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ABSTRACT

Introduction. Strengthening teacher leadership is vital in achieving Sustainable Development Goal 4 (SDG-4), which 
focuses on inclusive and equitable quality education. This study examines how various factors such as principal 
supervision, learning methods, communication, classroom management, and the school environment influence teacher 
leadership in learning. Given the complex demands of educational reform and the importance of professional teacher 
development, this research addresses the need for empirical evidence on how school conditions shape leadership 
behavior among teachers, especially in non-Java regions of Indonesia.

Methods. This research employs a quantitative approach using a structured questionnaire distributed to 108 high 
school social science teachers in South Kalimantan. The study uses Partial Least Squares Structural Equation Modeling 
(PLS-SEM) to analyze the causal relationships among independent variables (principal supervision, learning methods, 
communication, classroom management, and school environment) and the dependent variable (teacher leadership 
in learning). Instrument validation was conducted through expert judgment and statistical analysis, ensuring construct 
validity and reliability.

Results. The findings indicate that all five factors positively contribute to teacher leadership, with classroom management 
(path coefficient = 0.28) having the strongest influence, followed by communication (0.20), principal supervision (0.19), 
school environment (0.19), and learning methods (0.16). The model explains 94% of the variance in teacher leadership, 
signifying strong explanatory power. Reliability and model fit indices (SRMR = 0.05; NFI = 0.69) confirm the suitability of 
the proposed model.

Practical significance. These results emphasize the importance of a holistic support system in schools, where 
leadership development is reinforced not only by internal professional practices but also by a conducive environment 
and managerial support. The insights gained provide important guidance for education policymakers, school leaders, and 
teacher training institutions in designing interventions that improve leadership effectiveness and overall teaching quality 
in line with SDG-4.
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INTRODUCTION
The mission to achieve SDG-4 is still ongoing and has always been a focus of education, including 

improving teachers' learning management skills. Professional learning continuously strengthens 
teacher leadership [1]. Education for Sustainable Development (ESD) activities always monitor 
teachers' professionalism in achieving SDG-4 goals [2]. Teacher leadership as the spearhead of 
the learning process cannot be doubted. In this context, teacher leadership plays a crucial role in 
improving the effectiveness of learning in the classroom [3; 4]. In this context, improvising teacher 
leadership in learning becomes very relevant to be explored more deeply. Teacher leadership involves 
not only the ability to manage the classroom and teach, but also the ability to inspire, motivate, 
and guide students effectively [5]. Constant changes in curriculum requirements, technology, and 
societal expectations require teachers to be highly flexible and adaptable. The quality of teacher 
leadership has a significant impact on student learning outcomes [6; 7]. Teachers who can provide 
effective leadership can create an inclusive and supportive learning environment, improving students' 
motivation to learn and academic outcomes. Therefore, it is important to understand how teachers 
can improve in their leadership to meet their challenges.

The quality of education is contingent upon several factors, including the caliber of the teaching 
staff, the degree of support provided by the principal, the condition of the school environment, 
and the availability of facilities. An appreciation of these supplementary elements is vital to the 
establishment of an optimal learning environment, conducive to students' academic advancement. 
Principal supervision is defined as a process of supervision and guidance conducted to enhance the 
quality of teaching in schools [8; 9]. Effective supervision entails not only the evaluation of teachers' 
performance but also the cultivation of their professionalism through constructive feedback and 
timely support [10]. A learning-oriented approach to supervision can provide substantial motivation 
for teachers to enhance their pedagogical practices, improving student learning outcomes [11]. 
An effective teaching and learning process entails the utilization of innovative and evidence-based 
learning methodologies [12]. Variations in learning methodologies considerably impact student 
learning outcomes, including providing clear feedback, the suitability of formative assessment, 
and the facilitation of deep understanding [13]. Innovation and incorporating diverse learning 
methodologies can contribute to a more meaningful learning experience for students.

The availability of adequate school facilities is a crucial factor in the creation of a conducive 
learning environment. The physical quality and infrastructure of schools, including comfortable 
classrooms, laboratories, libraries, and access to technology, can enhance students' motivation to 
learn and provide the requisite support for effective teaching practices [14; 15]. Furthermore, a 
safe, inclusive, and supportive school environment has been demonstrated to have a significant 
impact on teacher leadership in learning [16]. A positive and collaborative environment can 
enhance interactions between teachers and students and facilitate cooperation among school staff 
in improving teaching practices [17; 18]. The role of the principal's supervision, teaching and 
learning processes, facilities, and school environment not only provides a comprehensive picture of 
the factors that influence teacher leadership in the learning process but also provides a foundation 
for the development of school policies and practices oriented towards improving the quality of 
education in line with SDG-4 targets.

The study of the role of principal supervision, the process of teaching and learning activities, 
facilities, and the school environment on teacher leadership in learning draws upon existing literature 
and research contributions to present a current overview of the subject. Firstly, it provides a review 
of the literature on enhancing the capacity of teacher leadership in learning, with a particular 
focus on the social science group at the senior high school level. Secondly, through a theoretical 
approach, it offers an expansion and development of the concept of teacher leadership in learning, 
particularly in non-Java regions. Thirdly, it offers researchers in other provinces outside Java Island 
the opportunity to gain insight from this research and contribute to the field of teacher leadership 
in learning. Consequently, this study addresses the research gap in teacher leadership in learning 
by examining the principal's supervisory role, the process of teaching and learning activities, 
facilities, and the school environment. The findings can assist in identifying which forms of teacher 
leadership, based on the role of principal supervision, learning methods, communication, classroom 
management, and school environment, are more effective in encouraging and enhancing teacher 
innovation and performance. Furthermore, this study underscores the significance of the principal's 
role, the process of teaching and learning activities, facilities, and infrastructure, as they are crucial 
elements in accelerating the effectiveness and efficiency of teacher leadership.
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LITERATURE REVIEW
1. Principal Supervision

Principal supervision represents a significant practice in facilitating teachers' professional 
development and enhancing the efficacy of learning within educational institutions. The present 
study is a literature review exploring the impact of principal supervision on teacher leadership 
within the context of learning [19]. Effective supervision entails the provision of comprehensive and 
constructive feedback to teachers [20]. Supervision feedback should not only focus on evaluating 
performance, but also provide recommendations that can be directly implemented to improve teacher 
leadership [21]. This allows educators to more effectively address students' needs and enhance the 
quality of learning. Furthermore, supervision contributes to the development of teachers' leadership 
abilities [22]. Principals can serve as mentors for teachers in developing effective leadership skills, 
including the ability to manage the classroom, facilitate in-depth discussions, and motivate students 
to reach their academic potential [8; 23]. Supervision that supports teachers' professional growth 
not only improves their motivation and performance, but also contributes to overall improvements in 
student academic outcomes. 

2. Learning Methods, Communication and Classroom Management

The implementation of effective learning methodologies, good communication, and optimal 
classroom management are key factors in supporting teacher leadership in learning environments. 
A review of the literature on learning methods, communication, and classroom management as they 
relate to teacher leadership [24]. Innovative learning methods, including cooperative learning [25], 
problem-based cases [26], and hybrid approaches [27; 28] have been demonstrated to enhance 
student engagement and improve learning outcomes. The capacity to communicate effectively with 
students is a key skill for teachers, enabling them to establish positive relationships and facilitate 
productive interactions in the classroom [29]. Effective communication also entails the capacity to 
listen with empathy and offer constructive feedback to students [30]. Conflict management is an 
essential skill for teachers in maintaining classroom discipline and facilitating a safe and productive 
learning environment [23], [31]. Strategies such as clear classroom organization and consistent 
rules can assist teachers in managing classroom dynamics more effectively [32]. The appropriate use 
of rewards and reinforcement is also a crucial aspect of efficient classroom management [33]. The 
positive recognition of desired behaviors and the implementation of positive classroom management 
strategies can motivate students to engage in a positive learning environment [16]. 

3. School Environment

The quality of the school's physical environment, including classrooms, laboratories, and 
libraries, as well as the accessibility of sports and technology facilities, has a direct impact on 
students' comfort and learning conditions [34]. The provision of adequate school facilities can 
facilitate the creation of a conducive learning environment, which in turn can enhance students' 
learning motivation and support teacher leadership in the design of effective learning experiences 
[35]. A supportive school environment fosters strong collaboration and mutual support, enhancing 
commitment to the mission of education [16]. Given the complexity of the interaction between 
the physical and socio-cultural environments of schools, this study underscores the importance of 
strengthening environmental factors to support teacher leadership in learning [36]. A supportive 
school environment not only creates optimal conditions for student learning but also empowers 
teachers to become effective and influential leaders in achieving desired educational goals.

4. Teacher Leadership in the Learning Process

Teacher leadership in learning is a crucial factor in enhancing the quality and learning outcomes. 
The advanced literature on teacher leadership encompasses a range of topics, including principal 
supervision, instructional methods, communication, management, and the school environment [37]. 
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Effective pedagogical skills represent a fundamental aspect of teacher leadership [38]. The practice 
of collaborative teacher leadership facilitates the sharing of knowledge and best practices among 
educators, which can subsequently enhance learning standards and the overall quality of instruction 
in schools [39]. The evidence indicates that effective and practical teacher leadership has a significant 
positive impact on student learning outcomes. Teacher leadership is not only about managing the 
classroom effectively, but also about being an agent of change in education [40]. By continuously 
strengthening their pedagogical, adaptation, and collaboration skills, teachers can play a central role 
in creating inclusive, innovative, and outcome-oriented learning environments for students. 

RESEARCH METHODS
This study used a quantitative methodology through the application of a questionnaire to analyze 

two variables: principal supervision (X1), learning methods (X2), communication (X3), classroom 
management (X2), and school environment (X5). These variables are utilized as independent 
variables (X), while teacher leadership in the learning process serves as the dependent variable (Y). 
The questionnaire has been augmented with several items that serve to elucidate the explanatory 
factors between the variables. Six items were added for principal supervision (X1), including 
classroom observation (KS1), lesson planning (KS2), teacher professional development (KS3), 
conflict management (KS4), school culture (KS5), and policy implementation (KS6). Regarding 
learning methods (X2), six items were incorporated, including learning content (M1), learning 
objectives (M2), learning strategies (M3), modeling (M4), feedback (M5), and evaluation (M6). With 
communication (X3), seven items address the following aspects: expression (K1), communication 
media/channels (K2), interaction (K3), response (K4), understanding (K5), engagement (K6), and 
language (K7). Concerning classroom management (X2), five items encompass rules/regulations 
(P1), time (P2), social interaction (P3), engagement (P4), and performance (P5). For the school 
environment (X5), six items include physical quality (L1), school climate (L2), support (L3), 
participation (L4), technology (L5), and resources (L5). For further clarification regarding the 
relationship between variables, likely in Figure 1.

 

Figure 1 Research Framework
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The data collection process involved the use of purposive sampling, which included the selection 
of 108 high school social science teachers in South Kalimantan, Indonesia. The data were collected 
on the role of principal supervision, learning methods, communication, classroom management, 
and school environment on teacher leadership in learning in South Kalimantan based on the 
Teacher Performance Assessment Instruments (TPAI) study of the Teacher’s Standardization 
Agency [41]. The initial stage of instrument validation by experts employed both qualitative and 
quantitative methods. The qualitative evaluation yielded statements indicating that the instrument 
is valid, applicable, and suitable for use in research. The quantitative results are professional 
evaluations of the suitability of the indicators for measurement with the instrument item 
statements, employing a Likert model scale. The Likert model scale comprises four options: not 
suitable (NS), less suitable (LS), suitable (S), and very suitable (VS). 

The data were augmented with demographic information, including gender, educational level, 
possession of professional teaching certificates, and length of teaching experience. The subsequent 
phase of data analysis entailed incorporating input and recommendations from experts. Following 
the revision of the questionnaire, it was distributed to respondents for data collection. A one-month 
data collection period was designated. To analyze the complex research data between the above 
variables, a structural equation modeling Partial Least Squares (SEM-PLS) analysis is conducted 
using the SmartPls tool [42]. SEM-PLS is a statistical tool that assists researchers in understanding 
the relationship between a set of observed variables. It assesses complex relationships between 
multidimensional constructs simultaneously. Partial least squares (PLS) analysis consists of two 
submodels: the measurement model and the structural model.

RESULTS
Responses were obtained from 108 high school social science teachers in South Kalimantan, 

Indonesia. The respondents were selected using purposive sampling from members of the 
Musyawarah guru mata Pelajaran (MGMP; re: Social Science Teachers' Association) in 11 districts 
and 2 cities, including: The research respondents were drawn from the following regencies and cities 
in South Kalimantan, Indonesia: Tanah Laut, Kotabaru, Banjar, Barito Kuala, Tapin, Hulu Sungai 
Selatan, Hulu Sungai Tengah, Hulu Sungai Utara, Tabalong, Tanah Bumbu, Balangan, Banjarmasin 
City, and Banjarbaru City. It is beneficial to provide an overview of the research respondents, as this 
allows for the presentation of information regarding the diversity of these individuals. This data can 
subsequently be employed to facilitate further analysis and inform discussions. The descriptions of 
the research respondents were obtained, including information regarding gender, educational level, 
and teaching experience as in Table 1. 

Table 1 Demographic Data and Educational Detail

Gender Frequency Percentage (%)
Male 34 31.00

Female 74 69.00
Total 108 100.00

Educational Level Frequency Percentage (%)
Bachelor 10  9.00
Master 98 91.00

Certified Teacher Frequency Percentage (%)
Yes 85 79.00
No 23 21.00

Total 108 100.00
Teaching Duration Frequency Percentage (%)

More than 30 Years 5 5.00
16-30 Years 34 31.00
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5-15 years 56 52.00
Less than 5 Years 13 12.00

Total 108 100.00

As illustrated in Table 1, the gender distribution of the 108 research respondents is as follows: 34 
individuals (31.00%) are male, and 74 individuals (69.00%) are female. About the level of education 
of the 108 respondents, it can be stated that 10 individuals (9.00%) have obtained a master 
qualification, while 98 people (91%) have a bachelor qualification. About the ownership of teaching 
certificates, it can be observed that 85 individuals (79.00%) possess such qualifications, while 23 
respondents (21.00%) do not. The experience of educators from the 108 respondents is as follows: 
five people (5.00%) have over 30 years of experience, 34 people (31.00%) have between 16 and 
30 years of experience, 56 people (52.00%) have between five and 15 years of experience, and 13 
people (12.00%) have less than five years of experience.

The research data was measured using confirmatory factor analysis (CFA) and structural equation 
modeling (SEM). Subsequently, the measurement data were subjected to CFA to gain insight into 
their construct validity and reliability. An instrument item is deemed authentic if the value of the 
loading factor > 0.50 and the t-value >1.96 [43]. The items’ instrument is deemed reliable if the 
omega value > 0.70 [42]. Table 2 presents the validity and reliability data for the study.

Table 2 Reliability and Validity Construct

Indicator Cronbach's alpha Composite reli-
ability (rho_a)

Composite reli-
ability (rho_c)

Average variance 
extracted (AVE) Information

Principal Supervision 0.88 0.89 0.91 0.63 Valid and Reliable
Learning Method 0.94 0.94 0.95 0.78 Valid and Reliable
Communication 0.93 0.93 0.94 0.71 Valid and Reliable

Class Management 0.91 0.91 0.93 0.74 Valid and Reliable
School Environment 0.93 0.93 0.95 0.75 Valid and Reliable

As evidenced by the output in Table 2, the AVE value for all variables exceeds 0.5, indicating that 
all valid indicators converge in forming their respective variables. Furthermore, Cronbach's Alpha 
and CR values were also obtained, which yielded values greater than 0.6 for all variables. It can be 
concluded that all variables and items utilized in this study demonstrate satisfactory validity and 
reliability in variable measurement.

Subsequently, goodness of fit testing is employed to ascertain the data that quantifies the 
relationship between variables. Two indicators are employed in this test: the coefficient of 
determination and the model fit test. The coefficient of determination is employed to ascertain the 
extent to which the independent variable elucidates the relationship with the dependent variable. The 
coefficient of determination is determined by examining the R-squared statistical value associated 
with each variable relationship. The R-squared value is classified as strong if it exceeds 0.67, 
moderate if it exceeds 0.33 but is below 0.67, and weak if it exceeds 0.19 but is below 0.33 [44]. 
The results of the coefficient of determination test are presented in Table 3.

Table 3 Coefficient of Determination (R-Square Value)

Construct R-square R-square adjusted Description
Teacher Leadership in Learning Process (Y) 0.94 0.94 Strong
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The Coefficient of Determination (R²) for the teacher leadership variable in learning (Y) is 0.94, 
indicating that the independent/free variables exert a simultaneous influence of 94.60% on teacher 
leadership in learning (dependent/dependent variable). The remaining 5.40% is influenced by other 
variables that were not tested in the study. The model fit test employs several statistical indicators, 
including the Standardized Root Mean Square Residual (SRMR), Normed Fit Index (NFI), and RMS 
theta. In obtaining a suitable model, the aforementioned indicators must meet the following values: 
SRMS < 0.08; NFI > 0.90; RMS theta is close to zero [19]. Moreover, Table 4 represent the results of 
the model suitability assessment.

Table 4 Suitability Assessment Model

Goodness of Fit Index Saturated model Estimated model Information
SRMR 0.05 0.05 Suitable

NFI 0.69 0.69 Suitable

The resulting output indicates that the SRMS value is 0.05, which is less than 0.08. Moreover, the 
NFI value of 0.69 is less than 0.90. Based on these two indicators, it can be concluded that the model 
has met the suitability criteria and is therefore suitable for use. Furthermore, the model is effective at 
describing the relationship between variables.

In the construction of the SEM model, two types of relationships are identified: direct 
relationships, as indicated by path coefficients, and indirect relationships, as represented by indirect 
effects. The value of the path coefficient falls within the range of -1 to 1. If the value is within the 
range of 0 to 1, it can be classified as positive, whereas if the value is within the range of -1 to 0, it 
can be classified as negative [45]. The relationship can be observed in Table 5.

Table 5 Path Coefficients

Variable Path coefficients Relationship
Communication -> Teacher Leadership in Learning Process 0.20 Positive

School Environment -> Teacher Leadership in Learning Process 0.19 Positive
Learning Method -> Teacher Leadership in Learning Process 0.16 Positive

Class Management -> Teacher Leadership in Learning Process 0.28 Positive
Principal Supervision -> Teacher Leadership in Learning Process 0.19 Positive

The results in Table 5 indicate that the principal supervision variable is significantly correlated 
with the teacher leadership variable in learning, with a value of 0.19. Similarly, the classroom 
management variable is also significantly correlated with the teacher leadership variable in learning, 
with a value of 0.28. Considering these findings, it can be concluded that the relationship between 
the independent variables (principal supervision, learning methods, learning communication, 
classroom management, and learning environment) and the dependent variable (teacher leadership 
in learning) is positive likely in Figure 2.

Research Hypothesis:

1. The effect of principal supervision on teacher leadership in the learning process

The hypothesis in this study can be seen in Figure 1, the t-value obtained for the principal 
supervision variable (ks) is 3.64 (>1.96). it can be concluded that the principal supervision variable 
(ks) influences teacher leadership in the learning process.
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2. The effect of learning methods on teacher leadership in the learning process 

The hypothesis in this study can be seen in Figure 1, the t-value obtained for the learning method 
variable (m) is 1.77 (<1.96). it can be concluded that the learning method variable (m) does not 
affect teacher leadership in the learning process.

3. The effect of learning communication on teacher leadership in the learning process

The hypothesis in this study can be seen in Figure 1, the t-value obtained for the learning 
communication variable (k) is 2.78 (>1.96). it can be concluded that the learning communication 
variable (k) influences teacher leadership in the learning process.

4. The effect of classroom management on teacher leadership in the learning process

The hypothesis in this study can be seen in Figure 1, the t-value obtained for the classroom 
management variable (p) is 4.03 (>1.96). it can be concluded that the classroom management 
variable (p) influences teacher leadership in the learning process.

5. The effect of school environment on teacher leadership in the learning process

The hypothesis in this study can be seen in Figure 1, the t-value obtained for the school 
environment variable (l) is 3.11 (>1.96). it can be concluded that the school environment variable (l) 
influences teacher leadership in learning process.

Figure 2 SEM Diagram on the Influence of Principal Supervision, Learning Method, Communication, 
Class Management and School Environment on Teacher Leadership in Learning Process
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DISCUSSION
This study aims to explore the role of principal supervision, methods, communication, classroom 

management, and school environment in teacher leadership in learning. First, the instrument was 
validated, and preliminary analysis was conducted. Next, the reliability, convergent, and discriminant 
validity of the instrument were tested using EFA and CFA. The normality test for the data was 
conducted and provided statistical assumptions through preliminary analysis. Subsequently, the 
data were analyzed using descriptive and inferential statistics to answer the research questions. The 
results of the hypothesis tests show that four variables have a significant effect on teacher leadership 
in the learning process. 

Furthermore, collaborative supervision approaches have been demonstrated to be an effective 
means of enhancing teacher leadership skills [46]. In their study, [47] emphasized the significance 
of collaboration between principals and teachers in identifying challenges and developing strategies 
to enhance teaching quality. A collaborative approach facilitates the establishment of trusting 
and supportive relationships between principals and teachers, which in turn reinforces a positive 
school culture. Supervision by principals that is oriented toward the development of teachers' 
professionalism and leadership skills has been demonstrated to have a beneficial impact on 
classroom learning outcomes [48]. Integrating a supervision approach that considers the provision 
of constructive feedback, the development of leadership skills, and principal-teacher-school 
collaboration can facilitate the creation of a conducive learning environment and climate. Effective 
supervision is not merely about supervision; it is also about empowering teachers to become 
effective leaders in optimally meeting students' learning needs.

This approach not only enhances student engagement but also reinforces the teacher's role as 
an effective learning facilitator. The incorporation of technology in the learning process has the 
potential to alter the dynamics of the classroom and enhance the quality of interaction between 
teachers and students [49]. The appropriate use of technology has the potential to expand access 
to learning resources, facilitate differentiated learning, and strengthen personalized and integrated 
learning experiences. Effective communication necessitates collaboration with parents, teachers, 
and students. The involvement of parents in education has been demonstrated to have a positive 
impact on students' learning motivation and to support teachers in their role of creating an inclusive 
and supportive learning environment [50]. By integrating current approaches to learning methods, 
communication, and classroom management, teachers can develop strong leadership in supporting 
students' academic achievement and in building a supportive learning environment for all learners. 
This research highlights the importance of continuity in teacher professional development to create 
meaningful learning experiences that will positively impact the future of education.

The physical environment plays an instrumental role in fostering a secure atmosphere, convenient 
facilities, and an optimal learning environment. A well-designed physical environment can help 
minimize distractions and enhance student engagement and participation in learning, thereby 
supporting the teacher's leadership role in managing the classroom effectively [7]. A positive school 
environment can facilitate collaboration between teachers, enhance mutual trust, and provide the 
necessary support for innovation in learning [18]. Teachers who can implement teaching strategies 
that have a significant impact on student learning outcomes, such as effective feedback, collaborative 
learning, and the use of technology in teaching, can be considered to possess strong leadership 
in the learning process [4; 51]. Teacher leadership encompasses the capacity to adapt to evolving 
pedagogical approaches, curriculum, technology, and the diverse needs of students. It extends 
beyond the classroom, involving collaboration with colleagues and engagement in curriculum 
development and formulating school’s policy [45]. Teacher leadership in the context of learning 
represents a critical factor that influences the effectiveness of the teaching and learning process. 

Despite their pivotal role in fostering a conducive learning atmosphere, educators frequently 
encounter a multitude of obstacles that impede their capacity to impart optimal instruction. In the 
context of inclusive education, teachers are confronted with the challenge of catering to students 
with diverse academic and socio-emotional needs [7]. The ability of teachers to manage diversity 
is a significant challenge in maintaining equity and effectiveness in learning [52]. The constant 
changes in the curriculum and technological advances require teachers to adapt and update their 
teaching methods regularly [40]. This challenge can affect the consistency of the implementation 
of effective leadership strategies. Teachers who lack professional training and support in developing 
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their leadership skills may face difficulties in meeting the increasing expectations for student learning 
outcomes [53; 54]. Teachers' leadership effectiveness also depends on their ability to manage 
complex classroom dynamics and utilize learning time efficiently. These challenges have the potential 
to impact the consistency with which effective leadership strategies are implemented. 

Teachers who lack professional training and support in developing their leadership skills may 
encounter challenges in meeting the increasing expectations for student learning outcomes. 
Furthermore, teachers' leadership effectiveness is contingent upon their capacity to navigate intricate 
classroom dynamics and optimize the utilization of learning time. Such challenges not only affect 
the quality of learning in the classroom, but also underscore the necessity for teachers to cultivate 
adaptive and responsive leadership skills that are attuned to the evolving context of education [55]. 
It is anticipated that the ability to manage change and to be prepared to address the challenges will 
be pivotal to the success of teacher leadership.

In the context of evolving education, the development of teacher leadership that is adaptive and 
responsive to challenges is of paramount importance. Based on the issues on teacher leadership in 
learning process, appropriate solutions can be provided to establish a foundation for the development 
of policies and practices that will enhance the overall quality of education. The capacity of teachers to 
manage the learning process has emerged as a fundamental element in the development of effective 
pedagogical strategies and the creation of a positive learning environment [17; 31]. These essential 
skills include the capacity to design, implement, and refine teaching methods, communication 
practices, and management styles in response to the dynamic needs of students and the educational 
context. It is imperative to prioritize the enhancement of teachers' learning management abilities, 
as this directly impacts the caliber of education, teacher satisfaction, and students' academic 
and social growth [8]. Teachers' learning management skills can be enhanced by examining the 
impact of teaching methodologies, the significance of effective communication, the utility of diverse 
management styles, and the value of cultivating a collaborative work environment. Each section 
provides insights into how these elements contribute to the refinement of teacher management 
strategies and offers practical solutions to the challenges faced in this field. Through the review 
of case studies and success stories, the discussion further elucidates innovative approaches and 
prospective avenues for the advancement of teachers’ learning management capabilities, thereby 
facilitating enhanced educational outcomes and teacher empowerment.  

In the field of education, the efficacy of a teacher's management abilities is contingent upon the 
pedagogical approaches they utilize. These methods not only impact classroom dynamics but also 
have a significant effect on learning outcomes and student engagement [56]. It is crucial for effective 
teacher management to understand and apply a balanced approach to teaching methods [57]. 
Innovative teaching techniques are designed to transform the educational landscape by integrating 
contemporary pedagogical strategies. These include blended learning models, the integration of 
technology in the classroom, and methods that encourage student-centered learning. Techniques 
such as flipped classrooms, project-based learning, and inquiry-based learning encourage students to 
interact with the material actively, fostering critical thinking and problem-solving skills. By leveraging 
digital tools, educators can provide personalized learning experiences to meet the diverse needs of 
students, enhancing accessibility and engagement in the learning process.

Communication plays an integral role in facilitating connections within the school community. 
Thereby fostering an environment conducive to the optimal development of all members [58]. 
It influences how individuals perceive the school and is the conduit through which the school 
disseminates its values, mission, and vision. Effective communication is essential for ensuring that all 
stakeholders students, parents, and staff understand and align with the school's goals, thus fostering 
a unified community [59]. By explicitly defining expectations and providing constructive feedback, 
educational institutions can modify their pedagogical approaches to align with the heterogeneous 
needs of their student population, thereby enhancing the quality of education. In the contemporary 
digital era, educational institutions have a plethora of communication tools at their disposal. The 
regular deployment of newsletters, emails, school apps, and parent-teacher meetings ensures the 
expedient dissemination of information to all relevant parties. Digital platforms, such as learning 
management systems and mobile apps, streamline communication, rendering it more expedient and 
accessible. These tools not only facilitate the dissemination of information but also engender active 
engagement and community participation, thereby fortifying the bonds within the school community.
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Creating an environment rich in feedback is essential for the continuous improvement process. 
Feedback should be specific, timely, and constructive, with a focus on helping students and staff 
understand their strengths and areas for improvement [35]. It is incumbent upon educational 
institutions to foster an environment wherein feedback is actively sought and esteemed, and where 
individuals feel secure in articulating their ideas and concerns [41]. The implementation of regular 
feedback sessions, suggestion boxes, and interactive platforms where feedback can be provided 
anonymously can facilitate the establishment of this culture. This approach not only encourages 
personal and academic growth but also fosters a positive and proactive community atmosphere.

The effectiveness of teachers, their job satisfaction, and the overall school environment are all 
significantly influenced by the management styles employed in educational settings. This section 
examines the influence of distinct management styles, with a particular emphasis on the contrast 
between hierarchical and collaborative approaches, the significance of empowerment and autonomy, 
and the role of school administration in shaping these dynamics. It is of the utmost importance to 
empower teachers through professional autonomy to foster a sense of job satisfaction and retention 
[39]. In this context, autonomy refers to the freedom of teachers to make decisions regarding their 
pedagogical strategies and professional development [60]. Schools that demonstrate support for 
teacher autonomy frequently exhibit elevated levels of innovative teaching practices and a more 
dedicated teaching workforce. The provision of opportunities for teachers to assume leadership 
roles in professional development workshops, curriculum design, and school-wide decision-making 
processes represents a key strategy for enhancing teacher autonomy. By empowering teachers, 
educational institutions can cultivate a more motivated and satisfied workforce, better equipped to 
address the challenges of modern education [61]. By understanding and implementing effective 
management styles, schools can enhance their educational outcomes and cultivate positive work 
environments that attract and retain highly qualified teachers. The interplay between hierarchical 
and collaborative approaches, coupled with a focus on empowerment and the supporting role of 
administration, constitutes the foundation of successful education management.

CONCLUSION 
Improving teachers' learning management abilities reinforces the critical role of teaching methods, 

communication strategies, management style, and the significance of a supportive work environment. 
We examined how a harmonious integration of conventional and innovative teaching methodologies, 
coupled with effective communication and empowering managerial practices, can foster a conducive 
learning environment that enhances teacher satisfaction and student outcomes. These deliberations 
revealed that the pursuit of an enhanced educational experience is multi-faceted, requiring 
continuous adaptation and a profound comprehension of the dynamic educational landscape.

As we progress, it becomes clear that the challenges and opportunities in teaching and learning 
management are in a state of constant evolution, necessitating a dedication to continuous 
professional development and innovative thinking. The implications of our findings underscore the 
importance of a collaborative, supportive, and adaptable educational environment that prioritizes 
teacher empowerment and student success. The implementation of these principles will determine 
the future of educational institutions that can thrive, adapt to change, and maintain a commitment 
to excellence and inclusivity. While this journey is complex, it paves the way to a more effective and 
fulfilling educational experience for all stakeholders involved.

ACKNOWLEDGEMENT
This research includes activities to develop higher education tridharma, namely International 

Collaborative Assignment Research Scheme Batch 1 Assignment Institute for Research and 
Community Service, University State of Surabaya.



739

Perspektivy Nauki i Obrazovania | 2026 | 2

REFERENCES
1.	 King, F., & Holland, E. (2022). A transformative professional learning meta-model to support leadership 

learning and growth of early career teachers. International Journal of Leadership in Education, 00(00), 1–25. 
doi:10.1080/13603124.2022.2037021

2.	 Holst, J., Singer-Brodowski, M., Brock, A., & de Haan, G. (2024). Monitoring SDG 4.7: Assessing Education 
for Sustainable Development in policies, curricula, training of educators and student assessment (input-
indicator). Sustainable Development, 1–16. doi:10.1002/sd.2865

3.	 Damri, D., Indra, R., Tsaputra, A., Ediyanto, E., & Jatiningsiwi, T. G. (2023). Leadership evaluation and 
effective learning in an inclusive high school in Padang, Indonesia. Cogent Education, 10(2). doi:10.1080/23
31186X.2023.2282807

4.	 Ghamrawi, N., Shal, T., & Ghamrawi, N. A. R. (2024). Cultivating teacher leadership: Evidence from a 
transformative professional development model. School Leadership & Management, 1–29. doi:10.1080/1363
2434.2024.2328056

5.	 Kucharska, W., & Rebelo, T. (2022). Transformational leadership for researcher’s innovativeness in the 
context of tacit knowledge and change adaptability. International Journal of Leadership in Education, 00(00), 
1–22. doi:10.1080/13603124.2022.2068189

6.	 Talalienė, Ž., & Šečkuvienė, H. (2015). Muzikos mokytojo lyderystės gebėjimų raiška. Pedagogika, 119(3), 
134–146.

7.	 Murendo, C., et al. (2024). Teachers’ well-being, home learning environment and children learning outcomes 
in emergencies: A case of Afghanistan. Cogent Education, 11(1). doi:10.1080/2331186X.2024.2335839

8.	 Mandefro, E. (2022). Identifying Improvements in Teaching and Learning via Supervision Support: A 
Pragmatic Perspective. Professional Practice, 12(1), 1–19. doi:10.7577/pp.4533

9.	 Maisyaroh, B., Wiyono, B. B., Hardika, A. V., Valdez, S. B., Mangorsi, S. P. T., & Canapi, S. (2021). The 
implementation of instructional supervision in Indonesia and the Philippines, and its effect on the variation of 
teacher learning models and materials. Cogent Education, 8(1). doi:10.1080/2331186X.2021.1962232

10.	 Austin, K. S., Allen, G. E., Brunsting, N. C., Common, E. A., & Lane, K. L. (2023). Active supervision: 
Empowering teachers and families to support students in varied learning contexts. Preventing School Failure: 
Alternative Education for Children and Youth, 67(2), 98–105. doi:10.1080/1045988X.2023.2181301

11.	 Widiharti, W., Tola, B., & Supriyat, Y. (2019). Evaluation of principal partnership programs in the directorate 
of education management — The application of Kirkpatrick and Countenance Stake evaluation model. 
Universal Journal of Educational Research, 7(9A), 71–77. doi:10.13189/ujer.2019.071609

12.	 Budirahayu, T., & Saud, M. (2023). Pedagogical innovation and teacher collaborations in supporting student 
learning success in Indonesia. Cogent Education, 10(2). doi:10.1080/2331186X.2023.2271713

13.	 Ssemugenyi, F. (2023). Teaching and learning methods compared: A pedagogical evaluation of problem-
based learning (PBL) and lecture methods in developing learners’ cognitive abilities. Cogent Education, 
10(1). doi:10.1080/2331186X.2023.2187943

14.	 Fitriati, F., Rosli, R., Iksan, Z., & Hidayat, A. (2023). Exploring challenges in preparing prospective teachers 
for teaching 4C skills in mathematics classroom: A school-university partnership perspectives. Cogent 
Education, 11(1). doi:10.1080/2331186X.2023.2286812

15.	 Abramova, G. S., & Mashoshina, V. S. (2021). On Differentiation Strategies in the EFL Mixed-Ability 
Classroom: Towards Promoting the Synergistic Learning Environment. European Journal of Contemporary 
Education, 10(3), 558–573. doi:10.13187/ejced.2021.3.558

16.	 Purnomo, E. N., Imron, A., Wiyono, B. B., Sobri, A. Y., & Dami, Z. A. (2024). Transformation of Digital-Based 
School Culture: Implications of change management on Virtual Learning Environment integration. Cogent 
Education, 11(1). doi:10.1080/2331186X.2024.2303562

17.	 Al Jaberi, A. T., Alzouebi, K., & Abu Khurma, O. (2024). An Investigation into the Impact of Teachers’ 
Emotional Intelligence on Students’ Satisfaction of Their Academic Achievement. Social Sciences, 13(5). 
doi:10.3390/socsci13050244

18.	 Costa, A. R. (2024). The physical dimensions of the home learning environment and its impact on young 
people’s learning motivations. Cogent Education, 11(1). doi:10.1080/2331186X.2024.2322862

19.	 Owan, V. J., et al. (2023). School-Based Supervisory Practices and Teachers’ Job Effectiveness Using 
Bootstrapping in Covariance-Based Structural Equation Modelling. Cogent Education, 10(1). doi:10.1080/233
1186X.2023.2168406

20.	 Wong, J. Y. L., & Oh, P. H. (2023). Teaching physical education abroad: Perspectives from host cooperating 
teachers, local students and Australian pre-service teachers using the social exchange theory. Teaching and 
Teacher Education, 136, 104364. doi:10.1016/j.tate.2023.104364

21.	 Aalde, O., & Staal Jenset, I. (2024). Study Program Leaders’ Perceptions of Coherence and Strategies for 
Creating Coherent Teacher Education Programs. Journal of Teacher Education, 75(3), 334–346. https://doi.



740

Perspektivy Nauki i Obrazovania | 2026 | 2

org/10.1177/00224871231208683
22.	 Barahona, M., Darwin, S., Durán-Castro, M., & Lobos Stevens, C. (2024). Analyzing teacher educators’ 

perspectives on professional pedagogical responsibility in initial EFL teacher education. Cogent Education, 
11(1). https://doi.org/10.1080/2331186X.2024.2356429

23.	 Ertesvåg, S. K. (2021). Exploring improvement in teachers’ instructional support: Classifying and analyzing 
patterns of change in a national initiative on classroom management. International Journal of Leadership in 
Education, 24(4), 533–557. https://doi.org/10.1080/13603124.2019.1613567

24.	 Wei, M. (2023). Evaluation method of practice teaching quality of tourism management major based on 
STEAM distance education concepts. EAI Endorsed Transactions on Scalable Information Systems, 10(6). 
https://doi.org/10.4108/eetsis.3987

25.	 Güneysu, S., & Tekmen, B. (2010). Implementing an alternative cooperative learning method. Procedia - 
Social and Behavioral Sciences, 2(2), 5670–5674. https://doi.org/10.1016/j.sbspro.2010.03.926

26.	 Ranmechai, S., & Poonputta, A. (2023). Problem-Based Learning Approach for Developing Learning 
Management Skills in Undergraduate Mathematics Education. International Journal of Learning, Teaching and 
Educational Research, 22(9), 296–309. https://doi.org/10.26803/ijlter.22.9.16

27.	 Prastiyono, H., Utaya, S., Sumarmi, S., Astina, I. K., Amin, S., & Aliman, M. (2021). Development of 
E-Learning, Mobile Apps, Character Building, and Outdoor Study (EMCO Learning Model) to Improve 
Geography Outcomes in the 21st Century. International Journal of Interactive Mobile Technologies, 15(7), 
107–122. https://doi.org/10.3991/ijim.v15i07.21553

28.	 Qu, X., & Cross, B. (2024). UDL for inclusive higher education—What makes group work effective for diverse 
international students in the UK? International Journal of Educational Research, 123(September 2023), 
102277. https://doi.org/10.1016/j.ijer.2023.102277

29.	 van den Berg, L., & de Villiers, J. M. (2021). Tech talk: Development of a conceptual framework to enhance 
sport students’ communication skills and content learning through vlogs as an assessment tool. Cogent 
Education, 8(1). https://doi.org/10.1080/2331186X.2021.1999785

30.	 Patphol, M. (2022). Developing a Training Curriculum Using Professional Learning Community for Enhancing 
Teachers’ Learning Management Skills To Promote Students’ Creativity and Innovation Ability: A Case Study 
of Thai Teachers. Creative Studies, 15(1), 199–216. https://doi.org/10.3846/cs.2022.13278

31.	 König, J. (2015). Measuring classroom management expertise (CME) of teachers: A video-based assessment 
approach and statistical results. Cogent Education, 2(1). https://doi.org/10.1080/2331186X.2014.991178

32.	 Purwadhi, R. (2019). The role of education management, learning teaching and institutional climate on 
quality of education: Evidence from Indonesia. Management Science Letters, 9(9), 1507–1518. https://doi.
org/10.5267/j.msl.2019.5.002

33.	 Debreli, E., & Ishanova, I. (2019). Foreign language classroom management: Types of student misbehaviour 
and strategies adapted by the teachers in handling disruptive behaviour. Cogent Education, 6(1). https://doi.
org/10.1080/2331186X.2019.1648629

34.	 Manakul, T., Somabut, A., & Tuamsuk, K. (2023). Smart teaching abilities of junior high school teachers in 
Thailand. Cogent Education, 10(1). https://doi.org/10.1080/2331186X.2023.2186009

35.	 Kuswardani, H. P., & Paramita, P. P. (2023). Student challenging behavior with a positive behavior support 
training for teachers: A case study. International Journal of Evaluation and Research in Education, 12(4), 
1764–1770. https://doi.org/10.11591/ijere.v12i4.25394

36.	 Savarese, G., Carpinelli, L., D’Elia, D., & Coppola, G. (2015). Teachers of various school grades and 
representations of epilepsy: Problems, relational aspects and perspectives of life quality. Italian Journal of 
Pediatrics, 41(1), 1–5. https://doi.org/10.1186/s13052-015-0177-8

37.	 Belay, S., Melese, S., & Seifu, A. (2021). Advancing teachers’ human capital through effective leadership and 
institutional safety: Mediating effect of professional learning and teaching climate. Cogent Education, 8(1). 
https://doi.org/10.1080/2331186X.2021.1912488

38.	 Jakavonytė-Staškuvienė, D., & Ignatavičiūtė, L. (2022). Experience of mentors and beginner primary school 
teachers in applying the principles of shared leadership during the school adaptation period: The case of 
Lithuania. Cogent Education, 9(1). https://doi.org/10.1080/2331186X.2022.2070054

39.	 Tulowitzki, P., Köferli, S., & Krein, U. (2024). Shadowing school principals—What do we learn (anew)? 
Leadership and Policy in Schools, 00(00), 1–21. https://doi.org/10.1080/15700763.2024.2330534

40.	 Sølvik, R. M., & Roland, P. (2022). Teachers’ and principals’ diverse experiences expand the understanding 
of how to lead collective professional learning among teachers. International Journal of Leadership in 
Education, 00(00), 1–24. https://doi.org/10.1080/13603124.2021.2021295

41.	 de Vries, J. A., Dimosthenous, A., Schildkamp, K., & Visscher, A. J. (2023). The impact of an assessment for 
learning teacher professional development program on students’ metacognition. School Effectiveness and 
School Improvement, 34(1), 109–129. https://doi.org/10.1080/09243453.2022.2116461

42.	 Melesse, T., & Belay, S. (2022). Uplifting teachers’ professional capital through promoting engagement in 



741

Perspektivy Nauki i Obrazovania | 2026 | 2

professional learning: Mediating effect of teacher job satisfaction. Cogent Education, 9(1). https://doi.org/10
.1080/2331186X.2022.2057102

43.	 Dogbe, C. S. K., Tweneboah, I., Basoah, P., Arkrofi, A. A., & Appiah, N. (2024). Mediating role of teacher 
creativity in the relationships between internal strategic communication, feedback seeking behavior and 
teacher performance. Cogent Education, 11(1). https://doi.org/10.1080/2331186X.2024.2351260

44.	 Ma, W., Kakhai, K., & Shahid, M. (2024). Refining Innovative Teaching Processes for Core Competencies 
Among Teachers in Vocational Universities: An Exploratory Mixed-Method Approach Informed by China’s 
Reform Policy. Revista de Gestão Social e Ambiental, 18(2), 1–26. https://doi.org/10.24857/rgsa.v18n2-129

45.	 Suryadi, A., Qadir Muslim, L., Setyono, L., & Nanang, A. S. (2024). The effect of spiritual leadership on 
organizational resilience: Mediated by entrepreneurial innovation. Corporate Governance and Organizational 
Behavior Review, 8(1), 115–125. https://doi.org/10.22495/cgobrv8i1p10

46.	 Potter, J. P., Hollas, T., & Coyne, J. (2016). Strengthening collaboration for successful field experiences. 
Cogent Education, 3(1). https://doi.org/10.1080/2331186X.2016.1226561

47.	 Strieker, T., Adams, M., Cone, N., Hubbard, D., & Lim, W. (2016). Supervision matters: Collegial, 
developmental and reflective approaches to supervision of teacher candidates. Cogent Education, 3(1). 
https://doi.org/10.1080/2331186X.2016.1251075

48.	 Li, P., & Lu, Z. (2012). Individualized instruction in large classes of integrated English in CALL environments. 
Theory and Practice in Language Studies, 2(11), 2291–2301. https://doi.org/10.4304/tpls.2.11.2291-2301

49.	 Nettey, J. N. A., Mensah, R. O., Asafo-Adjei, R., & Babah, P. A. (2024). Analyzing the challenges basic school 
teachers face in integrating Information and Communication Technology into teaching and learning activities 
in a developing country. Cogent Education, 11(1). https://doi.org/10.1080/2331186X.2024.2364544

50.	 van den Boom-Muilenburg, S. N., de Vries, S., van Veen, K., Poortman, C. L., & Schildkamp, K. (2021). 
Understanding sustainable professional learning communities by considering school leaders’ interpretations 
and educational beliefs. International Journal of Leadership in Education, 00(00), 1–28. https://doi.org/10.1
080/13603124.2021.1937705

51.	 Liyuan, E., Pyhältö, K., Sullanmaa, J., Pietarinen, J., Soini, T., & Toom, A. (2024). Early Career 
Teachers’ Sense of Professional Agency in the Classroom and Associations With Their Perception 
of Transformational Leadership Vision and School Size. Journal of Teacher Education. https://doi.
org/10.1177/00224871241248424

52.	 Wong, J. Y. L., & Oh, P. H. (2023). Teaching physical education abroad: Perspectives from host cooperating 
teachers, local students and Australian pre-service teachers using the social exchange theory. Teaching and 
Teacher Education, 136, 104364. https://doi.org/10.1016/j.tate.2023.104364

53.	 Peng, W. J., et al. (2014). Emerging perceptions of teacher quality and teacher development in 
China. International Journal of Educational Development, 34(1), 77–89. https://doi.org/10.1016/j.
ijedudev.2013.04.005

54.	 Yerrabati, S. (2022). Does vulnerable employment alleviate poverty in developing countries? Economic 
Modelling, 116, 106043. https://doi.org/10.1016/j.econmod.2022.106043

55.	 Burgaz, B., & Turan, S. (2015). The Features of Schools which Conducted a Comenius Project and Evaluation 
of Features in Terms of Collaborative Leadership Characteristics. Procedia - Social and Behavioral Sciences, 
174, 338–346. https://doi.org/10.1016/j.sbspro.2015.01.670

56.	 Hayati, P. F. A., Mistima, M. S., & Sofwan, M. M. (2023). The Relationship between Teacher’s Self-Efficacy 
and Creative Teaching of Primary Mathematics Teachers. Journal of Educational and Social Research, 13(5), 
340–353. https://doi.org/10.36941/jesr-2023-0141

57.	 Sonsupap, K., & Cojorn, K. (2024). A collaborative professional development and its impact on teachers’ 
ability to foster higher order thinking. Journal of Education and Learning, 18(2), 561–569. https://doi.
org/10.11591/edulearn.v18i2.21182

58.	 Apak, J., Taat, M. S., & Suki, N. M. (2021). Measuring teacher creativity-nurturing behavior and readiness for 
21st century classroom management. International Journal of Information and Communication Technology 
in Education, 17(3), 52–67. https://doi.org/10.4018/IJICTE.20210701.oa4

59.	 Narot, P., & Kiettikunwong, N. (2024). A Strategy to Reorient Parental Perceptions to Create Conditions for 
Successful Inclusive Education: A Case Study in A Small-Sized School. Education Sciences, 14(4). https://
doi.org/10.3390/educsci14040358

60.	 Ahmad, H., & Shah, S. R. (2022). Teacher agency and professional development: A study on Cambridge 
English teacher program in the Arabian Gulf. Cogent Education, 9(1). https://doi.org/10.1080/233118
6X.2022.2080352

61.	 Rosa, A. T. R., & Mujiarto, M. (2020). Teacher development potential (creativity and innovation) education 
management in engineering training, coaching, and writing works through scientific knowledge intensive 
knowledge based on web research in the Industrial Revolution and society. International Journal of Higher 
Education, 9(4), 161–168. https://doi.org/10.5430/ijhe.v9n4p161



742

Perspektivy Nauki i Obrazovania | 2026 | 2

Authors
Bambang Sigit Widodo

(Indonesia, Surabaya city)
Associate Professor, Department of Geography Education. 

State University of Surabaya
E-mail: bambangsigit@unesa.ac.id 
ORCID ID: 0000-0002-6780-1158

Hendri Prastiyono
(Indonesia, Surabaya city)

Doctor of Education
Department of Social Science Education

State University of Surabaya
E-mail: hendriprastiyono@unesa.ac.id

ORCID ID: 0000-0002-8833-2821

Jauhar Wahyuni
(Indonesia, Surabaya city)
Lecturer And Researcher

Department of Communication Science
State University of Surabaya

E-mail: jauharwahyuni@unesa.ac.id
ORCID ID: 0009-0001-7789-110X

Mohd Hairy Ibrahim
(Tanjung Malim, Perak, Malaysia)

Doctor of Education
Fakulti Sains Kemanusiaan

Universiti Pendidikan Sultan Idris
E-mail: hairy@fsk.upsi.edu.my

ORCID ID: 0000-0002-4600-4010

Authors contribution
Bambang Sigit Widodo: Conceptualization, Methodology, 
Validation, Formal analysis, Investigation, Resources, Data 
Curation, Writing - Original Draft, Writing - Review & Editing, 

Visualization, Supervision, Funding acquisition
Hendri Prastiyono: Conceptualization, Methodology, 
Software, Validation, Formal analysis, Investigation, 
Resources, Data Curation, Writing - Original Draft, 

Visualization
Jauhar Wahyuni: Validation, Formal analysis, Investigation, 

Writing - Review & Editing, Supervision
Mohd Hairy Ibrahim: Writing - Review & Editing, Supervision

© Bambang Sigit Widodo, Hendri Prastiyono, Jauhar Wahyuni, 
Mohd Hairy Ibrahim, 2026

The authors declared no conflicts of interest


