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	This study aims to analyze the influence of visionary leadership on the adoption of science-based innovative technology in learning in primary schools. In the era of Industrial Revolution 4.0, elementary schools are expected to integrate technology in science learning to improve 21st century skills. The principal's visionary leadership is an important factor in supporting teachers in implementing science-based technology. This study used a quantitative approach with a survey method involving 100 respondents, consisting of teachers and principals in elementary schools that have implemented science-based technology. Data were analyzed using correlation and simple linear regression techniques. The results showed a strong and significant relationship between visionary leadership and innovative technology adoption with a correlation coefficient of 0.87 and p value = 0.001. Regression analysis showed that visionary leadership had a significant effect on the adoption of science-based technology with a regression coefficient of 0.716. This finding indicates that visionary leadership plays an important role in facilitating innovation and encouraging technology adoption that has an impact on improving the quality of science learning in elementary schools. The implication of this study is the importance of visionary leadership training for school principals to create a conducive environment for technology development in primary schools.
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INTRODUCTION

In the era of the Industrial Revolution 4.0 and the development of digital technology, education, especially at the primary school level, faces the challenge of integrating technology in science learning. Research shows that modern technology can help shorten the gap between theory and practice and increase students' enthusiasm for learning, although the digital skills gap among students remains an obstacle that needs to be overcome (Yan, 2021). On the other hand, the STEM approach that combines science, technology, engineering and math has great potential to build students' awareness of science and improve their critical thinking skills through project-based learning (Rahmat et al., 2023). In addition, the integration of technology in science learning in elementary schools can support the development of 21st century skills, such as collaboration and problem solving, and create a more engaging and interactive learning environment for students (Ramaila & Molwele, 2022). Research shows that the Project-Based Learning in STEM approach is able to improve scientific literacy and attitudes towards the environment among elementary school students, especially with the diorama approach that helps students understand environmental conservation through the combination of science and technology (Winarni et al., 2022). In addition, a team-based leadership approach involving administrators, technology specialists and science teachers proved effective in supporting the use of educational technology in schools, with significant impacts on student achievement in science (Dexter & Barton, 2021). The integration of technology in learning, particularly through inquiry-based learning models and flipped classrooms, has also been successfully implemented in elementary schools to increase students' interest in research and scientific understanding (Cunha et al., 2020). Optimal implementation of technology in basic education also requires support and role models from educators, especially in developing students' technological skills through methods that foster higher order thinking skills in accordance with Bloom's revised taxonomy (Polly et al., 2020). The role of leadership in teacher professional development programs also plays an important role in increasing teachers' motivation and confidence to integrate STEM in learning. Collaborative strategies between project leaders, school leaders and training centers have been shown to support teachers in implementing STEM-integrated tasks (Costa & Domingos, 2019).
Visionary leadership in education plays an important role in facing the challenges of technological disruption in the modern era. Visionary leaders focus not only on facilitating access to technology but also on inspiring and motivating teachers to increase innovation in science learning. Visionary leadership in educational institutions helps in developing information technology skills and awareness, so that teachers can apply technology that is relevant to the demands of the times and increase innovation in science in primary schools (Wijaya, 2023). In addition, the actualization of visionary leadership also includes the principal's role in improving teachers' skills in learning innovation management through continuous supervision, evaluation, and support (Liswati et al., 2023). Other studies show that leadership that is adaptive to technological change can facilitate technology integration in the classroom, supporting the enhancement of 21st century skills such as problem solving and collaboration, which are essential for students in the era of the Industrial Revolution 4.0 (Handayani, 2023 ; Ramaila & Molwele, 2022). This visionary leadership provides clear direction and encourages continuous innovation in education, so that educational institutions can continue to thrive in the midst of global change. With this approach, teachers can help students develop 21st century skills such as critical thinking, collaboration, and problem-solving abilities that are essential for today's global competition (Mopara & Sanrattana, 2023). Research shows that the development of 21st century skills through a STEM approach in a higher education environment supports the development of collaboration, problem-solving and communication skills which are considered very important for future career readiness (Lavi et al., 2021). In addition, technology-enriched teaching approaches have also shown significant contributions in supporting the quality of education through the integration of technologies that match the demands of 21st century skills, including creativity and critical thinking (Boholano et al., 2020).
Project-based program development, such as that of the iBEARS network in higher education, is effective in improving students' non-technical skills such as communication, collaboration, and critical thinking through projects that bring them closer to real-life situations (St. Louis et al., 2021). The online self-paced training program for teachers is also proven to improve teachers' skills in facilitating innovation-based learning that supports students' development of skills relevant to the 21st century (Hatsanmuang & Sanrattana, 2023).
Visionary leadership in schools plays a critical role in driving the adoption of innovative science-based technologies that support student learning outcomes. A community-based approach can help sustain innovation in the classroom by engaging various stakeholders to strengthen technology-based learning practices (Teo, 2019). Leadership models that support teacher capacity building also increase the acceptance of technology in teaching through effective collaboration and training programs (Ley et al., 2021). Digital transformation in schools, such as in Sweden, shows that systematic development for teachers and principals is important for sustainable technology implementation and positive impact on student learning outcomes (Masiello et al., 2023). In addition, technology leaders in schools can facilitate the adoption of new technologies by ensuring strong structural support (Ibrahim et al., 2022), while problem-based learning (PBL) in STEM education can strengthen students' understanding of real problems by integrating various STEM skills (Smith et al., 2022).
The results of this study are expected to contribute to the educational literature regarding the importance of visionary leadership styles in building a culture of technological innovation in elementary schools. In addition, this research is also expected to be a reference for stakeholders in designing policies that support the integration of science technology at the primary education level.
METHODS 
This study uses a quantitative approach with an explanatory design to understand how visionary leadership influences the adoption of science-based technology in primary schools. The study population was teachers and principals in elementary schools who have implemented or are currently using science-based technology in teaching and learning activities. Participants were selected based on several criteria: they had to be principals or teachers, have direct experience in the use of innovative science-based technology for at least the past year, and have at least a bachelor's degree in order to understand the concepts of visionary leadership and technology well. The sampling technique used was purposive sampling, and the number of samples selected was 100 people, which was considered sufficient to represent the population in the analysis.
Data was collected using a closed questionnaire based on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree). The questionnaire was divided into two main sections: first, to measure aspects of visionary leadership such as long-term vision, inspiration, and influence; and second, to assess the extent to which science-based technology is applied in learning through indicators such as frequency of use, effectiveness in learning activities, and integration with learning materials. Before being used in the main sample, the questionnaire was pretested on 30 respondents who were not part of the main sample to ensure its accuracy and consistency. Validity was tested using item-total correlation, while reliability was tested using Cronbach's Alpha, the results of which showed a value above 0.7, so the instrument was declared reliable.
The data collection process was conducted both online and offline. Participants were asked to sign a written consent explaining the purpose of the study, their rights as respondents, and how to maintain data confidentiality. If needed, semi-structured interviews were also conducted to get a more detailed explanation of the use of technology in a particular school. These interviews were recorded with the participants' permission, and the results were then transcribed in full for further analysis.
Data were analyzed using descriptive and inferential statistical methods with the help of SPSS software to ensure the accuracy of the results. Descriptive analysis was used to describe respondents' demographic characteristics such as age, education level, and work experience, as well as the distribution of their answers on each research variable. To test the hypothesis about the effect of visionary leadership on technology adoption, a simple linear regression test was conducted with a significance level (α) of 0.05 to determine if there is a significant relationship between the two. Where there was additional data from interviews, it was analyzed thematically to add context to the quantitative results. This step involved coding to identify key themes such as support from the principal or technical barriers to technology adoption. These findings are presented to enrich the understanding of the quantitative analysis.

FINDINGS AND DISCUSSION
This study aims to explore the relationship between principals' visionary leadership and the adoption of science-based innovative technologies in learning in primary schools. Visionary leadership support from principals plays a significant role in facilitating technology integration, improving teachers' motivation and skills in using technology effectively in the classroom. Recent research shows that visionary leadership promotes technology awareness in primary schools, which positively impacts technology-based science learning innovations (Wijaya, 2023). Data analysis also showed that principals with visionary planning and technology leadership skills can establish a supportive and inclusive school culture for the adoption of innovative technologies in the classroom (Nawawi et al., 2023). In addition, innovative leadership plays a role in improving the quality of science teaching through the use of technology, where the principal serves as a facilitator for teachers' technology needs in the school (Sirait et al., 2022).
2.1. Analisis Korelasi
Based on the results of the correlation analysis, there is a strong and significant relationship between the principal's visionary leadership and the level of adoption of science-based technology in elementary schools, with a correlation coefficient of 0.87 and a p value = 0.001. The p value being below the significance level of 0.05 indicates that this correlation is highly significant. This means that the higher the teachers' perception of the principal's visionary leadership, the higher the level of adoption of science-based technology in learning. This high correlation indicates that visionary leadership plays an important role in encouraging the implementation of technology in primary schools, which can improve the quality of science learning.To clarify, it has been presented in the form of the following table.
Table 1. Relationship between Principal's Visionary Leadership and Science-Based Technology Adoption
	Variabel Independen
	Variabel Dependen
	Koefisien Korelasi (r)
	P-value
	Significance
	Interpretation of Relationship

	Principal's Visionary Leadership
	Science-based Technology Adoption
	0.87
	0.001
	Highly Significant (p < 0.05)
	Strong and Positive Relationship


The table above displays the results of the correlation analysis between principals' visionary leadership and the level of adoption of science-based technology in primary schools. Based on the correlation results, a coefficient of 0.87 was obtained with a p value of 0.001. The correlation coefficient of 0.87 indicates that there is a very strong relationship between teachers' perceptions of principals' visionary leadership and the adoption of science-based technology in the learning process. This positive correlation indicates that the higher the teachers' perception of the principal's visionary leadership quality, the higher the level of science-based technology adoption that occurs in the school.
Statistically, the p value of 0.001 which is smaller than the significance level of 0.05 indicates that the relationship between the variables of visionary leadership and the adoption of science-based technology in learning is significant. This indicates that the results observed in the sample are likely to reflect patterns in the wider population (Wijaya, 2023). In the context of education, visionary leadership plays an important role in supporting technological innovation, which can enrich the learning process and improve the quality of education in primary schools (Griffiths & Needleman, 2019). The findings support the importance of developing visionary leadership among school principals through training and leadership capacity building to facilitate effective adoption of science-based technologies in educational settings (Matthews, 2018). Further studies are recommended to examine additional variables, such as peer support or individual teacher characteristics, to gain greater insight into the factors that influence technology adoption in education (Di Leo & Sardanelli, 2020).
innovative technology-based learning. Principals who lead with a strong vision can increase teachers' confidence and enthusiasm in adopting technology, providing the necessary support for these innovations to be effective  (Thannimalai & Raman, 2018; Nawawi et al., 2023). Research shows that effective leadership can help teachers meet the challenges of technological change by providing sufficient resources and continuous professional development (Handayani, 2023). In addition, visionary leadership in schools was shown to improve teachers' technology skills and academic optimism, which contributed to a more meaningful application of technology in learning (Cantos & Callo, 2022). Thus, visionary leadership plays a significant role in supporting the sustainable adoption of technology in primary schools.
So, the results listed in the table above indicate that principals' visionary leadership plays an important role in supporting technology adoption in primary schools. With a strong and significant relationship between the two variables, it can be said that principals who have a clear vision and are able to communicate that vision to teachers will be more successful in encouraging the use of science-based technology. Technology in this context is essential to strengthen the quality of science learning, provide more interactive learning experiences and prepare students to face the challenges of an increasingly digital world. This table provides a strong basis for understanding that principals' visionary leadership is a key factor in increasing the adoption of technology in education, which in turn has a positive impact on improving the quality of learning in primary schools.
2.2. Regression Analysis
To further explore the causal relationship between visionary leadership and science-based technology adoption, a simple linear regression analysis was conducted. The results of the analysis show that visionary leadership is a significant predictor of science-based technology adoption. With a regression coefficient of 0.716 (p-value = 0.001), it can be concluded that every one-point increase in perceived visionary leadership correlates with an approximate 0.716-point increase in science-based technology adoption. In addition, the R-squared value of 0.757 indicates that 75.7% of the variation in the adoption of science-based technology can be explained by the visionary leadership variable. This indicates that this regression model is strong enough to explain the effect of visionary leadership on technology adoption in the context of learning in primary schools in Wawonii Timur sub-district.
Table 2. Results of Simple Linear Regression Analysis between Visionary Leadership and Science-Based Technology Adoption
	Independent Variable
	Regression Coefficient (β)
	P-value
	R-squared
	Interpretation

	Principal's Visionary Leadership
	0.716
	0.001
	0.757
	Visionary leadership is a predictor of signifikan untuk adopsi teknologi.



The table above shows the results of the simple linear regression analysis conducted to explore the influence of principals' visionary leadership on the adoption of science-based technology in primary schools. In this analysis, visionary leadership served as the independent variable, while science-based technology adoption was the dependent variable. The results of the analysis show that principals' visionary leadership is a significant predictor of the level of science-based technology adoption, with a regression coefficient (β) of 0.716 and a p-value of 0.001. This regression coefficient indicates that each one-point increase in perceived principal visionary leadership is associated with a 0.716-point increase in the adoption of science-based technology.
The regression coefficient of 0.716 indicates that principals' visionary leadership has a significant and relevant influence in promoting the adoption of science-based technology in learning in primary schools. The study shows that the positive influence of visionary leadership is not only statistically significant, but also practical, with a p-value of 0.001, which is well below the significance level of 0.05, so this result has a high degree of confidence and is unlikely to have occurred by chance (Apriyani et al., 2019; Nawawi et al., 2023). The findings confirm that principals who have a clear vision can influence teachers' enthusiasm and readiness to adopt technology as part of the learning process, strengthening the quality of technology-based education at the primary level (Oredein & Obadimeji, 2022).
The R-squared value of 0.757 indicates that the regression model used can explain about 75.7% of the variability in the level of adoption of science-based technology in primary schools. This suggests that most of the variability in technology adoption can be attributed to teachers' perceptions of principals' visionary leadership. The support and policies implemented by visionary principals, such as the provision of technology facilities, periodic training, and the establishment of an innovative culture, contribute to teachers' readiness to integrate technology (Nawawi et al., 2023). A model with a high R-squared indicates strong predictive power, so the principal's visionary leadership can be considered a major factor in influencing the adoption of science-based technology (Bacuna & Castro, 2023; Pribadi et al., 2022). In addition, research shows that aspects such as long-term vision and technology management by principals strengthen the implementation of technology in the classroom, improving the quality and effectiveness of technology-based learning (Musso et al., 2020; Serão & Petry, 2020).
The visionary leadership of school principals plays an important role in promoting innovation and technology integration in primary education. Principals with a strong vision not only provide long-term direction for the school but also ensure the necessary support and resources for teachers. For example, support in the form of adequate technology facilities and training related to technology integration in learning has been shown to increase teachers' motivation and capacity to adopt innovative approaches in the classroom (Antypas, 2021; Yulindasari et al., 2020). Furthermore, visionary leadership helps create a culture of innovation conducive to technology integration, where principals play an active role in providing training and encouraging the use of technology to strengthen the effectiveness of the learning process (Nawawi et al., 2023). Thus, visionary leadership is a key factor in encouraging teachers to use science-based technology in teaching and learning activities, which has the potential to improve the overall quality of education (Riveras-León & Tomás-Folch, 2020).
Thus, this table provides empirical evidence that principals' visionary leadership plays an important role in accelerating technology adoption in primary schools. The high value of regression coefficient and R-squared emphasizes that visionary leadership factor has a significant influence on technology-based learning innovation. Effective leadership has been proven to be a key driver in triggering positive change in the education system. Harris and Jones  (2019) shows that when teachers are included as leaders in collaborative teams, student learning outcomes tend to improve due to their greater involvement in educational decision-making. Meanwhile, Dawson (2023) argues that flexible and adaptive leadership is needed to meet the challenges presented by new technologies such as artificial intelligence, which are drastically changing learning and evaluation methods. Želvys dan rekan-rekannya (2019) adds that the effectiveness of school leadership that promotes autonomy and accountability is closely related to improved student achievement, although these results may vary depending on the policy context and educational culture in each country.
However, the challenges of applying leadership skills are also worth noting. Weiner dan Lamb (2020) found that although leadership development programs for teachers are important, the results are not optimal if they are not fully supported by school leaders. Furthermore, Burk-Rafel and his colleagues (2020) underscores the importance of the role of students as agents of change in curriculum innovation in medical schools. When students and lecturers work together, the impact can strengthen the success of change and innovation in the educational program. Therefore, efforts to improve the quality of principals' visionary leadership can be considered as an important strategy in improving technology adoption and learning quality in primary schools.
[bookmark: _Hlk181702283]Discussion
This research shows that principals' visionary leadership plays a crucial role in encouraging teachers to adopt science-based technology in learning. Principals who have a clear vision, inspire innovation and are open to new ideas, have proven to be effective in building an innovative culture in schools. Aspects of visionary planning and technology leadership applied by principals are instrumental in facilitating technology adoption in educational settings. This leadership support strengthens teachers' ability and motivation to use technology effectively in teaching practices. The research shows that visionary planning by principals can positively predict technology adoption in schools, create a school culture that is open to technological innovation and improve the quality of technology-based science learning (Nawawi et al., 2023). In addition, a planned and innovative leadership approach by school principals facilitates the continuous adoption of technology, especially when faced with new technological developments such as artificial intelligence (Ackerman, 2020). Visionary principals also play a big role in developing teachers' capabilities through continuous training programs, which are essential for improving technology integration in the learning process (Handayani, 2023). Ongoing support from the principal is essential to help teachers consistently use technology in the classroom. Studies show that leadership that engages teachers in pilot programs allows them to collaborate and be more comfortable in implementing technology (Bingham, 2021). In addition, the sustainability of technology-based STEAM programs, such as e-textiles, requires the full support of the principal so that teachers have all the resources and guidance they need, especially in complex curricula (Fields & Kafai, 2023). Principals also play a big role in building a learning culture in schools, which supports teachers to use technology more confidently and effectively in their classrooms (Tołwińska, 2021). Thus, visionary principals not only play a role in encouraging the use of technology, but also create an environment conducive to professional development and collaboration among teachers, ultimately improving the quality of technology-based learning (Thannimalai & Raman, 2018).
The results of this study show that principals' visionary leadership plays a significant role in creating a school climate that supports technology innovation and adoption. Visionary leadership involving strategic planning, positive communication, and support for innovation is essential for driving technology adoption in schools (Nawawi, Mohd Nor, & Alias, 2023). The research also confirms that a positive communication climate and a democratic leadership style from the principal can foster an environment conducive to innovation and learning (Antypas, 2021). Principals with visionary skills not only design change strategies, but also actively facilitate effective change processes in the school (Yulindasari et al., 2020). Furthermore, the innovative leadership of school principals contributes to creating a supportive learning climate, which is able to increase teacher engagement and decrease intention to leave the school (Da’as, Watted, & Barak, 2020). Thus, the actualization of visionary leadership by school principals can help teachers to improve their skills in managing learning innovations (Liswati, Mustaji, Hariyati, & Uulaa, 2023).
Regression analysis shows that principals' visionary leadership plays an important role in improving the level of technology adoption in primary schools. Visionary principals are not only able to create a long-term vision but also provide the concrete policies and support needed for teachers to feel supported in integrating technology into learning. Research indicates that principals who are actively involved in providing regular training, communicating the importance of innovation and providing examples of technology use, tend to be successful in shaping a technology-ready school culture (Nawawi et al., 2023; Sunu, 2022). In addition, visionary leadership was shown to significantly influence teachers' acceptance and use of technology, indicating that leadership policies play an important role in the successful implementation of technology (Cheung et al., 2019; Handayani, 2023). Support from effective leadership is critical in helping teachers feel more confident when adopting technology, ultimately improving the quality and effectiveness of science learning at the primary school level. Research shows that the role of principals as technology leaders has a major impact in developing teachers' technology skills and encouraging innovation in teaching methods, especially when dealing with the challenges of new technologies such as artificial intelligence (Cantos & Callo, 2022). In addition, leadership that supports technology-enabled learning also contributes significantly to creating an inclusive learning environment that motivates students to participate more actively and is in line with 21st century education goals (Villalobos-Egaña et al., 2023). Studies on technology integration also emphasize the need for professional training for principals to facilitate teachers in implementing appropriate technology in the classroom (Lyanda et al., 2023).
Recent research has shown that principals' visionary leadership has a significant impact on driving innovation, technology adoption and increased student motivation in science learning. Principals with a strong vision are able to create a learning environment that supports the use of technology and innovation, which contributes to improved academic achievement and student motivation (Thannimalai & Raman, 2018; Wijaya, 2023). Teachers who adopt a positive motivational style and support technology-based learning increase students' engagement in science learning, especially in STEM fields (De Loof et al., 2019; Julià & Antolí, 2019). In addition, collaboration among teachers in the use of technology, supported by visionary school leadership, has proven effective in improving learning processes and student academic outcomes (Mora et al., 2020; Dexter & Barton, 2021). The application of technology-based approaches also strengthens students' motivation to learn science in a more interactive and contextualized way, which supports their understanding of complex concepts (Thibaut et al., 2019; Handayani, 2023). Thus, visionary leadership and effective technology integration can be the key to improving student motivation, innovation and learning outcomes in science.
CONCLUSION 	Comment by Marwan Marwan:  Perkuat kesimpulan dengan menegaskan relevansi praktis pendidikan
abad 21 dalam sains dan menawarkan saran konkret untuk
penelitian masa depan, seperti studi longitudinal atau analisis komparatif
di berbagai konteks budaya
The conclusion of this study shows that principals' visionary leadership has a significant role in promoting the implementation of science-based technology in primary schools, which supports the achievement of 21st century educational skills. Principals who have a strong vision can create a learning environment that is innovative and responsive to technological change and students' future needs (Wijaya, 2023). Visionary leadership focuses on long-term planning and improving teachers' skills through professional development that supports the effective use of technology in learning (Thannimalai & Raman, 2018). Effective leadership practices in technology are also able to build a school culture that supports technology-based science learning, where the principal not only leads but also motivates teachers to integrate technology actively in the classroom (Nawawi et al., 2023). With this innovative leadership approach, students in primary schools are prepared to effectively face the challenges of the digital age (Dexter & Barton, 2021).
To ensure the sustainability of technology use in schools, it is recommended that education policies strengthen leadership development programs for principals, especially through training that emphasizes innovation and adaptability to technological change. In addition, schools and policymakers can work together to design continuous professional development programs so that principals and teachers can continuously update their ability to apply evolving technologies.
[bookmark: _GoBack]As a suggestion for future research, a longitudinal study would be beneficial to look at the long-term changes and impacts of visionary leadership on technology adoption in elementary schools. In addition, a comparative study across different cultural backgrounds could provide insight into the differences in the application of visionary leadership and technology adoption in diverse environments. Future research could also add other variables such as peer support, individual teacher characteristics and other factors that may influence the successful implementation of technology in elementary schools. These findings are highly relevant to help shape modern, adaptive and inclusive science education in primary schools, aligned with the demands of the 21st century.
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