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Abstract

Artificial intelligence (Al) is transforming education by reshaping how teachers
teach and how students learn. As Al evolves from experimental tools into
instructional partners, the central challenge has shifted from if to how these
systems can enhance learning while preserving the human connection at the core
of teaching.

This study investigates Al’s potential as a co-teacher, a collaborator that
strengthens rather than replaces the teacher’s role. Drawing on 38 empirical
studies and six policy reports published between 2010 and 2025, it examines how
Al affects learning outcomes, teacher experience, and classroom equity. Primary
research with 35 U.S.-based educators using surveys and in-person interviews
validates and extends these findings.

Key findings

e Al tutoring and adaptive learning platforms improve outcomes in
structured subjects such as mathematics and science.

e Teachers report lower administrative burden and more time for
mentoring when Al supports grading, feedback, and administrative tasks.

e Students show higher engagement when Al supplements rather than
substitutes direct teacher interaction.

e Ethical issues, including transparency, bias mitigation, and equitable
access, remain central to sustainable adoption.

e Primary research revealed a critical "speed vs. understanding" gap in Al
design priorities.

e Implementation barriers include lack of training (71.4% received none)
and modest time savings (mean: 2.6 hours/week) requiring extensive
teacher oversight.

Overall, evidence suggests that AI’s educational value lies not in automation but
in collaboration. When guided by teachers and grounded in ethical design, Al can
extend the reach of instruction without diminishing empathy or adaptability.

KEY STATISTICS:
1. 38 empirical studies + 6 policy reports reviewed
2. 10,000+ students across studies

3. Literature synthesis: 70% of studies showed measurable academic
improvement

4. 20% showed mixed or neutral outcomes

5. 10% found no significant change



6. Primary research: 35 U.S.-based educators surveyed

7. Mean time savings: 2.6 hours/week per educator

KEY DISCOVERY: Primary research with 35 educators revealed 85.7% perceive Al as
optimizing for speed rather than supporting deep understanding, exposing a critical
misalignment between Al design priorities and pedagogical needs. This gap—
combined with modest time savings (mean: 2.6 hours/week) and 71.4% of teachers
receiving no formal training—suggests successful Al adoption depends on human-in-
the-loop frameworks that prioritize teacher expertise over automation. This finding
validates the "Al as Co-Teacher" framework's three conditions:Human Guidance,
Pedagogical Alignment, and Ethical Transparency.



Background: From Automation to Collaboration

The history of Al in education spans more than four decades, evolving from mechanical
tutors to adaptive learning partners. Early Intelligent Tutoring Systems (ITS) such as
PLATO and AutoTutor, developed in the 1980s, pioneered individualized instruction
through computer-based feedback. These systems demonstrated that technology could
replicate certain aspects of human tutoring but struggled to match its flexibility and
emotional responsiveness.

By the 2010s, advances in computing power and machine learning reignited interest in
educational Al. Adaptive learning platforms such as DreamBox, MATHia, and ALEKS
scaled personalized practice for millions of learners, offering real-time analytics of
progress. At the same time, organizations including UNESCO, OECD, and the U.S.
Department of Education published frameworks for integrating Al ethically and
responsibly into classrooms.

The 2020s marked a turning point. The rise of Large Language Models (LLMs) such as

ChatGPT, Khanmigo, and Google Gemini expanded Al’s capacity from data processing to
conversational reasoning and generative feedback. For the first time, Al could collaborate
with teachers to co-design lessons, analyze writing, and support differentiated instruction.

However, this evolution introduced new challenges. Could algorithms interpret context,
emotion, or motivation—the elements that define meaningful teaching? The conversation
shifted from viewing Al as a tool of automation to recognizing it as a partner in
collaboration.

This research builds on that shift. It explores how Al, when designed through a human-
centered framework, can function as a co-teacher that enhances learning outcomes while
upholding the empathy, equity, and adaptability that sustain effective education.

Introduction

Artificial intelligence has moved from theory into classrooms, transforming how teachers
plan lessons, how students learn, and how schools measure progress. From grading
platforms that provide real-time feedback to conversational tutors that adjust to individual
learning needs, Al is changing both the structure of instruction and the rhythm of learning.

This paper explores Al as a co-teacher, a framework that envisions Al not as a
replacement for teachers but as a collaborator that strengthens their ability to reach every
student. In this model, Al assists with feedback, assessment, and personalized instruction,
while teachers remain responsible for creativity, empathy, and social connection.
Achieving this balance—between efficiency and empathy, data and dialogue—is at the
heart of this research.



The study investigates when and how Al improves learning outcomes, how it affects
teacher workload and professional growth, and how its integration intersects with ethical
and equity challenges. It also considers implications for schools and policymakers as Al
becomes embedded in daily classroom practice.

The central question guiding this research is:
When does AI function most effectively as a co-teacher, and how can it enhance
learning while preserving the human connection essential to education?

By synthesizing insights from 38 peer-reviewed studies and six global policy reports, this
paper identifies patterns in how Al influences student achievement, teacher agency, and
institutional equity. Through this synthesis, it proposes a framework for responsible,
human-centered Al integration that supports, rather than supplants, human teaching.

Methods

Research Design

This study employs a structured literature review to synthesize empirical evidence on AI’s
role in education from 2010 to 2025. The goal was to identify where Al has demonstrated
measurable success in improving learning outcomes, supporting teachers, and promoting
equity—and where it has fallen short.

Data Collection

Sources were collected using academic databases including Web of Science, ERIC
(Education Resources Information Center), Scopus, and Google Scholar, as well as
education policy repositories maintained by UNESCO, OECD, and the U.S. Department
of Education.

Search Strategy: Boolean search terms included combinations of: ("artificial
intelligence” OR "AI" OR "machine learning" OR "adaptive learning" OR "intelligent
tutoring systems") AND ("education" OR "classroom" OR "teaching" OR "pedagogy" OR
"K-12") AND ("outcomes" OR "effectiveness" OR "impact" OR "implementation").

Initial searches yielded over 200 results. After abstract screening to assess relevance, 70
sources underwent full-text review. Of these, 44 met all inclusion criteria and formed the
final analysis corpus (38 empirical studies + 6 policy reports).

Selection Criteria
Studies were included if they met the following criteria:
o Publication Type: Peer-reviewed journal articles, conference proceedings, or policy

reports from established organizations (UNESCO, OECD, U.S. Department of
Education, NSF)



 Evidence Standard: Contained measurable outcomes, empirical data, or systematic
policy analysis (excluded opinion pieces, commercial white papers without independent
validation, and blog posts)

e Relevance: Focused specifically on Al tools in K-12 or higher education classroom
settings, with clear implications for teaching and learning

 Language: Published in English

¢ Timeline: Published between 2010-2025 to capture both foundational research and
recent developments in generative Al

Exclusion Criteria: Studies were excluded if they focused solely on educational
administration (e.g., enrollment prediction systems), lacked empirical evidence, or
addressed Al in non-educational contexts. Initial screening of abstracts eliminated 26
sources that did not meet inclusion criteria.

Data Extraction and Coding

Data from selected sources was organized into four thematic categories based on the
research questions:

1. Learning outcomes: Did Al improve student performance?

2. Teacher experience: How did Al affect teaching workload and pedagogy?

3. Equity and ethics: Who benefits, who is excluded, and what are the risks?

4. Policy and implementation: What guidance exists for responsible Al adoption?

The coding process was conducted twice with a two-week interval between rounds to
minimize confirmation bias and ensure consistency. During the first round, all 44 sources
were coded into the four thematic categories. The second round, conducted after a
deliberate time gap, independently re-coded the same sources. Discrepancies between
rounds occurred in 6 of 44 sources (14%) and were resolved by re-reading the original text
with stricter attention to the study's primary focus and measurable outcomes. When a
source addressed multiple themes, it was coded under the theme representing its primary
contribution.

Reliability and Validation

To ensure rigor, the review prioritized studies with strong methodological designs—
randomized controlled trials (RCTs), meta-analyses, and large-sample empirical studies.
Policy reports were cross-referenced with empirical findings to assess alignment between
research evidence and institutional recommendations.



Limitations of Methodology
This review has several limitations:

» Methodological Diversity: Studies varied in design (RCTs, case studies, surveys),
making direct comparison challenging.

o Publication Bias: Positive findings are more likely to be published; studies showing no
effect or negative outcomes may be underrepresented.

¢ Rapid Technological Change: Findings about Al tools from 2015 may not apply to 2025
systems, particularly with the rise of generative Al (ChatGPT, Claude, Gemini).

Findings and Discussion

Learning Gains and Instructional Qutcomes

Across the literature, most studies reported measurable improvements in student
performance when Al systems were effectively integrated into classroom instruction.
Intelligent Tutoring Systems (ITS) and adaptive platforms such as MATHia, ALEKS, and
Squirrel AI consistently produced learning gains in structured subjects like mathematics
and science. Meta-analyses by Kulik and Fletcher (2016) and Feng et al. (2021) found that
Al-supported instruction increased test performance by an average of 0.3 to 0.7 standard
deviations.

The strongest results occurred when Al complemented teacher instruction rather than
replaced it. Zhou et al. (2020) and Wang et al. (2021) reported that students achieved faster
mastery when Al feedback was embedded within regular class sessions. These findings
suggest that Al amplifies instructional quality when educators remain directly involved in
interpreting data and personalizing responses.

However, outcomes were mixed in creative or open-ended subjects such as writing.
Studies examining Al-assisted feedback tools (Demszky et al., 2023-2025; Khan
Academy, 2024) found that students valued immediate feedback but sometimes relied too
heavily on automated suggestions, limiting revision depth. These results underscore that
human oversight is essential for maintaining creativity and critical thinking when using Al
in reflective learning contexts.

In summary, Al contributes most effectively to learning when paired with teacher
guidance, where technology supports the human elements of feedback and personalization.

Teacher Experience and Professional Impact

Teachers reported that Al tools significantly reduced time spent on repetitive or
administrative tasks, allowing greater focus on one-on-one student interaction. Systems
like TeachFX, which analyze speech patterns and questioning techniques, helped



educators reflect on their instructional style. Studies from TeachFX (2023) and Stanford
University (2024) showed that teachers using Al feedback increased student participation
and improved the quality of inquiry-based discussion.

However, the success of these tools depended heavily on professional development. Tan
(2024) and Limna et al. (2022) found that teachers who received Al training were more
likely to use data effectively and maintain classroom control. Conversely, insufficient
preparation led to frustration and overreliance on algorithmic recommendations.

Many teachers described Al as empowering when it acted as an assistant, but intrusive
when it acted as an evaluator. Effective integration requires transparency, trust, and clear
boundaries defining what Al should and should not do.

Ultimately, the studies converge on a central theme: Al enhances teaching when it
amplifies teacher agency rather than replacing professional judgment.

Equity, Access, and Ethical Considerations

Equity remains a defining challenge in Al integration. Schools in wealthier regions
consistently reported stronger outcomes due to better connectivity, training, and
infrastructure (OECD, 2023). In contrast, studies from under-resourced areas (Zhou et al.,
2020; Eden et al., 2024) revealed that while Al improved access to personalized learning,
barriers such as bandwidth limitations, device shortages, and lack of technical support
reduced impact.

Ethical concerns were also widespread. Privacy, bias, and algorithmic opacity were the
most frequently cited risks (Al-Zahrani, 2024; UNESCO, 2023). Many systems lacked
transparency in how data were processed or used for predictive analytics. Several policy
reports recommended mandatory disclosure of Al decision processes and stronger
regulatory oversight to protect student data and maintain public trust.

The evidence shows that ethical and equitable integration is not optional; it is
fundamental. Without deliberate policy frameworks, Al could reinforce rather than reduce
educational inequality.

Synthesis and Analytical Insights

Across the reviewed studies, one insight stands out: AI’s power lies in augmentation, not
automation. The most effective implementations shared three consistent conditions:

1. Human guidance: Teachers mediate Al insights and contextualize them for individual
learners.



2. Pedagogical alignment: Al supports existing learning goals rather than dictating them.

3. Ethical transparency: Students and educators understand how the system works and
what data it uses.

When these conditions are met, Al serves as a cognitive amplifier—enhancing reflection,
feedback, and personalization. The technology expands teachers’ capacity while
preserving the creativity, empathy, and trust that define effective education.

In this sense, Al does not compete with human intelligence; it extends it. The future of
educational Al depends on maintaining that partnership, ensuring that innovation
strengthens rather than replaces the humanity at the center of learning.

Primary Research

While the literature review provides empirical evidence of Al's effectiveness,
understanding how teachers experience these tools in real classrooms is essential. To
validate and contextualize the findings from published research, I conducted primary
research with 35 K-12 educators between 2024 and 2025 using a mixed-methods approach
combining Google Forms surveys and in-person interviews.

Research Design

The primary research employed a convergent mixed-methods design to capture both
quantitative trends and qualitative insights. Participants completed structured surveys
addressing Al tool usage, time savings, productivity gains, and implementation challenges.
A subset of educators participated in follow-up interviews to provide deeper context on
their experiences. Additional implementation data was drawn from TeachNova, an Al
education platform serving hundreds of educators across four regions (India, Pakistan,
United States, and Europe), providing real-world usage patterns and teacher feedback at
scale.

Participant Demographics

The 35 educators surveyed and interviewed were all U.S.-based, representing diverse
grade levels and teaching contexts:

» Grade Levels: Elementary (K-5) and high school (9-12)

e Geographic Distribution: United States (California, supplemented by TeachNova usage
data from educators in India, Pakistan, and Europe)

¢ Experience Range: 3-20+ years of teaching experience

 Subject Areas: General elementary instruction, mathematics, science, and language arts



Key Findings From Educators
1. Conditional Productivity Gains: Al as Assistant, Not Replacement

Teachers reported that Al tools provided measurable time savings for routine
administrative tasks—generating basic worksheets, creating differentiated reading
materials, and drafting initial lesson outlines. Figure 1 shows that lesson planning emerged
as the primary use case, with nearly half of educators (48.6%) using Al primarily for this
purpose, followed by administrative tasks (22.9%), grading/feedback (17.1%), and content
creation (11.4%).

Primary Al Tasks Among Educators (N=35)

Number of Teachers

Lesson Planning Administrative/Email Content Creation Grading/Feedback
Task Category

Figure 1. Distribution of primary Al use cases among 35 surveyed educators. Lesson planning represents the dominant application, followed
by administrative support, grading assistance, and content creation.

However, productivity gains were modest and conditional. Quantitatively, educators
reported an average of 2.6 hours saved per week through Al integration (Figure 2), with
most teachers (65.7%) saving between 1-2 hours weekly. While this represents meaningful
time savings, it is considerably lower than Al vendors' promotional claims and reflects the
reality that Al-generated content requires significant teacher review and adaptation before
classroom use.

Figure 2. Distribution of weekly time savings reported by educators (N=35). Mean time saved = 2.6 hours per week, with the majority of
teachers saving 1-2 hours. The modest gains reflect the need for extensive manual review and editing of Al-generated materials.
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One high school science teacher captured this dynamic: "Al can create a quiz in 30
seconds, but I still spend 10 minutes fixing questions that don't align with what we
actually covered or that assume knowledge students don't have yet.”

Finding: 30 of 35 educators (85.7%) reported that Al saved time on "smaller, basic tasks,”
but only when teachers actively guided and refined outputs. The time savings were real but
modest, averaging 2.6 hours per week rather than the transformative gains often promised
by Al tool vendors.

2. The Speed vs. Understanding Gap

A critical pattern emerged across both surveys and interviews: Al systems optimize for
speed, not understanding. Teachers consistently reported that Al tools excel at generating
content quickly but struggle when classroom conditions demand real-time adaptation to
student confusion.

An elementary teacher explained: "The Al can make five different versions of a math
worksheet instantly, but when Sofia is staring at the problem confused, the Al can't see her
face, read her body language, or know that she missed last week's lesson on fractions.
That's where I still need to step in."

This perception was strikingly consistent: 85.7% of teachers perceived Al as primarily
"optimizing for speed" rather than "supporting deep understanding" (14.3%), as shown in
Figure 3. This represents a fundamental disconnect between Al's technical capabilities and
pedagogical requirements.



Educator Perception: Al Value Proposition

Supports Deep Understanding

Optimizes for Speed

Figure 3. Educator perception of Al's primary value in the classroom (N=35). An overwhelming majority (85.7%) perceive Al as optimizing
for speed rather than supporting genuine conceptual understanding (14.3%), revealing a critical misalignment between Al design priorities and
pedagogical needs.

Finding: Teachers valued Al for pre-planning efficiency but found it inadequate for in-
the-moment instructional pivots—the moments when a teacher recognizes a concept isn’t
landing and needs to explain it differently on the spot. The 85.7% consensus on "speed
over understanding" confirms the literature's finding that Al supplements, rather than
substitutes, direct teacher interaction—but reveals the gap is even wider than published
studies suggest.

3. Implementation Barriers: Training, Trust, and the Time Paradox

Despite recognizing Al's potential, educators identified three major barriers to effective
implementation:



Lack of Training: 25 of 35 teachers (71.4%) reported receiving no formal professional
development on Al tool integration. They learned through trial and error, often during
unpaid personal time.

Trust and Transparency Concerns: Teachers expressed uncertainty about how Al
systems generate recommendations, what data is collected, and whether outputs reflect
biases. One teacher stated: "I don't know what it's basing these reading level suggestions
on, so I double-check everything manually."

The Time Paradox: While Al promised time savings, the reality was more complex. The
modest average savings (2.6 hours/week) masked significant variability, and the need for
extensive manual intervention created cognitive burden even when clock time was saved.
Figure 4 reveals a weak negative correlation (r = -0.15) between required manual
intervention and ethical concern scores, suggesting that teachers who spent more time
correcting Al outputs experienced slightly less concern about Al's moral implications—
possibly because manual review provided a sense of control and oversight.

Relationship: Required Manual Intervention vs. Moral Fatigue
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Figure 4. Scatter plot showing relationship between required manual intervention (1-10 scale) and ethical concern scores (1-10 scale) among
educators (N=35). The very weak negative correlation (r = -0.15) suggests that extensive editing may paradoxically reduce ethical concerns by
maintaining teacher agency and oversight.

Finding: The initial learning curve and need to review all outputs meant the time savings
were modest (2.6 hours/week) rather than transformative. Successful Al adoption required
significant upfront investment in teacher training and system transparency—resources
rarely provided by schools or districts.



Alignment with Literature Review

The primary research findings strongly corroborate three key insights from the literature:

1. Context-Dependent Effectiveness (Literature: METR 2025 study; Primary: Teacher
reports): Just as the MIT study found Al slowed experienced developers in complex tasks,
teachers reported Al struggled with nuanced, context-specific instructional challenges.
Effectiveness depended on task structure and teacher mediation.

2. Teacher Augmentation, Not Replacement (Literature: Kulik & Fletcher 2016;
Primary: 85.7% of surveyed teachers): Both published research and educator interviews
confirm that Al functions best as a collaborative tool that reduces administrative burden
while preserving teacher agency in pedagogy and student relationships.

3. Need for Human Guidance (Literature: Carnegie Learning 2018; Primary: Teacher
interviews): The literature showed that MATHia's effectiveness increased when teachers
conducted check-ins. Primary research revealed the mechanism: teachers provide the
adaptive, real-time responsiveness that current Al systems cannot replicate.

Summary

In summary, the primary research involving 35 educators reveals a complex
"implementation gap" where the technical efficiency of Al frequently outpaces its
pedagogical depth. While the data confirms Al provides time savings (mean: 2.6 hours/
week), these gains are modest compared to vendor claims and come with significant
caveats. More critically, educators overwhelmingly perceive Al as optimizing for speed
(85.7%) rather than supporting deep understanding (14.3%), revealing a fundamental
misalignment between Al's design priorities and educators' pedagogical needs.

These findings suggest that the future of Al in the classroom must move beyond simple
automation; success will depend on a "human-in-the-loop" framework that prioritizes the
teacher's expertise. Ultimately, until Al tools can better replicate pedagogical intuition
rather than just data processing, their role in education should remain as a supportive
assistant rather than a primary instructional driver.

Limitations of Primary Research

While these findings provide valuable practitioner perspectives, the sample size (n=35)
limits generalizability. The sample was geographically concentrated in California, though
TeachNova platform data provided supplementary insights from international contexts
including India, Pakistan, and Europe. Future research should expand to include teachers
across more U.S. states, diverse socioeconomic settings, and a broader range of subject
areas and grade levels. Additionally, longitudinal data tracking teacher experiences over
multiple school years would clarify whether implementation barriers diminish with
experience or reflect systemic design flaws in current Al tools.



Recommendations

The success of Al as a co-teacher depends less on technological sophistication and more
on thoughtful, human-centered implementation. Evidence from the reviewed studies
reveals that sustainable integration requires ongoing collaboration between researchers,
educators, policymakers, and developers.

For Researchers

Conduct multi-year studies that measure not only academic performance but also
motivation, creativity, and socio-emotional development.

Compare Al outcomes across regions and cultures to identify equity gaps and best
practices.

Publish open-access datasets and transparent methodologies to promote replicability
and accountability.

For Schools and Teachers

Begin with small pilot programs to build confidence before scaling implementation.

Provide continuous professional development focused on data interpretation and ethical
Al use.

Choose Al tools that align with curriculum goals, protect student privacy, and allow
teacher customization.

For Policymakers

Establish clear governance structures for Al use in education, emphasizing fairness,
transparency, and teacher agency.

Require independent evaluations of commercial Al tools before adoption in schools.

Fund equitable access initiatives to ensure under-resourced communities can benefit
from Al innovation.

For Developers

Co-design Al tools with teachers and students to ensure usability and relevance.



e Prioritize explainable algorithms so users can understand how recommendations are
generated.

e Build systems that respect linguistic, cultural, and accessibility diversity.

In essence, Al should empower teachers rather than evaluate them, and enrich learning
rather than automate it. Successful Al integration begins with pedagogy, not with code.

Limitations

While this study provides a comprehensive synthesis, several limitations must be
acknowledged.

6. Methodological Diversity: The reviewed studies employed varying designs, making
quantitative comparison challenging.

7. Vendor Bias: Some evaluations were conducted by Al developers, introducing
potential partiality in reported outcomes.

8. Short-Term Focus: Few studies examined long-term learning, creativity, or emotional
growth.

9. Geographic Concentration: Most research originated from North America and East
Asia, leaving global perspectives incomplete.

10.Rapid Technological Change: The fast evolution of Al systems can outpace research,
meaning some findings may quickly become outdated.

Recognizing these limitations underscores the need for iterative, cross-disciplinary
research that evolves alongside technology.

The Path Forward

The next phase of Al in education will test whether the technology can serve as a
collaborator that extends human potential or whether it becomes an automated
replacement that narrows it. Achieving the former requires intentional design and inclusive
collaboration.



Six Priorities for the Future

1. Long-Term Impact Studies: Evaluate Al’s influence on creativity, communication,
and student agency over time.

2. Teacher Empowerment: Integrate Al literacy into teacher training programs.

3. Student Involvement: Involve students in evaluating and refining classroom Al tools.
4. Equitable Access: Fund infrastructure to support schools in under-resourced regions.
5. Ethical Oversight: Establish independent review boards for educational Al.

6. Global Collaboration: Promote open research networks to share insights and ensure
inclusivity.

The future of Al in education depends on designing systems that make teachers more
effective and students more confident. Progress will not be defined by smarter machines,
but by wiser collaborations between people and technology.

Conclusion

Al’s arrival in classrooms signals one of the most significant shifts in modern education.
The evidence presented here shows that when implemented thoughtfully, Al can enhance
teaching, strengthen personalization, and extend learning opportunities. Yet, the defining
feature of successful integration is not the algorithm itself, but the human partnership
guiding it.

Al is most effective when it amplifies human expertise—helping teachers understand
learners more deeply, giving students real-time feedback, and freeing both to focus on
creativity and reflection. Its role is not to replace empathy or mentorship but to expand the
reach of both.

Ultimately, the purpose of Al in education is not efficiency alone, but equity, curiosity, and
connection. The success of this transformation will be measured by how well technology
continues to serve the human spirit of learning.

Appendix A — Reviewed Studies and Policy Reports

Behind every data point lies a classroom—a teacher striving to adapt, a student learning
differently, and a system balancing innovation with empathy. The following appendix lists
the 38 empirical studies and six policy reports reviewed in this paper. Each was selected
for methodological quality, relevance, and contribution to understanding how Al functions
as a co-teacher.



# Author(s)/
Source

1 Kulik, J. A.,
& Fletcher,
J.D.

2 Zhou, L.,
Xue, M., &
Zhang, L.

3 Carnegie
Learning

4 Limna, P., et
al.

5 Al-Zahrani,
A. M.

6 Becker, J.,
Rush, N.,
Barnes, B.,
& Rein, D.

7 Eden, C. A.,
Chisom, O.
N, &
Adeniyi, I. S.

Year

2016

2020

2018

2022

2024

2025

2024

Countr

y/
Region

USA

China

USA

Thailan
d/
Multi-
country

Saudi
Arabia

USA

Nigeria

Focus Al Type

Area
Student Intelligent
achieveme Tutoring
nt (meta-  Systems
analysis)
Rural Adaptive
education  Tutor
Math Adaptive
learning Platform
Teacher Mixed Al
training tools
Ethics and Multi-
teacher system
perception
Developer Code-assist
productivit Al
y
Ethicsin ~ Multiple
education
Al

Sample
Size

50
studies

1,200
students

Multi-
school

150
teachers

260
participa
nts

453
developer
s

Review

Key Findings

Reported
moderate
learning gains
(+0.66 SD).

Reduced
rural-urban
achievement
gap by 60%.

Higher
mastery and
retention with
teacher-
guided Al use.

Highlighted
teacher
readiness as
key to Al
success.

Emphasized
privacy, bias,
and
accountability
concerns.

Found
overreliance
slowed
problem-
solving
accuracy.

Advocated
context-
sensitive
ethical
frameworks.



8 TeachFX 2023
Pilot
9 Khan 2024
Academy
(Khanmigo)
1 Squirrel AI/ 2019
0 Yixue -
2024
1 Various 2010
1 studies -
— summarized 2025
3 in Section
8 2.2
Policy Reports
Re Organization /
f Report
A U.S. Department of
Education
B  UNESCO
C OECD

D  OECD Digital

Education Outlook

USA

USA

China

Global

Year

2023

2021

2023

2023

Teacher Conversati 120 Increased
reflection  on Al teachers  student talk
time and
engagement.
Writing & LLM Co-  Pilot Boosted
tutoring teacher engagement;
accuracy
varied by
prompt
quality.
Adaptive Al 10,000+  Strong test
learning Adaptive  students  score
System improvements
; replication
needed.
Multiple Mixed Al — Consistent
domains tools patterns:
personalizatio
n, efficiency,
and teacher-
led success.
Focus Key Takeaways
National Advocates transparency, teacher
policy training, and ethical Al use.
Global ethics  Promotes human-centered design
and digital inclusion.
Equity and Recommends fairness, data
governance literacy, and cross-sector
collaboration.
Strategy Calls for responsible digital

transformation in education.



E UNESCO 2023 Policy Establishes ethical and research

Generative Al integrity standards.
Guidance

F  Georgia State / 2020-  Student Reports improved enrollment
AdmitHub 2023 support through AI chatbots.

These references collectively illustrate how Al succeeds when guided by ethical
frameworks and human leadership. The most effective implementations shared three
features: teacher mediation, cultural adaptability, and transparent evaluation.
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