(4), 1809–1830. https://doi.org/10.1007/s10758-024-09772-z 

Radifan, M. F., & Dewanti, R. (2020). The incorporation of 4c skills in senior high school english 

teachers’ lesson plans. STAIRS English Language Education Journal, 1(1), 42–54. 

https://doi.org/https://doi.org/10.21009/stairs.1.2.4 

Rowe, N., Martin, R., Buck, R., & Mabingo, A. (2021). Teaching collaborative dexterity in higher 

education: Threshold concepts for educators. Higher Education Research & Development, 

40(7), 1515–1529. 

Rui, L., Nasri, N., M., Diyana, S., N., & Mahmud. (2024). The role of self-directed learning in 

promoting deep learning processes: a systematic literature review. F1000Research, 13(761), 1–

24. 

Scheel, L., Vladova, G., & Ullrich, A. (2022). The influence of digital competences , self ‑ 

organization , and independent learning abilities on students ’ acceptance of digital learning. 

International Journal of Educational Technology in Higher Education, 19(1), 1–21. 

https://doi.org/10.1186/s41239-022-00350-w 

Schmid, R., Pauli, C., & Petko, D. (2023). Examining the use of digital technology in schools with a 

school ‑ wide approach to personalized learning. Educational Technology Research and 

Development, 71(2), 367–390. https://doi.org/10.1007/s11423-022-10167-z 

Setiawati, I., Rusman, & Djohar, A. (2020). Profile of the ability of teachers in planning and carrying 

out 4C skills-oriented science teaching. Journal of Physics: Conference Series, 1521(1), 

042097. 

Shao, J., Rabu, S. N. A., & Chen, C. (2025). The impact of gamified interactive e-books incorporating 

metacognitive reading strategies on Chinese elementary students’ mathematical reading 

comprehension, word problem-solving performance, and general reading motivation. 

Education and Information Technologies, 30, 22893–22929. 

https://doi.org/https://doi.org/10.1007/s10639-025-13660-z 

Shulman, L. S. (1987). Knowledge and teaching: foundations of the new reform. Harvard 

Educational Review, 57, 1–22. 

https://doi.org/http://dx.doi.org/10.17763/haer.57.1.j463w79r56455411 

Tefera, A. S., Melaku, E. E., Urgie, B. M., Hassen, E. M., Tamene, T. D., & Gebeyaw, E. D. (2024). 

Barriers to implementing problem-based learning at the school of medicine of Debre Berhan 

University, Ethiopia. BMC Medical Education, 24(1), 1–7. 

van Laar, E., van Deursen, A. J. A. M., van Dijk, J. A. G. M., & de Haan, J. (2020). Determinants of 

21st Century Skills and 21st-Century Digital Skills for Workers: A Systematic Literature 

Review. SAGE Open, 10(1). https://doi.org/https://doi.org/10.1177/2158244019900176 



Proceedings of IJC-MaSTEd, Vol.1, No.1 (2026) 
The 1st International Joint Conference on Mathematics, Science, Technology, and 
Education (Hybrid Conference, April 23, 2026, Pontianak, Indonesia) 
 

Proceedings of IJC-MaSTEd  113 
Vol.1, No.1, (2026): Innovative and Inclusive Collaborative Approaches to Address Global Challenges in 
Mathematics, Science, and Technology Education       

Varas, D., Santana, M., Nussbaum, M., Claro, S., & Imbarack, P. (2023). Teachers’ strategies and 

challenges in teaching 21st century skills: Little common understanding. Thinking Skills and 

Creativity, 48, 1–12. 

Varol, B., & Erçetin, G. (2021). Effects of gloss type, gloss position, and working memory capacity 

on second language comprehension in electronic reading. Computer Assisted Language 

Learning, 34(7), 820–844. 

Viyanti, V., Suyatna, A., & Naj’iyah, A. L. (2021). Analisis Kebutuhan Pengembangan Strategi 

Pembelajaran Fisika Berbasis STEM di Era Digital Mengakomodasi Ragam Gaya Belajar dan 

Pengetahuan Awal. Radiasi: Jurnal Berkala Pendidikan Fisika, 14(1), 1–10. 

Voogt, J., & Roblin, N. P. (2012). A comparative analysis of international frameworks for 21st 

century competences: Implications for national curriculum policies. Journal of Curriculum 

Studies, 44(3), 299–321. 

Walker, A., Aguiar, N. R., Soicher, R. N., Kuo, Y. C., & Resig, J. (2024). Exploring the Relationship 

Between Motivation and Academic Performance Among Online and Blended Learners : A 

Meta-Analytic Review (Vol. 28, Issue 4). https://doi.org/10.24059/olj.v28i4.4602 

Wannenburg, E., & Curlewis, L. (2023). Exploring the need for numeracy skills in legal practice. 

Cogent Education, 10(1), 0–15. 

Zimmerman, C. (2005). The development of scientific reasoning skill: what psychologist contribute 

to an understanding of elementary science learning. Final Report to the National Research 

Concil, 1–109. 

 


