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Abstract

The rapid integration of Artificial Intelligence (Al) into primary and secondary
education necessitates a re-evaluation of Technology Education, specifically how the
Technology component within STEM is conceptualized and led in schools. While Al
offers transformative potential, its integration in rural contexts faces unique boundaries
ranging from infrastructure deficits to pedagogical gaps. In rural Pingtung County,
Taiwan, this integration faces unique challenges, including infrastructure deficits and
pedagogical gaps.

This study shifts focus from classroom practitioners to the strategic gatekeepers of
curriculum innovation, school principals. It investigates how rural school leaders
perceive Al not merely as a tool but as a core knowledge area within modern
Technology Education and assesses their readiness to lead this transformation. This
study employs a convergent mixed-methods design involving six school principals.
Qualitative data from focus group interviews were analyzed using deductive thematic
analysis supported by Al-assisted coding, while quantitative data from the Intelligent
TPACK survey provided a triangulation profile.

The findings reveal that rural principals conceptualize Technology in STEM through
three key dimensions: evaluative literacy, Al-enabled praxis, and ethical stewardship.
Rather than emphasizing technical proficiency, leaders prioritized the ability to verify
Al outputs using disciplinary knowledge. Furthermore, Al was viewed as a boundary
spanner capable of mitigating rural resource deficits by acting as a virtual colleague for
isolated teachers.

However, ethical concerns regarding the digital parenting void and the preservation of
human-centric social-emotional learning dominated the leadership discourse. The
study contributes to the field by defining a leadership-centric model of Intelligent
TPACK, suggesting that for rural principals, effective technology leadership is less
about operational fluency and more about critical evaluation and ethical responsibility.

Key Words: Technology Education, Al in STEM, Intelligent-TPACK, Rural School
Leadership, Mixed-Methods
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1 INTRODUCTION

The rapid integration of Artificial Intelligence (Al) into primary and secondary education (ages
6-18) STEM education represents a paradigm shift, positioning Al as a fundamental literacy for
the 21st-century workforce (Ng et al.,, 2023). Consequently, international bodies advocate
including competencies ranging from algorithmic logic to ethical reasoning in national curricula
(Miao & Shiohira, 2022; UNESCO, 2024). While Al offers transformative potential enabling
personalized learning and automated feedback (Xu & Ouyang, 2022), these advancements
demand a corresponding evolution in the professional knowledge of educators and, crucially,
school leaders.

Despite global momentum, Al-enhanced STEM education remains uneven as rural schools face
unique ecological constraints, including geographical isolation and infrastructure deficits (Khan
et al., 2019). While urban centers rapidly pilot Al initiatives, rural contexts risk marginalization
unless integration adapts to specific socio-cultural realities. Since rural teachers’ adoption of
technology is contingent on environmental factors (Wu et al., 2022), uniform approaches often
fail to address rural needs (Kim & Wargo, 2025; Lopez Costa, 2025), particularly in contexts
where infrastructure limitations, uneven resource distribution, and teacher capacity constraints
shape technology adoption.

Research on Al in STEM has predominantly focused on classroom practitioners and
Technological Pedagogical Content Knowledge (TPACK; Chai, 2019), with comparatively less
attention given to the role of school leadership in Al integration (Kim & Wargo, 2025; Lopez
Costa, 2025). In rural settings where principals serve as primary instructional leaders,
understanding their perceptions of Al as a subject matter is essential for sustainable reform.
Assessing leadership readiness requires a modernized framework. While the foundational
TPACK framework (Mishra & Koehler, 2006) remains relevant as a model for understanding
how teachers integrate technological, pedagogical, and content knowledge in instructional
practice, it was originally developed in the context of traditional digital tools. The unique
generative affordances of Al, however, demand an expanded lens. Celik (2023) proposed the
Intelligent TPACK framework, arguing that effective integration requires specific knowledge
regarding the ethical, pedagogical, and technical dimensions of intelligent systems.

Addressing the research gap on rural leadership in high-tech environments, this study shifts the
analytical focus from classroom practice to leadership cognition by exploring how rural school
principals conceptualize Al integration in STEM through the lens of Intelligent TPACK. By
investigating perspectives on the technical, pedagogical, and ethical dimensions of Al this study
aims to identify specific leadership competencies required to foster equitable, sustainable STEM
education in under-resourced rural contexts.
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2 LITERATURE REVIEW
2.1 AI Integration in STEM Education: Paradigms and Tools

The intersection of Al and STEM education has evolved from experimental applications to a
central component of modern pedagogy. The current literature increasingly suggests that Al
serves a dual role in STEM education: as a pedagogical tool to enhance learning efficiency and
as a subject matter essential to fostering Al literacy (Ng et al., 2023; Su et al., 2024; Zawacki-
Richter et al., 2024). In terms of application, a systematic review by Xu and Ouyang (2022)
identified key categories of Al technologies in education, including intelligent tutoring systems
(ITS), educational robotics, and learning prediction models. These tools facilitate the shift from
traditional, lecture-based instruction to student-centered models by enabling personalized
feedback and adaptive learning pathways (Hwang et al., 2020). Furthermore, integrating Al into
STEM curricula, often referred to as AI-STEM, supports the development of computational
thinking and complex problem-solving skills, aligning with the interdisciplinary nature of
engineering design and scientific inquiry (Chai, 2019). However, scholars caution that the mere
presence of Al tools does not guarantee pedagogical transformation; successful integration
requires a fundamental restructuring of how STEM content is delivered and assessed.

2.2 Evolving Competencies: From TPACK to Intelligent-TPACK

To navigate the complexities of Al the theoretical frameworks governing teacher knowledge
need to be evolved. The TPACK framework (Mishra & Koehler, 2006) has long served as the
standard for understanding how educators blend technology, pedagogy, and content (Figure 1).
However, the unique affordances of Al, such as its autonomy, data-driven logic, and generative
capabilities, pose challenges that generic TPACK cannot fully address.

Addressing this theoretical necessity, Celik (2023) proposed the Intelligent-TPACK framework
(Figure 1). The framework delineates five distinct domains: (1) Intelligent-TK (knowledge of Al
tools and their capabilities); (2) Intelligent-TPK (knowledge of how Al supports pedagogical
strategies); (3) Intelligent-TCK (knowledge of how Al represents and transforms subject matter);
(4) Intelligent-TPACK (the synthesis of these knowledge bases for curriculum design); and (5)
Al Ethics (knowledge of ethical issues such as privacy, bias, and accountability). This expanded
model posits that educators require specific knowledge regarding the intelligence of educational
technologies. The framework was validated using Structural Equation Modelling, which indicated
that technological knowledge (TK) may be insufficient for effective Al integration. Instead, the
analysis suggests that the intersection of Al-specific pedagogical knowledge (Intelligent-TPK)
and ethical evaluation, encompassing transparency, fairness, and accountability, significantly
influences successful adoption. This aligns with the UNESCO (2024) Al competency framework
(Figure 3), which emphasizes a Human-centred mindset and Ethics of Al as foundational layers
before technical mastery.In the contextof STEM, Intelligent-TPACK implies thateducators must
not only know how to operate Al tools (Intelligent-TK) but also understand how Al transforms
disciplinary content (Intelligent-TCK), for instance, by recognizing the limitations of AI-
generated data in scientific experiments and the ethical implications of algorithmic decision-
making.
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2.3 School Leadership and the Rural Context

While teacher competencies are well documented, the role of school leadership in fostering them,
particularly in under-resourced environments, remains underexplored. Research indicates that the
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adoption of innovations in rural schools is heavily contingent upon environmental factors and
administrative support (Wu et al., 2022). Rural schools often face a double bind: needing to
modernize curricula while managing severe constraints on infrastructure and specialized staffing
(Khan et al., 2019).

In these contexts, the school principal acts as the primary change agent. The literature suggests
that a leader's technological vision directly influences teachers’ behavioural intention to adopt
engineering-focused and Al-enhanced curricula (Yu et al., 2021). However, most existing studies
on Al in education focus on classroomimplementation rather than on leaders’ strategic cognition.
There is a paucity of research examininghow rural principals possess or perceive the components
of Intelligent-TPACK. Do they view Al ethics as a leadership responsibility? How do they
leverage Intelligent-TPK to mentor staff in schools where they might be the only instructional
leader? Addressing this gap is crucial, as the successful infusion of the Technology component in
rural STEM depends not just on available hardware but on the leader’s capacity to conceptualize
Al as a sustainable, ethical, and pedagogical asset.

3 METHODOLOGY
3.1 Problem Statement and Research Questions

Despite the global advocacy for Al in STEM, a significant gap remains in understanding how
rural school leadership adapts to this technological paradigm shift. Most existing studies focus on
classroom implementation or urban contexts, leaving the strategic cognition of rural leaders
underexplored. Specifically, there appears to be a paucity of research examining how rural
principals possess or perceive the components of Intelligent-TPACK, considering that they often
serve as the sole instructional leaders in resource-constrained environments.

Addressing this gap is crucial, as the successful infusion of the Technology component in rural
STEM depends not just on available hardware but on the capacity of the leader to conceptualize
Al as a sustainable, ethical, and pedagogical asset. To explore this issue, this study is guided by
the following research questions: (1) How do rural school principals conceptualize the necessary
competencies forintegrating Al into STEM education? (2) In whatways do these leaders leverage
Al to navigate specific rural boundaries and resource deficits? (3) To what extent do rural
principals view ethical stewardship as a core component of their technology leadership?

3.2 Research Design

This study employs a convergent mixed-methods design (Creswell & Clark, 2017) to investigate
how rural school principals conceptualize and lead the integration of Al within STEM education.
The research is grounded in an interpretive paradigm, aiming to understand the subjective
meaning-making processes of school leaders as they redefine the Technology (T) component of
STEM. Qualitative data from focus group interviews serveas the primary source of inquiry, while
quantitative data from the Intelligent-TPACK survey (Celik, 2023) provide a descriptive profile
to triangulate and corroborate the qualitative findings.
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3.3 Participants

The study was conducted in Pingtung County, a region in southern Taiwan characterized by
significant rural-urban disparities. Purposive sampling was used to recruit six school principals
(four from elementary schools and two from junior high schools) serving in rural districts. These
participants were selected based on their active involvement in promoting STEM or cross-
disciplinary curriculum reform. The participants possess diverse disciplinary backgrounds,
including Science, Mathematics, Special Education, Social Studies, and Mandarin, ensuring a
multifaceted perspective on technology leadership. All schools face common rural challenges,
including faculty aging, high staff turnover, and limited access to external educational resources.

Table 1

Participants’ demographic information and Intelligent-TPACK survey results

Code Gender Schooling Years of Backgrounds AI-  Al- Al- Al- Al-
level Teaching TK TPK TCK TPACK  Ethic
Experience
P-A M Primary 32 Science 560 543 550 5.4 525
P-K M Primary 22 Social 6.80 629 575 557 5.00
Studies
P-Li F Primary 32 Mandarin, 500 457 525 5.00 3.75
Math
P-Le F Primary 29 Social 520 4.00 5.00 2.71 4.00
Studies,
Mandarin
P-H F Middle 23 Special 7.00 6.86 6.00 557 525
Education,
Mandarin
P-C F Middle 27 Science 520 443 500 4.71 450

3.4 Data Collection

Data collection proceeded in two phases:

3.4.1 Online Focus Group Interview

A semi-structured focus group interview was conducted via Google Meet, lasting approximately
120 minutes. The session was video-recorded and transcribed verbatim. The interview protocol
was designed to elicit in-depth discussions guided by four core questions: (1) What is the

perceived impactof Alon STEM teachingin ruralareas? (2) What core competencies are required
for rural teachers to integrate Al into STEM education? (3) How can rural teachers enhance their
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capabilities for Al-integrated STEM teaching? (4) How should teacher education be designed to
cultivate pre-service teachers’ readiness for future AI-STEM initiatives?

3.4.2 Intelligent-TPACK Survey

Following the interview, participants were asked to complete the Intelligent-TPACK survey,
adapted from Celik (2023). The instrument was translated into Mandarinand underwent an expert
review process to verify its content validity and readability. The survey utilizes a 7-point Likert
scale to measure self-efficacy across five domains: Intelligent-TK (Al Knowledge), Intelligent-
TPK (Al Pedagogical Knowledge), Intelligent-TCK (Al Content Knowledge), Intelligent-
TPACK (Al Integration Knowledge), and Al Ethics.

3.5 Data Analysis

A deductive thematic analysis was applied to the interview transcripts, using the five domains of
the Intelligent-TPACK framework as a priori codes. To enhance analytical efficiency and reduce
bias, a Human-in-the-Loop Al-assisted workflow was implemented using Google NotebookLM.
The analysis followed a hybrid coding strategy:

@) Al-Assisted Coding and Quantitizing: The verbatim transcripts were processed by
NotebookLM to extract relevant excerpts corresponding to each TPACK domain. A
data quantitizing technique (Sandelowski, 2000) was employed to calculate the
frequency of mentions for each domain per principal, providing a preliminary heatmap
of leadership priorities.

(ii) Thematic Synthesis: The Al tool was prompted to identify recurring patterns and shared
perspectives within each domain. For instance, data segments originally coded under
Intelligent TCK regarding the verification of Al errors crystallized into the theme of
Evaluative Literacy. Similarly, perspectives categorized under Al Ethics regarding
family structures converged into the theme of Ethical Stewardship. This process
ensured that the findings remained grounded in the theoretical framework while
capturing the specific nuances of the rural context.

(iii) Human Interpretation and Verification: Crucially, the researcher manually cross-
examined all Al-generated codes and synthesized themes against the original
transcripts. The researcher served as the final arbiters of interpretation, ensuring that
the findings accurately reflected the nuanced context of rural education and were not
artifacts of algorithmic hallucination.

Finally, the qualitative themes were integrated with the quantitative survey profiles to identify
convergences (e.g., high ethical concerns) and divergences (e.g., gaps between operational
knowledge and pedagogical vision). Interview excerpts are coded using the format [construct—
participant—excerpt number].
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4 RESULTS

The deductive thematic analysis of the focus group interviews, triangulated with the Intelligent-
TPACK profile data, revealed that rural school principals conceptualize the Technology (T) in
STEM not merely as a toolset, but as a complex interplay of evaluation, praxis, and ethics. Based
on the coding framework described above (See Section 3.5), specific patterns within the
Intelligent-TPACK domains were synthesized into three overarching themes: (1) The shift from
operational skills to evaluative literacy; (2) Al as a boundary spanner addressing rural resource
constraints (i.e., enabling teachers to access instructional support, collaborative input, and
curricular resources beyond their immediate school context); and (3) Ethical stewardship amidst
the digital parenting void.

4.1 From Operation to Evaluative Literacy: The Primacy of Subject Knowledge

The first theme highlights a redefinition of technological literacy. Rather than emphasizing
technical proficiency (e.g., coding or prompt engineering), the principals unanimously identified
Evaluative Literacy, the ability to verify and judge Al outputs based on deep subject matter
expertise, as the critical competency for the Al era.

In the interviews, participants frequently described Al as “powerful but unreliable,” reflecting a
shared perception across multiple participants. P-Li (with a background in Mandarin and
Mathematics) shared an example using a Prime Number Relay game. She recounted using an Al
tool to generate a sequence of prime numbers for a lesson; however, the Al produced a sequence
of repetitive and incorrect numbers. She suggested that without her foundational domain
knowledge, such errors mighthave gone unnoticed, which could potentially mislead students [Al-
TK-P-Li_4]. Similarly, P-K (with a background in Social Studies) shared an instance in which an
Al toolfabricated a historical account of Einstein s visit to the Republic of China [AI-TK-P-K_2].
He used this asa pedagogical momentto demonstrate thatthe T in STEM requires a stronganchor
in the S (Science) and M (Mathematics). P-Le reinforced this, arguing that Pedagogical Content
Knowledge (PCK) is a prerequisite for Al use; without it, teachers cannot correct the biases or
oversimplifications inherent in Al-generated materials [AI-TCK-P-Le 2].

This qualitative emphasis on subject-based verification aligns with the participants’ Intelligent-
TPACK profiles. Generally, the principals reported moderate-to-high self-efficacy in the
Intelligent-TCK (AI Content Knowledge) dimension. This suggests that their confidence in
leading Al integration stems not from their technical skills (TK), which were often self -reported
as their weakest area, but from their established disciplinary expertise.

4.2 Al as a Boundary Spanner: Overcoming Rural Isolation through Praxis

The second theme addresses the specific context of rural education, where the T'acts as a bridge
across resource limitations. In the interviews, principals did not describe Al merely as a teaching
aid. Instead, they frequently referred to it as a form of virtual co-prep support that may help
mitigate the professional isolation of rural teachers, many of whom are the sole subject specialists
in their school.

474


Jeff
Sticky Note
None set by Jeff

Jeff
Sticky Note
MigrationNone set by Jeff

Jeff
Sticky Note
Unmarked set by Jeff


P-Li and P-H described how Al tools enable rural teachers to transcend the boundaries of a single-
person department. By simulating a colleague for lesson planning and brainstorming, Al may
allow teachers to maintain curriculum quality despite staff shortages. One illustrative example
was provided by P-Li, who described using NotebookLM to analyze curriculum guidelines and
generate literacy-oriented assessment items. She noted thatdesigning similar materials previously
required several days of professional development training [AI-TPACK-P-Li_1]. Another
example came from P-A (science background), who emphasized that Al-supported processes
remain embedded within hands-on STEM learning. In a school project involving Black Soldier
Fly cultivation, Al was used to assist with data interpretation and inquiry preparation, while the
experimental activities themselves remained grounded in physical investigation [AI-TPACK-P-
A 1]

When these qualitative insights are considered alongside the survey data, an interesting pattem
emerges. The Intelligent-TPACK integration scores varied across participants, and several
principals described feeling uncertain about their personal technical proficiency. Some
participants characterized their information or Al-related skills as relatively limited or shallow
[AI-TK-P-Le_1; AI-TK-P-H_1; AI-TK-P-C_1; AI-TK-P-Li_1]. However, their narratives also
indicated a capacity for strategic integration. Rather than attempting to master all technical tools
themselves, the principals described adopting distributed leadership strategies. Several
participants reported establishing small seed teams of two or three young teachers or information
technology specialists to support the technical implementation of Al-related practices [Al-
TPACK-P-Li_3; AI-TPACK-P-K_1; AI-TPACK-P-H_2].

Through this structure, principals focused primarily on guiding curricular direction and policy
alignment, while the technical experimentation was carried out by these teams [AI-TPACK-P-
K 1; AI-TPACK-P-Li_3]. Taken together, these accounts suggest that in rural contexts,
successful Alintegration may depend less on aleader’s individual technical proficiency and more
on their capacity to organize and mobilize available human resources.

4.3 Ethical Stewardship in a Digital Parenting Void

The final theme reveals that for rural leaders, the Technology component carries a heavy burden
of socialresponsibility. In the interviews, principals frequently framed Al integration as an ethical
stewardship issue, particularly in relation to what several participants described as a growing
digital parenting void in their communities.

A recurring concern involved the impact of Al and mobile devices on students from grandparent-
led orsocioeconomically disadvantaged households. P-K and P-C expressed concern that, without
consistent parental supervision, Al and digital devices may easily become sources of distraction
rather than meaningful learning tools [Al-Ethics-P-K_2; Al-Ethics-P-C_1].

For instance, one principal described situations in which mobile phones increasingly replace
parental companionship, particularly in households where grandparents serve as the primary
caregivers [Al-Ethics-P-K 2]. In these contexts, digital devices may function more as passive
entertainment than as educational resources. Several principals, therefore, suggested that schools
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need to take a more active role in guiding students toward responsible and reflective uses of Al
technologies.

Participants also discussed the boundaries between Al-supported information access and human-
centered educational roles. P-Li distinguished between the informational capabilities of Al and
the relational role of teachers, emphasizing that social-emotional learning (SEL) remains an area
where human interaction continues to be essential [AI-Ethics-P-Li_2]. Similarly, P-C emphasized
that students should not treat Al-generated responses as answer keys. Instead, Al outputs should
be approached as materials that require interpretation, verification, and personal reflection [Al-
Ethics-P-C_2].

These qualitative accounts provide additional contextual explanation for the Al Ethics dimension
measured in the survey. While participants’ self-reported ethics scores varied (see Table 1),
ethical considerations were frequently mentioned during the focus group discussion. Taken
together, these narratives indicate that in this rural context, school leaders frequently associate Al
integration with responsibilities related to value guidance, student well-being, and responsible
technology use.

4.4 Variation in Perspectives by Educational Level

Differences in emphasis could be observed in how principals discussed the operationalization of
Al in STEM education across school levels. Secondary school principals tended to describe Al
integration in relation to structural curriculum arrangements and academic rigor. In several cases,
they referred to a gradual institutionalization process in which Al-related initiatives that initially
emerged through clubs or extracurricular activities were later incorporated into formal, flexible
curricula or school-based courses [AI-TPACK-P-Li_2; AI-TPACK-P-H_1; AI-TPACK-P-C 1].
Such discussions often emphasized the need to maintain academic standards when integrating Al
into credit-bearing curricula. In this context, ethical concerns were frequently framed in terms of
academic integrity and the reliability of information, particularly regarding the possibility that
students might rely on Al-generated responses without sufficient cognitive engagement.

In contrast, primary school principals more frequently discussed Al integration in relation to
pedagogical engagement and holistic student development. Several principals described how Al-
supported media transformations, such as convertingtexts into podcasts or animatedstories, could
help stimulate students’ curiosity and participation in classroom learning. Ethical considerations
at this level were often situated in relational contexts, including the digital parenting void and
teachers’ roles in supporting students’ social-emotional learning. In addition, two principals
described Al as functioning as a virtual co-preparation partner, particularly in small rural schools
where teachers often work as the sole subject specialist [AI-TPK-P-Le 2; AI-TPK-P-H_1].

Taken together, these accounts suggest that principals at different educational levels may
emphasize different operational roles for Al in STEM education. While secondary school leaders
more frequently associated Al with curriculum structuring and academic governance, primary
school leaders often described Al as a supportive tool that helps teachers facilitate learning in
resource-constrained environments.
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5 DISCUSSION

This study aimed to examine how rural school leaders perceive and interpret the role of Al within
STEM education in their school contexts. By exploring how these principals conceptualize
Technology in STEM through the lens of Intelligent TPACK, the findings suggest a shift in how
technology education is understood in rural settings. For the leaders, the Technology component
appears to extend beyond operational proficiency toward critical evaluation, ethical stewardship,
and strategic resource management.

5.1 Redefining Intelligent TPACK for Leadership

The results appear to corroborate and extend the Intelligent TPACK framework (Celik, 2023).
While Celik emphasizes the necessity of combining ethical, pedagogical, and technical
knowledge for teachers, this study suggests that, for leaders, the hierarchy of these domains may
differ. The qualitative emphasis on verification based on subject knowledge aligns with the
participants’ Intelligent TPACK profiles. Generally, the principals reported moderate to high
efficacy in the Intelligent TCK dimension. This indicates that their confidence in leading Al
integration may stem less from their technical skills (TK), which were often reported as a weaker
area, and more from their established disciplinary expertise. Consequently, effective technology
leadership may not require mastery of coding or algorithms. Instead, it seems to demand a high
degree of Evaluative Literacy, defined as the capacity to assess the pedagogical validity and
factual accuracy of Al outputs. As evidenced by principals’ reliance on disciplinary knowledge
to detect Al hallucinations, Human Intelligence, specifically Pedagogical Content Knowledge,
appears to serve as the necessary auditor of Al

5.2 Al as an Equity Engine

In the specific context of rural education, Al appears to function as aboundary-spanning resource.
While the literature often highlights the structural deficits in rural schools, including limited
staffing and restricted access to professional collaboration (Khan et al., 2019), the principals in
this study frequently described Al as a generative support mechanism that helps mitigate these
constraints.

Several participants characterized Al as a virtual collaborative partner that assists teachers in
single-teacher departments. For example, one principal described using Al-supported tools to
analyze curriculum documents and generate literacy-oriented assessments, a process that
previously required extended professional development training [ AI-TPACK-P-Li_1]. Other
principals noted that Al could simulate collegial dialogue during lesson planning, enabling rural
teachers to brainstorm interdisciplinary STEM activities despite the absence of subject-area
colleagues [AI-TPK-P-Le 2; AI-TPK-P-H _1].

These accounts suggest that principals do not perceive Al merely as a technological innovation
or a modernization mandate. Instead, Al is conceptualized as a structural support mechanism that
partially compensates for rural professional isolation. By assisting with the generation of lesson
ideas, literacy-based assessments, and interdisciplinary instructional materials, Al may enable
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rural schools to sustain rigorous STEM learning opportunities despite the institutional constraint
of limited human resources.

From a leadership perspective, this reframes Al integration not only as a technological initiative
but also as a potential equity strategy. Rather than widening the urban -rural technological divide,
Al may operate as a compensatory mechanism thathelps rural schools maintain curricular quality
and instructional diversity.

5.3 The Ethical Imperative

The emergence of Ethical Stewardship as a dominant theme underscores the critical role of
principals as gatekeepers. Rural leaders’ concern about the Digital Parenting Void highlights a
societal dimension often absent from purely technical implementation frameworks. Principals
view theirrole as protectingthe human-centric aspects of education, specifically Social Emotional
Learning, from automation. This suggests that in under-resourced communities, the Technology
in STEM is inextricably linked to its social consequences, validating the emphasis on a human-
centered mindset as the foundation of Al literacy in global frameworks.

5.4 Educational Level Nuances

Finally, the divergence between primary and secondary principals suggests that Al integration
may follow different developmental trajectories across educational levels. Primary leaders tended
to emphasize Al as a tool for engagement and pedagogical scaffolding, highlighting its role in
supporting exploratory and multi-sensory learning experiences. This emphasis is consistent with
broader pedagogical traditions in elementary education, which often prioritize student
engagement, holistic development, and scaffolded learning environments. A recent systematic
review of 258 studies on Al in elementary STEM education similarly found that many Al
applications are designed to support adaptive learning, intelligent tutoring, and personalized
feedback to enhance students’ participation and conceptual understanding (Memari & Ruggles,
2025).

In contrast, secondary leaders more frequently discussed Al in relation to curriculum structuring,
academic integrity, and the governance of credit-bearing courses, reflecting the stronger emphasis
on disciplinary rigor, curriculum coherence, and formal assessment structures that typically
characterize secondary schooling. This emphasis is consistent with recentresearch indicatingthat
Al education atthe secondary levelincreasingly focuses on higher-order competencies, including
the application, evaluation, and creation of Al systems, often situated within design-based and
problem-solving learning contexts (Su et al., 2024).

This orientation toward structure, accountability, and governance also echoes emerging
discussions in higher education, where Al integration is increasingly associated with institutional
policy, ethical considerations, and system-level implementation challenges (Zawacki-Richter et
al., 2024). Rather than being treated merely as instructional tools, Al technologies in these
contexts are positioned as elements that reshape assessment practices, academic integrity norms,
and the broader organization of teaching and learning. These patterns suggest that leadership
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approachesto Al integration may vary not only with technological considerations but also with
the pedagogical and institutional priorities associated with different educational stages.

In addition, studies on Al integration in rural education highlight that school leaders must often
navigate practical constraints such as limited digital infrastructure, unevenaccess to technological
resources, and teachers’ varyinglevels of Al-related expertise (Kim & Wargo, 2025; Lopez Costa,
2025). These conditions may shape how Al is operationalized at different educational levels. For
example, primary school leaders may focus on using Al to support engagement and instructional
scaffolding in classroom learning, whereas secondary leaders may place greater emphasis on
curriculum governance and academic integrity when integrating Al into formal course structures.

From this perspective, the different leadership emphases observed in this study may correspond
not only to the institutional responsibilities associated with each educational stage, but also to the
contextual challenges rural school leaders encounter when implementing Al-supported STEM
initiatives. However, relatively few studies have examined how school leaders interpret Al
integration differently across educational stages in rural contexts, underscoring the need to
explore leadership perspectives as an underexplored dimension of AI-STEM research.

6 CONCLUSION

This study contributes to the ongoing discussions in Technology Education by proposing a
leadership-centered perspective on the evolving role of Technology component in STEM. In this
view, rural principals tend to conceptualize Al integration not merely as hardware adoption, but
as a practice grounded in critical evaluation and ethical responsibility.

While these findings are shaped by the small-scale qualitative design and the rapid evolving
nature of Al technologies, they offer initial insights that may inform future research, policy
considerations, and professional practice. For instance, the findings suggest that professional
development may benefit from placing greater emphasis on evaluative literacy alongside
technical skills. Similarly, teacher education programs may consider strengthening pedagogical
content knowledge to support educators in critically interpreting Al-generated outputs.

Future research could build on these insights by examining the longer-term implications of Al
integration, including its potential role as a collaborative partner in relation to teacher retention
and student learning outcomes in rural contexts.

Overall, these findings suggest that addressing the digital divide in rural STEM education may
involve not only expanding access to technology, but also supporting leaders in navigating the
ethical and pedagogical dimensions of Al integration.
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