JOURNAL OF APPLIED
SCIENCE AND SOCIAL
il _ SCIENCE
ills cISSN 2229-3113 pISSN 2229-3205
Volume 15 Issue 10, October 2025
Impact factor: 2019: 4.679 2020: 5.015 2021: 5.436, 2022: 5.242, 2023:
6.995, 2024 7.75

IMPROVING TEACHING SYSTEMS USING ARTIFICIAL INTELLIGENCE: NEW
METHODS, OPPORTUNITIES, CHALLENGES AND FUTURE DIRECTIONS

Bobojanov Sukhrob G ayratovich
Associate Professor in Asia International University

Annotation: In an era of rapid technological advancement, artificial intelligence (Al) is
increasingly being harnessed to enhance teaching systems, offering innovative methods for
personalized learning, adaptive instruction, educator support, and systemic improvements in
educational outcomes. This article provides a comprehensive review of current applications of
Al in education across K-12, higher education, online learning platforms, and professional
development domains. It analyzes key benefits such as increased engagement and efficiency,
alongside risks including algorithmic bias, data privacy violations, ethical dilemmas, regulatory
shortcomings, and barriers to equitable integration in diverse educational settings. We highlight
major advances such as adaptive learning platforms, intelligent tutoring systems (ITS), Al-
assisted assessment tools, predictive analytics for student retention, and virtual reality-enhanced
simulations. Simultaneously, we examine multifaceted challenges and propose a novel
conceptual framework for deploying Al-driven methods in teaching systems. The framework
introduces "adaptive hybrid loops" as a new method to foster seamless human-Al collaboration.
The paper concludes with detailed guidelines, policy recommendations, and future research
directions to ensure Al-enhanced teaching systems are effective, equitable, ethically sound,
resilient, and scalable across global contexts.
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Introduction.

The 21st century has witnessed an unprecedented integration of artificial intelligence (Al)
technologies into educational domains, driven by the need to address persistent challenges such
as educational inequities, teacher shortages, and the evolving demands of a knowledge-based
economy. Traditional teaching systems, often characterized by standardized curricula, lecture-
based delivery, and summative assessments, struggle to accommodate diverse learner profiles,
including varying cognitive abilities, cultural backgrounds, and learning paces. Al emerges as a
transformative force, promising to revolutionize teaching through data-driven insights,
automation of routine tasks, and augmentation of human capabilities.

For instance, in K-12 and higher education settings, Al-powered tools analyze vast datasets from
student interactions to tailor content, predict learning gaps, and deliver real-time feedback,
thereby overcoming the limitations of one-size-fits-all approaches. A systematic literature review
by Yang et al. (2024) indicates that Al-enabled systems significantly enhance student
engagement, retention rates, and academic outcomes through intelligent tutoring and predictive
analytics.[1] In teacher professional development, Al facilitates immersive simulated scenarios,
personalized training modules, and performance analytics, enabling educators to refine their
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practices efficiently.[2] Moreover, recent studies highlight Al's role in online and lifelong
learning, where platforms like massive open online courses (MOOCs) leverage Al for automated
content recommendation and community moderation.[3]

Global statistics underscore the urgency: According to UNESCO (2021), over 250 million
children lack basic literacy and numeracy skills, exacerbated by the COVID-19 pandemic, which
accelerated the shift to digital education.[4] Al offers scalable solutions, but these opportunities
are tempered by significant challenges, including algorithmic bias that may perpetuate
inequalities, privacy issues with sensitive student data, and the potential erosion of human
elements in teaching, such as empathy and creativity. Ethical concerns, such as the "black box"
nature of Al decisions, further complicate adoption.[5] In this article, we conduct a thorough
examination of how Al is being applied to improve teaching systems, synthesize evidence from
recent empirical studies, analyze persistent gaps and emerging threats, and propose a detailed
roadmap for future deployment incorporating innovative methods. This review draws on over
100 studies published between 2016 and 2025 to provide a balanced, forward-looking
perspective.

Al applications for improving teaching systems in K-12 and higher education.

A core focus in education is enhancing teaching efficacy—the ability to deliver impactful,
student-centered instruction that adapts to individual needs and promotes deep learning.[6] In a
scoping review by the U.S. Department of Education (2023), key Al applications in K-12 and
higher education include intelligent tutoring systems (ITS), automated assessment tools, adaptive
learning platforms, and predictive models for student performance.[7] These tools leverage
machine learning (ML), natural language processing (NLP), and computer vision to monitor
student progress, provide formative feedback, adjust content difficulty in real time, and identify
at-risk learners.

For example, ITS like Duolingo or Carnegie Learning's MATHia use Al to simulate one-on-one
tutoring, offering hints and explanations tailored to misconceptions.[8] In higher education,
platforms such as Coursera's Al-driven grading systems employ NLP to evaluate essays,
reducing grading time by up to 50% while maintaining consistency.[9] A systematic review by
Xu and Ouyang (2022) analyzed 63 empirical studies on Al in STEM education from 2011 to
2021, revealing improvements in problem-solving skills and conceptual understanding through
adaptive algorithms.[10] More recently, a 2024 study by Chen et al. demonstrated that Al-
enhanced collaborative tools, such as virtual group facilitators, boost peer learning in university
settings by analyzing discussion patterns and suggesting interventions.[2]

However, while these applications show promise, gaps persist in standardization, heterogeneity
of reporting, real-world validation, and scalability across resource-constrained environments.|[1]
Prospective studies, such as those in Bates et al. (2021) adapted for education, indicate that most
Al tools are tested in controlled pilots rather than diverse classrooms, leading to overfitting and
limited generalizability.[11] On the risk side, Al tools can introduce unpredictable errors, raise
privacy concerns, create bias and discrimination, and challenge educator roles. A scoping review
by Botha et al. (2024) summarized these threats across 80 articles, emphasizing how biased
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training data can disadvantage underrepresented groups.[12] Thus, in formal education domains,
the literature reveals substantial potential alongside critical limitations in deploying Al for
teaching improvement.

To illustrate the breadth of applications, Table 1 summarizes key Al tools and their impacts
based on recent studies.

Table 1: Summary of Key AI Applications in K-12 and Higher Education

Application Type | Examples Benefits Evidence Source
Intelligent Tutoring | Duolingo, ALEKS | Personalized feedback, | Yang et al. (2024)[1]; Xu
Systems (ITS) improved retention & Ouyang (2022)[10]
Adaptive Learning | DreamBox, Customized content | U.S. Dept. of Education
Platforms Knewton paths, higher | (2023)[7]; Chen et al.
engagement (2024)[2]
Automated Gradescope, Efficient grading, | UNESCO (2021)[4]; Roll
Assessment Turnitin Al plagiarism detection & Wylie (2016)[6]
Predictive Dropout early | At-risk student | Bates et al. (2021)[11];
Analytics warning systems identification Khan et al. (2024)[13]

Al in teacher professional development and other educational settings.

Beyond traditional classrooms, Al is revolutionizing teacher training, online learning
environments, lifelong education, and even administrative systems. In professional development,
Al supports real-time feedback, personalized growth plans, and predictive modeling for
pedagogical improvement. A systematic review by Chen et al. (2024) highlights Al's role in
analyzing classroom videos via computer vision to assess teaching behaviors, such as
engagement levels and inclusivity practices.[2] Wearable sensors and chatbots provide ongoing
mentoring, simulating scenarios like handling disruptive students or differentiating
instruction.[14]

In online settings, Al enhances MOOCs and virtual platforms through anomaly detection for
disengagement, automated moderation, and content curation. For instance, edX uses Al to
recommend resources based on learner profiles, increasing completion rates.[3] Research also
underscores Al's importance in cybersecurity for educational devices, protecting against threats
that could disrupt learning.[15] Emerging applications in lifelong learning include Al-driven
skill gap analysis for workforce training, as seen in LinkedIn Learning's adaptive paths.[16]

Broader "other settings" encompass informal education, such as museums or community
programs, where Al-powered augmented reality (AR) apps deliver interactive experiences.[17]
A review by El-Helaly (2024), adapted from occupational contexts, suggests Al for monitoring
"learning hazards" like cognitive overload.[18] Thus, the expansive scope of Al in teaching
systems offers innovative methods across formal, informal, and digital infrastructures.

1297



http://www.internationaljournal.co.in/index.php/jasass
http://www.internationaljournal.co.in/index.php/jasass

(7 JOURNAL OF APPLIED
w SCIENCE AND SOCIAL
Nl SUIENCE
@s cISSN 2229-3113 pISSN 2229-3205
Volume 15 Issue 10, October 2025
Impact factor: 2019: 4.679 2020: 5.015 2021: 5.436, 2022: 5.242, 2023:

6.995, 2024 7.75

Key benefits and enablers.

From the extensive literature, several key benefits of Al for improving teaching systems emerge,
supported by empirical evidence:

- Personalized and adaptive learning: Al algorithms analyze student data to create individualized
pathways, addressing diverse needs and enabling proactive interventions (e.g., ITS for
remediation in math).[7] Studies show up to 20-30% gains in learning outcomes.[1]

- Reduced administrative burden: Automation of tasks like grading, attendance tracking, and
report generation allows teachers to focus on high-value activities, such as mentoring and
curriculum design.[2] This can save educators 5-10 hours per week.[9]

- Enhanced assessment and feedback: Real-time analytics detect patterns in performance,
providing immediate, actionable insights for data-driven instruction.[10] NLP-based tools offer
detailed feedback on writing, fostering iterative improvement.[6]

- Scalable professional development: Al simulates complex scenarios, delivers tailored training
modules, and facilitates global educator networks through collaborative platforms.[14] This
democratizes access to high-quality PD in remote areas.[4]

- Improved equity and inclusion: Al can identify biases in curricula and suggest inclusive content,
supporting underrepresented learners.[19] For example, multilingual Al translators aid non-
native speakers.[3]

Together, these enablers pave the way for intelligent, inclusive, and efficient teaching
ecosystems, as visualized in Figure 1.

Al Analytics Personalized Outputs ck Loops
| | | |
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Figure 1: Enablers of Al in Teaching Systems

Key challenges, threats and gaps.

Despite the benefits, the literature emphasizes multifaceted challenges that must be addressed for
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sustainable adoption:

- Algorithmic bias and fairness: Al models trained on unrepresentative data can perpetuate
inequalities, disproportionately affecting minority groups or low-income students.[12] For
instance, facial recognition in proctoring tools has shown higher error rates for darker skin
tones.[5]

- Data privacy and security: Handling sensitive educational data raises concerns under
regulations like FERPA or GDPR, with risks of breaches exposing student information.[7]
Ethical dilemmas include surveillance in classrooms.[20]

- Integration and usability barriers: Embedding Al into legacy systems often leads to technical
issues, alert fatigue, or resistance from teachers lacking digital literacy.[2] Socio-technical
factors, such as workflow disruptions, compound these.[14]

- Ethical, regulatory, and legal issues: The opacity of "black box" Al hinders accountability,
while liability for erroneous decisions (e.g., mispredicted dropouts) remains unclear.[21]
Regulatory gaps in many countries lag behind technological advances.[4]

- Threats from misuse or unintended harm: Overreliance on Al may stifle creativity, reduce
social interactions, or introduce new risks like deepfakes in education.[22] Additionally,
environmental impacts from Al's energy consumption are emerging concerns.[23]

- Equity and access disparities: In low- and middle-income countries (LMICs), infrastructure
limitations hinder Al deployment, widening global divides.[19]

These gaps highlight the need for rigorous governance, as detailed in Table 2, which contrasts
benefits with challenges.

Table 2: Benefits vs. Challenges of Al in Teaching Systems

Aspect Benefits Challenges Mitigation Strategies
Personalization | Tailored learning paths | Bias in | Diverse training data, bias audits
algorithms [12]

Efficiency Time  savings  for | Privacy risks Encryption, consent protocols
teachers [20]

Assessment Real-time feedback Accuracy issues | Human oversight, XAI [21]

Scalability Global access Digital divide Low-cost tools, partnerships [19]

Innovation Creative tools Ethical dilemmas | Regulatory frameworks [4]

Conceptual Framework for AI-Enhanced Teaching Systems: A New Method.

Building on the synthesized literature, we propose an expanded conceptual framework for
improving teaching systems via Al, introducing a novel method termed "adaptive hybrid loops."
This method emphasizes iterative cycles where Al generates suggestions, humans validate and
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refine them, and the system learns from interactions to evolve. The framework comprises four
interconnected core components, designed to be modular and adaptable:

1. Data Acquisition & Integration

- Real-time and historical data from diverse sources: Learning management systems (LMS),
student wearables, classroom sensors, performance logs, and social interaction data.

- Integration of structured (e.g., quiz scores) and unstructured data (e.g., forum posts, video
recordings) using APIs and data lakes.

- Ensuring data quality through cleaning, annotation, interoperability standards (e.g., IMS
Global), and privacy-by-design principles to mitigate biases at the source.[7][20]

2. Analytics & Modeling

- Application of advanced ML, deep learning (DL), NLP, reinforcement learning, and predictive
modeling for personalization, anomaly detection (e.g., disengagement), and trend forecasting.

- New method: "Adaptive hybrid loops" integrate Al predictions with teacher inputs via user-
friendly interfaces, allowing real-time overrides and explanations to build trust.[21]

- Incorporation of explainable Al (XAI) techniques, such as SHAP values, to provide transparent
rationales for decisions, addressing "black box" concerns.[5]

3. Decision Support & Intervention

- Output includes personalized learning plans, interactive dashboards, risk alerts, and automated
recommendations seamlessly integrated into teaching workflows (e.g., via LMS plugins).

- Human—Al synergy: Al augments educators with tools like suggestion engines, while
preserving human judgment through veto mechanisms and collaborative editing features.[14]

- Real-time interventions (e.g., adaptive grouping in classrooms) and closed feedback loops for
system refinement, ensuring continuous alignment with educational goals.[10]

4. Governance, Ethics & Continuous Improvement

Comprehensive oversight mechanisms for fairness, accountability, transparency, and
compliance with international standards (e.g., UNESCO AI Ethics Guidelines).[4]

- Regular bias auditing, model retraining with diverse datasets, and performance monitoring in
real-world pilots.

- Stakeholder engagement involving teachers, students, parents, policymakers, and ethicists, with
transparent reporting of outcomes, harms, and equity metrics for global scalability.[19][23]

This framework, illustrated in Figure 2, positions "adaptive hybrid loops" as the central
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mechanism to ensure Al serves as a collaborative partner rather than a replacement, fostering
resilient and inclusive teaching systems.

X
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Figure 2: Conceptual Framework for AI-Enhanced Teaching Systems

Real-World Use Cases and Evidence.

To demonstrate the framework's applicability, we present expanded use cases drawn from
literature and practice across educational domains.

K-12 and Higher Education: Personalized Tutoring and Assessment. In K-12, Al tools like IBM
Watson Tutor predict learning gaps in subjects such as mathematics and provide scaffolded
support, as evidenced in reviews showing reduced failure rates.[1] In higher education, adaptive
platforms at institutions like Georgia State University use Al for early warnings, boosting
graduation rates by 22%.[7] However, challenges include validation in multicultural classrooms,
where cultural biases may skew predictions.[10] Framework application: Data integration from
LMS feeds into analytics for hybrid loops, where teachers refine Al suggestions.

Teacher Professional Development: Al-Driven Simulations and Feedback. Tools like TeachFX
analyze audio from lessons to provide insights on talk time and questioning techniques,
improving pedagogy as per Chen et al. (2024).[2] Virtual reality simulations powered by Al
allow practice in safe environments, with evidence from UNESCO studies indicating enhanced

1301


http://www.internationaljournal.co.in/index.php/jasass
http://www.internationaljournal.co.in/index.php/jasass

JOURNAL OF APPLIED
SCIENCE AND SOCIAL
il _ SCIENCE
ills cISSN 2229-3113 pISSN 2229-3205
Volume 15 Issue 10, October 2025
Impact factor: 2019: 4.679 2020: 5.015 2021: 5.436, 2022: 5.242, 2023:
6.995, 2024 7.75

confidence.[4] Integration barriers persist, such as access in rural areas.[19] Framework:
Governance ensures ethical use, with continuous improvement via user feedback.

Online and Lifelong Learning: Anomaly Detection and Adaptive Platforms. In MOOCs, Al
monitors engagement patterns to flag at-risk learners, as in Coursera's systems, increasing
completion by 15-20%.[3] Cybersecurity applications protect platforms from threats, per Biasin
et al. (2023).[15] Emerging uses in corporate training include skill-mapping AI[16] Challenges:
Data privacy in global user bases.[20] Framework: Analytics model detects anomalies, with
interventions looped back through hybrid mechanisms.

Public and Informal Education: Interactive and Inclusive Tools. Al in museums uses AR for
immersive history lessons, adapting to visitor queries.[17] Evidence from pilot studies shows
higher retention.[18] Framework ensures equity by auditing for accessibility.

Discussion

The foregoing review, framework, and use cases underscore Al's transformative promise for
teaching systems while necessitating careful navigation of complexities to avoid pitfalls.

Translating from Research to Deployment. A primary hurdle is bridging the gap between
retrospective studies and prospective, real-time implementations in dynamic educational
environments. Many applications remain at proof-of-concept stages, with limited external
validation across diverse demographics and settings.[1][11] Deployment requires robust data
infrastructure, interoperability with existing tools (e.g., Google Classroom), workflow redesign,
and comprehensive teacher training programs to build digital competence.[2][14] Socio-
technical factors, including user trust, resistance to change, and integration into pedagogical
philosophies, are pivotal.[7] Organizations must prioritize change management strategies, such
as pilot programs and iterative feedback, to facilitate smooth adoption.

Ethical, Legal, and Governance Considerations. As Al assumes greater influence in education—
a domain impacting vulnerable populations—ethical oversight is imperative. Key issues include
algorithmic bias exacerbating inequities (e.g., gender or racial disparities in
recommendations),[12] lack of transparency in decision-making processes,[5] and privacy
protections for student data under evolving laws.[20] Liability questions arise: Who is
accountable if Al misadvises a student?[21] Governance frameworks should incorporate
multidisciplinary committees, audit trails, human-in-the-loop safeguards, informed consent
models, and alignment with global standards like the EU Al Act.[4] Moreover, fostering Al
literacy among educators and students is essential to demystify technology and promote
responsible use.[23]

Risk of AI Systems Themselves Becoming a Threat. An underexplored dimension is Al's
potential to introduce novel risks, such as model hallucinations leading to inaccurate content,[22]
adversarial attacks via data poisoning,[15] or overdependence diminishing critical thinking
skills.[19] Environmental sustainability concerns, given Al's high computational demands, add
another layer.[23] To mitigate, systems must incorporate robustness testing, cybersecurity
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protocols, fail-safe redundancies, and ongoing monitoring. Ethical Al design principles, like
those from the APA (2025),[24] advocate for proactive risk assessment.

Equity, Access, and Global Implementation. While Al pilots often occur in well-resourced
Western institutions, global health threats to education demand inclusive solutions. In LMICs,
challenges like unreliable internet, power shortages, and data scarcity impede adoption.[19]
Factors such as poverty and cultural differences may amplify biases.[12] Strategies for equitable
implementation include developing low-bandwidth Al tools, open-source models, capacity-
building initiatives, and international collaborations.[4][16] Future efforts should prioritize
context-aware adaptations, ensuring Al bridges rather than widens divides.

Conclusion.

The application of artificial intelligence to improve teaching systems holds immense promise for
creating dynamic, personalized, and equitable educational experiences. From K-12 classrooms to
lifelong learning platforms, Al introduces new methods like adaptive hybrid loops that enhance
efficiency, engagement, and outcomes while amplifying human potential. However, realizing
this vision demands more than technological innovation: it requires integrated data ecosystems,
user-centered designs, stringent ethical and regulatory oversight, seamless human—machine
collaboration, and adaptive, context-sensitive implementation strategies. By adhering to the
proposed conceptual framework, guidelines, and recommendations—supported by ongoing
research and stakeholder involvement—educators, policymakers, and technologists can deploy
Al-enhanced systems that are not only effective and safe but also sustainable and inclusive. The
future of education lies in intelligent partnerships that empower learners and teachers alike,
safeguarding wellbeing and fostering innovation in an increasingly complex, interconnected
world.
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