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• Learning to learn, unlearn, and relearn in AI era
• Foundational knowledge matters, shifting from rote memorization to deep conceptual 

understanding and high-order thinking
• AI literacy to prepare learners for a world in which AI is an important part of most careers.

AI Transforms What We Teach and Learn

knowledge, skills, competencies and dispositions on using AI (Chen, 2024)

understanding 
AI utilizing AI evaluating AI collaborating 

with AI
practicing AI 

ethics

Affordances 
and capabilities 

of AI

Benefits, 
limitations and 

risks of AI

Use AI in a creative, 
critical, ethical and 
responsible way

Chen, W. (2024). AI for education: What to teach and how to teach? SingTeach, 88, 3. 
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/

https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/
https://singteach.nie.edu.sg/2024/04/29/ai-for-education-what-to-teach-and-how-to-teach/


3

• AI changes the way knowledge workers approach writing, creating, critical thinking, and 
decision-making

Information 
gathering

Information 
verification 

Task 
execution

Task stewardship 

Problem-solving AI response 
integration 

(Lee et al, 2025)

AI Transforms How We Teach and Learn
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AI for IA (Intelligence Augmentation)

• Enhance and elevate human capability and intelligence with the support of AI
• AI should empower humans rather than mechanize and deskill them.
•  AI is an accelerator: it amplifies the good, but it can also amplify the bad. 
• Avoid overreliance on AI

Image generated by Dall-E 3

System 1

• fast, automatic, 
effortless

• process info 
unconsciously and 
use heuristics. 

System 2

• slow, deliberate, 
analytical

• for complex 
reasoning but is 
cognitively costly. 

when and how to 
sustain effort to 
protect learning, 
judgment, and 
agency?
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From Automation to Augmentation

productivity-enhancing tool pedagogical scaffolding tool

Faster and efficient AI Slower and effortful learner

AI for performance AI for learning

Outcome/ solution oriented Process oriented

Tutor Companion
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https://www.canva.com/ai/code/thread/0436228a-d026-454f-908a-2c224dcf86ba
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AI for Learning (Augmentation)

https://padlet.com/nie/padlet-ne60bhps7fh2dki5
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AI-Empowered Multi-Modal Learning Analytics

SPEEC
H

PROXIMITY

GAZE

FACIAL 
EXPRESSIONS

PHYSICAL WORKING SPACES

DIGITAL WORKING SPACES

BODY 
MOVEMENT

Processes 
large amount 

of multi-
modal data

Provide 
detailed 
analytics

Monitor 
learner' 

progress in 
real-time

Reveal 
hidden 

patterns of 
learning 

Inform 
teaching and 

learning 
strategies

Identify 
learners who 
are struggling 

Offer additional 
support and 
resources to 

help them

Detect

Diagnose

Act

(Augmentation )

(Molenaar et al., 2021; 
Tabuenca et al., 2021).
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Multi-Modal Data Analytics

4

fNIRS
• Individual: Functional 

connectivity 
• Group: Inter-brain synchrony 

Survey/ Interview 
• Cognitive load, Emotion 
states, Group preference
• Perception

Eye-Gaze
•Selecting
Time to first fixation/entry time
•Organizing
Dwell time, Fixation duration
•Integrating
number of visits or re-reading
•Group: Joint attention 

1

3 2
Behavior

• Verbal
• Online
• Facial Expression
• Body movement

Student-
generated
 artefact

5

(Bowden, Tickle, & Naumann, 2021) 
Right PFC Left PFC

No 
Scaffoldin
g

With 
Scaffolding

6 Physiological 
Arousal 
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GAI-Augmented Learning

UNESCO, 2023 
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• Learners may go through efficient cognitive shortcuts so that they may 
not experience the necessary disfluency or cognitive difficulty to trigger 
deep cognitive processes which are required for learning.

Concern: Over-Reliance of AI 

Cognitive 
offloading

Cognitive 
fluency

Cognitive/ 
metacognitive
 laziness /debt
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• Learners need to be aware of the capability and limitation of AI, the role AI plays 
in their learning, and how much they should rely on them.

•  Learners need to make an informed decision on when, what, and how to interact 
and collaborate with AI for more optimized learning. 

Learners’ Autonomy and Agency

(Cukurova, 2024)

agency, 
autonomy,  
oversight
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AI as an Intelligent Partner of Human Learner

• In AI era, the learning sciences principles remain pertinent.
• Learning is deeply embedded within the dynamic interplay of social interactions 

and individual cognitive processes
• Humans and AI interact not as sequences of prompts and responses, but as a social 

process of conversation and exploration (Sharple, 2023)
• AI and human cognition are intertwined and entangled (Molenaar, 2022)

• AI should not just be providing the knowledge and 
intelligence to students, it should facilitate and structure 
students’ meaningful learning, enable students to take 
agency, and develop their knowledge, intelligence, and 
capabilities. 
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Designing Meaningful Human-AI Collaboration

Image generated by Dall-E 3

“不愤不启，不悱不发。”
“Without a desire for understanding, do not prompt; 
without a struggle to express, do not expound.”
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Collaborative 
Learning 
Theory
• facilitate 
discussions, and 
help learners 
negotiate meaning, 
thus fostering 
collaborative 
knowledge 
construction

Constructivist 
Learning 
Theory
• encourage 
learners to 
construct their 
understanding and 
apply knowledge in 
real-world 
contexts.

Socio-
Cultural 
Theory
• facilitate culturally 
relevant learning 
experiences and 
provide insights 
into diverse 
perspectives

Activity 
Theory
•AI shapes the 
learning 
environment and 
influences how 
learners engage 
with content and 
each other

Self-
Determination 
Theory
AI to foster 
autonomy
(control), 
competence
(mastery), and 
relatedness
(connection)

Distributed 
Cognition 
Theory
• empower learners 
to focus on higher-
order thinking and 
creative problem-
solving rather than 
rote tasks.

Cognitive Load 
Theory
• help learners 
optimize their 
cognitive resources 
by offering tailored 
hints or breaking 
down complex 
tasks into 
manageable steps

Metacognitive 
Theory
• provide reflective 
prompts and 
feedback that 
encourage learners 
to evaluate their 
thought processes 
and adjust their 
learning approaches 
and strategies  
accordingly.

Self-Regulated 
Learning 
Theory
• offer personalized 
recommendations 
and reminders that 
support learners in 
managing their 
learning processes 
effectively.

Learning Sciences Theories
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Learning Sciences Informed Design Principles

Augmentation over 
Automation (not 

replacement)

Active learning and 
sense making

Empower learners 
to take ownership 

to foster self-
regulated learning

Deep learning 
engagement 

including cognitive 
and metacognitive 

development 
Encourage 

reflection on 
thinking processes, 

strategies, and 
progress

Adaptive 
scaffolding 

(promote growth 
mindset)

Provide formative 
feedback

Incorporate ethical 
design standards

Scaffolding cognitive offloading/onloading pedagogically, promoting 
deep engagement, critical thinking, regulatory capability, ownership 
and agency  
- how learners plan, monitor, control and adapt their cognitive and meta-
cognitive processes and exercise judgment when collaborating with AI.

Learner-
centered 
techno-

pedagogical 
design
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Calibrating AI Support to Promote Human 
Agency in Human-AI Collaboration

High Learner Agency                                                                                              Low Learner Agency

Learner agency is the capacity to take initiative and direct one’s own learning 
(Moje & Lewis, 2007)
• Farrow (2022): Human-centric → Human-led → Cooperative → AI-led → AI-centric
• Zhu et al. (2024): Human-led, Even contribution, AI-led

AI-Directed (faster solution with 
lower learner agency)
AI offers explicit, rubric-aligned revisions or 
concrete edits: supporting immediate, task-
focused improvement but reducing student 
agency

Chen, Chen, Zheng, Lyu et al., (2026). Learners’ Collaboration with AI in Enhancing Peer Feedback in Argumentative 
Writing. Paper presented at AERA 2026. US: LA

AI-Assisted (scaffold slower and effortful 
learning with higher learner agency)
AI provides guidance: prompting, 
questioning, encouragement while 
preserving student agency and 
stimulating reflective engagement
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Calibrating AI Support for IA

No AI

AI 
Assisted

AI 
Directed

No AI support, students 
rely on themselves to 

provide feedback

AI as scaffolding role, 
only provide guidance 
and suggestions for 

improvement

AI with full support, 
provide both guidance 
and direct revisions for 

students to refer
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Caution of a 
performance 
illusion

Calibrating AI Support for IA

Epistemic Network Analysis

Electrodermal Activity (EDA)

Louvain community 
detection analysis

Malkov chain transition 
probability analysis 
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Pedagogical Implications

Calibrate level of AI support to promote learner agency
• These findings are consistent with recent literature urging calibrated GAI use 
• Different pedagogical goals call for different AI designs: AI-directed for immediate revision tasks, AI-

assisted for developing reflective writing habits and feedback literacy

Trade-Off between Performance and Engagement
• AI-directed feedback maximizes learning performance but reduces cognitive demand 
• AIED design to scaffold “slow learning” through intentional design
-  sustain learner initiative
-  facilitate deep thinking and metacognitive thinking, 
- preserve learning engagement 
- promote learner agency

“Learner at the center and pedagogy at the fore!”
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Finetuning AI for IA

AI Chatbot from NTULearn

Exit Ticket from SchoolAI

Finetune SchoolAI

Finetune SLS Learning Assistant  
TeacherGAIA
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InsightPeer
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Multi-Agent Design for Learning AIED Ethics
Agent Name Functions Kolb ELT Stage
1. Scenario 
Generation
Agent

Prompt the user to input the ethical scenario and issue; based on 
the user input, generate an authentic and specific AI ethics learning 
scenario and task question.

Concrete 
Experience

2. Ethics Analysis 
Agent

Analyze the user’s response and the ethical structure in the 
scenario, providing a basis for the other agents. Agent 2 does not 
directly provide content to the user.

/

3. Socratic 
Questioning Agent

Based on Agent 2’s analysis results, generate adaptive follow-up 
questions to guide the user to independently discover potential 
ethical issues. Agent 3 and Agent 4 alternate.

Reflective 
Observation

4. Ethics 
Conceptualization 
Agent

Support users in conceptualizing their reasoning by summarizing 
how their thinking has developed and helping them transform case-
specific reflections into broader ethical understanding or 
transferable action principles. Agent 4 decides whether the dialogue 
should continue or close

Abstract 
Conceptualizati
on

5. Evidence and 
Consistency 
Monitoring Agent

Check whether the outputs of all agents are consistent, whether 
they reveal answers, and whether they deviate from the AI ethics 
scenario. Agent 5 checks quality and consistency but does not directly 
provide content to the user.

/
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Multi-Agent Design for Learning Ethics in AIED

Agent 1 (Scenario Generation)

Agent 1 (Scenario Generation)

Agent 3 (Socratic Questioning)

Agent 4 (Ethics Conceptualization)

Agent 3 (Socratic Questioning)

Agent 2 (Analytics Agent)
Agent 5 (Motoring/coordination Agent
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• The impact of AI in authentic T & L is context-dependent
• e.g., sig. effects on language learning in F2F and blended 

settings but not in online-only contexts (Torres & Kahveci, 2025)

• Technology saturation effect or novelty effect
• When AI is introduced into already tech-rich environments, 

multiple mechanisms may simultaneously reduce pedagogical 
impact. 

Integrating AI for T&L Requires Nuanced Understanding

Pedagogical 
design

Implementation

Orchestration

Context 
sensitive

Age 
appropriate
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Role of Educators
• The heart of a teacher’s work and cannot—and should not—be automated.
• Teacher’s professional judgement has to be the first and last mile to bridge what 

technology provides us and what students need (Chan, 2024).
• when to use?
• for what to use?
• for whom to use?
• how much to use?
• how to use?

UNESCO, 2024 
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• Most existing AIED systems perform the key regulatory functions 
• We should design and develop AIED to 

• promote human agency that enable learners to engage 
meaningfully in human-AI interaction 

• augment rather than replace human intelligence 
o leverage human strengths
o compensate for human weaknesses

Grand Challenge 

Offloading

Onloading



“It was the best of times, 
it was the worst of times; 
it was the age of wisdom, 
it was the age of foolishness; 
it was the epoch of belief, 
it was the epoch of incredulity; 
it was the season of light, 
it was the season of darkness; 
it was the spring of hope,
it was the winter of despair;
we had everything before us, 
we had nothing before us;
we were all going direct to heaven, 

we were all going direct the other way.”

AI holds great promise to make learning 
more effective, more engaging, and more 
equitable—but only if guided by learning 
sciences!

Doing 
better 
things

Doing 
things 
better 



Contact me at: wenli.chen@nie.edu.sg

National Institute of Education, an institute of Nanyang Technological University, Singapore

mailto:wenli.chen@nie.edu.sg
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