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Objective: This study aims to determine potential future research directions that can 
strengthen the integration between SRL and physics education in order to support the 
achievement of Sustainable Development Goals (SDGs), especially goal 4 on Quality 
Education. Method: This research was conducted using a quantitative descriptive 
approach, a bibliometric analysis study used data from the Scopus database to map 
trends and focuses on Self-Regulated Learning (SRL) research in international 
literature.  Results: There is a global research trend in SRL and physics learning that 
supports the SDGs. The number of documents and citations increased from 2020 to 
2025, resulting in 123 Scopus documents, with the highest number of citations in 
2024, reaching 185. Novelty: The findings of the bibliometric analysis identified three 
main aspects of SRL research on physics materials and their influence on the SDGs, 
including the use of AI technology, relevant learning models, and learning processes. 
Future research directions hold great potential for integrating technologies such as AI 
and IoT devices into SRL to support the achievement of the Sustainable Development 
Goals (SDGs). This finding is in innovative learning planning focused on self-
satisfaction in the era of technology adoption. 
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INTRODUCTION 

This research is expected to align with the demands of 21st-century education, which 

emphasize critical, creative, and independent thinking skills for students (Masjudin, 

2024). Through this research, learning strategies will emerge that can foster these three 

abilities, enabling students not only to receive information but also to process, evaluate, 

and apply knowledge innovatively in real life (Nilimaa, 2023). Therefore, the results of 

this research are expected to make a tangible contribution to improving the quality of 

learning that is adaptive to global challenges. 

Furthermore, the importance of the Self-Regulated Learning (SRL) approach is 

expected to shape students who can regulate and direct their own learning processes (Ng 

et al., 2024), from planning and implementation to evaluation of learning outcomes 

(Kramarski & Heaysman, 2021). Through the application of SRL, students are expected 

to develop metacognitive awareness, intrinsic motivation, and a sense of responsibility 

for their learning progress (Ambaryani & Putranta, 2022). Thus, this research is expected 

to contribute to the implementation of learner-centered learning strategies and support 

independent learning in various educational contexts. 

Furthermore, the implementation of Self-Regulated Learning (SRL) is expected to 

contribute to achieving the Sustainable Development Goals (SDGs) (Demir, 2024; 
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Lintangesukmanjaya et al., 2025), particularly Goal 4: Quality Education. This approach 

is believed to encourage the realization of an inclusive, effective education system 

oriented towards the development of 21st-century competencies that support sustainable 

development (Imara & Altinay, 2021; Lintangesukmanjaya et al., 2025). Integrating SRL 

principles into learning will help students not only excel academically but also develop 

social awareness and a sense of responsibility for advancing society and the environment. 

The reality is that the application of Self-Regulated Learning (SRL) in physics learning 

remains limited to narrow contexts (Heryani, 2023), such as a specific grade level or 

school. However, this approach has great potential to improve students' independent 

learning, critical thinking (Öz & Şen, 2021), and problem-solving skills (Kumar et al., 

2023). This limited widespread application of SRL indicates the need for further efforts 

to develop, disseminate, and adapt SRL strategies so that they can be applied to various 

levels of education and a wider variety of physics learning environments. 

Furthermore, studies on SRL in physics have been partial and not integrated with 

global issues (Molenaar, 2023), such as the Sustainable Development Goals (SDGs). Many 

studies discussing SRL focus solely on pedagogical aspects without linking them to 

broader sustainable education goals. Consequently, there is no complete picture of how 

SRL can support achieving quality education that meets the demands of the 21st century. 

This situation indicates a research gap that requires a more comprehensive and targeted 

analysis. 

Therefore, a bibliometric study is needed to map the development, direction, and 

potential of research on SRL (Sulistiawati et al., 2023) in the context of physics learning 

and its relationship to the SDGs. Through a bibliometric approach, publication trends, 

researcher collaborations, dominant topics, and areas that have received less attention 

can be identified (Hamdam & Alsuqaih, 2024). The results of this study are expected to 

serve as a basis for developing further research that is more focused, integrative, and 

impactful in improving the quality of physics education and its contribution to 

sustainable development. 

The main objective of this research is to address the limited understanding of the 

potential and direction of future research on Self-Regulated Learning (SRL) in physics 

education that aligns with sustainability principles. Currently, the discourse on SRL 

development in physics is not widely linked to long-term goals such as sustainable 

education and holistic human development. Therefore, this research seeks to provide a 

more in-depth mapping of the position and relevance of SRL in the context of physics 

education, thereby providing a conceptual foundation for the development of learning 

strategies that support self-regulated learning abilities while being oriented towards 

sustainability. 

Furthermore, this study aims to analyze scientific publication trends related to the 

application of Self-Regulated Learning (SRL) in physics learning using a bibliometric 

approach. Through this analysis, research development patterns, collaborative networks 

among researchers, primary publication sources, and dominant and under-explored 

themes will be identified. This approach is an important innovation because it provides 
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a quantitative, visual overview of the SRL research landscape, helping academics and 

education practitioners understand the direction of scientific development in this field. 

In addition, this study aims to identify potential future research directions to 

strengthen the integration of SRL and physics education and support the achievement of 

the Sustainable Development Goals (SDGs), especially goal 4 on Quality Education. Thus, 

the innovation of this study lies not only in bibliometric mapping but also in its efforts to 

design strategic recommendations that connect the development of SRL theory, physics 

education practices, and the global vision of sustainable development. This article is the 

first bibliometric study to specifically link Self-Regulated Learning (SRL) in physics to 

the Sustainable Development Goals (SDGs).   

             

RESEARCH METHOD 

Types of research 

This research used a quantitative descriptive approach, a type of research that 

systematically and measurably describes or explains a phenomenon using numerical 

data (Barroga et al., 2023). The research focuses on the findings and analysis of 

phenomena based on data. A bibliometric analysis study used data from the Scopus 

database to map trends and focus on Self-Regulated Learning (SRL) research in 

international literature (Lintangesukmanjaya et al., 2025). The search included sources, 

document counts, trends, and the relationships among keywords focused on research 

topics related to Self-Regulated Learning (SRL) in physics and the Sustainable 

Development Goals (SDGs).  

Through a process consisting of analyzing, mapping, and evaluating scientific 

developments based on scientific publication data, such as journal articles, proceedings, 

or books. The bibliometric approach focuses on quantitative measurements of 

bibliographic information, such as the number of publications, citations, author 

collaborations, keywords, and research topic trends (Mejia et al., 2021). Through 

bibliometric analysis, researchers can identify the direction of development in a scientific 

field, identify the most influential researchers and journals, and assess future research 

connections and potential. Thus, bibliometric research not only objectively depicts the 

knowledge map but also helps determine more targeted and impactful research strategies 

and scientific policies (Pessin et al., 2022). 

 
Figure 1. Research flowchart 
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Research Samples  
Sample selection was aided by the use of PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses). In bibliometric research, PRISMA helps ensure 

transparency, clarity, and accuracy in the selection of publications for analysis (Pakdel & 

Erol, 2025). Through the PRISMA process, researchers can systematically demonstrate 

the stages of search, screening, eligibility, and the number of articles ultimately used in 

bibliometric analysis.  

 
Figure 2. PRISMA diagram 

A PRISMA diagram helps readers understand how data are obtained and filtered from 

databases such as Scopus or Web of Science, and the reasons for excluding certain 

documents. Thus, implementing PRISMA ensures that the data collection and selection 

process in bibliometric research is structured, reproducible, and free from selection bias 

(Pham & Le, 2024; Lintangesukmanjaya et al., 2025). 

Analysis Techniques 

The data analysis technique used in this study is a quantitative descriptive research 

approach. Data analysis techniques in bibliometric research involve quantitatively 

processing scientific publication data to describe trends, patterns, and relationships 

among knowledge elements such as authors, institutions, journals, keywords, and 

citations (Kumar et al., 2023). In the bibliometric context, the analysis was conducted 

using VOSviewer software to produce visualizations of collaboration networks, research 

topic maps, and publication distribution (Cheng et al., 2021). The results of this analysis 

then describe scientific phenomena measurably and descriptively, for example, 

increasing research trends in a particular field or relationships between topics, thus 

providing a deeper understanding of future research developments and directions. 
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RESULTS AND DISCUSSION 

Results 
A preliminary study used bibliometric analysis of documents from the Scopus database 

over the past five years (Wang et al., 2022). This analysis used the keywords "self AND 

regulated AND learning AND SDGs AND physics." The results show research trends in 

Self-Regulated Learning (SLR) related to physics in achieving the Global Development 

Goals (SDGs). This study found the highest number of citations in 2024, totaling 185 and 

15 documents.  

Table 1. Number of documents and citations in 5 years 

Years Doc Citation 

2021 9 15 

2022 11 88 

2023 21 208 

2024 39 593 

2025 43 806 

 

SLR studies are most frequently found in international literature sources, primarily in 

articles, totaling 26 documents. Independent learning, particularly within the SLR 

approach, has been shown to improve the quality of education significantly. The 

relevance of the keywords in this study has the potential to enhance SLR research, 

particularly in physics. This is because physics is a highly challenging subject that 

requires students to adopt an independent approach to become accustomed to it. Another 

finding from the Scopus database analysis is that several countries consistently review 

research on SLR and the SDGs in physics. The following map shows the top 10 countries 

contributing to research and discussion on SLR and the SDGs in physics. 

 
Figure 4. Distribution of TOP 10 countries in research 

In developed countries, Self-Regulated Learning (SRL) is considered crucial because it 

lays the foundation for developing independent and adaptable learners who can adapt 

to rapid changes in science and technology. The country that contributes the most is 
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country n. Cultivating SRL from an early age trains the education system in developed 

countries to foster sustainable learning independence. This demonstrates the highly 

relevant relationship between each keyword in the trends and the potential of Self-

Regulated Learning (SRL) in Physics and the SDGs. 

 
Figure 5. Keywords overview 

Bibliometric analysis shows that each keyword is interrelated. This is particularly evident 

in the relationship between SRL and the SDGs, particularly SDG 4, as shown in Figure 5. 

The relationship between Self-Regulated Learning (SRL) and the Sustainable 

Development Goals (SDGs), particularly in the learning and technology integration 

aspects, lies in efforts to realize quality and sustainable education (SDG 4) that 

encourages students' independence, creativity, and digital literacy. SRL helps students 

actively set learning goals, choose appropriate strategies, and utilize technology 

effectively in the learning process. The integration of technologies such as online learning, 

interactive platforms, and learning analytics strengthens the role of SRL by providing a 

flexible, adaptive learning space tailored to individual needs (Citation). Through this 

synergy, learning not only becomes more personalized and meaningful but also fosters 

lifelong learners who can contribute to sustainable development in the digital era. 

Table 1. Keyword distribution 

Keyword Occurrence Total link strength 

Sustainable development 12 56 

Artificial intelligence 10 37 

Sustainable development goal 6 37 

Sustainable development goals 7 32 

Students 8 30 
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Keyword Occurrence Total link strength 

Learning 6 29 

Teaching 7 29 

Remediation 3 27 

Education 8 25 

Agriculture 4 24 

 

 
Figure 6. The relationship between SLR and SDGs 

Self-Regulated Learning (SRL) is closely linked to physics learning because both 

emphasize active, reflective, and problem-solving thinking processes. Physics, as a 

science that demands conceptual understanding and application skills, requires students 

to be able to regulate their own learning strategies, such as planning how to understand 

difficult concepts, monitoring calculation errors, and evaluating experimental results 

(citations). By applying SRL principles, physics students can develop metacognition to 

understand natural phenomena in depth. Furthermore, SRL helps students adapt to 

inquiry-based and technology-based learning approaches, which are now widely used in 

modern physics. Thus, the integration of SRL in physics learning not only improves 

learning outcomes but also shapes the profile of young scientists who are independent, 

reflective, and ready to face the challenges of 21st-century science. 
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Figure 7. The relationship between learning through technology and physics 

Based on the results obtained in the bibliometric analysis, a systematic literature 

review was conducted using the top five most cited articles. The findings were analyzed 

based on the need for and depth of SLR and SDGs material in physics topics. 

Table 2. Top 5 Articles with the Highest Citations 

Author (Years) SJR; Citation Findings 

Delmotte et al., 2022 87.38 (Book); 

426 

The importance of scientific understanding of 

climate change aligns with the direction of Physics 

learning development, which encourages Self-

Regulated Learning (SRL), thereby strengthening 

students' ability to understand, analyze, and make 

decisions based on scientific data regarding global 

issues such as 1.5°C warming.  
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Author (Years) SJR; Citation Findings 

Matthias et al., 2021 3.463 (Q1); 192 Gully erosion is a significant form of land 

degradation that remains under-recognized in 

environmental policy and management. This 

study emphasizes the importance of an integrated 

scientific and policy approach to understanding, 

predicting, and sustainably controlling gully 

erosion globally. It emphasizes the importance of 

scientific skills, data analysis, and evidence-based 

decision-making, which are also core 

competencies for Self-Regulated Learning (SRL) in 

Physics. 

Najmul et al., 2023 0.849 (Q1); 149 The integration of Internet of Things (IoT) and 

Wireless Sensor Networks (WSNs) technologies 

has been shown to increase efficiency. This study 

highlights the importance of implementing 

wireless networking protocols such as Zigbee, Wi-

Fi, Sigfox, and LoRaWAN for real-time data 

collection. It emphasizes the need for innovative, 

adaptive strategies to realize efficient, sustainable 

intelligent systems. Mastery of physics and 

technology concepts that encourage independent 

learning in developing innovative, sustainable 

solutions in accordance with the SDGs targets. 

Chunfei et al., 2024 2.097 (Q1); 112 Various approaches, such as chemical absorption, 

solid sorbents, and membrane technology, show 

great potential but still face challenges in energy 

efficiency, high costs, and industrial-scale 

implementation. Therefore, further research is 

focused on improving material performance, 

regeneration efficiency, and economic analysis so 

that these technologies can significantly contribute 

to the net-zero emissions target. The link to Self-

Regulated Learning (SRL), technology, and the 

SDGs lies in mastering the scientific concepts and 

critical thinking skills needed to understand and 

develop innovative carbon capture technologies.. 

Akshay et al., 2023 3.394 (Q1); 90 The findings of this study indicate that the 

Problem-Based Learning (PBL) model is effective 

in developing students' critical thinking skills, 

particularly in the social sciences. Most of the 

research was conducted at universities in Asia, 

with Indonesia as the most significant contributor, 

and used a quantitative approach. The literature 

review also revealed that implementing PBL not 
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Author (Years) SJR; Citation Findings 

only improves critical thinking skills but also has 

the potential to influence other variables that 

support independent and active learning. 

 

Discussion 
Self-Regulated Learning (SRL) plays a strategic role in supporting the achievement of the 

Sustainable Development Goals (SDGs), particularly Goal 4 (Quality Education) (Demir, 

2024). The SRL approach encourages students to independently regulate, monitor, and 

evaluate their learning, resulting in individuals with metacognitive awareness, intrinsic 

motivation, and a sense of responsibility for their learning. These abilities are core 21st-

century competencies, essential for realizing an inclusive, adaptive, and future-oriented 

education system (Sain et al., 2024). 

The integration of SRL into physics learning not only improves academic achievement 

but also fosters creativity, critical thinking, and problem-solving skills, which are 

essential competencies for addressing global sustainability challenges. Physics, which 

presents a high level of difficulty in understanding the material, requires a Self-Regulated 

Learning (SRL) approach (Abtokhi et al., 2021). Thus, SRL has the potential to strengthen 

sustainable development efforts by developing students who are not only knowledgeable 

but also socially aware and responsible for advancing society and the environment. 

Therefore, SRL is an important foundation for building education that is relevant to the 

demands of the SDGs and capable of producing a generation of learners who are both 

competitive and sustainability-oriented.  

The relevance and innovation of the SRL learning model for future research are 

evident in the findings of the systematic literature review presented in Table 2. The future 

development of Self-Regulated Learning (SRL) is closely linked to the Problem-Based 

Learning (PBL) and Inquiry learning models, as all three emphasize independence, 

investigation, and authentic problem-solving. In PBL, students actively plan problem-

solving strategies, monitor progress, and reflect on solutions, thus directly activating the 

SRL cycle (Akshay et al., 2023). Meanwhile, inquiry learning requires students to ask 

questions, test hypotheses, and conclude, which aligns with the planning, monitoring, 

and self-evaluation processes in SRL (Dan et al., 2025). By integrating the three, future 

research has the potential to develop a hybrid learning model that strengthens students' 

metacognitive abilities, creativity, and scientific literacy, while providing a more effective 

and relevant physics learning approach that meets the demands of 21st-century 

competencies. This approach can be balanced with the use of relevant technology. 

In the context of technological innovation, the integration of Artificial Intelligence (AI) 

and Internet of Things (IoT) systems opens new opportunities to strengthen the 

implementation of SRL in more adaptive and personalized ways (Najmul et al., 2023). AI 

can be utilized to provide automated feedback, detect learning patterns, recommend 

learning strategies, and facilitate student reflection through intelligent learning analytics 

(Chang et al., 2023). Meanwhile, IoT devices such as laboratory sensors, smart-lab kits, or 
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digital measuring instruments enable students to conduct physics experiments in real 

time while monitoring their learning process through data directly connected to the 

learning system. This combination of AI and IoT can create a learning ecosystem that 

supports more accurate planning, monitoring, and self-evaluation, thereby strengthening 

SRL while delivering more interactive, independent, and data-driven physics learning. 

Based on the increasing trend in international research using the SRL approach in 

science learning, especially in physics, future research directions hold great potential to 

integrate technologies such as AI and IoT devices into SRL to support the achievement of 

the Sustainable Development Goals (SDGs). Analysis of self-awareness and learning 

motivation can also be included in the Self-Regulated Learning (SRL) approach through 

a learner-centered learning model. This is a finding in innovative learning planning 

focused on self-satisfaction in the era of technology adoption. 

 
CONCLUSION 
Fundamental Finding: There is a global research trend in SRL and physics learning that 

supports the SDGs. The number of documents and citations increased from 2020 to 2025, 

resulting in 123 Scopus documents, with the highest number of citations in 2024 reaching 

185. The findings of the bibliometric analysis identified three main aspects of SRL 

research on physics materials and their impact on the SDGs: the use of AI technology, 

relevant learning models, and the learning process. Implication: Future research has 

significant potential in integrating technologies such as AI and IoT devices into SRL to 

support the achievement of the Sustainable Development Goals (SDGs). Self-awareness 

and learning motivation evaluation analysis can also be incorporated into the Self-

Regulated Learning (SRL) approach through a learner-centered learning model. 

Limitation: Bibliographic analysis reveals that findings relevant to SRL in physics are 

minimal. The research reviewed has not yet identified the appropriateness and standard 

indicators for SRL, necessitating an in-depth study to determine more logical and 

relevant aspects. Future Research: Analysis of self-awareness evaluation and learning 

motivation in 21st-century learning can be a relevant topic for study and linked to 

modern technology-based SRL. 
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