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Abstract

Artificial intelligence (Al) is increasingly being introduced in the elementary classroom, with promises of
changing instruction, individualizing learning, and improving student performance. But the success of Al-
driven educational tools largely comes down to how prepared teachers are and what pedagogical shifts
these tools result in. This is a conceptual paper that focuses on teachers’ readiness, pedagogical change
and the effectiveness of learning in primary schools. Based on studies cited in reputable journals, the study
theorizes teachers' readiness as a multidimensional construct with technical, pedagogical /psychological
and ethical dimensions. Theoretical and practical implications are also discussed on how pedagogical
changes serve as a critical mediating factor in the relationships between Al use and learning effectiveness
(cognitive-, behavioral- and affective-wise). An overarching conceptual framework is introduced and
illustrated in secondary syntheses tables formatted for Excel based figure construction. The study ends
with an implications for policy, school leadership, and teacher education and a further research agenda on
Al-assisted elementary education.
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1. Introduction
Artificial intelligence (Al) is a growing force shaping the design of instruction, assessment of learning, and
decision making in educational systems. Recent developments in machine learning, Learning Analytics
(LA) and NLP have helped to develop a new generation of Al based educational technologies that would
adapt the instruction to individuals' needs, provide feedback instantly and offer data driven insights for
teachers (Luckin et al, 2016; Holmes et al, 2019). Accordingly, Al is no longer considered as an
enhancement of digital learning environments but a basic building block of developing educational
ecosystems.
Al is especially ripe in elementary education. It is at this stage that children develop the literacy, numeracy,
cognitive and socio-emotional foundations to their overall long-term learning trajectory. In elementary
school classrooms, instruction is strongly dependent on teacher-student exchange, emotional support, and
facilitated learning. Previous research consistently shows that young children learn from technology only
when it is actively mediated by teachers and in the service of pedagogical goals (Ertmer & Ottenbreit-
Leftwich, 2010).
Yet investment in educational technology in the past decade has been rapidly growing, and one reads
reports with increasing concern in prestigious journals that while schools adopt technology systems, it is
does not change pedagogy (Cuban, 2018). Al applications may be possibly operated on underuse-basis, out-
of-line with what is being taught or engaged only for administrative convenience as opposed to
instructional revolution. These challenges illustrate the significance of teachers’ preparedness and
pedagogical skill in making the decision about whether Al becomes part of a real improvement in learning.
This article is a conceptual paper focused on adopting Al-based educational technology within elementary
schools, across three interrelated dimensions: teacher readiness and ability - pedagogical shift - learning
impact. Drawing on extant theoretical perspectives along with empirical evidence from prestigious
journals, we develop an integrative model that clarifies how Al adoption impacts learning outcomes via
pedagogical mediation.

2. Artificial Intelligence in Elementary Education: Conceptual Foundations
Educational Al is defined as intelligent systems that process learner-related data, detect patterns and
adjust teaching responses accordingly (Zawacki-Richter et al.,, 2019). In contrast, Al applications found in
elementary schools range from adaptive reading platforms and intelligent tutoring systems for
mathematics to speech-recognition tools of language learning and analytics dashboards that inform
formative assessment.
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Responsibility There is consensus even by researchers in Computers & Education and Educational
Technology Research and Development that (Pane et al.,, 2017; Roll & Wylie, 2016) Al has the potential to
support adaptive learning taking individual differences in pace, ability, or learning needs into account.
Nonetheless, educators caution that automated personalized learning needs to be offset by broader
educational concerns about collaboration, creativity and social development that are often more important
in early childhood then the skills targeted by all those ed tech products.

In the elementary classroom, Al tools should work best as decision support systems, not teachers in and of
themselves. Teacher-driven inferences, interpretation and contextualization of Al-based feedback are still
pivotal to making the learning environment inclusive and developmentally adequate (Holmes et al., 2019).

3. Teachers’ Readiness for Al Adoption
Teachers’ preparedness is a well-known factor of electronic educational integration. Within the Al-tool
context, readiness is a complex concept beyond technical proficiency.

3.1 Dimensions of Teachers’ Readiness

Technical readiness is the ability of teachers to use Al platforms and interpret analytics outputs.

Subject readiness also encompasses the integration of Al tools with curriculum goals and learner-focused
teaching models, as pointed out by TPACK framework (Koehler & Mishra 2009).

Psychological readiness comprises teachers’ beliefs, attitudes and self-efficacy about Al (Ertmer et al,,
2012).

Ethical readiness includes awareness of data privacy, algorithmic bias, transparency and child protection,
all key issues in primary education (Williamson & Eynon 2020).

Table 1: Dimensions of Teachers’ Readiness for Al Adoption

Dimension Core Focus Illustrative Outcomes
Technical Al operation, analytics Confident system use
Pedagogical Instructional alignment Meaningful integration
Psychological Attitudes, self-efficacy Willingness to innovate
Ethical Privacy, fairness Responsible Al use

Teachers’ preparedness is found to be influenced by organizational factors such as leadership support,
resources available for learning opportunities and clarity of policy, hence a need is sustained to
conceptualise preparedness at both individual and school levels.

4. Pedagogical Shifts Enabled by Al-Based Tools

Al based educational tools for shaping new pedagogical way of working. There is a critical shift of focus
from universal instruction to differentiable and personalized learning paths. It has been shown that Al-
driven personalization enhances results when educators engage in scaffolding and contextulization (Pane
etal, 2017).

Al also supports a move from assessment as summative to formative. And teachers have access to the
progress data they can monitor on a continual basis, intervene rapidly as needed and support assessment
for learning (Black & Wiliam, 2009). Also, the position of the teachers shifts from delivery men to
Facilitators, Mentors and a content designers.

But studies suggest the pedagogical shift is not automatic. In the absence of intentional instructional
redesign, Al technologies risk perpetuating traditional teacher-centered practices (Cuban, 2018).

Table 2: Pedagogical Shifts in Al-Enabled Elementary Classrooms

Traditional
Aspect Pedagogy Al-Enabled Pedagogy
Instruction Uniform pacing Personalized pathways
Assessment Periodic testing Continuous feedback
Teacher Role Content deliverer Learning facilitator

5. Learning Effectiveness in Elementary Education

The effectiveness of learning in teaching children is not a unidimensional concept but rather encompasses
cognitive, behavioral and affective results (Fredricks et al., 2004). These three goals are reflected in the
cognitive (academic achievement and mastery of skills), behavioral (engagement and participation) and
affective domain (motivation, confidence, attitudes towards learning).

Tools using Al could be used to improve effectiveness of learning by the provision of immediate feedback,
adaptive challenges and engaging learning environments (Holmes et al, 2019). But the apparent
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'productivity paradox' indicates that teacher quality and instructional strategies matter more for
achievement than technology (see Hattie 2009).

Table 3: Learning Effectiveness Indicators

Dimension Key Indicators

Cognitive Achievement, problem-solving
Behavioral Engagement, persistence
Affective Motivation, confidence

6. Expanded Conceptual Framework

This paper suggests a conceptual model with teachers’ readiness as the root antecedent of Al adoption.
Pedagogical innovation moderates the relationship between Al use and learning performance, and
institutional support mediates this relationship.

Table 4: Conceptual Pathways in Al Adoption

Component Role in Framework

Teachers’ Readiness Antecedent

Al-Based Tools Enabler

Pedagogical Shifts Mediator

Learning Effectiveness Outcome

Institutional Support Moderator

Table 5: Readiness Levels and Pedagogical Outcomes

Readiness Level Typical Al Use Pedagogical Impact
Low Tool substitution Minimal change
Moderate Blended instruction Partial improvement
High Transformative use Enhanced learning

7. Implications for Policy, Practice, and Teacher Education

7.1 Policy Implications

Al policies for primary education must be more than just infrastructure provision. Evidence from
international research demonstrates that reforms targeting technology alone have limited instructional
effects (OECD, 2021). “Professional development, ethical guidelines and based on that data governance
frameworks need to be the priorities for policymakers.”

Table 6: Policy Priorities for Al Integration

Policy Area Focus Expected Outcome
Infrastructure Access and reliability Baseline adoption
Professional Development Al pedagogy Sustainable use
Ethics and Governance Privacy, fairness Trust and safety

7.2 Implications for School Leadership and Practice
School principals have a critical role in establishing the conditions needed for pedagogical innovation.
Studies show that a culture of collaboration and instructional leadership are associated with more deep
technology using (Fullan, 2016). Educators should be reminded to adopt Al as a decision-making support
mechanism instead of replacing professional judgment.

Table 7: Evolution of Teacher Roles

Traditional Role Al-Enabled Role
Content deliverer Learning facilitator
Sole assessor Data-informed coach
Reactive instructor Proactive intervener

7.3 Implications for Teacher Education

Teacher education programs need to integrate Al literacy, pedagogical design and ethics into preservice
and inservice training. Models like TPACK offer a firm foothold for weaving at least Al competencies into
teacher preparation (Koehler & Mishra, 2009).

460



Int. J. Adv. Sig. Img. Sci, Vol.11, No.6s, 2025

8. Expanded Future Research Directions

The findings suggest that the future studies could be ventured in theoretical-based and longitudinal
designs for investigating Al Implementation at primary education. Empirical studies can first of all, apply
the proposed conceptual framework and test it by using the structural equation modelling to investigate
mediating—moderating relationships. Second, longitudinal studies to investigate how teachers’
preparedness and their teaching practices change over time as Al becomes increasingly embedded in school
routines are called for.

Comparatively, these cross-regional and cross-school-type studies might shed light on how contextual
variables will impact adoption and effectiveness of AIED. Studies should also investigate students’ and
parents’ attitudes towards Al in elementary classrooms (e.g., trust, ethics, data privacy) or lack thereof.
Last but not least, design-based research can facilitate the co-creation of Al tools that are better tailored to
early pedagogy and teacher expectations.

Table 8: Future Research Agenda

Research Area Focus

Empirical validation Testing conceptual framework
Longitudinal studies Readiness and pedagogy over time
Comparative research Contextual differences

Ethical studies Privacy and fairness

Design-based research Teacher-centered Al tools

9. Expanded Conclusion

Al-driven educational tools have a great potential for improving the elementary school education however,
their effective use primarily lies on the anthropocentric and pedagogical factors. In this conceptual paper,
we propose teachers’ readiness is the essential precondition for meaningful Al implementation and
pedagogical transformation plays a mediating role in how AI eventually shapes learning performance.
Learning outcomes in elementary school should be interpreted in broad terms, including cognitive,
behavioral and affective aspects.

Drawing from established journals and advancing the emerging theoretical perspective with a systematic
and integrative framework using figure-ready tables, this research provides a contribution to Al adoption
and early education. The results highlight that Al should not be seen as a technological fix but rather an
educational opportunity that is dependent on well-prepared teachers, supportive institutions, and ethical
governance. Future research and practice should, therefore, strive for human-centered pedagogy-driven Al
to contribute to inclusive, effective and sustainable elementary education.
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