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Aspiration

Developing human skills 
while benefiting from the power of AI

Yan, L., Greiff, S., Teuber, Z., & Gašević, D. (2024). Promises and challenges of generative artificial intelligence for human learning. Nature Human Behaviour, 8(10), 
1839-1850.



Today’s talk

What does existing 
evidence say? 



Key takeaway 1

Much promise but with caveats for 
learning and teaching practice



Key takeaway 2

Significant concerns about reliability, 
future ready skills, and assessment



Key takeaway 3

Transition to robust research needed 
to understand long-term implications



EXISTING PRACTICE – NEW CHALLENGES –
FUTURE NEED – FINAL REMARKS



LLMs in Education

Yan, L., Sha, L., Zhao, L., Li, Y., Martinez‐Maldonado, R., Chen, G., ... & Gašević, D. (2024). Practical and ethical challenges of large language models in education: 
A systematic scoping review. British Journal of Educational Technology, 55(1), 90-112.

Many ways to use 
large language models in education 



GenAI for learning support
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Tutoring chatbots

https://www.khanacademy.org/khan-labs https://spl.skoonline.org



Tutoring chatbots

https://www.khanacademy.org/khan-labs https://spl.skoonline.org

Evidence on their 
effectiveness is still emerging



GenAI chatbots and learning

Kestin, G., Miller, K., Klales, A., Milbourne, T., & Ponti, G. (2025). AI tutoring outperforms in-class active learning: An RCT introducing a novel research-based 
design in an authentic educational setting. Scientific Reports, 15(1), 17458

Significant 
improvements in 

learning gains, but 
with limitations



GenAI chatbots and learning

Bastani, H., Bastani, O., Sungu, A., Ge, H., Kabakcı, Ö., & Mariman, R. (2025). Generative AI without guardrails can harm learning: Evidence from high school 
mathematics. Proceedings of the National Academy of Sciences, 122(26), e2422633122.

Negative effects of vanilla ChatGPT
on math learning

Positive when ChatGPT was prompted to act as a tutor, but not 
better than classroom teaching



GenAI chatbots and learning

Small effects on math 
learning gains in 
K12 classrooms

But, also minimal use by students

Eames, T., Brunskill, E., Yamkovenko, B., Weatherholtz, K., & Oreopoulos, P. (2026). Computer-assisted learning in the real world: How Khan Academy 
influences student math learning. Proceedings of the National Academy of Sciences, 123(1), e2507708123.



GenAI chatbots and learning

Borchers, C., & Shou, T. (2025). Can large language models match tutoring system adaptivity? a benchmarking study. In Proceedings  of 
the 26th International Conference on Artificial Intelligence in Education (pp. 407-420). Cham: Springer Nature Switzerland.

LLMs alone are not as adaptive as 
intelligent tutoring systems



Promising emerging trend

Liang, Z., Yang, K., Sha, L., Gašević, D., Yan, L., & Chen, G. (2026). A systematic review of generative AI in education: Empirical insights from a human–AI 
interaction perspective. British Journal of Educational Technology, in press. https://doi.org/10.1111/bjet.70055

Hybrid approaches with both 
strong human control and AI support

https://doi.org/10.1111/bjet.70055


GenAI for automated feedback
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Evidence

Human vs AI feedback have 
same learning impact

Kaliisa, R., Misiejuk, K., López-Pernas, S., & Saqr, M. (2025). How does artificial intelligence compare to human feedback? A meta-analysis of performance, 
feedback perception, and learning dispositions. Educational Psychology, in press.



Feedback effectiveness

Effectiveness of GenAI feedback is mixed



GenAI vs human feedback

GenAI feedback preferred*, but 
worse outcomes than with teachers’

*seen as more fair, easier to accept, and more willing to make revisions 

Weidlich, J., Gotsch, F., Schudel, K., Marusic-Würscher, C., Mazzarella, J., Bolten, H., ... & Merki, K. M. (2025). Teacher, peer, or AI? Comparing effects of 
feedback sources in higher education. Computers and Education Open, 9, 100300.



Trust in AI-generated feedback

Students don’t trust 
AI-generated feedback

Even though they can’t recognize the difference with human feedback

Nazaretsky, T., Mejia-Domenzain, P., Swamy, V., Frej, J., & Käser, T. (2024). AI or human? Evaluating student feedback perceptions in higher education. 
In European conference on technology enhanced learning (pp. 284-298). Cham: Springer Nature Switzerland.



GenAI to promote life-long learning skills 

Turning real-time 
analytics into 

process feedback

LLMs generate 
based on 
real-time 

learning analytics

Li, T., Nath, D., Cheng, Y., Fan, Y., Li, X., Raković, M., ... & Gašević, D. (2025). Turning real-time analytics into adaptive scaffolds for self-regulated learning using 
generative artificial intelligence. In Proceedings of the 15th International Learning Analytics and Knowledge Conference (pp. 667-679).



Evidence

Li, T., Nath, D., Cheng, Y., Fan, Y., Li, X., Raković, M., ... & Gašević, D. (2025). Turning Real-Time Analytics into Adaptive Scaffolds for Self-Regulated Learning Using 
Generative Artificial Intelligence. In Proceedings of the 15th International Learning Analytics and Knowledge Conference (pp. 667-679).

Significant improvements of 
learning strategy



Beyond text and digital spaces

Multimodal feedback in 
complex environments

Martinez-Maldonado, R., Echeverria, V., Fernandez-Nieto, G., Yan, L., Zhao, L., Alfredo, R., ... & Gašević, D. (2023). Lessons learnt from a multimodal learning 
analytics deployment in-the-wild. ACM Transactions on Computer-Human Interaction, 31(1), 1-41.



Multimodal feedback with GenAI

Milesi, M. E., Alfredo, R., Echeverría, V., Yan, Y., Zhao, L., Tsai, Y-S., Martínez Maldonado, R. (2024). "It's really enjoyable to see me solve the problem like a hero": 
GenAI-enhanced data comics as a learning analytics tool. Proceedings of the the CHI Conference on Human Factors in Computing Systems (Article #4). 



VizChat: Chatting with analytics dashboards

Yan, L., Zhao, L., Echeverria, V., Jin, Y., Alfredo, R., Li, X., Gašević, D., Martinez-Maldonado, R. (2024). VizChat: Enhancing learning analytics dashboards with 
contextualised explanations using multimodal generative AI chatbots. In Proceedings of the 25th Int’l Conference on Artificial Intelligence in Education (pp. 180-193).



EXISTING PRACTICE – NEW CHALLENGES –
FUTURE NEED – FINAL REMARKS



Concern

GenAI isn’t flawless

Jin, Y., Martinez-Maldonado, R., Gašević, D., Yan, L. (2025). GLAT: The generative AI literacy assessment test. Computers & Education: Artificial Intelligence, 
2025 (under review). https://arxiv.org/abs/2411.00283
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Bias in GenAI

Milesi, M. E., Alfredo, R., Echeverría, V., Yan, Y., Zhao, L., Tsai, Y-S., Martínez Maldonado, R. (2024). "It's really enjoyable to see me solve the problem like a hero": 
GenAI-enhanced data comics as a learning analytics tool. Proceedings of the the CHI Conference on Human Factors in Computing Systems (Article #4). 



Effectiveness across language is uneven

English and Chinese languages small positive effects, 
but for others negative

Bias

Sha, L., Wang, X., Chan, K. K., Fan, A. C. W., Leung, S. O., Yan, L., & Gašević, D. (2026). Interrogating the performance gain: Meta-analysis of generative AI’s effects 
on durable and equitable learning in K–12 education. Under review.



GenAI hallucinates, but people 
easily let such errors slip through

Hallucinations

https://bit.ly/4gZzMtvhttps://bit.ly/4h61rZZ



Human skills and GenAI

GenAI literacy 
is necessary but insufficient

Jin, Y., Martinez-Maldonado, R., Gašević, D., & Yan, L. (2025). GLAT: The generative AI literacy assessment test. Computers and Education: Artificial Intelligence, 
9, 100436.



Reimaging skills and knowledge
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Synergy

Human + AI > (Human or AI)

Hybrid Intelligence

Vaccaro, M., Almaatouq, A., & Malone, T. (2024). When combinations of humans and AI are useful: A systematic review and meta-analysis. Nature Human 
Behaviour, 8(12), 2293–2303. 



Augmentation

Human + AI > Human

Hybrid Intelligence

Vaccaro, M., Almaatouq, A., & Malone, T. (2024). When combinations of humans and AI are useful: A systematic review and meta-analysis. Nature Human 
Behaviour, 8(12), 2293–2303. 



Learners can perform better 
when using GenAI

But that does not mean they learn

Decouping of learning and performance

Yan, L., Greiff, S., Lodge, J., Gašević, D. (2025). Distinguishing performance gains from learning when using generative AI. Nature Reviews Psychology, 4, 435–
436. https://doi.org/10.1038/s44159-025-00467-5



Towards hybrid intelligence

Low

High

Learning

Low High
Performance

AI support: 
- aims to improve performance
- has a good fit for the task 
- requires knowledge of AI tool

Fan, Y., Yan, L., Molenaar, I., Greiff, S., Gašević, D. (2026). The SYNC model for human learning with AI: From autopilot to synergy through balanced offloading and 
onloading. Under review. 



Towards hybrid intelligence

Low

High

Learning

Low High
Performance

Floundering
Autopilot 

performance

AI support: 
- aims to improve performance
- has a good fit for the task 
- requires knowledge of AI tool

Fan, Y., Yan, L., Molenaar, I., Greiff, S., Gašević, D. (2026). The SYNC model for human learning with AI: From autopilot to synergy through balanced offloading and 
onloading. Under review. 



Towards hybrid intelligence

Low

High

Learning

Low High
Performance

Floundering

Effortful 
learning

Autopilot 
performance

Synergistic 
mastery

Ultimate goal: 
Synergy and 

Augmentation

AI support: 
- aims to improve performance
- has a good fit for the task 
- requires knowledge of AI tool

Scaffolds: 
- promote human learning
- can be implemented with AI

Fan, Y., Yan, L., Molenaar, I., Greiff, S., Gašević, D. (2026). The SYNC model for human learning with AI: From autopilot to synergy through balanced offloading and 
onloading. Under review. 



Towards hybrid intelligence

Fan, Y., Yan, L., Molenaar, I., Greiff, S., Gašević, D. (2026). The SYNC model for human learning with AI: From autopilot to synergy through balanced offloading and 
onloading. Under review. 

Low

High

Learning
(Scaffold)

Low High
Performance

Floundering

Effortful 
learning

Autopilot 
performance

Synergistic 
mastery

Ultimate goal: 
Synergy and 

Augmentation

AI support: 
- aims to improve performance
- has a good fit for the task 
- requires knowledge of AI tool

Scaffolds: 
- promote human learning
- can be implemented with AI

Core assumption

Synergy of high human and AI-empowered skills 
can only happen with high human skills



Challenge

Metacognitive laziness

GenAI can reduce the productive friction needed for learning 

Fan, Y., Tang, L., Le, H., Shen, K., Tan, S., Zhao, Y., ... & Gašević, D. (2025). Beware of metacognitive laziness: Effects of generative artificial intelligence on learning 
motivation, processes, and performance. British Journal of Educational Technology, 56(2), 489-530.

Thinking about 
own thinking



Hybrid intelligence in practice

Yang, K., Cheng, Y., Zhao, L., Raković, M., Swiecki, Z., Gašević, D., & Chen, G. (2026). Ink and algorithm: Exploring temporal dynamics in generative AI‐assisted 
writing. British Journal of Educational Technology, 57(2), 508-534. 

Learners mostly do not change 
GenAI produced content



Hybrid intelligence in practice

Believing we are AI literate can make us 
worse at metacognition

Fernandes, D., Villa, S., Nicholls, S., Haavisto, O., Buschek, D., Schmidt, A., ... & Welsch, R. (2025). AI makes you smarter but none the wiser: The disconnect 
between performance and metacognition. Computers in Human Behavior, 108779.



Future-ready assessment
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Whodunit?

Do we have an illusion of human skills 
if products are only assessed? 

Automation ≠ Synergy/Automation

Human alone and Human + AI



Expanding dimensions of assessment

ProductProcess Metacognition

Tang, L., Shen, K., Li, Z., Xia, M., Chen, N., Li, X., Gašević, D., Fan, Y. (2026). Shifting from product-oriented to process-oriented assessment: A pipeline from 
multidimensional evidence to interpretable feedback using explainable and generative AI. Under review. 

Learning Performance



Future-ready assessment

http://floraproject.org

2. Acute Myocardial Infarction:
Sudden onset of left-sided chest pain at night without obvious triggers, radiating to the left 
shoulder, persistent without relief, gradually worsening, but presenting as a stabbing pain.
3. Acute Pericarditis:
Sudden onset of pain in the left precordial area, stabbing in nature, radiating to the left 
shoulder, gradually worsening, persistent without relief, worsened by deep breathing, relieved 
by leaning forward, aggravated by lying flat.
Initial Diagnosis:
Acute pericarditis.
Diagnostic Basis:
Sudden onset of pain in the left precordial region, stabbing in nature, gradually worsening, 
persistent without relief, pain aggravated by deep breathing, relieved by sitting and leaning 
forward, worsened by lying flat; accompanied by fever, persistent low-grade fever; no history 
of similar diseases, no smoking history, no palpitations, no dyspnea, no history of 
hypertension or diabetes.
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Future-ready assessment

http://floraproject.org

2. Acute Myocardial Infarction:
Sudden onset of left-sided chest pain at night without obvious triggers, radiating to the left 
shoulder, persistent without relief, gradually worsening, but presenting as a stabbing pain.
3. Acute Pericarditis:
Sudden onset of pain in the left precordial area, stabbing in nature, radiating to the left 
shoulder, gradually worsening, persistent without relief, worsened by deep breathing, relieved 
by leaning forward, aggravated by lying flat.
Initial Diagnosis:
Acute pericarditis.
Diagnostic Basis:
Sudden onset of pain in the left precordial region, stabbing in nature, gradually worsening, 
persistent without relief, pain aggravated by deep breathing, relieved by sitting and leaning 
forward, worsened by lying flat; accompanied by fever, persistent low-grade fever; no history 
of similar diseases, no smoking history, no palpitations, no dyspnea, no history of 
hypertension or diabetes.



Learning analytics for future-ready assessment

http://floraproject.org

2. Acute Myocardial Infarction:
Sudden onset of left-sided chest pain at night without obvious triggers, radiating to the left 
shoulder, persistent without relief, gradually worsening, but presenting as a stabbing pain.
3. Acute Pericarditis:
Sudden onset of pain in the left precordial area, stabbing in nature, radiating to the left 
shoulder, gradually worsening, persistent without relief, worsened by deep breathing, relieved 
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Initial Diagnosis:
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forward, worsened by lying flat; accompanied by fever, persistent low-grade fever; no history 
of similar diseases, no smoking history, no palpitations, no dyspnea, no history of 
hypertension or diabetes.



Learn first, work with AI later for 
synergetic mastery and performance

Implications for Hybrid Intelligence

Findings of our very recently completed randomized control trail with medical students who tried to diagnose virtual standard patients 
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Need

Understanding long-term implications

Solid evidence is needed to scrutinize the value

1



Alter, A. L., Oppenheimer, D. M., Epley, N., & Eyre, R. N. (2007). Overcoming intuition: metacognitive difficulty activates analytic reasoning. Journal of 
Experimental Psychology: General, 136(4), 569.

Processing fluency

Easy to read 
doesn’t mean 

easy to understand

Generated with ChatGPT 4o with some edits



Teachers can’t detect errors in 
GenAI produced content

Hallucinations

Findings of our very recently completed randomized control trail with pre- and in-service teachers.



Overreliance

Anthropic (2025). Anthropic education report: How university students use Claude. https://www.anthropic.com/news/anthropic-education-report-how-
university-students-use-claude

How to assure 
development of 

higher-order skills?



Critical thinking

Writing is an important learning tool

What happens when much of that tool is offloaded to GenAI? 

Hacker, D. J., Keener, M. C., & Kircher, J. C. (2009). Writing is applied metacognition. In Handbook of Metacognition in Education (pp. 154-172). Routledge.



Beyond prompting

Learners have limited ability 
to ask quality questions

How does that impact their ability to prompt GenAI effectively? 

Xia, M., Li, Z., Tang, L., Cheng, Y., Swiecki, Z., Li, X., Gasevic, D., Fan, Y. (2026). Metacognitive laziness or adaptation? Uneven evolution of metacognition in 
learner–genAI interaction explored through complex network analysis. Submitted for review.



Communication

Ethical concerns may discourage 
helpful GenAI uses

Findings of our very recently completed study with nursing students who were offered to use VizChat to increase analytics comprehension



Need

Methodological rigor matters
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Sins of fast science

Technology use 
≠ 

effective pedagogy

Weidlich, J., Gašević, D., Drachsler, H., Kirschner, P. (2025). ChatGPT in education: An effect in search of a cause. Journal of Computer Assisted Learning, 41(5), 
e70105.



Avoiding conflation

Distinguishing learning 
from performance

Yan, L., Greiff, S., Lodge, J., Gašević, D. (2025). Distinguishing performance gains from learning when using generative AI. Nature Reviews Psychology, 4, 435–436. 
https://doi.org/10.1038/s44159-025-00467-5

           

  
  
  
  

         
          

           
       



Open science

Cross-context replication studies of 
human-AI synergy

Open call for participation
Meta-analyze effects rather than to compare education systems

https://www.cellaresearch.org



FINAL REMARKS



Nuance needed

Need to broaden understanding  of
learning with, about, and despite GenAI



Metacognition

Don’t confuse copilots with autopilot!

Know when and how to onload and offload cognition to AI



Future-ready assessment

Assessment to center human learning 
and productive interaction with AI

Human alone and Human + AI (synergy and augmentation)
Using process and product data
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