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Abstract:

A sequential exploratory mixed-methods design was used. The qualitative phase involved interviews with 19 educational experts and
principals, analyzed through open, axial, and selective coding. The quantitative phase surveyed 384 teachers and principals using validated
questionnaires assessing data literacy, predictive decision-making, and teaching quality. Data analysis included structural equation modeling
and multilevel modeling to assess direct and indirect effects. Results showed that principals’ data literacy significantly predicted predictive
decision-making (f=0.63) and teaching quality (f=0.27). Predictive decision-making also significantly influenced teaching quality (§=0.48).
Mediation analysis confirmed that part of the effect of data literacy on teaching quality operates indirectly through predictive decision-making
(B=0.30). Multilevel analysis indicated significant between-school variance in teaching quality. Findings indicate that Al-driven instructional
leadership is most effective when principals possess high levels of data literacy and use predictive decision-making to enhance instructional
quality. Predictive decision-making represents a key mechanism linking data literacy to teaching outcomes.
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Extended Summary

Introduction

The rapid evolution of artificial intelligence (Al) has fundamentally reshaped leadership practices in educational settings,
shifting school management away from traditional structures toward data-driven, predictive, and technology-augmented
decision-making models. As schools increasingly navigate the demands of digital transformation, the competencies required
of instructional leaders have broadened to include digital literacy, data analytics, algorithmic reasoning, and strategic
technological stewardship. Numerous studies emphasize that educational leaders must now operate within hybrid human—Al
ecosystems in which decision-making, supervision, instructional support, and performance monitoring are increasingly
mediated by intelligent systems (\Wang, 2021). This shift reflects a broader global trend where Al technologies not only support
administrative efficiency but also enhance pedagogical quality, instructional alignment, and institutional responsiveness to
student needs.

Scholars argue that successful Al integration in educational leadership is contingent upon strong digital leadership, strategic
vision, and an ethical understanding of Al-related challenges, including algorithmic transparency and the responsible use of
data (Khairullah, 2025). Within schools, principals function as the primary agents of digital transformation, responsible for
cultivating a technology-enabled environment and fostering the competencies of teachers and staff. Research shows that Al
integration in management increases the precision of decision-making, strengthens predictive capabilities regarding student
performance, and supports evidence-based instructional planning (Karakose & Tilubas, 2024). Similarly, qualitative studies
highlight the critical role of leaders in identifying pedagogical opportunities for Al and operationalizing them through school-
wide digital strategies (Khabari, 2024).
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In the broader educational landscape, concerns have also emerged surrounding Al ethics, including fairness, algorithmic
bias, academic integrity, and data privacy. Institutional regulations and policy frameworks must therefore accompany Al
integration, ensuring the responsible use of intelligent tools in teaching, assessment, and leadership practices (Roberts, 2024;
Shchedrina, 2024). Meanwhile, the increasing complexity of digital ecosystems necessitates leaders with robust data literacy
skills capable of interpreting data, evaluating algorithmic outputs, and using predictive modeling for instructional improvement.
Studies confirm that leaders with higher levels of data literacy sustain better instructional outcomes, teacher performance, and
overall school quality (Rahmani Tabar et al., 2024; Rahmanitabar et al., 2024).

Parallel research underscores the role of digital leadership in higher education and its influence on technological adoption,
teacher professionalism, and organizational innovation (Antonopoulou et al., 2025; Khurniawan et al., 2024). Leadership
theory in the digital era further argues that adaptive, agile, and transformation-oriented leaders are more successful in navigating
technological disruptions and fostering high levels of teacher engagement (Haris & Nuraeni, 2025). Additionally, the literature
emphasizes that emotional climate, professional development, infrastructural readiness, and supportive leadership affect the
capacity of educators to implement digital pedagogy effectively (Ma & Ismail, 2025). Al adoption also influences teacher self-
efficacy, intercultural competence, and employability, highlighting its multidimensional effect across institutions (Zhan et al.,
2024).

Despite growing attention to Al in educational leadership globally, empirical studies examining the multilevel relationships
between principals’ data literacy, Al-based predictive decision-making, and teaching quality remain limited—particularly
within developing educational systems. Therefore, this study aims to fill this gap by modeling the multilayered relationships
among these constructs, identifying how data-literate leaders enhance teaching quality through predictive decision-making
supported by Al The study contributes to the literature by offering both qualitative insight and quantitative validation of a
structural model explaining how Al-mediated leadership processes shape instructional outcomes. Drawing on this theoretical
foundation, the present research investigates the multilevel connections between principals’ data literacy, predictive decision-
making, and teaching quality using a sequential mixed-methods design.

Methods and Materials

This study employed a sequential exploratory mixed-methods design. The qualitative phase involved in-depth semi-
structured interviews with 19 school principals and educational experts selected through purposive sampling until theoretical
saturation was reached. Interviews were recorded, transcribed verbatim, and analyzed using open, axial, and selective coding
to extract core themes related to data literacy, Al adoption, predictive decision-making, and instructional leadership.

The qualitative results informed the construction of the quantitative research model. In the second phase, a sample of 384
teachers and principals from multiple schools participated in a survey measuring data literacy, predictive decision-making, and
teaching quality. Three validated questionnaires were used, each assessed for content validity and reliability during a pilot
study. Data were analyzed using SPSS and SmartPLS. The analysis included descriptive statistics, measurement model
evaluation (reliability, convergent and discriminant validity), and structural equation modeling with multilevel path analyses
to test the hypothesized relationships and indirect effects.

Findings

Qualitative findings revealed five major categories: Al-enabled predictive supervision, data-driven decision-making,

enhanced instructional monitoring, development of principals’ data literacy, and mechanisms through which Al influences
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teaching quality. Participants described Al as a transformative tool that supports early identification of instructional problems,
provides real-time analytics on classroom performance, and enhances the precision of school management practices.

Quantitative descriptive results showed above-average means for all major variables: principals’ data literacy scored high,
predictive decision-making was strongly represented, and teaching quality ratings were consistently positive. Measurement
model assessment confirmed strong internal reliability, high composite reliability, and acceptable values for average variance
extracted.

Structural model results indicated three significant direct effects. Data literacy significantly predicted predictive decision-
making (f = 0.63), predictive decision-making significantly influenced teaching quality (B = 0.48), and data literacy had a
direct yet smaller effect on teaching quality (f = 0.27). The mediation analysis demonstrated a significant indirect effect of data
literacy on teaching quality via predictive decision-making (B = 0.30), confirming a partial mediation. The multilevel model
also showed that school-level variations contributed meaningfully to teaching quality, validating the hierarchical nature of the
phenomenon.

Discussion and Conclusion

The findings of this study demonstrate that Al-driven educational leadership operates through a dynamic interplay between
principals’ data literacy, their capacity for predictive decision-making, and the quality of classroom instruction. Data literacy
emerged as the foundational element enabling school leaders to interpret digital information, understand algorithmic insights,
and apply analytical reasoning to educational problems. As leaders become more proficient in interpreting data, they are better
equipped to recognize emerging patterns, diagnose instructional weaknesses, and implement targeted interventions.

Predictive decision-making played a central mediating role, suggesting that Al tools enhance not only the accuracy of
leaders’ judgments but also their ability to anticipate instructional challenges before they escalate. This future-oriented
decision-making strengthens the alignment between school improvement efforts and actual classroom needs, leading to more
effective pedagogical support and better teaching performance overall. The presence of both direct and indirect effects indicates
that data literacy influences teaching quality both independently and through the more advanced mechanism of predictive
reasoning.

The multilevel structure of the model highlights the importance of school context, organizational culture, and leadership
climate. Variability across schools suggests that Al-empowered leadership practices flourish within environments that value
innovation, support technological adoption, and provide adequate infrastructure for data-driven work. Additionally, the
qualitative insights showed that leaders perceive Al as a tool that can enhance fairness in evaluation, improve instructional
oversight, and increase the accuracy of teacher performance assessments.

In conclusion, the study provides a comprehensive framework demonstrating that Al-driven instructional leadership is most
effective when school principals possess strong data literacy skills and are able to translate Al-generated insights into predictive,
strategic, and instructionally relevant decisions. These findings contribute to a deeper understanding of how Al technologies

can support school leadership and improve teaching quality through multilevel mechanisms of influence.
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