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PREFACE

In recent years, Artificial Intelligence has emerged as a pervasive influence
across diverse sectors, including healthcare, finance, communication, and
governance. Within this broad wave of innovation, the education sector
presents both substantial challenges and promising possibilities. As Al-based
applications increasingly enter classrooms, learning management systems, and
remote environments, educators and educational leaders around the globe
confront the imperative of determining how to absorb these tools in ways that
enrich teaching and learning.

This monograph, Applications and Impacts of AI Tools in Education, was
developed in recognition of the mounting demand for rigorous, evidence-
based examinations of AI's role in shaping educational processes and
institutions. Its purpose is to narrow the widening gulf between rapid
technological progress and grounded pedagogical inquiry by methodically
investigating the theoretical benchmarks, concrete applications, and broader
consequences of Al in educational contexts.

The text is designed to take the reader step by step from a broad perspective of
artificial intelligence in modern society and its relevance to education—posited
in Chapter 1—through a rigorous analysis of its theoretical constructs and
learning systems in Chapter 2, and then to a systematic overview of the
principal Al instruments in practice today in Chapter 3. The later sections
evaluate the actual impacts of these instruments on pupils, instructors, and
whole institutions in Chapter 4, whilst simultaneously confronting critical
issues of data ethics, fairness, and the preparedness of the educational
ecosystem in Chapter 5.

As Al technology advances, educational frameworks and strategies must
likewise adapt. The concluding chapter, Chapter 6, highlights forthcoming
trends and nascent technologies alongside relevant policy developments, and
Chapter 7 distils these findings into concise reflections and concrete
recommendations devised for stakeholders operating at every level.

I intend this document to function simultaneously as a rigorous academic

reference and a pragmatic handbook, thereby aiding educational leaders, policy

decision-makers, technology developers, and researchers in their mutual

mission to realise AI’s potential for creating education systems that are more
equitable, engaging, and effective.

- Ashwathi Karunattu Kiran

Author



ABSTACT

Artificial Intelligence (AI) is being woven rapidly into the fabric of
contemporary education, prompting a reevaluation of established pedagogical
models. This monograph assesses the diverse applications and consequences of
Al technologies in academic environments, offering a systematic review of
existing tools, theoretical frameworks, and empirical evidence. It opens with a
chronological account of Al’s advances and its significance for the education
sector, thereafter elaborating on core principles, including supervised and
unsupervised learning, natural language interaction, and deep neural
architectures. A classification of prevailing Al applications follows, comprising
intelligent tutoring systems, adaptive learning frameworks, conversational
agents, and predictive data analytics. The study proceeds to investigate the
ramifications for learners, educators, and educational organizations.
Advantages such as tailored instruction, enhanced pedagogical efficiency, and
evidence-based governance are delineated along with complementary
drawbacks, notably concerns regarding data confidentiality, algorithmic
fairness, and institutional preparedness. Forward-looking sections envisage
emerging directions and recommend frameworks for the equitable and ethical
adoption of AI in learning environments. The text is designed to inform
educators, academic researchers, public policy makers, and technology
developers intent on a nuanced and principled deployment of Al in schooling.

Keywords - Artificial Intelligence, Education Technology, Machine Learning,
Personalized Learning, Intelligent Tutoring Systems, Adaptive Learning, Virtual
Assistants, Predictive Analytics, Educational Impact, Data Privacy, Algorithmic Bias,
Teacher Training, Lifelong Learning, Educational Policy, Ethical AI

VI



APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

Table of Contents.

(@0 F=T oY (=T ol VoY oo [0 T n [o o TR SRS 3
1.1 Overview of Artificial Intelligence in Modern SOCIEtY ........ccvveveeieeiiriiiee e 3
1.2: Importance of Alin EAUCAtION......coiiiiiiii it e e 7
1.3 Purpose and Objectives of the REVIEW........c..eeeiviiiiiciiie e 11
R YoleY o Y=I=T o Yo I X[ o1 =1 u (o o 3R 15
1.5 Outline of the MONOZGIraPh .....cooceiiiieceee e e e eaae e 19

Chapter 2: Conceptual Foundations of Al in EAUCAtioN ........veevveeiiiiiiiiiieeee e, 23
2.1 Explanation of Al and Terminology Associated With It ........cccccceeviiiiinciei e, 23
2.2: Developments of Al Resources in The Education Field .........cccccoeevieeieciieeccciiee e, 27
2.3: Important Concepts In Al-Supported Learning ........ccccccveeeeciieeecciiee e e 31
D2 T8 B Y - Yol oY o T I = o o = USSR 34
2.3.2 Natural Language ProCeSSING ....c.uveiiviiiiiieiiieee ettt ssree e ree e s siree e e ree e e sabe e e s e 38
2.3.3 NEUIal NELWOIKS .. .eeieiieieiiiesiee ettt ettt et st st e s et esabe e sbeeesabeesaeees 41
2.4 Theoretical Considerations for Al in EAUCAHION .......oocueriieiiiiiiiiiiiceceeeeeeeee e, 44

Chapter 3: Categories of Al Tools Used in EAUCATION .......cccccviieieiiiieeciiieee e 49
3.1 Intelligent TULOFING SYSTEMS . ..vviii i 49
3.2 Adaptive Learning PIatforms .......cocuiii it 52
3.3 Virtual Assistants and Chatbots.........ccceoeeriiriiniineeee e 55
3.4 Automated Grading and Feedback Systems..........cccceeeeeiiiieicciiee e 58
3.5 Predictive Analytics in Student Performance........cccceeeeecvieeiecciiee e 61
3.6 Al for Administrative EffiCIENCY ..ccccveeiiiiiie e 64

Chapter 4: Impacts of Al Tools on Educational Stakeholders..........cccoevuveeeiiiieeeniiieeecciiee, 69
L R Ve o o = Tot ff o] Y (U T =Y o ST 69
o B T Y oY o [ 2T =Y T o =SS 74
4.1.2 Student Engagement and Motivation ........cccccviiieeie e 78
4.1.3 Learning OULCOMIES ...uuuuiiiiiiiiisirisisese s s s 82
V0 [ oo Y- Yot df o o I [=F=Tol o 1T ¢ PSPPSR 85
4.2.1 Instructional Design SUPPOIt......ceeiiiiiieee ettt e e e e e e nrrere e e e e e e e sanrraaees 89

Page 1 of 196



APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

4.2.2 Workload REAUCTION........uiiiiiiiiiiiiee ettt ettt et 92
4.2.3 Changing Roles and COMPELENCIES .....cccvvieeiiiiiieiciiieecrieee et e e sree e svee e e saaeeeeeans 96
4.3 Impact on Educational INSttUtIONS......ccoivciiiiiiiiiie e 99
4.3.1 Policy and INFrastrUCTUIE ......cvvvii it e et e e et re e e e nanaee s 103
4.3.2 Data-Driven Decision MaKing........ccueeiviiiiiciiiie ettt 105
Chapter 5: Challenges, Ethical Concerns, and Limitations ..........cccccevvieeeeiieccciiiieeeee e 109
INEFOTUCHION. ..ttt et et ettt e st e e sab e e st e e ebeeesareeeneeas 109
5.1: Data Privacy and SECUITY ......c.uiii ittt ettt e e e tte e e s ebae e e e erreeeeeaes 114
5.2: Bias and Fairness in Al SYSEEMS .......uviiiiciiiie ittt evre e e e etre e e s ebre e e e eaeeeeeeaes 119
5.3: Equity and the Information Gap.......ccceccuveeeeeiiiee ettt ettt e e e 124
5.4: Resistance to Technological INNOVAtioN .......ccueviiiciiiiiiiiiee e 129
5.5: Teacher Training and Al REAINESS ....ccccuiieeiiiiiee ittt e e ssareee e 134
Chapter 6: Looking Ahead and Newly Observed Developments ........ccccoceeeecieeeeecieeeeenee, 139
6.1 Forthcoming Innovations In Al for EUCAtioN........ccvvieieciiiieiciiiee e 144
6.2 Integration with Emerging Technologies (e.g., VR, AR, Blockchain).......cc.ccccoceveeenn. 149
6.3 Exploring the Potential for Inclusive and Lifelong Learning .........ccoceevvcveeeiicneennnns 154
6.4 Policy And Governance Considerations........cccueeeieciieeeieciieeeeecieeeseiieeeseireeeessrneeeeeans 159
Chapter 7: Final Thoughts and SUZEESTIONS .....cccecuiieeiciiiec ettt 165
7.1 Highlights of the Most Important CoNClUSIONS ..........cooecuiiiiiiciiiee e 169
7.2 Critical REflOCTIONS ..ccuveeiieriieieeee ettt s s 173
7.3 Recommendations for All Stakeholders ...........coceereenininnieeeeee, 177
7.4 Concluding TROUGNES.......viiii ettt e e et e e e e bre e e e e raeeeeeaes 181
REFEIENCES ..ttt ettt b e s bt sttt e bt e s b e sae e st e 185

Page 2 of 196



APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

Chapter 1: Introduction

1.1 Overview of Artificial Intelligence in Modern Society

Introduction

The integration of artificial intelligence in technology, for instance, Al in education,
serves a similar role to data analytics in modern medicine, which tailors precise
treatment approaches. Al in education is reshaping how students consume content,
enabling streamlined, adaptive, personalized learning akin to customized treatment
pathways in healthcare. This highlights the transformative capabilities of Al in
decentralizing and optimizing learning and holistic health.

Society Within the Framework

Al and Society have progressed. Artificial Intelligence is now one of the primary
technologies rapidly and profoundly changing the fabric of society, its sectors, and
even social relations. Whether in e-commerce (online shops) or a doctor's office,
artificial intelligence enhances productivity, precision, and personalization. In the
context of education, the change is most profound. Implementing machine learning,
natural language processing, and computer vision in education enables the creation
of individualized lesson plans, much like precision medicine in healthcare (Topol,
2019). In contemporary discourse, Artificial Intelligence (Al) systems serve as
instruments and play an increasingly integral role in decision-making. Al is
implemented in smart cities to optimize transportation and predict traffic congestion.
Al predicts market changes in finance, and educational recommendation engines
suggest learner profile-based content. The accepted societal integration of decisions
made by Al systems lays the groundwork for adopting such models in education,
much like how Al is utilized in electronic health records (EHRs) for patient-centric
strategies (Esteva et al., 2021).

Personalized Learning and Its Parallels with Precision Healthcare

Learning that is responsive, adaptive, and designed around the learner's needs is
parallel to precision healthcare, which centers on data-driven, tailored interventions.
Real-time personalization in education is enabled by AI technologies, including
intelligent tutoring systems (ITS), learning analytics dashboards, and adaptive
assessment frameworks. Tailored education is delivered by these technologies,
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which analyze learners' cognitive patterns, behaviors, and interaction histories
(Holstein et al., 2020). Just as in precision oncology, where treatment plans are based
on the tumor's genomics, Al-enabled systems suggest subsequent treatment plans
based on genetic markers, lifestyle choices, and a patient’s longitudinal medical
history. DreamBox Learning is an example of an Al-integrated platform that adapts
sequences of math problems in real-time based on a student’s performance. This is
akin to how oncology Al-based systems suggest treatment plans based on tumor

genomics.
Personalized Learning Precision
Healthcare
Learner Patient
Engagemen t Information
N 2
S v 3,
g Al Tailored |3
"1 Processing Tretament and
Therapies
A4
Adaptive
Instructiomal
Material
ateria
A 4 A 4
( . .
Ethical Oversight W
Data Privacy J
\

Figure 1.1: Conceptual model juxtaposing education personalized learning frameworks with
precision healthcare protocols

Figure 1.1 illustrates that comparing personalized education with healthcare
precision protocols sheds light on parallels between the two domains. It
demonstrates how both areas utilize artificial intelligence to collect, process, and act
on individual data profiles. A focus, such as learner engagement or patient
information, is monitored alongside Al processing algorithms. The results are
adaptive instructional materials or tailored treatment and therapies. Cycles of action
and reaction promote self-enhancement. Ethical supervision and a framework for
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privacy escalate as critical elements. In this case, the figure accentuates the standard
structure underlying the contrived uniqueness in the two fields.

Case Example: Carnegie Learning’s MATHia versus IBM Watson for Oncology

Intelligent tutoring systems such as MATHia, developed by Carnegie Learning,
employ Al algorithms to personalize and adapt to each student’s unique problem-
solving strategies. The system identifies and corrects errors, adjusts the difficulty of
guidance, provides recommendation tiers, and measures outcomes, resulting in
improved math skills. This is similar to what IBM Watson for Oncology does,
synthesizing patient data and relevant clinical texts to recommend tailored cancer
therapies (Yu et al., 2020).

Both systems serve as examples of Al applications within a specific domain, based
on the same underlying concept: customization driven by data analysis. MATHia’s
feedback mechanism operates in real time, analogous to Watson’s clinical decision-
support feedback systems, marking a concrete synergy between education and
healthcare.

Table 1.1: Derived From Holstein Et Al 2020 & Yu Et Al 2020: AI In Precision Medicine And
Learning Differentiation Through Personalization Comparison Framework

Feature Education (Personalized Healthcare (Precision
Learning) Medicine)
Data Source Learner behavior, assessment | Genomic data, clinical
data, engagement metrics history, lifestyle patterns
Al Technologies NLP, machine learning, Deep learning, predictive
adaptive algorithms analytics, and data
mining
Personalization Improve learning outcomes Enhance treatment
Objective and student engagement efficacy and patient
outcomes
Feedback Real-time learning analytics Diagnosis support,
Mechanism and content recommendation | therapy suggestion, risk
prediction
Example MATHia, Knewton, DreamBox | IBM Watson, DeepMind
Tools/Platforms Learning Health, Tempus
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Table 1.1: Features Comparison of Al in Precision Learning and Teaching Adapted
From Holstein Et Al. 2020 And Yu Et Al. 2020

Learning Analytics Driven by Al

How Predictive Modeling Can Be Used. Learning analytics collects, analyzes, and
interprets data associated with students’ learning activities and outcomes. Al
enhances this through predictive modeling, which can track and suggest
interventions for proactively managed students, diagnosing problems early on. In a
case example, the University of Michigan’s E2Coach project implements data-driven
mentoring systems that provide automated, tailored feedback to students in STEM
courses, thus improving performance and retention (Bienkowski, Feng, & Means,
2021). These predictive frameworks are analogous to risk stratification frameworks
in medicine, where artificial intelligence assesses patient information to predict
disease risk. Such parallels illustrate how Al can be successfully applied in non-
clinical settings and demonstrate ethical, scalable pathways for its use in education.

Addressing Ethical Concerns and Responsible Al and Its Governance in Education
and Healthcare. The increasing use of Al to govern education and healthcare
processes raises significant ethical issues that must be addressed. These include
algorithmic biases, data privacy, and accountability for non-disclosure of
information. For example, face recognition technology used in classroom monitoring
raises surveillance and consent issues, just as Al tools for diagnostic imaging raise
privacy concerns (Veale & Binns, 2017). Policymakers from both sectors must adhere
to the principles of responsible Al, including fairness, accountability, and the
interpretation of ethics frameworks. Education policymakers and healthcare
regulators share common challenges when establishing Al ethics protocols.
Collaborative governance models explored by the Partnership on Al illustrate the
necessity of cross-sector alignment.

Conclusion

The use of Al in education mirrors the concepts in precision healthcare. Al facilitates
the analysis of intricate datasets in tailoring experiences. Personalized learning
systems are modeled after patient-centered healthcare, aiming to improve
participation, equity, and effectiveness through the use of Al. Both domains stand to
benefit from shared standards of data-driven personalization and the ethical use of
Al, enabling the development of advanced systems that are intelligent and humane,
with a primary emphasis on individual growth and holistic well-being.
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1.2: Importance of Al in Education

Introduction

The use of artificial intelligence in education has seen its introduction, which evolves
in tandem with innovation in precision medicine. Both fields utilize Al algorithms to
offer highly personalized experiences tailored to educational and clinical settings by
interpreting rich, individual-level data. Like data-driven healthcare, Al in education
offers precision learning, which is significantly accompanied by enhanced support
and intervention opportunities, thereby optimizing engagement, productivity, and
overall outcomes.

The Paradigm of Personalization: Education Meets Precision Medicine

Furthermore, personalization is no longer a pedagogical luxury associated with
advanced teaching. It has become a precondition of education equity and
effectiveness. Just as precision medicine advances customized treatment regimens
for patients based on their genetic makeup, behavioral patterns, and medical history,
Al-enabled technologies in education facilitate tailoring instruction to learners’
profiles. DreamBox Learning and Carnegie Learning have adaptive platforms that
utilize Al to assess learners” proficiency and dynamically adjust their performance
level, pace, and content. For instance, voice Al that analyzes student-teacher
interactions for educational purposes, TeachFX, is similar to medical diagnostic
instruments. Like biowearable devices that continuously monitor and collect
biometric data for health purposes, TeachFX gathers classroom data regarding
teacher talk-time and student engagement to foster a more balanced conversation
where both sides actively participate.

Fundamental Technologies Permitting the Use of Al in Education

The educational sphere is augmented with various Al technologies, each addressing
different but overlapping functionalities.

Natural Language Processing (NLP): Tools permitting chatbot interaction,
automated grading, and educational feedback sentiment analysis.

Machine Learning (ML): Algorithms that facilitate predictive analytics to estimate
student performance and dropout likelihood ratios.
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Vision Technology: Attendance systems that utilize facial recognition and
proctoring tools, such as Proctorio, employ this technology.

Reinforcement Learning: Used in progressive learning systems that reward
achievement and adjust the level of content presented for learning.

These technologies are paired with health informatics tools in the medical field. For
example, Gradescope uses NLP for real-time automated assessment, while IBM
Watson applies it.

Natural Machine Computer
Language Learning Vision
Processing

—)( Infrastructure ](—

Education Healthcare

Adaptive Algorithmic Logic Diagnostic
: Learning : for Personalization Support
Automated Treatment
Assessment Planning
Engagement Patient
\ Analysis Monitoring

Figure 1.2: Conceptual diagram depicting the integration of applied technologies in education
and healthcare systems tailored toward personalization using Al

Figure 1.2 illustrates a conceptual framework that integrates Al technologies,
including Natural Language Processing, Machine Learning, and Computer Vision,
with their educational and healthcare counterparts. In education, these technologies
enable adaptive learning, automated assessment, and analysis of engagement. In
healthcare, they facilitate diagnostic support, treatment planning, and patient
monitoring. The diagram emphasizes common infrastructure and algorithmic shared
functions. It demonstrates how the infrastructure for data flow and logic for
personalization is similar across domains. This illustration enables understanding of
cross-sectoral innovation made possible by Al convergence.
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Al and Learning Analytics: Prediction and Precision

In the field of education, learning analytics has a similar relation to educational
analytics as clinical analytics is to medicine; both seek actionable insights within large
sets of data. Through Al-powered analytics, learning analytics predicts and provides
access to early warning systems for students at risk of falling behind. This is similar
to the way healthcare makes predictive models for high-risk patients.

At Georgia State University, Al algorithms track more than 800 academic variables
for each student individually every day. Advisors are notified in real time when
students exhibit symptoms indicating they are likely to deviate from their
prospective pathways to success. Such systems emulate clinical decision support
systems in precision medicine, wherein active patient data obtained is used
extensively during treatment to tailor individual strategies.

Equity, Access, and Ethical Parallels

The ethics of Al implementation raise similar concerns in education and healthcare.
Questions regarding equity, bias mitigation, and consent are constant in both fields.
Algorithms used in educational programs must pay particular attention to avoiding
the perpetuation of long-standing disparities within data-driven instruction, a
similarly troubling issue for healthcare predictive tools trained on biased historical
data.

Bakpax and Squirrel Al are examples of educational technology companies that have
incorporated Al ethics and transparency frameworks into a user-empowering model.
They have embedded privacy policies aligned with HIPAA and GDPR, which apply
to American legal systems. No single organization should be given dominion over
equitable Al, allowing it to tailor personalization inclusively while maintaining
accountability across both sectors.

Table 1.1: Comparison analysis of adaptive learning systems utilizing Al technologies for
personalized instruction within educational contexts (APA 7th)

Comparative Analysis of Adaptive Educational Tools

Tool/Platform | AI Mechanism Personalization Educational
Used Feature Context

DreamBox Reinforcement Real-time math K-8

Learning Learning scaffolding Mathematics
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Squirrel Al Deep Learning Micro-adaptive content | Secondary STEM
Algorithms delivery Education
Gradescope NLP + ML Automated feedback Higher
for open-ended Education
questions
Querium Predictive Diagnostic tutoring Standardized
Analytics based on learning Test Prep
patterns

Further Scope: Interdisciplinary Integration

The use of Al in education is paradigmatically extending to the healthcare sector as
a real-time, multimodal, self-adapting, and self-enhancing system. Developments in
multimodal learning analytics, which incorporate video, audio, clickstream, and
biometric data, are analogous to fragmented electronic health record systems that
integrate various patient data types. Emerging technologies, such as those from
Content Technologies Inc., are developing sophisticated textbooks that adapt to the
learner’s individual needs. These leaps in innovation, aimed at responding to human
needs, are indicative of the same convergence of responsive and adaptive Al,
resembling what would be considered digital therapeutics in healthcare.

Conclusion

The use of Al in education extends beyond automation to adaptive intelligence that
closely mirrors precision healthcare. There is now hope that by algorithmically
routing educational pathways akin to how treatments are prescribed to patients in
precision medicine, both disciplines will increase individual outcomes, equity, and
efficacy. The pathway indicates a specific phase of architectural evolution. Al-
enabled tailored services will dominate the landscape, redefining the learners’
experience, public health, and societal well-being in an interdependent manner.
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1.3 Purpose and Objectives of the Review

Introduction

Artificial intelligence (AI) can augment and make headlines in today's
straightforward technological world. With an approach analogous to tailored
healthcare, Al enables personalized educational services, with data-driven
algorithms guiding the processes. The rise of adaptive learning systems is now being
compared with patient-specific treatment planning. Concepts and phenomena
related to education have not been integrated coherently, especially in discussions
about the why, what, and how of Al in education.

The vicinity of Al applications has paradoxically streamlined education, much like
what was previously witnessed in America’s precision healthcare. Institutions
around the world are already utilizing Al to support informed decision-making
based on data for students, much like what is done clinically with AI for
individualized diagnostics and treatment planning. The rationale of this review is to
unpack the structural and functional parallels between the two domains and
illustrate the connections between them. To illustrate, Topol (2019) notes that Al in
oncology customizes treatment plans using a patient's clinical history, genetic
information, and lifestyle factors. Similarly, educational systems (e.g., Carnegie
Learning) and Squirrel Al employ student metrics to tailor learning pathways. The
integration of these methods suggests a more comprehensive system of Al-powered
personalization, based on predictive analytics and feedback loops.

Scope And Boundaries

This review focuses on the application of Al in education for personalization,
specifically examining adaptive learning, automated assessment, learning analytics,
and Al in teaching. It does not address general automation or administrative Al
functions unless relevant to instructional personalization. Comparisons with
healthcare will focus on Al diagnostics, therapy, and ongoing monitoring. Moreover,
this review encompasses tools, case studies, and models developed between 2018 and
2024, which capture advances in Al technologies and their educational applications.
These criteria help the review retain focus while crossing multiple disciplines.

Research Aims

This part summarizes the primary objectives of the review:
Page 11 of 196
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e To catalogue Al solutions and systems that are perceivably making the greatest
difference to personalized learning.

e To examine the alighment of adaptive learning systems with data-driven
models in precision healthcare.

e To assess the ethical issues and privacy concerns within the education and
healthcare industry.

e To formulate a conceptual benchmark for innovation and learning that
transcends specific sectors.

e To recommend important trends, problems, and prospects for future study.

Objectives of the Review
The guiding objectives of this monograph are as follows:

Cross-domain Comparison: Equate education’s Al-assisted customized instruction
with precision approaches in medicine.

Profiling Technology: Profile the major multifunctional Al technologies of Natural
Language Processing (NLP), Machine Learning (ML), and Computer Vision.

Analysis of Effects: Determine the effectiveness of the technologies in terms of
student attention, grade levels, and the degree of personalization in content.

Absence of ethical constraints: Examine confidentiality issues, openness, and
discrimination in applying Al technology in both fields.

Policy Proposals: Analyze best practices for educators, engineers, and policymakers
related to the responsible development and implementation of Al technologies.

Adaptive Learnning Feedback Intervention
Feedback Loop

Treatment

Patiennt
Reaction

Student
Activity

Treatment
Adjustment

Lesson
Adjustment/
Support

Figure 1.3: An illustrative representation juxtaposing adaptive learning feedback loops
within the educational system alongside feedback interventions in the healthcare sector.
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As depicted in Figure 1.3, feedback-based intervention systems in healthcare are
conceptually compared with adaptive learning feedback loops in education. Al
enables both fields to utilize a feedback loop of data collection, analysis, intervention,
and results monitoring. In education, lesson plans and support are tailored to meet
the individual needs of each student. In healthcare, the treatment regimen and care
are adjusted in response to the patient’s reaction. The diagram illustrates the parallels
between structures and functions, supporting the idea that Al-driven customization
strategies are applicable across domains. Nonetheless, Healthcare as a Mirror for
Education:

Cross-Sectoral Lessons

This review considers the numerous gaps in the literature regarding the use of Al
technologies in healthcare and Al’s role in the education system. For example, the
Watson IoT system and Watson Health services' artificial intelligence technology,
which scans and analyzes countless medical documents for relevant
recommendations to aid in treatment planning, has its analog in Al tutoring systems
at Content Technologies Inc., which produce tailored learners’ textbooks for every
student using standardized curricula and evaluation algorithms.

These systems operate in a parallel manner:

e Data Collection: From capturing students' performance data to patients'
medical records. Predictive analytics for intervention falls under the Category
of predictive analytics models.

¢ Intervention Strategy: This involves learning modules tailored to the student
or treatment protocols for patients.

e Feedback Mechanism: Real-time results serve as the basis for ongoing
improvement.

Table 1.3 Comparative Features of Al in Education vs Healthcare

Al Technology Application in Education Application in Healthcare
Machine Learning Predicts learner Predicts disease progression
performance
Natural Language | Automates essay grading, Analyzes patient-doctor
Processing generates feedback communication transcripts
Computer Vision Monitors attention in Supports medical imaging
virtual classrooms diagnostics
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Learning Analytics

Provides adaptive
learning dashboards

Offers real-time clinical
decision support

Chatbots and Virtual tutors for doubt Symptom checkers and
Agents clearance therapy bots
Conclusion

This review aims to challenge the perception of using Al in educational
personalization by drawing direct parallels from precision healthcare. The goals set
in these areas of technology, ethics, policy, and pedagogy facilitate deeper studies.
The merging of these two important fields demonstrates the societal impact of Al

while underscoring the need for innovations guided by humanity and ethics.

Page 14 of 196




APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

References

e Adkins, J., & Jukes, M. (2020). Artificial intelligence and education in low-
resource settings: A global perspective. International Journal of Educational
Development, 78, 102248.

e Alammary, A., Alhazmi, S., Almasri, M., & Gillani, S. (2019). Blockchain-
based applications in education: A systematic review. Applied Sciences, 9(12),
2400.

e Almadhoob, A. Bachiri, M., Hutt, S., & Hieb, ]J. (2024). Al-generated
instructional materials in higher education: Equivalence and engagement.
Journal of Educational Technology, 45(2), 112-128.

e Almalki, A., Alassafi, M. O., & Alshamrani, A. (2021). An inclusive Al
framework for education: Barriers and solutions. Education and Information
Technologies, 26(6), 7269-7290.

e Alom, M. Z,, Taha, T. M., Yakopcic, C., Westberg, S., Sidike, P., Nasrin, M. S.,
... & Asari, V. K. (2019). A state-of-the-art survey on deep learning techniques
for image segmentation. Pattern Recognition Letters, 124, 115-122.

e Amann, J., Blasimme, A., Vayena, E., Frey, D.,, & Madai, V. 1. (2022).
Explainability for artificial intelligence in healthcare: A multidisciplinary
perspective. BMC Medical Informatics and Decision Making, 22(1), 1-14.

e Anderson, J. R, Corbett, A. T., Koedinger, K. R., & Pelletier, R. (2020).
Cognitive tutors: Lessons learned. Journal of the Learning Sciences, 29(2), 169-
200.

e Anderson, R., & Lim, J. (2021). Al-enhanced teacher feedback systems: A case
study of reflective practice. Journal of Educational Technology and Society, 24(3),
155-170.

e Arslan, B.,, Lehman, B., Tenison, C., Sparks, J. R., Lépez, A. A, Gu, L., &
Zapata-Rivera, D. (2024). Opportunities and challenges of using generative

Al to personalize educational assessment. Frontiers in Artificial Intelligence, 7,
1460651.

e Arya, S, Patel, R, & Gomez, M. (2023). Predictive modeling in higher
education: A systematic survey. International Journal of Educational Technology
in Higher Education, 20(2), 45-62.

e Baker, R. S., & Hawn, A. (2021). Algorithmic bias in education. International
Journal of Artificial Intelligence in Education, 31(1), 1-23.

Page 185 of 196




APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

Baker, R. S., & Hawn, A. (2021). Algorithmic fairness in education: Issues and
perspectives. Educational Measurement: Issues and Practice, 40(1), 21-32.

Baker, R. S., & Inventado, P. S. (2018). Educational data mining and learning
analytics. In]J. A. Larusson & B. White (Eds.), Learning Analytics: From Research
to Practice (pp. 61-75). Springer.

Baker, R. S., & Inventado, P. S. (2019). Educational data mining and learning
analytics. In Learning analytics (pp. 61-75). Springer.

Baker, R. S., Lindrum, D., & Stewart, K. (2022). Institutional use of learning
analytics to promote equity. Journal of Learning Analytics, 9(1), 112-130.
Bayly-Castafieda, K., Ramirez-Montoya, M.-S., & Morita-Alexander, A.
(2024). Crafting personalized learning paths with Al for lifelong learning: A
systematic literature review. Frontiers in Education, 9, 1424386.

Bienkowski, M., Feng, M., & Means, B. (2021). Enhancing Teaching and Learning
Through Educational Data Mining and Learning Analytics: An Issue Brief. U.S.
Department of Education, Office of Educational Technology.

Binns, R., Veale, M., Van Kleek, M., & Shadbolt, N. (2018). 'It's reducing a
human being to a percentage': Perceptions of justice in algorithmic decisions.
CHI Conference on Human Factors in Computing Systems, 1-14.

Brynjolfsson, E., & McElheran, K. (2022). The rapid adoption of data-driven
decision-making. Management Science, 68(4), 2301-2320.

Business Insider. (2025). Al-powered administrative tools save 15,000 staff
hours per month. Business Insider.

Chen, J. H., Altman, R. B., & Shieh, L. (2019). Clinical decision support
systems: Integrating data and improving patient outcomes. Annual Review of
Pharmacology and Toxicology, 59(1), 431-448.

Chen, L., Chen, P., & Lin, Z. (2020). Artificial intelligence in education: A
review. IEEE Access, 8, 75264-75278.

Chen, X., Xie, H., & Hwang, G. J. (2022). A systematic review of artificial
intelligence applications in higher education: Learning analytics, chatbots,
and adaptive learning. Educational Technology Research and Development, 70(1),
129-160.

Chen, X., Xie, H., Zou, D., & Hwang, G. J. (2020). Application and Theory
Gaps during the Rise of Artificial Intelligence in Education. Educational
Technology & Society, 23(4), 34-47.

Chen, X., Xie, H., Zou, D., & Hwang, G.-]. (2020). Application and theory gaps
during the rise of artificial intelligence in education. Computers and Education:
Artificial Intelligence, 1, 100002.

Page 186 of 196



APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

Cios, K. J., & Moore, G. W. (2020). Uniqueness of medical data mining.
Artificial Intelligence in Medicine, 103, 101744.

Coughlin, S. S., Beskow, L. M., & Lee, N. Y. (2021). Ethical issues in the use of
Al for educational purposes: Lessons from healthcare. Journal of Responsible
Technology, 6, 100021.

D'mello, S. K., & Graesser, A. (2021). Natural language and discourse
processing in education. Journal of Educational Psychology, 113(1), 1-18.
Demszky, M., Srikumar, V. & Manning, C. D. (2024). Automating
instructional support: Al-generated rubrics and feedback in education. ArXiv
Preprint.

Esteva, A., Chou, K., Yeung, S., Naik, N., Madani, A., Mottaghi, A., ... & Dean,
J. (2021). Deep learning-enabled medical computer vision. npj Digital
Medicine, 4, 5.

Esteva, A., Robicquet, A., Ramsundar, B., Kuleshov, V., DePristo, M., Chou,
K., ... & Dean, ]J. (2019). A guide to deep learning in healthcare. Nature
Medicine, 25(1), 24-29.

Esteva, A., Robicquet, A., Ramsundar, B., Kuleshov, V., DePristo, M., Chou,
K. .. & Dean, J. (2021). A guide to deep learning in healthcare. Nature
Medicine, 27(2), 240-249.

European Commission. (2021). Proposal for a Regulation laying down
harmonized rules on artificial intelligence (Artificial Intelligence Act).
Folstad, A., & Brandtzaeg, P. B. (2020). Users' experiences with chatbots:
findings from a questionnaire study. Quality and User Experience, 5(1), 1-14.
Gao, C,, Liu, H., Wang, Y., & Yu, Z. (2020). Multimodal affective computing
for personalized education: A review. IEEE Transactions on Affective
Computing, 12(3), 654-670.

Gupta, M. S, Liu, H., & Rao, V. (2024). Al and cognitive augmentation in
clinical diagnostics. Journal of Health Informatics, 28(1), 101-118.

Hardaker, G., & Glenn, L. E. (2025). Artificial intelligence for personalized
learning: A systematic literature review. International Journal of Information and
Learning Technology, 42(1), 1-14.

He, J., Baxter, S. L., Xu, J., Xu, J., Zhou, X., & Zhang, K. (2021). The practical
implementation of artificial intelligence technologies in medicine. Nature
Medicine, 27(1), 30-36.

Holmes, W., Bialik, M., & Fadel, C. (2019). Artificial Intelligence in Education:
Promises and Implications for Teaching and Learning. Center for Curriculum
Redesign.

Page 187 of 196



APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

Holstein, K., McLaren, B. M., & Aleven, V. (2019). Designing for
complementarity: Teacher and student needs for orchestration support in Al-
enhanced classrooms. IJAIED, 29(2), 297-329.

Holstein, K., McLaren, B. M., & Aleven, V. (2019). Designing for
complementarity: Teacher and student needs for orchestration support in Al-
enhanced classrooms. Proceedings of the ACM on Human-Computer Interaction,
3(CSCW), 1-30.

Holstein, K., Wortman Vaughan, J., Dailey, D., & Aleven, V. (2019). Co-
designing Al transparency with teachers. CHI Conference on Human Factors in
Computing Systems, 1-14.

Holstein, K., Wortman Vaughan, ]J., Daum, M., Dudik, M., & Aleven, V.
(2019). Improving fairness in machine learning systems: What do industry
practitioners need? Proceedings of the 2020 CHI Conference on Human Factors in
Computing Systems, 1-16.

Holstein, K., Wortman Vaughan, J., Daume, H., Dudik, M., & Wallach, H.
(2019). Improving fairness in machine learning systems: What do industry
practitioners need? Proceedings of the 2019 CHI Conference, 1-16.

Huang, R., Spector, J. M., & Yang, J. (2020). Educational technology: A primer for
the 21st century. Springer.

Ifenthaler, D., & Yau, J. Y.-K. (2020). Utilising learning analytics to support
institutional decision-making in higher education. Educational Technology
Research and Development, 68(6), 3161-3177.

Ifenthaler, D., & Yau, J. Y.-K. (2020). Utilising learning analytics to support
study success in higher education. Educational Technology Research and
Development, 68(4), 1873-1886.

Jiang, F., Jiang, Y., Zhi, H., Dong, Y., Li, H,, Ma, S,, ... & Wang, Y. (2021).
Artificial intelligence in healthcare: Past, present, and future. Stroke and
Vascular Neurology, 6(3), 230-243.

Jiang, F., Jiang, Y., Zhi, H., Dong, Y., Li, H,, Ma, S., ... & Wang, Y. (2017).
Artificial intelligence in healthcare: Past, present, and future. Stroke and
Vascular Neurology, 2(4), 230-243.

Jivet, L., Scheffel, M., Specht, M., & Drachsler, H. (2018). License to evaluate:
Preparing learning analytics dashboards for educational decision-making.
The Internet and Higher Education, 47, 1-12.

Jobin, A., Ienca, M., & Vayena, E. (2019). The global landscape of Al ethics
guidelines. Nature Machine Intelligence, 1(9), 389-399.

Page 188 of 196



APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

Kamalov, F., Santandreu Calong, D., & Gurrib, 1. (2023). New era of artificial
intelligence in education: Towards a sustainable multifaceted revolution.
arXiv preprint arXiv:2305.18303.

Kaplan, B. (2021). Ethics of Al and robotics in medicine. AMA Journal of Ethics,
23(6), 485-489.

Khosravi, H., Kitto, K., & Wong, S. (2022). Adoption of learning analytics in
higher education: The role of institutional culture and leadership. British
Journal of Educational Technology, 53(1), 91-108.

Kimmons, R., Rosenberg, J. M., & Allman, B. (2020). Educational technology
professional development: The case of the Al-enhanced TPACK model.
TechTrends, 64(6), 918-927.

Kovanovi¢, V., Joksimovi¢, S., Gasevi¢, D., Siemens, G., & Hatala, M. (2019).
Automated semantic analysis of students’ reflective writing. Internet and
Higher Education, 40, 20-32.

Krittanawong, C., Johnson, K. W., Rosenson, R. S., Wang, Z., Aydar, M., &
Kitai, T. (2020). Deep learning for cardiovascular medicine: A practical
primer. European Heart Journal, 41(44), 4418-4428.

Kucirkova, N. (2023). Beyond Personalization: Embracing Democratic

Learning Within Artificially Intelligent Systems. Educational Theory, 73(1), 1-
20.

Kumar, D., Singh, A., & Malhotra, R. (2023). Al-driven healthcare access in
low-resource settings: A review of mobile diagnostic tools. Health Informatics
Journal, 29(1), 1-14.

Kumpulainen, K., & Sefton-Green, ]J. (2022). Ethical considerations in Al-
enhanced learning environments: A Finnish case study. Nordic Journal of
Digital Literacy, 17(1), 4-22.

Lan, Y., Li, X., Du, H,, Lu, X., Gao, M., Qian, W., & Zhou, A. (2024). Survey of
natural language processing for education: Taxonomy, systematic review,
and future trends. arXiv preprint arXiv:2401.07518.

Latif, S., Qayyum, A., Usama, M., & Qadir, ]J. (2020). Leveraging data science
for fighting COVID-19 and future pandemics. Data Science and Management,
1,1-9.

Levy, Y., & Ramim, M. M. (2021). Digital inequality and learning outcomes.
Education and Information Technologies, 26(4), 4321-4335.

Li, J., Tang, R., Zhang, Q., & Li, Z. (2021). Deep learning-based educational
assessment: A comparative study with traditional statistical methods.
Computers & Education: Artificial Intelligence, 2, 100031.

Page 189 of 196



APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

Li, S., Chen, M., & Patel, D. (2022). Al-empowered educational logistics: A
time-reallocation study. International Journal of Educational Management, 36(5),
1012-1027.

Li, S., Chen, M., & Patel, D. (2022). Reducing grading workload through AI-
based assessment platforms. Computers & Education, 184, 104523.

Loewen, S., Isbell, D. R., & Sporn, Z. (2020). The effectiveness of app-based
language instruction for developing receptive linguistic knowledge and oral
communicative ability. Computer Assisted Language Learning, 33(3), 279-303.
Lu, Y., Zheng, H., Zhang, H., Zeng, D. D., & Chen, Y. (2020). Health care data
analytics: Recent developments and the future. Journal of Biomedical
Informatics, 109, 103538.

Luan, H., Tsai, C. C.,, & Liang, J. C. (2020). The role of artificial intelligence
applications in real-world educational contexts: A review of literature.
Education and Information Technologies, 25, 4475-4494.

Luckin, R., Holmes, W., Griffiths, M., & Forcier, L. B. (2016). Intelligence
Unleashed: An Argument for Al in Education. Pearson Education White Paper.
Luckin, R., Holmes, W., Griffiths, M., & Forcier, L. B. (2022). Intelligence
Unleashed: The argument for Al in education. Nature Human Behaviour, 6(5),
546-553.

Luckin, R., Holmes, W., Griffiths, M., & Forcier, L. B. (2022). Intelligence
unleashed: An argument for Al in education. British Journal of Educational
Technology, 53(2), 340-358.

Maity, S., & Deroy, A. (2024). Generative Al and Its Impact on Personalized
Intelligent Tutoring Systems. arXiv preprint arXiv:2410.10650.

Makridakis, S. (2017). The forthcoming artificial intelligence (Al) revolution:
Its impact on society and firms. Futures, 90, 46-60.

Merino-Campos, C. (2025). The impact of artificial intelligence on
personalized learning in higher education: A systematic review. Trends in
Higher Education, 4(2), 17.

Mesko, B., Hetenyi, G., & Gyorfty, Z. (2020). Will artificial intelligence solve
the human resource crisis in healthcare? BMC Health Services Research, 20, 1-
6.

Mitchell, M., Wu, S., Zaldivar, A., Barnes, P., Vasserman, L., Hutchinson, B.,
... & Gebru, T. (2019). Model cards for model reporting. Proceedings of the
Conference on Fairness, Accountability, and Transparency, 220-229.

Moller, M., Nirmal, G., Fabietti, D., Stierstorfer, Q., Zakhvatkin, M.,
Sommerfeld, H., & Schiitt, S. (2024). Revolutionising distance learning: A

Page 190 of 196



APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

comparative study of learning progress with Al-driven tutoring. ArXiv
Preprint.

Morley, J., Floridi, L., Kinsey, L., & Elhalal, A. (2020). From what to how: An
initial review of publicly available Al ethics tools, methods, and research to
translate principles into practices. Science and Engineering Ethics, 26, 2141-
2168.

Ng, D., Vasan, A., Tan, M. L., & Subramaniam, M. (2023). Al in health and
education: Exploring ethical alignments. Al and Society, 38(2), 215-231.
Nguyen, A, Gardner, L. A., & Sheridan, D. (2019). A review of Al applications
for decision support in educational and clinical planning. AI & Society, 34(4),
715-728.

Obermeyer, Z., Powers, B., Vogeli, C., & Mullainathan, S. (2019). Dissecting
racial bias in an algorithm used to manage the health of populations. Science,
366(6464), 447-453.

Onyebuchi, O. O., Al Hamad, N. M., Mohd, N., & Adewusi, O. E. (2024). Al
in education: A review of personalized learning and educational technology.
GSC Advanced Research and Reviews, 18(02), 261-271.

Owoc, M. L., Sawicka, A., & Weichbroth, P. (2021). Artificial Intelligence
Technologies in Education: Benefits, Challenges, and Strategies of
Implementation. ArXiv Preprint.

Page, L. C., & Gehlbach, H. (2018). How an artificially intelligent virtual
assistant helps students navigate the road to college. AERA Open, 4(4), 1-14.
Page, L. C.,, Castleman, B. L., & Meyer, K. (2019). Customized nudging to
improve FAFSA completion and income verification. Educational Evaluation
and Policy Analysis, 41(1), 63-82.

Panch, T., Mattie, H., & Atun, R. (2019). Artificial intelligence and the future
of global health. The Lancet Digital Health, 1(1), e10-ell.

Popenici, S. A. D., & Kerr, S. (2017). Exploring the impact of artificial
intelligence on teaching and learning in higher education. Research and
Practice in Technology Enhanced Learning, 12(1), 1-13.

Powell, R. E., Henstenburg, ]. M., Cooper, G., Hollander, ]. E., & Rising, K. L.
(2017). Patient perceptions of telehealth primary care video visits. The Annals
of Family Medicine, 15(3), 225-229.

Prinsloo, P., & Slade, S. (2022). Student privacy in learning analytics: An
ethical challenge. British Journal of Educational Technology, 53(1), 24-39.
Rajkomar, A., Dean, J., & Kohane, I. (2018). Machine learning in medicine.
New England Journal of Medicine, 380(14), 1347-1358.

Page 191 of 196



APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

Rajpurkar, P., Irvin, J., Ball, R. L., Zhu, K., Yang, B., Mehta, H., ... & Ng, A. Y.
(2022). Deep learning for COVID-19 triage: A case study. npj Digital Medicine,
5(1), 1-10.

Raza, A. (2025). Personalized Learning through AI: Opportunities and
Challenges in Adaptive Educational Technologies. Journal of Al in Education:
Innovations, Opportunities, Challenges, and Future Directions, 2(1).

Roll, I., & Winne, P. H. (2019). Understanding, evaluating, and supporting
self-regulated learning using learning analytics. Journal of Learning Analytics,
6(2), 1-10.

Roll, I., & Wylie, R. (2016). Evolution and revolution in artificial intelligence
in education. International Journal of Artificial Intelligence in Education, 26(2),
582-599.

Russell, S., & Norvig, P. (2020). Artificial Intelligence: A Modern Approach (4th
ed.). Pearson.

Sajja, R., Sermet, Y., Cikmaz, M., Cwiertny, D., & Demir, 1. (2023). Artificial
Intelligence-Enabled Intelligent Assistant for Personalized and Adaptive
Learning in Higher Education. arXiv preprint arXiv:2309.10892.

Santos, O. C. (2021). Deep learning for predicting student performance. IEEE
Transactions on Learning Technologies, 14(4), 493-506.

Scherer, M. U. (2021). Regulating artificial intelligence systems: Risks,
challenges, competencies, and strategies. Harvard Journal of Law & Technology,
34(1), 89-122.

Schiff, D., Rosen, R., & Griffith, K. (2019). Navigating ethical Al integration in
blended learning environments. Al & Education Review, 6(2), 89-103.

Selwyn, N. (2021). Should robots replace teachers? Al and the future of
education. Learning, Media and Technology, 46(3), 330-343.

Sharma, P. K. (2024). A Novel Al-Powered Framework for Personalized
Education Systems. International Meridian Journal, 6(6).

Shickel, B., Tighe, P. J., Bihorac, A., & Rashidi, P. (2018). Deep EHR: A survey
of recent advances in deep learning techniques for electronic health record
(EHR) analysis. IEEE Journal of Biomedical and Health Informatics, 22(5), 1589-
1604.

Shute, V. ]., & Rahimi, S. (2021). Stealth assessment for supporting learning:
Where data, models, and instruction meet. Computers & Education, 164,
104120.

Page 192 of 196



APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

Siemens, G., Gasevic, D., & Dawson, S. (2020). Preparing for the digital
university: A review of learning analytics and educational data mining.
International Journal of Educational Technology in Higher Education, 17(1), 1-23.
Singh, R., & Rana, N. P. (2021). Ethical and legal implications of Al in
education. Education and Information Technologies, 26(4), 4563-4580.

Tan, C. M., Lee, D. K. C,, & Tay, A. Y. (2021). Preparing educators for Al-
enabled learning environments: Lessons from Singapore. Journal of
Educational Technology & Society, 24(3), 88-101.

Tan, C. Y., Wong, H. K., & Lim, W. Y. (2023). Preparing future-ready teachers:
Integrating Al literacy in teacher education. Asia Pacific Education Review,
24(1), 35-52.

Tan, L. S., & Low, C. W. (2020). Digital Transformation in Healthcare and
Education: A Comparative Analysis. Asian Journal of Information Technology,
19(3), 38-46.

Tang, L., Zhang, Y., & Hu, J. (2022). Predictive maintenance using Al:
Applications in facility and infrastructure management. Journal of Building
Engineering, 45, 103442.

Tagskin, M. (2025). Artificial Intelligence in Personalized Education:
Enhancing Learning Outcomes Through Adaptive Technologies and Data-
Driven Insights. Human Computer Interaction, 5(6).

Tian, Z. V., Singh, R, & Sarkar, S. (2023). Automated grading in higher
education: Efficiency, equity, and ethical implications. Computers & Education,
196, 104673.

Topol, E. (2019). Deep Medicine: How Artificial Intelligence Can Make
Healthcare Human Again. Basic Books.

Topol, E. (2019). High-performance medicine: The convergence of human and
artificial intelligence. Nature Medicine, 25(1), 44-56.

Tsai, J. Y., & Ghosh, S. (2023). Ethical implementation of Al in education: A
comparative policy perspective. Al and Ethics, 3(1), 23-38.

Tuomi, I. (2021). The impact of artificial intelligence on learning, teaching, and
education: Policies for the future. European Journal of Education, 56(1), 3-19.
U.S. Department of Education. (2023). Artificial Intelligence and the Future of
Teaching and Learning: Insights and Recommendations. Office of
Educational Technology.

UNESCO. (2021). Al and education: Guidance for policy-makers. Paris:
United Nations Educational, Scientific and Cultural Organization.

Page 193 of 196



APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

UNESCO. (2021). Al and the futures of learning: Insights and recommendations.
Paris: United Nations Educational, Scientific and Cultural Organization.
UNESCO. (2021). Recommendation on the ethics of artificial intelligence.
Paris: United Nations Educational, Scientific and Cultural Organization.
UNESCO. (2023). Al and the futures of learning: Insights and recommendations.
Paris: United Nations Educational, Scientific and Cultural Organization.

Van Dijk, J. (2020). The digital divide and digital skills. New Media & Society,
22(5), 912-923.

Vayena, E., Blasimme, A., & Cohen, I. G. (2018). Machine learning in
medicine: Addressing ethical challenges. PLoS Medicine, 15(11), e1002689.
Veale, M., & Binns, R. (2017). Fairer machine learning in the real world:
Mitigating discrimination without collecting sensitive data. Big Data &
Society, 4(2), 1-17.

Vuorikari, R., & Punie, Y. (2021). AI and the Future of Education Policies in
Europe. European Journal of Education Policy, 56(2), 123-137.

Wang, Q., Deaver, J., & Lei, Y. (2023). Artificial intelligence in K-12 education:
A systematic review of implementation and challenges. Computers &
Education: Artificial Intelligence, 4, 100121.

Wang, Y., Kung, L., Wang, W. Y. C., & Cegielski, C. G. (2021). An integrated
big data analytics-enabled transformation model: Application to health care.
Information & Management, 58(1), 103440.

Washington Post. (2025). Ambient Al reduces clinician documentation
burden by 30% — The Washington Post.

West, S. M., Whittaker, M., & Crawford, K. (2020). Discriminating systems:
Gender, race, and power in Al. AI Now Institute Report, 1-44.

Whittaker, M., Crawford, K., Dobbe, R., Fried, G., Kaziunas, E., Mathur, V., ...
& Schwartz, O. (2021). AI Now 2021 Report: Rethinking Al ethics. AI Now
Institute, 1-50.

Williams, P., & Mayer, A. (2020). Adaptive learning systems and teacher
agency: Evidence from California charter schools. Educational Research and
Evaluation, 26(5), 310-326.

Williamson, B., & Hogan, A. (2020). Commercialisation and governance of
education data: A critical review. Learning, Media and Technology, 45(1), 87-
106.

Page 194 of 196



APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

Williamson, B., & Piattoeva, N. (2021). Objectivity as standardization in data-
scientific educational governance: Grasping the global through the local.
Research in Education, 101(1), 69-91.

Williamson, B., Eynon, R., & Potter, ]J. (2022). Al ethics and education:
Institutional responses and dilemmas. AI & Society, 37(1), 117-131.

Winkler, R., & Sollner, M. (2018). Unleashing the potential of chatbots in
education: A state-of-the-art analysis. Academy of Management Proceedings,
2018(1), 10254.

World Economic Forum. (2020). Shaping the future of technology
governance: Artificial intelligence and machine learning.

World Health Organization. (2021). Ethics and governance of artificial
intelligence for health: WHO guidance.

Wu, S., Cao, Y., Cui, J,, Li, R, Qian, H,, Jiang, B., & Zhang, W. (2024). A
comprehensive exploration of personalized learning in innovative education:
From student modeling to personalized recommendations. arXiv preprint
arXiv:2402.01666.

Wu, Y., Zhang, Y., Qi, L., & Xie, H. (2021). A review of personalized learning
supported by natural language processing: Technologies and applications.
Educational Technology Research and Development, 69(5), 2545-2572.

Xiong, Y., & Zhang, X. (2021). Personalized adaptive learning with neural
architecture search. Journal of Educational Computing Research, 59(7), 1352-
1377.

Xu, T., Netland, Z., & Leiker, L. (2025). Al-generated instructional videos:
Cognitive outcomes and social presence. Educational Media International, 62(1),
34-50.

Yang, C., & Taele, P. (2025). Al for Accessible Education: Personalized Audio-
Based Learning for Blind Students. arXiv preprint arXiv:2504.17117.

Yang, Q., Liu, Y., Chen, T., & Tong, Y. (2019). Federated machine learning:
Concept and applications. ACM Transactions on Intelligent Systems and
Technology (TIST), 10(2), 1-19.

Yin, M., & Kay, J. (2020). A comprehensive review of learning analytics
dashboards. British Journal of Educational Technology, 51(6), 1648-1671.

Yu, K.-H.,, Beam, A. L., & Kohane, 1. S. (2020). Artificial intelligence in
healthcare. Nature Biomedical Engineering, 4(6), 653-661.

Zawacki-Richter, O., Marin, V. I, Bond, M., & Gouverneur, F. (2019).
Systematic review of research on artificial intelligence applications in higher

Page 195 of 196



APPLICATIONS AND IMPACTS OF Al TOOLS IN EDUCATION

education. International Journal of Educational Technology in Higher Education,
16(1), 39.

Zawacki-Richter, O., Marin, V. I, Bond, M., & Gouverneur, F. (2019).
Systematic review of research on artificial intelligence applications in higher
education-where are the educators? International Journal of Educational
Technology in Higher Education, 16(1), 1-27.

Zhai, X., & Wang, M. (2023). Ethical implications of artificial intelligence in
education: A systematic review. Al and Ethics, 3(1), 43-60.

Zhou, L., Gao, ]., Xie, J., & Tang, Y. (2021). Predictive modeling in precision
medicine and its educational implications. Journal of Biomedical Informatics,
116, 103726.

Zhou, L., Zhang, D., & Wang, L. (2020). Data-driven optimization for
healthcare operations: Opportunities and challenges. Journal of Operations
Management, 66(1-2), 1-10.

Zhou, X., & Tan, L. (2021). Empowering educators with Al: A comparative
study of task automation in teaching. International Journal of Artificial
Intelligence in Education, 31(2), 251-269.

Zou, Y., & Zou, C. (2023). Factors in higher education students’ learning
outcomes in emergency remote teaching environments. Proceedings of the
International Conference on Education, 12, 47-59.

Page 196 of 196



