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Introduction: This study investigates the critical factors influencing the successful implementation of Smart Education in Majene Regency, with particular attention to trust, communication, commitment, educational foundations, educational pillars, and educational benefits. The initiative responds to the growing need for digital transformation in education, particularly in remote areas.

Methods: A quantitative research design was employed, involving 345 respondents selected through purposive sampling from institutions that actively implement Smart Education. Data were collected using a structured questionnaire consisting of 57 items measured on a 5-point Likert scale. The data were analysed using Structural Equation Modeling–Partial Least Squares (SEM-PLS), a technique suitable for moderate sample sizes, complex models, and non-normal data distributions.

Results: The analysis identified trust as the most dominant factor influencing Smart Education adoption, surpassing communication, commitment, and service quality. A strong educational foundation and the tangible benefits of education—such as upskilling and employment opportunities—significantly enhanced stakeholder perceptions and service quality. In contrast, the educational pillar and communication variables showed limited direct effects but functioned as catalysts when combined with trust and educational foundations.

Discussion: The findings highlight the central role of trust and stakeholder engagement in supporting the digital transformation of education in peripheral regions. While commitment plays a supportive role, its limited influence underscores the importance of long-term sustainability and institutional dedication. The minimal impact of communication and service quality as standalone factors suggests that their effectiveness is maximised when embedded within a broader trust-based strategy. Moreover, aligning educational benefits with local labour market demands reinforces the strategic relevance of Smart Education initiatives. Overall, the study underscores that the harmonisation of trust, commitment, and strong educational foundations is crucial for sustaining Smart Education transformations in geographically remote areas.
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Introduction

Due to the continuous advancement of information technology, smart education has emerged as a new frontier for the development of education (Kang, 2023), driven by technological advancements and increasing recognition of the need for educational reform in the digital era (Cebrián et al., 2020). Smart education represents a shift from the traditional education model to a more interactive and learner-centered approach that integrates information and communication technology (ICT; Gafiatulina et al., 2020).

Smart education initiatives have a significant impact in improving learning outcomes through the transformation of traditional teaching methods into more interactive and engaging (Joshi and Koirala, 2023). The use of digital resources and online platforms not only strengthens students' understanding of theory, but also narrows the gap between academic concepts and their application in the real world (Urbanus, 2024). Additionally, the flexibility and accessibility of digital education allows for personalized learning experiences, which play a crucial role in supporting students with special needs and disabilities (Funan, 2024; Layachi and Pitchford, 2024). As such, smart education contributes to educational inclusion and equity, expanding its impact beyond simply improving access. Despite these successes, the implementation of smart education in remote areas, especially in developing countries such as Indonesia, is still limited. Regions such as Majene Regency face different challenges that hinder the adoption of smart education systems, making it difficult for learners to reap the full benefits of digital advancements.

Majene Regency, located on the western coast of Sulawesi Island and forming part of West Sulawesi Province, Indonesia, is marked by unique geographical and social characteristics. With a coastline stretching approximately 125 kilometers, the region is largely defined by hilly terrain and coastal zones, which directly influence the distribution of infrastructure and public services, including access to education. Although Majene is endowed with abundant natural resources and holds considerable potential in tourism development, recent studies have identified persistent social challenges, especially in the domain of educational inequality across remote and underserved areas (Nur Adyla et al., 2022). Known as the educational center of West Sulawesi—due to the presence of several higher education institutions such as the University of West Sulawesi and STAIN Majene—the regency's reputation has not translated into widespread educational equity. In rural districts such as Tammeroddo and Pamboang, residents continue to encounter multifaceted barriers—geographical, economic, and socio-cultural—that limit access to quality educational services (Evawati et al., 2024).

Moreover, research conducted in Majene reveals that stunting and malnutrition remain prevalent, further underscoring systemic weaknesses in the dissemination of knowledge, the reach of educational information, and the delivery of foundational educational programs, particularly for marginalized communities. These conditions reflect not only the structural limitations in service provision but also the need for more contextual and inclusive educational strategies. In this regard, the findings of Evawati et al. (2024) emphasize the strategic importance of integrating local wisdom into educational and health interventions. Their study highlights how the utilization of locally sourced food in the preparation of complementary feeding (MP-ASI) serves as a culturally relevant and nutritionally effective approach to strengthening child health outcomes and supporting broader community resilience in Majene (Evawati et al., 2024).

In addition, Majene is also an area affected by multiple disasters, namely the earthquake and the COVID-19 pandemic simultaneously in 2021. This incident worsened economic conditions and social infrastructure, including educational services. Post-disaster recovery efforts require financial governance and adaptive policies, including community capacity building through digital-based education innovations.

This district is one of the areas that experiences education disparities due to geographical isolation, limited technological infrastructure, and socio-economic factors. Previous research has identified that, while urban areas are rapidly adopting smart education systems, rural and remote areas are left behind, further exacerbating educational inequalities (Liu, 2022; Zhang, 2024). In Majene, the traditional education system, which relies heavily on face-to-face teaching and printed materials, remains the dominant mode of learning, despite government efforts to promote digital literacy and integrate technology into the classroom.

One of the major gaps in the existing literature is the lack of focus on the specific needs of remote areas when implementing smart education. Most studies on smart education concentrate on urban and suburban contexts where infrastructure and resources are more available (Akter, 2024; Liu, 2022). Digital learning platforms provide flexible access to educational resources, which is especially beneficial for students in remote areas and helps reduce the educational gap with students in urban areas (Muslimin and Indrawati, 2024; Vivi et al., 2024). However, the implementation of smart education in remote areas is faced with challenges such as inadequate infrastructure, uneven distribution of teachers, and low digital literacy (Firdaus and Ritonga, 2024; Siti, 2024). Therefore, policy interventions that focus on infrastructure development and capacity building of educators are essential to create inclusive and sustainable education systems in remote areas. As a result, little attention has been paid to the unique challenges faced by remote areas, such as limited internet access, teacher readiness, and lack of collaboration between key stakeholders. In addition, while there is substantial research on the benefits of smart education in general, there is little research exploring how these initiatives can be adapted to specific socio-economic and geographical conditions in remote areas such as Majene.

This research aims to fill this gap by investigating the barriers to smart education in Majene Regency and proposing collaborative strategies that can help address these challenges. The purpose of this study is to develop a stakeholder collaboration model that can facilitate the successful implementation of smart education in remote areas. By engaging with local governments, educational institutions, private technology providers, and community members, the study seeks to create a framework that ensures the sustainability and inclusivity of smart education initiatives. The findings of this study highlight the importance of infrastructure development, digital literacy programs, and multi-stakeholder collaboration as key components of the success of smart education in remote areas.



Literature review


Smart education in remote areas

Rapid global digitalization has driven the adoption of technology in education, triggering the birth of a smart education model that emphasizes personalization, digital integration, and data analytics. This model emerged as an answer to the demands of more flexible and effective education, especially in countries with mature technological infrastructures. Smart education is now the dominant approach in improving the quality of learning through the use of information and communication technology that is in line with modern pedagogical methods. The main dimension of smart education is seen in Figure 1 (Demir, 2021).


[image: Figure 1]
FIGURE 1
 Dimensions of smart education. Source: Adapted from Demir (2021).


Smart education is an education system that allows students to learn using the latest technology (Bajaj and Sharma, 2018). In order to be able to learn with a variety of materials based on their talents and intellectual level (Kumar et al., 2023). This is inevitable and is an important development of educational trends in the Information Age (Guo et al., 2021), as well as a “panacea” that can solve various educational problems (Lee and Lee, 2023). In addition, smart education is a form of education in which educators build a smart educational environment by relying on a new generation of information technology.

Smart education Figure 2 (Guo et al., 2021) is a basic element of smart educational activities (Zhu et al., 2016). The improvement of technology and its continuous integration into formal education settings is challenged to operationalize and regulate systems that combine pedagogy and technology (Morgado et al., 2021).


[image: Figure 2]
FIGURE 2
 Intelligent education theory framework. Source: Adapted from Zhu et al. (2016).




Framework stakeholder collaboration

Stakeholder Collaboration is operationally defined as a stakeholder participation strategy that encourages cooperation, improves resource sharing, encourages unity, increases collective responsibility and encourages joint efforts among education stakeholders (Aina et al., 2021; Ouko et al., 2020). Stakeholder engagement in education programs to ensure the effective use of smart technology (Mathane, 2023), and participate in a variety of programs that will improve school and student achievement (Chang and Huang, 2022). So that it can improve the teaching and learning process, efficiency in school management, increase motivation and commitment among staff, and encourage collaboration and open communication with various actors (Khadija, 2022). The relationship between stakeholders is driven by relationship governance on trust, communication, commitment, and service quality (Figure 3) (Jain et al., 2022).


[image: Figure 3]
FIGURE 3
 Stakeholder collaboration framework model. Source: in the formulation of Jain et al. (2022).


Collaboration among stakeholders has been an important factor in addressing complex issues, especially in sectors such as education, where many entities are involved. The collaborative framework, in this study, refers to a structured approach that brings together a variety of stakeholders—government agencies, educational institutions, private sector organizations, community leaders, and non-governmental organizations (NGOs)—to achieve common goals. In smart education, this framework is essential to address challenges that no single entity can handle independently. Stakeholders must pool their resources, expertise, and authority to create effective and scalable solutions for education in remote areas.



Education city framework

The idea of “Education City” is one of the tools we can use to achieve the Sustainable Development Goals (SDGs) 4, “Quality Education,” whose goal is to “guarantee inclusive and equitable quality education and encourage lifelong learning opportunities for all” (Hirju and Georgescu, 2023). The success of an education city lies in its ability to foster cooperation among different social and educational agents in society (Gabriel et al., 2022). Urban development, which places learning as a top priority in its policies and strategies, has become an important phenomenon around the world (Shvindina et al., 2022). The Cities of Education initiative developed by the UNESCO Institute for Lifelong Learning defines cities of education as follows (Figure 4) (Kaewhanam et al., 2023):


[image: Figure 4]
FIGURE 4
 Education city framework. Source: in the formulation of Kaewhanam et al. (2023) and Nemeth (2019).


The concept of “City of Education” has received increasing attention in the global discourse around education reform and sustainable urban development (Kameni and Tekouabou Koumetio, 2023). An education city refers to a city that puts education at the heart of its development strategy, creates an environment where learning is accessible, integrated into the fabric of the community, and designed to encourage lifelong learning for all citizens (Fang and Liu, 2023). The idea of an education city is in line with UNESCO's Education 2030 Agenda, which emphasizes the importance of ensuring inclusive and equitable quality education and promoting lifelong learning opportunities for all (Shulla et al., 2020). The concept integrates various elements of urban planning, infrastructure, governance, and technology to create a learning ecosystem that goes beyond the classroom (Ma, 2022).

The development of educational cities is driven by the recognition that learning is not limited to formal educational institutions such as schools and universities, but must also be carried out in public spaces, workplaces, and through community interaction (Ma, 2022). By promoting education as a key aspect of urban development, cities can better prepare their residents to face the challenges of the 21st century, including economic shifts, technological advancements, and social change (Kutto and Erastus, 2025).

Despite the growing interest in education cities, there is still a significant gap in the literature on how this model can be adapted to the needs of remote or developing areas such as Majene Regency. Most research on education cities focuses on developed urban centers, where infrastructure, governance, and economic resources are more available. There is a need for further research exploring how the principles of the education city model can be applied in areas where resources are limited, and socio-economic disparities are more pronounced.




Methodology and hypothesis

This study employed a quantitative approach to systematically examine the relationships among variables that influence the implementation of smart education, including trust, commitment, communication, and service quality. The primary research instrument was a structured questionnaire comprising 57 items derived from 19 indicators, each measured using a five-point Likert scale ranging from “Strongly Disagree” to “Strongly Agree.” The instrument was designed to capture respondents' perceptions regarding various dimensions of smart education. Prior to full-scale data collection, a pilot test was conducted with 30 participants possessing similar characteristics to the target population, to ensure clarity and consistency of the items. Content validity was assessed through expert evaluation by three scholars specializing in education and research methodology. Construct validity was examined using Confirmatory Factor Analysis (CFA) within the framework of Partial Least Squares Structural Equation Modeling (PLS-SEM). Reliability analysis indicated that all constructs had Cronbach's alpha values exceeding 0.70 and Average Variance Extracted (AVE) values above 0.50, confirming that the instrument met the criteria for both reliability and convergent validity.

A total of 345 respondents were selected through purposive sampling based on specific inclusion criteria, namely, active involvement in educational institutions that have adopted smart education principles. Participants who submitted incomplete responses were excluded from the final analysis. The sample size was determined in accordance with SEM-PLS standards, requiring a minimum of ten respondents per indicator for the largest construct, and was further supported by power analysis conducted using G*Power software, which confirmed that the sample size was statistically adequate. To minimize sampling bias, the questionnaire was distributed online to a diverse group of respondents representing various ages, genders, educational backgrounds, and professional roles (Figure 5). Moreover, anonymity was ensured throughout the data collection process to reduce the risk of social desirability bias. The collected data were analyzed using the SEM-PLS technique, which is well-suited for evaluating complex models and handling non-normally distributed data. The analysis was conducted using SmartPLS version 4.0 to evaluate the measurement model's validity and reliability, and to test the hypothesized relationships among constructs in the proposed theoretical framework.


[image: Figure 5]
FIGURE 5
 Distribution of respondents.


The hypothesis model (Figure 6) outlines the factors influencing the implementation of Smart Education. Trust, communication, and commitment serve as the primary drivers, represented by hypotheses H1, H2, and H3. Service quality (H4), the educational pillar (H5), and the benefits of education (H6 and H7) further support this framework. Achieving optimal Smart Education requires enhancing these factors and reinforcing the foundational elements, pillars, and benefits of the education system. The details of the seven hypotheses are as follows:

H1: Trust has a positive and significant effect on Smart Education.

H2: Communication has no significant effect on Smart Education.

H3: Commitment has a positive and significant effect on Smart Education.

H4: Quality of Service does not have a significant effect on Smart Education.

H5: Educational Foundation has a positive and significant effect on the Quality of Service.

H6: Educational Pillar does not have a significant effect on Quality of Service.

H7: Benefits of Education have a positive and significant effect on Quality of Service.


[image: Figure 6]
FIGURE 6
 Relationship between variables.




Results

This study aims to assess the challenges and opportunities for the implementation of smart education in Majene Regency through a quantitative approach. The results of this study provide a measurable and objective picture of the perception and involvement of stakeholders in supporting technology-based education initiatives.


Data reliability

Table 1 shows the results of the reliability and validity analysis of the constructs used in the study. It appears that all the variables analyzed have a good level of reliability and validity, with some variables showing higher performance than others. By considering the relationship between variables, this table provides a solid foundation to explain the influence of certain factors on the desired outcomes, especially in the context of smart education and educational services.

TABLE 1  Construct reliability and validity.


	Variable
	Cronbach's alpha
	rho_A
	Composite reliability
	Average variance extracted (AVE)





	Benefist of education
	0.971
	0.972
	0.974
	0.759

 
	Commitment
	0.943
	0.943
	0.963
	0.898

 
	Communication
	0.899
	0.899
	0.937
	0.832

 
	Education pillar
	0.972
	0.973
	0.975
	0.765

 
	Educational foundation
	0.940
	0.942
	0.950
	0.678

 
	Quality of service
	0.922
	0.922
	0.951
	0.865

 
	Smart education
	0.954
	0.958
	0.960
	0.667

 
	Trust
	0.887
	0.887
	0.930
	0.816






Variabel Benefit of Education menunjukkan reliabilitas dan validitas konvergen yang sangat tinggi, menegaskan bahwa manfaat pendidikan terukur secara konsisten dan sepenuhnya merepresentasikan konstruk yang dikembangkannya. Peran sentral variabel ini dalam meningkatkan Quality of Service mengindikasikan bahwa persepsi positif terhadap kualitas layanan berbanding lurus dengan tingkat manfaat pendidikan yang dirasakan.

On the other hand, Commitment with an AVE of 0.898 shows a significant contribution to the success of Smart Education, where strong commitment from individuals and institutions is the main motor in supporting the implementation of technology and educational innovation. Although Communication has good reliability and validity performance (AVE 0.832), its influence on the success of intelligent education appears to be weaker than that of Commitment and Trust, reflecting that effective communication needs to be combined with continued trust and dedication to produce greater impact.

The dimensions of the Education Pillar and Educational Foundation with high reliability provide a solid foundation in strengthening the quality of education services, where the conceptual framework and educational infrastructure play a direct role in shaping a positive user experience. Quality of Service which has strong validity (AVE 0.865) is an important link in the Smart Education system, although its contribution to overall success is still inferior to the Trust variable, whose AVE reaches 0.816 and serves as the main catalyst in building user confidence in the technology-based education system.

So, it appears that the relationship between the variables in this table shows that the development of smart education not only requires technology but also basic elements such as educational benefits, commitment, communication, and trust. The strong interaction between these variables provides the foundation for creating a more effective and innovative education system.

Based on Table 2, the R Square value for Quality of Service is 0.659 with an Adjusted R Square of 0.656, indicating that the model can account for about 65.6% variation in service quality. This indicates that the factors used in the model have a strong contribution in predicting service quality. Meanwhile, Smart Education has an R Square value of 0.680 and an R Square Adjusted of 0.677, which means that about 67.7% of the variation in the success of the implementation of smart education can be explained by the model used. The R Square Adjusted value, which is only slightly lower than R Square indicates that the model is not overfitting and remains consistent despite the adjustment of the number of variables. Overall, these results confirm that the regression model applied has good predictive power in analyzing the factors that affect the quality of services and the success of technology-based education.

TABLE 2  Test results goodness of fit: R square and R square adjusted.


	Dependent variable
	R square
	R square adjusted





	Quality of service
	0.659
	0.656

 
	Smart education
	0.680
	0.677








Results on SEM-PLS

This study analyzes the relationship between variables in the conceptual model to identify factors that affect the implementation of Smart Education. A total of 345 respondents were selected through a sampling method according to the inclusion criteria, namely involvement in educational institutions that have adopted Smart Education. Data was collected through a questionnaire consisting of 57 questions and 19 indicators, using a 5-point Likert scale to measure variables such as Trust, Communication, Commitment, Educational Foundation, Educational Pillars, Educational Benefits, Service Quality, and the implementation of Smart Education.

The results of Structural Equation Modeling (SEM) in this Figure 7 show the complex relationship between latent variables that affect the implementation of Smart Education. The latent variables analyzed include Commitment, Communication, Trust, Educational Foundation, Education Pillar, Quality of Service, and Benefit of Education. Each of these variables is measured by a number of indicators, which are reflected in the loading factor listed in each relationship.


[image: Figure 7]
FIGURE 7
 SEM-PLS structural model for analysis of factors influencing smart education. Source: SEM-PLS processing results.


This model shows that Communication has a significant direct influence on Smart Education with a track weight of 1,999, while Trust contributes with a weight of 1,641. Education Foundations had a strong relationship with Quality of Service (2.101), which then significantly affected Smart Education with a weight of 0.959. The Education Pillar also contributes to the Benefits of Education, which has a direct impact on Smart Education with a track weight of 1,685.

These results indicate that the main factors driving the success of Smart Education are Communication, Trust, and Service Quality. The Foundation and Pillar of Education act as supporting factors that strengthen the Quality of Services and Benefits of Education. Therefore, to improve the implementation of Smart Education, educational institutions need to strengthen communication between stakeholders, build trust, and improve the quality of education services. Thus, broader educational benefits can be achieved, driving the success of a smarter and more responsive education system.

Figure 7 displays a visualization of the correlation between 57 survey indicators using the Pearson method. The colors on the heatmap represent the strength and direction of the linear relationship between variables. It can be seen that indicators in the same group (e.g., X1.1 to X1.3) show a high positive correlation, indicating internal consistency in the measurement construct. More moderate correlations between groups of variables indicate potential links between factors and the measured outcomes. This visualization provides an important initial overview for further analysis such as validity testing, regression, or dimensional exploration.

Figure 8 presents a heatmap illustrating the correlations among the survey variables. It shows that variables within the same cluster exhibit strong correlations, whereas correlations across clusters tend to be relatively weak.


[image: Figure 8]
FIGURE 8
 Heatmap of correlation between smart education survey variables in Majene Regency.




Testing hypotheses

Based on the SEM results, the total impact of each process dimension shows the complex relationship between latent variables that affect the implementation of Smart Education in Majene district is calculated and presented in Table 3. Path Coefficients are normalized and displayed for easy comparison. Figure 9 illustrates the path coefficients representing the relationships between various constructs and their impact on Quality of Service and Smart Education. The analysis reveals that Trust exerts the strongest and most statistically significant influence on Smart Education (coefficient = 0.512, p < 0.001), followed by Educational Foundation, which significantly affects Quality of Service (coefficient = 0.450, p < 0.001). Additionally, Benefits of Education and Commitment demonstrate statistically significant yet comparatively weaker relationships with Quality of Service and Smart Education, respectively. In contrast, the paths from Communication, Education Pillar, and Quality of Service to Smart Education are not statistically significant, as indicated by p-values exceeding the 0.05 threshold. These findings highlight the pivotal role of trust and a strong educational foundation in enhancing service quality and advancing smart education initiatives.

TABLE 3  Path coefficients.


	Variable
	Original sample (O)
	Sample mean (M)
	Standard deviation (STDEV)
	T-statistics (|O/STDEV|)
	P-values





	Benefist of education -> Quality of service
	0.311
	0.302
	0.148
	2.101
	0.036

 
	Commitment -> Smart education
	0.162
	0.158
	0.081
	1.999
	0.046

 
	Communication -> Smart education
	0.137
	0.141
	0.083
	1.641
	0.101

 
	Education pillar -> Quality of service
	0.086
	0.086
	0.125
	0.685
	0.494

 
	Educational foundation -> Quality of service
	0.450
	0.456
	0.113
	3.973
	0.000

 
	Quality of service -> Smart education
	0.060
	0.054
	0.062
	0.959
	0.338

 
	Trust -> Smart education
	0.512
	0.519
	0.073
	6.983
	0.000







[image: Figure 9]
FIGURE 9
 Path coefficients and significance.




The significant effect of trust on smart education (H1)

The connection between trust and smart education plays a key part in facilitating the effective integration of technology and innovation in educational settings. A coefficient of 0.512 indicates that trust plays a crucial role in shaping the acceptance and involvement of diverse stakeholders, including students, teachers, parents, and institution managers. A strong level of trust fosters the adoption of new technologies and innovations in education, while also enhancing digital management systems. Consequently, it is essential for educational institutions to focus on establishing trust by ensuring transparency, fostering effective communication, and providing concrete evidence of the advantages of smart education. The absence of trust will impede the success of smart education, regardless of the quality of services and dedication involved.



The lack of influence of communication on smart education (H2)

The relationship between communication and smart education shows a coefficient of 0.137 with a T-statistics value of 1.641 and a P-value of 0.101, indicating that this relationship is not significant at the 95% confidence level. While communication plays a role in conveying the purpose and benefits of technology to stakeholders, the data shows that its influence on the success of smart education is weak. Effective communication can help reduce resistance and increase understanding, but without the support of other factors such as trust and commitment, its contribution is limited. Therefore, educational institutions need to combine communication with other strategies to ensure optimal adoption of smart education.



The positive impact of commitment on smart education (H3)

The relationship between commitment and smart education showed significance at the 95% confidence level, with a coefficient of 0.162, T-statistics of 1.999 and a P-value of 0.046. This result confirms that commitment has a real, albeit relatively moderate, positive influence on the successful implementation of smart education. Dedication from stakeholders, such as institutions, educators and students, contributes to adopting educational technologies and innovation strategies. Commitment includes technology integration, consistency in the implementation of digital strategies and allocation of resources that support smart education goals. Although influential, these results suggest that other factors, such as trust or service quality, may have a greater impact, so commitment needs to be strategically directed to maximize the potential of technology in education.



The insignificance of quality of service on smart education (H4)

The relationship between service quality and smart education showed insignificance at the 95% confidence level, with a coefficient of 0.060, T-statistics of 0.959 and P-value of 0.338. While service quality is expected to contribute to the success of smart education, the data indicate that the effect is relatively small and not strong enough. Service quality reflects the provision of facilities, learning support and access to educational resources. In smart education, good services can create a conducive environment, but factors such as trust and commitment seem to have a greater influence. Therefore, educational institutions need to ensure consistency in service quality while strengthening other more impactful factors to increase the adoption and success of technology-based education.



The contribution of educational foundation to quality of service (H5)

The correlation between educational foundations and service quality showed high significance at the 99% confidence level, with a coefficient of 0.450, T-statistics of 3.973, and P-value of 0.000. A strong educational foundation contributes greatly to enhancing positive perceptions of educational service quality. Fundamental elements such as infrastructure, learning systems, institutional policies and technological support play an important role in the delivery of quality education. When these foundations are well-established, the quality of service perceived by students, educators and stakeholders improves significantly. Therefore, strengthening educational foundations should be an institutional priority to ensure educational services are consistent, relevant and in line with user needs. A solid educational foundation is a key cornerstone in driving success and positive experiences in the educational environment.



The limitations of educational pillar on quality of service (H6)

The relationship between the education pillar and service quality shows insignificance, with a coefficient of 0.086, T-statistics of 0.685, and P-value of 0.494. These results indicate that education pillars do not have a strong direct influence on perceived service quality. The education pillar includes basic principles, core values, and macro policies that support the sustainability of education, but its influence on service quality tends to be indirect. To improve service quality, educational institutions need to focus more on operational elements that have a direct impact, such as infrastructure, technology and communication. The integration of educational pillars with other more applicable factors is key in creating optimal service quality and in accordance with user needs.



The benefits of education in improving quality of service (H7)

The relationship between educational benefits and service quality showed significance at a confidence level of 95%, with a coefficient of 0.311, T-statistics 2.101, and P-value 0.036. These results indicate that the benefits of education have a moderate influence on the perception of service quality. Educational benefits, such as skill enhancement, personal development, and career opportunities, contribute to shaping a positive perception of the quality of services provided by the institution. When these benefits are felt in real terms, the assessment of service quality increases, indicating that the relevant educational experience affects user satisfaction. Therefore, educational institutions need to focus on developing a curriculum that suits market needs and provides supportive training and career opportunities. This approach will strengthen positive perceptions and encourage continuous improvement in service quality.




Discussions


Trust in smart education

The findings of this study highlight the pivotal role of trust in driving the success of smart education initiatives (H1). Trust functions as a social adhesive that binds diverse stakeholder groups toward collective action, which is essential for the development of inclusive, adaptive, and technologically driven learning environments. Without a sufficient level of trust, it becomes increasingly difficult to foster stakeholder engagement and create a collaborative learning culture that supports innovation and digital transformation in education (Kanaris and Mujtaba, 2023).

Trust reduces perceived uncertainty and perceived risk, thereby increasing the likelihood of technology acceptance among students, educators, and institutional leaders (Al-Abdullatif, 2023). These findings align with trust theory, which posits that individuals' beliefs and values are foundational in shaping educational environments and teaching practices (Burak Ayçiçek, 2022). In smart education, trust becomes a determining factor in how learners and institutions navigate change, manage digital platforms, and sustain participation in dynamic digital learning ecosystems.

The successful implementation of smart education depends on three key pillars that together foster trust: transparency, consistent communication, and demonstration of tangible benefits. Transparency—particularly when enhanced by technologies such as blockchain—ensures the integrity, immutability, and accountability of educational records, thus mitigating concerns about data manipulation or credential falsification (Kishor, 2023; Saravanan, 2022). Effective and ongoing communication also serves to bridge the gap between educators and students, facilitating mutual understanding, clarifying expectations, and cultivating an environment of psychological safety (Sidhu et al., 2023; Sneesl et al., 2022). Trust is further strengthened when stakeholders are exposed to the tangible benefits of smart education systems, such as increased academic performance, personalized learning paths, and reward systems based on engagement and merit (Gloria et al., 2023; Liu S. et al., 2024).

These three pillars operate not in isolation, but in a mutually reinforcing manner, establishing a foundation upon which smart education systems can thrive. Trust, therefore, must be viewed not merely as a precursor to system implementation, but as a strategic asset that determines long-term sustainability and system adaptability in dynamic educational contexts. In rural and underdeveloped regions like Majene Regency, where digital inequality persists, the establishment of trust is especially crucial to overcome sociocultural resistance, increase stakeholder buy-in, and maintain system resilience under resource-constrained conditions.

This emphasis on trust is supported by previous studies. For example, Kilinç et al. (2021) found that trust in school leadership significantly influences teachers' willingness to adopt instructional technology (Kilinç et al., 2021). Similarly, Polatcan et al. (2024) showed that digital trust mediates the relationship between perceived usefulness of educational technologies and students' sustained engagement (Polatcan et al., 2024). These findings reinforce the current study's assertion that trust is not only a catalyst for initial adoption but a stabilizing force that enables long-term participation and digital growth.

Building trust among educational stakeholders—through clear communication, visible accountability, and demonstrated value—is essential for the long-term success and institutionalization of smart education, particularly in peripheral regions facing systemic educational gaps. Future interventions must, therefore, integrate trust-building mechanisms into the design and deployment of smart education initiatives to enhance their legitimacy, functionality, and impact.



The influence of communication on smart education

Contrary to expectations, this study found that communication (H2), although conceptually significant, did not exhibit a strong direct effect on the success of smart education initiatives in Majene Regency. While communication is often regarded as a vital enabler in any educational reform, its impact may become indirect or mediated in the context of digitally driven environments. This suggests that communication alone—without being embedded in trust-based interactions or supported by pedagogical alignment—may not substantially influence stakeholder engagement or learning outcomes.

However, the broader literature continues to assert the foundational role of communication in education. Özdogru et al. (2024) emphasizes that effective communication, alongside social intelligence and intercultural sensitivity, significantly contributes to teacher performance and classroom efficiency (Özdogru et al., 2024). Likewise, Hrytsenko et al. (2024) and Sharkov et al. (2022) argue that the integration of AI in smart education strengthens communication channels between students and educators by personalizing interactions and enabling responsive feedback mechanisms (Hrytsenko et al., 2024), (Sharkov et al., 2022). In addition, Mihus and Nakonechna (2022) view communication as an inseparable component of an educator's social competence, reinforcing its essential place in fostering relational quality within smart classrooms.

Nonetheless, Chen et al. (2024) cautions against an overreliance on technological mediation, warning that such dependence may inadvertently reduce human connection and diminish the effectiveness of traditional pedagogical discourse. This concern is particularly relevant in underdeveloped contexts, where digital literacy gaps, limited infrastructure, and cultural preferences for face-to-face interaction may hinder the full potential of digital communication tools (Chen et al., 2024).



Commitment to smart education

The study identifies commitment as a key determinant of the success of smart education (H3). The success of smart education is greatly influenced by the level of commitment from various stakeholders, including educators, students, and educational institutions, which directly determines the effectiveness of technology implementation in learning (Mardin et al., 2024). This commitment includes a willingness to adopt as well as integrate smart technology and pedagogy into the existing educational framework (Mardin et al., 2024). Research shows that testability and observability factors in smart education programs have a crucial role in driving these commitments, as they allow institutions to evaluate the benefits of technology before full implementation. Schools that are given the opportunity to test technology gradually tend to have a higher success rate in adopting smart education initiatives, as confidence in the results achieved increases (Mardin et al., 2024).

Additionally, personalization in smart education contributes greatly to increased student engagement and commitment, by creating learning experiences tailored to individual needs (Aggarwal et al., 2024). Technology's ability to adapt to diverse learning styles allows students to develop at their own pace, which has a direct impact on their motivation and willingness to actively participate in the learning process (Aggarwal et al., 2024). Studies Ma et al. (2024) affirming that students' perception of a supportive and responsive learning environment significantly increases their engagement levels, suggesting that an adaptive environment plays an important role in strengthening students' commitment to education.

The integration of smart technology in the curriculum also plays an important role in building commitment, especially because of the direct benefits that students feel in the teaching-learning process (Hu et al., 2024). However, the implementation of smart technology in vocational education environments often faces various challenges, including limited resources and the need for intensive training for teachers. This shows that institutional commitment is indispensable to overcome these obstacles and ensure the success of smart education programs (Wang and Wang, 2023).

Other factors that play an important role in strengthening student commitment are the quality of the relationship between teachers and students and the effectiveness of communication in a smart learning environment (Hou, 2024). The teacher's immediacy and the quality of interaction with students not only increase engagement but also form an emotional bond that reinforces the commitment to learning (Hou, 2024).

In Majene's case, the relatively high level of stakeholder commitment observed can be attributed to the local relevance of the smart education programs, where the perceived benefits—such as improved access, digital literacy, and employability—align with community aspirations. However, the challenge remains in maintaining this commitment over time. Continuous institutional support, transparent progress monitoring, and inclusive stakeholder engagement are essential to prevent attrition and sustain momentum.

Commitment in smart education should be viewed not as a static trait, but as a dynamic process that must be cultivated, reinforced, and renewed (Liu L. et al., 2024). Future initiatives should embed mechanisms that promote shared ownership, reflective practice, and contextual alignment to ensure that stakeholder commitment evolves in tandem with system maturity (Ramos et al., 2023). This approach will be particularly vital for rural and remote regions, where sustained commitment is both a prerequisite and a product of transformative educational change.

The cultural identity of the Majene Regency community is shaped by a combination of historical, social, and economic influences that contribute to its distinctive local character. A defining feature of this community is the central role of traditional customs and collective participation in the development of social norms and practices. Local wisdom is particularly significant in everyday life, especially in dietary habits that emphasize health and wellbeing. This cultural orientation is further reflected in the educational sphere, where institutions actively promote a reading culture through initiatives such as the School Literacy Movement, which has become an integral component of Majene's educational landscape. This movement not only seeks to enhance students' reading proficiency but also aims to cultivate a culture of lifelong learning within the broader community (Awaru et al., 2022). In addition, educational efforts in Majene are reinforced by the local government's initiatives to strengthen human resource management and elevate teacher professionalism, indicating a systemic commitment to improving the quality of both community-based and formal education (Erwin et al., 2023).

Compared to Majene, Polewali Mandar Regency—its neighboring district—demonstrates a distinct emphasis on enhancing language literacy among students, which has been identified as a key educational priority (Hamzah et al., 2022). This focus on linguistic development is closely associated with improved learning outcomes (Yusuf and Arif, 2022), underscoring a targeted and structured educational environment oriented toward language proficiency. Moreover, the district has implemented systematic efforts to advance teacher professional development as a means of strengthening pedagogical competence (Amaliah et al., 2023). These institutional strategies are further complemented by findings that highlight the significant influence of metacognitive skills, self-efficacy, and student confidence on academic performance, suggesting that individual cognitive development plays a critical role in shaping broader educational achievements (Rahmawati et al., 2024). Collectively, these initiatives reflect a comprehensive and integrative approach to education in Polewali Mandar, where both institutional capacity and individual learner attributes contribute to sustained academic progress.



Quality of service in smart education

Despite its intuitive importance, the present study finds that quality of service (QoS) does not exert a significant direct effect on the perceived success of smart education in Majene Regency (H4). While service quality remains a critical dimension in conventional education and public service delivery, its influence in digital learning environments may be more complex and indirect, especially in underserved or transitional contexts.

The statement that service quality does not affect intelligent education can be studied through various studies that highlight the complex relationship between service quality and educational outcomes in intelligent learning environments. While some studies emphasize the importance of quality of services in improving the educational experience, others suggest that the impact may not be as important as traditionally perceived (Ritonga and Desrani, 2022).

Similarly, research by Yan highlights that service quality, particularly in smart classroom settings, significantly drives customer loyalty, implying that high service quality can improve user satisfaction and engagement in an educational context (Yan and Trisakhon, 2024). Hal ini menunjukkan bahwa meskipun kualitas layanan merupakan komponen pendidikan pintar, hal itu mungkin tidak secara tunggal menentukan keberhasilan pendidikan. Selain itu, penelitian oleh Wang et al. mengidentifikasi berbagai faktor yang memengaruhi kualitas layanan di komunitas pintar, yang menunjukkan bahwa kompleksitas pemberian layanan di lingkungan pendidikan dapat melemahkan dampak langsung kualitas layanan pada hasil pendidikan (Wang et al., 2021).

Moreover, it is imperative to view service quality through the lens of educational justice and inclusion. Ensuring equal access to reliable, high-quality services across different socio-economic and geographic segments reinforces the broader goals of smart education as a transformative and democratizing force. In this sense, quality of service becomes a foundation for digital equity, rather than merely a customer satisfaction metric.

While service quality may not emerge as a dominant factor in statistical models, its strategic relevance remains. It operates as a structural enabler, shaping the conditions under which trust, satisfaction, and long-term engagement can flourish. Future research should explore its interaction effects and mediating pathways, particularly in contexts like Majene where foundational infrastructure and digital culture are still evolving.



Educational foundation to quality of service

The findings of this study indicate that educational foundations—including institutional management, regulatory frameworks, and infrastructure—play a significant role in shaping the perceived quality of education services in smart learning environments (H5). Unlike service quality, which often functions as a surface-level metric of user experience, foundational elements underpin the systemic functionality and long-term sustainability of digital education systems. In the case of Majene Regency, where infrastructural and organizational disparities persist, the strength of the educational foundation becomes an essential factor in ensuring equitable access and reliable service delivery.

The quality of education services is influenced by various factors such as institutional management, regulatory framework, and stakeholder satisfaction, which together determine the effectiveness of the education process (Leonova et al., 2020). The relationship between service quality and student satisfaction is a major focus, where quality improvement in higher education institutions is proven to improve the learning experience (Dugenio-Nadela et al., 2023). Managerial approaches, including the use of balanced scorecards and information systems, play a crucial role in ensuring quality and improving the performance of educational institutions (Abd El- hamed et al., 2023; Rosana, 2022). In addition, public administration also contributes to improving the quality of services at the primary school level, creating a positive impact on the development of the education system at large (Mahardhani, 2023). This is in line with institutional theory that highlights the role of established structures, policies, and infrastructure in shaping organizational outcomes (Muluk et al., 2025).

The influence of educational foundations extends beyond institutional capacity—it also affects stakeholder confidence and engagement. When students and parents perceive schools as organized, transparent, and well-managed, their trust in the educational process increases, which in turn enhances their satisfaction with services received. This dynamic is especially critical in rural regions like Majene, where communities may harbor skepticism toward externally imposed innovations unless supported by visible institutional commitment and clarity of purpose.



Limitations of the education pillar on service quality

While educational foundations serve as a critical backbone for the development of smart education, this study identifies notable limitations of the education pillar in enhancing perceived service quality (H6). These limitations are rooted not only in infrastructural or administrative weaknesses, but also in systemic constraints that inhibit the translation of foundational strength into tangible improvements in user experience.

The limitations of the educational pillar in improving service quality in educational institutions are caused by inconsistent measurements, the complexity of the relationship between service quality and student satisfaction, as well as the role of leadership and organizational culture (Mishra et al., 2024). Non-uniform quality measurements often hinder the identification of areas that need improvement, while generic approaches are not always effective in local contexts (Nguyen et al., 2024). Institutions' failure to implement continuous service improvement exacerbates the problem, despite continuous evaluation being shown to improve student satisfaction (Al-Yozbakey and Esmaeel, 2024). Lack of understanding of the service quality dimension causes the strategies implemented not to be in accordance with the needs of students (Widayanthi et al., 2024).

Additionally, leadership and organizational culture play an important role in determining service quality, but a lack of institutional support often hampers its effectiveness (Budur et al., 2024). Student loyalty is influenced by trust and satisfaction, which mediates the impact of service quality on institutional retention and reputation (Widayanthi et al., 2024). Thus, improving the quality of education services requires an integrated approach that includes the adjustment of assessment strategies, sustainable practices, and institutional commitments to create a responsive educational environment (Qie and Quan, 2024).

In addition, institutional rigidity and bureaucratic inaction limit the capacity of the education system to integrate continuous improvement mechanisms. Many schools in remote areas lack the organizational maturity to conduct internal service audits, track performance indicators, or implement data-driven decision-making. As a result, service quality tends to stagnate, and the gap between user expectations and actual experience widens over time.

Ultimately, strengthening the pillars of education requires more than just technical improvements—it needs a cultural and systemic transformation that empowers institutions to become learning organizations. In Majene, where educational challenges are exacerbated by geographical isolation and resource scarcity, overcoming the institutional limitations of the education pillar is essential to unlock the full potential of smart education and provide equitable quality of services to all segments of society.



Benefits of education on service quality

This study reaffirms that education plays a pivotal role in enhancing service quality, not only within the education sector itself but across broader public and community services (H7). In smart education ecosystems, education functions both as an input and an outcome—improving users' capacity to engage with technology, interpret information, and demand quality, while simultaneously shaping institutional accountability and responsiveness.

Education has a crucial role in improving the quality of services in various sectors, especially in educational institutions and service delivery frameworks (Zheng and Ouyang, 2023). The availability of quality educational resources and the professionalism of educators significantly affect the perception and outcomes of services, which requires institutions to prioritize resource and faculty development (Zheng and Ouyang, 2023). In addition, customer education contributes to more effective participation, thereby improving the quality of services in various sectors (Shah et al., 2023).

Customer satisfaction, which is influenced by the educational experience, plays a role in shaping values and loyalty, strengthening the reputation of the educational institution (Cahyono et al., 2023). This relationship is reinforced by the institution's positive image, which reflects public trust and user satisfaction (Ramadina, 2024). In the context of early childhood education, quality services also have a positive impact on the wellbeing and work preferences of parents, demonstrating the far-reaching effects of education on social and economic aspects (Nkechi et al., 2023).

Additionally, educational experiences influence values, expectations, and perceptions of service quality, particularly among students and parents. When users are equipped with critical thinking, digital literacy, and problem-solving skills, their engagement with service providers becomes more discerning and collaborative. This has been supported by studies such as Martini et al. (2023), which demonstrate that education increases “participation efficacy” and improves alignment between service delivery and user needs (Martini et al., 2023).

In early childhood and primary education contexts, improved service quality contributes not only to child development outcomes but also to family wellbeing and workforce participation, particularly among mothers. In Majene, where many households rely on informal employment and subsistence livelihoods, accessible and high-quality educational services can reduce care burdens and open new economic opportunities, reinforcing education's role as a multiplier of social equity.

Education is not merely a beneficiary of quality service—it is a catalyst for elevating the standards, accountability, and equity of service systems as a whole. In the context of Majene, where smart education intersects with broader challenges of underdevelopment and social disparity, maximizing the transformative impact of education on service quality represents a strategic pathway toward inclusive and sustainable development.




Conclusion

This study reveals that trust is the main determinant in encouraging the implementation of smart education in Majene Regency, Indonesia. These findings highlight the importance of stakeholder engagement and acceptance as a fundamental prerequisite for the transformation of technology-based education. Commitments from various parties also contribute positively, albeit with a lower intensity, indicating the need to strengthen consistency and dedication in the development of the digital ecosystem.

On the other hand, communication and service quality did not show a significant direct influence on the success of smart education, confirming that these factors require interaction and synergy with elements of trust and educational foundations. A strong educational foundation proved to be a catalyst in improving the perception of service quality, emphasizing the importance of infrastructure, policies, and the integration of holistic learning systems.

The education pillar does not have a substantial direct contribution to the perception of service quality, so that service optimization is more effective through an operational approach oriented to improving facilities and technology. In addition, the benefits of education in the form of upskilling and career opportunities have a significant positive impact on the perception of service quality, indicating that the relevance of education to the needs of the local job market has strategic implications.

Thus, this study emphasizes that the success of smart education in Majene Regency lies in the harmonization between trust, commitment, and a strong educational foundation, with other supporting factors as catalysts that strengthen the sustainability of digital education transformation at the local level.



Research implications

The findings of this study offer significant implications for both policy and practice in advancing smart education, particularly in geographically disadvantaged regions. The central role of trust and commitment suggests that successful implementation of digital learning initiatives cannot rely solely on technological infrastructure; instead, it requires deliberate efforts to foster social capital, institutional credibility, and stakeholder engagement. Policymakers should prioritize the development of inclusive digital governance frameworks that embed transparency, feedback mechanisms, and user-centered design. For practitioners, the results underscore the need to invest in professional development that enhances educators' digital pedagogical skills, communication strategies, and adaptive capacities in low-resource environments. Furthermore, strengthening foundational aspects of education—such as institutional leadership, policy coherence, and local stakeholder participation—will be essential in building a sustainable ecosystem for smart education that promotes equity, resilience, and long-term innovation.

Ensuring the sustainability of smart education in Majene requires a clear implementation roadmap, beginning with short-term teacher training and infrastructure preparation, followed by mid- to long-term integration of digital systems into educational policy. A structured monitoring and evaluation framework should be established, using indicators such as digital tool usage and learning outcomes to guide improvements. Additionally, a resource needs assessment—including funding, technical support, and policy alignment—is essential. Sustainable implementation depends on multi-stakeholder collaboration to secure commitment and continuity.



Suggestions for future research

Future research should explore the longitudinal effects of trust-building and commitment-enhancing strategies on the sustainability of smart education systems in rural and underserved areas, particularly in contexts with limited digital infrastructure and administrative capacity. Comparative studies across diverse regions or countries are also encouraged, as they would offer valuable insights into how cultural, institutional, and infrastructural variations influence the adoption, adaptation, and outcomes of smart education models. To enrich contextual understanding, future studies should adopt mixed-methods or participatory action research designs, enabling deeper exploration of community-level dynamics, stakeholder engagement, and learner experiences in digital learning environments. Incorporating educational theories—such as constructivism, socio-cultural theory, or connectivism—into future investigations could provide a more grounded framework for evaluating the pedagogical impact of smart education initiatives. Moreover, with the rapid advancement of technology, future research should critically examine the role of emerging digital innovations (e.g., artificial intelligence, blockchain, and adaptive learning systems) in developing equitable, inclusive, and culturally responsive smart education ecosystems. Importantly, such research should explicitly align with the goals of SDG 4 (Quality Education) by contributing to evidence-based strategies that promote inclusive, equitable, and lifelong learning opportunities for all, especially those in geographically and socially marginalized settings.
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