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Artificial intelligence

Artificial intelligence 
will not go away  

Source: https://bit.ly/47NbA7D



Over 80% of jobs, especially writing 
and IT, are predicted have at least 

19% exposure to generative AI 

Productivity in problem solving 
support increased by 35% for novice, 

but not for experienced workers

46% productivity increase in software 
engineers while maintaining code 

quality by using AI

Generative AI does not have 
inherent mechanisms to 

distinguish facts from falsehoods



Developing 
adaptive learners 
for the age of AI



Towards high human and AI-empowered skills

Inspired by, but different conceptualization from
Cukurova, M. (2024). The interplay of learning, analytics, and artificial intelligence in education. British Journal of Educational Technology, in press.
Shneiderman, B. (2022). Human-centered artificial intelligence. Oxford University Press
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Ultimate goal

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

Scaffolds: 
- aim to improve human skills
- can be implemented with AI



Challenge

Learners already have 
profound limitations in SRL abilities



Today’s talk

How do we develop 
self-regulated learners for the age of AI? 



Key takeaway #1

No free lunch for adaptive learners! 

Difficult to develop combined human and AI-empowered skills 
without human skills first



Key takeaway #2

Lazy metacognition may emerge with 
unscaffolded use of generative AI

Fan, Y., Tang, L., Le, H., Shen, K., Zhao, S., Zhao, Y., Shen, Y., Li, X., Gašević, D. (2024). Beware of metacognitive laziness: Effects of generative artificial intelligence 
on learning motivation, processes, and performance. British Journal of Educational Technology, in press. 



Key takeaway #3

Longitudinal studies are urgently needed 
in combining scaffolds and AI supports



FOUNDATIONS – IMPACT – DIRECTION –
FINAL REMARKS



Towards adaptive learners

How do we currently prepare 
self-regulated learners for the age of AI? 



Winne, P. H., & Hadwin, A. F. (1998). Studying as self-regulated learning. In D. J. Hacker, J. Dunlosky, & A. C. Graesser (Eds.), Metacognition in educational 
theory and practice (pp. 277–304). Lawrence Erlbaum Associates Publishers.

Metacognition sits 
at the heart of 

self-regulated learning



Winne, P. H., & Hadwin, A. F. (1998). Studying as self-regulated learning. In D. J. Hacker, J. Dunlosky, & A. C. Graesser (Eds.), Metacognition in educational 
theory and practice (pp. 277–304). Lawrence Erlbaum Associates Publishers.

Metacognition sits 
at the heart of 

self-regulated learning



Winne, P. H. (2006). How software technologies can improve research on learning and bolster school reform. Educational Psychologist, 41(1), 5–17.

Self-regulated learning – control

Learners construct knowledge 
through learning strategies
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Dunlosky, J. (2013). Strengthening the Student Toolbox: Study Strategies to Boost Learning. American Educator, 37(3), 12-21.

Learning strategies



Bjork, R. A., & Bjork, E. L. (2020). Desirable difficulties in theory and practice. Journal of Applied research in Memory and Cognition, 9(4), 475.

Self-regulated learning – control

Learners have a 
limited repertoire of 
learning strategies

https://bit.ly/canva-flashcards

https://bit.ly/3star-highlight



Tauber, S. K. U., Dunlosky, J., & Rawson, K. A. (2015). The influence of retrieval practice versus delayed judgments of learning on memory: Resolving a
memory-metamemory paradox. Experimental psychology, 62(4), 254.

Self-regulated learning – monitoring

Learners are agents who use 
own judgements to make decisions 
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Prinz, A., Golke, S., & Wittwer, J. (2020). To what extent do situation-model-approach interventions improve relative metacomprehension accuracy? Meta-
analytic insights. Educational Psychology Review, 32(4), 917-949.

Self-regulated learning – monitoring

Learners are highly inaccurate about 
their judgements of learning



Reber, R., & Schwarz, N. (1999). Effects of perceptual fluency on judgments of truth. Consciousness and Cognition, 8(3), 338-342.

Self-regulated learning – monitoring

Processing fluency: 
illusion of truth effect



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.

Self-regulated learning – monitoring

Processing fluency: 
selection of strategy



Brand-Gruwel, S., Wopereis, I., & Walraven, A. (2009). A descriptive model of information problem solving while using internet. Computers & 
Education, 53(4), 1207-1217.

Information problem solving

Metacognition critical for 
seeking, selecting, and using information
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Judd, T., & Kennedy, G. (2011). Expediency-based practice? Medical students’ reliance on Google and Wikipedia for biomedical inquiries. British Journal of 
Educational Technology, 42 (2), 351-360. 

Information problem solving

Learners use unreliable sources and 
suboptimal search strategies



Butcher, K. R., & Sumner, R. (2011). Self-Directed Learning and the Sensemaking Paradox. Human–Computer Interaction, 26(1-2), 123-159. 

Information problem solving

Sensemaking paradox

https://www.lisedunetwork.com/what-information-seeking/



Risk #1

Existing adaptive learning systems
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Molenaar, I. (2022). The concept of hybrid human-AI regulation: Exemplifying how to support young learners’ self-regulated learning. Computers and 
Education: Artificial Intelligence, 3, 100070.
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Risk #2

Cognitive offloading 
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Risko, E. F., & Gilbert, S. J. (2016). Cognitive offloading. Trends in Cognitive Sciences, 20(9), 676-688.

Cognitive 
offloading + 
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offloading



Open challenge

Are we getting metacognitively lazy 
with so much offloading? 

Lazy to think 
about own 
thinking?!



FOUNDATIONS – IMPACT – DIRECTION –
FINAL REMARKS



Direction

Using data to understand and enhance 
self-regulated learning for the age of AI

Gašević, D., Tsai, Y-S., Dawson, S., & Pardo, A. (2019). How do we start? An approach to learning analytics adoption in higher education. International 
Journal of Information and Learning Technology, 36(4), 342-353.



FLoRA

http://floraproject.org



Mapping trace data to processes

Fan, Y., van der Graaf, J., Lim, L., Raković, M., Singh, S., Kilgour, J., ... & Gašević, D. (2022). Towards investigating the validity of measurement of self-regulated 
learning based on trace data. Metacognition and Learning, 17(3), 949 - 987.
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Highlighter 
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mapping 
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FLoRA SRL Processes



Framework

Hybrid human-AI regulation 

Molenaar, I. (2022). The concept of hybrid human-AI regulation: Exemplifying how to support young learners’ self-regulated learning. Computers and 
Education: Artificial Intelligence, 3, 100070.
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Hybrid human-AI regulation

Molenaar, I. (2022). The concept of hybrid human-AI regulation: Exemplifying how to support young learners’ self-regulated learning. Computers and 
Education: Artificial Intelligence, 3, 100070.



Framework

Hybrid human-AI regulation 
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Molenaar, I. (2022). The concept of hybrid human-AI regulation: Exemplifying how to support young learners’ self-regulated learning. Computers and 
Education: Artificial Intelligence, 3, 100070.
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Framework

Hybrid human-AI regulation 
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Risko, E. F., & Gilbert, S. J. (2016). Cognitive offloading. Trends in cognitive sciences, 20(9), 676-688.

Can it be used 
to support this 

side too? 



Control

How can AI-powered scaffolds influence 
learning strategies? 
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AI-powered scaffolding tool



AI-powered scaffolds and learning strategies

Moderate association 
between scaffolding 
and learning strategy

Srivastava, N., Fan, Y., Rakovic, M., Singh, S., Jovanovic, J., van der Graaf, J., ... & Gasevic, D. (2022). Effects of Internal and External Conditions on Strategies of Self-
regulated Learning: A Learning Analytics Study. In Proceedings of the 12th International Learning Analytics and Knowledge Conference (pp. 392-403).



Towards metacognitive onloading
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Towards human and AI-empowered skills

Integrating scaffolds with AI support



AI-powered scaffolds and learning strategies



AI-powered scaffolds and learning strategies



Towards high human and AI-empowered skills
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Hypothesis

Li, T., Nath, D., Cheng, Y., Fan, Y., Li, X., Raković, M., Khosravi, H., Swiecki, Z., Tsai, Y-S., Gašević, D. (2025). Turning real-time analytics into adaptive scaffolds for self-
regulated learning using generative artificial intelligence. Proceedings of the 15th International Conference on Learning Analytics and Knowledge (in press).



Monitoring

What are effects of gen AI on 
monitoring?
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Effects of gen AI on processing fluency

Gen AI can worsen 
monitoring

Metacognitive offloading

Kabir, S., Udo-Imeh, D. N., Kou, B., & Zhang, T. (2024). Is Stack Overflow obsolete? An empirical study of the characteristics of ChatGPT answers to stack 
overflow questions. In Proceedings of the 2024 CHI Conference on Human Factors in Computing Systems (Article # 935, pp. 1-17).

https://bit.ly/nr-genai-hallucinate



Kabir, S., Udo-Imeh, D. N., Kou, B., & Zhang, T. (2024). Is Stack Overflow obsolete? An empirical study of the characteristics of ChatGPT answers to stack 
overflow questions. In Proceedings of the 2024 CHI Conference on Human Factors in Computing Systems (Article # 935, pp. 1-17).

Inaccurate and verbose, but 
users prefer ChatGPT responses

Processing fluency – illusion of truth effect

Inadvertent deception of ChatGPT



Towards high human and AI-empowered skills
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AI support:
- aims to improve performance  
- has a fit for the task
- knowledge of AI tool

Metacognitive and 
cognitive offloading



AI-powered scaffolds

http://floraproject.org

All this is 
based on 

GPT4



AI-powered scaffolds

http://floraproject.org
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Towards metacognitive onloading

Increased monitoring accuracy with 
AI scaffolds for writing

Tang, L., Shen, K., Le, H., Shen, Y., Tan, S., Zhao, S., Juelich, T., Li, X., Gašević, D., Fan, Y. (2024). Facilitating learners’ self-assessment during formative writing tasks 
using writing analytics toolkit. Journal of Computer Assisted Learning, in press.
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Challenge

AI-powered scaffolds may have 
inadvertent side effects on learning

External locus of control is increased 
(i.e., learners blame AI-powered scaffolds for any issues)

Tang, L., Shen, K., Le, H., Shen, Y., Tan, S., Zhao, S., Juelich, T., Li, X., Gašević, D., Fan, Y. (2024). Facilitating learners’ self-assessment during formative writing tasks 
using writing analytics toolkit. Journal of Computer Assisted Learning, in press.



AI scaffolds and monitoring

What is long-term effect of AI scaffolds 
as shared regulation on monitoring?

Darvishi, A., Khosravi, H., Sadiq, S., Gašević, D., Siemens, G. (2024). Impact of AI assistance on student agency. Computers & Education, 210, 104967.



AI support and monitoring

Darvishi, A., Khosravi, H., Sadiq, S., Gašević, D., Siemens, G. (2024). Impact of AI Assistance on Student Agency. Computers & Education, 210, 104967.



AI support and monitoring

Darvishi, A., Khosravi, H., Sadiq, S., Gašević, D., Siemens, G. (2024). Impact of AI Assistance on Student Agency. Computers & Education, 210, 104967.



Longitudinal impact on monitoring

Darvishi, A., Khosravi, H., Sadiq, S., Gašević, D., Siemens, G. (2024). Impact of AI Assistance on Student Agency. Computers & Education, 210, 104967.

AI support

AI support

No support

Self-monitoring 
checklist

Combined AI support 
+ self-monitoring



AI support and monitoring

Benefits deteriorate when 
AI support is removed

Darvishi, A., Khosravi, H., Sadiq, S., Gašević, D., Siemens, G. (2024). Impact of AI Assistance on Student Agency. Computers & Education, 210, 104967.



AI support and monitoring

Benefits deteriorate when 
AI support is removed

“Generative AI can harm learning”

Bastani, H., Bastani, O., Sungu, A., Ge, H., Kabakcı, Ö., & Mariman, R. (2024). Generative AI can harm learning. Available at SSRN 4895486. 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4895486



Long term effects of unscaffolded AI-support
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AI support and judgment of learning

Benefits present* when 
AI support replaced by scaffolds

*But not as high as they are with AI support

Darvishi, A., Khosravi, H., Sadiq, S., Gašević, D., Siemens, G. (2024). Impact of AI Assistance on Student Agency. Computers & Education, 210, 104967.



AI-support after replaced with scaffolds
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AI support and judgment of learning

Combining scaffolds and AI support
does not produce additive effects

Darvishi, A., Khosravi, H., Sadiq, S., Gašević, D., Siemens, G. (2024). Impact of AI Assistance on Student Agency. Computers & Education, 210, 104967.



Towards high human and AI-empowered skills
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Open challenge

How do we develop 
high human and AI-empowered skills?

Darvishi, A., Khosravi, H., Sadiq, S., Gašević, D., Siemens, G. (2024). Impact of AI Assistance on Student Agency. Computers & Education, 210,104967.



Information problem solving

What effect does generative AI have on 
information problem solving?
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ChatGPT in FLoRA
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Writing performance

Unsurprisingly writing performance is 
improved when using ChatGPT

ChatGPT significantly higher essay scores than the other three 

Chen, A., Xiang, M., Zhou, J., Jia, J., Shang, J., Li, X., Gašević, Fan, Y. (2025). Unpacking help-seeking processes through multimodal learning analytics: A 
comparative study of learning facilitated by ChatGPT and human expert. Computers & Education, 226, 105198. 



Metacognition in information problem solving

Limited monitoring when information 
provided by generative AI

Chen, A., Xiang, M., Zhou, J., Jia, J., Shang, J., Li, X., Gašević, Fan, Y. (2025). Unpacking help-seeking processes through multimodal learning analytics: A 
comparative study of learning facilitated by ChatGPT and human expert. Computers & Education, 226, 105198. 



Towards high human and AI-empowered skills
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Metacognition in information problem solving

Always observed evidence of monitoring 
of human provided information

Chen, A., Xiang, M., Zhou, J., Jia, J., Shang, J., Li, X., Gašević, Fan, Y. (2025). Unpacking help-seeking processes through multimodal learning analytics: A 
comparative study of learning facilitated by ChatGPT and human expert. Computers & Education, 226, 105198. 
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Metacognitive engagement

What are long term implications of 
limited monitoring?

Unreliable information produced by GenAI

Fan, Y., Tang, L., Le, H., Shen, K., Zhao, S., Zhao, Y., Shen, Y., Li, X., Gašević, D. (2024). Beware of metacognitive laziness: Effects of generative artificial intelligence 
on learning motivation, processes, and performance. British Journal of Educational Technology, in press. 



Long term effects of unscaffolded AI-support
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Metacognitive laziness

Bastani, H., Bastani, O., Sungu, A., Ge, H., Kabakcı, Ö., & Mariman, R. (2024). Generative AI can harm learning. Available at SSRN 4895486. 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4895486
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Metacognitive laziness

Stadler, M., Bannert, M., & Sailer, M. (2024). Cognitive ease at a cost: LLMs reduce mental effort but compromise depth in student scientific inquiry. 
Computers in Human Behavior, 160, 108386.
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Risk #1 

Existing adaptive learning systems
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Molenaar, I. (2022). The concept of hybrid human-AI regulation: Exemplifying how to support young learners’ self-regulated learning. Computers and 
Education: Artificial Intelligence, 3, 100070.
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Opportunity #1 

Hybrid human-AI regulation
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Molenaar, I. (2022). The concept of hybrid human-AI regulation: Exemplifying how to support young learners’ self-regulated learning. Computers and 
Education: Artificial Intelligence, 3, 100070.
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Risk #2

Cognitive offloading 
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Risko, E. F., & Gilbert, S. J. (2016). Cognitive offloading. Trends in cognitive sciences, 20(9), 676-688.
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Risk #2

Cognitive offloading 
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Metacognitive engagement

How to minimize risks of 
AI-empowered skills? 

Makes developing human skills worse

Bastani, H., Bastani, O., Sungu, A., Ge, H., Kabakcı, Ö., & Mariman, R. (2024). Generative AI Can Harm Learning. Available at SSRN 4895486. 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4895486



Opportunity #2

Metacognitive onloading 
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Risko, E. F., & Gilbert, S. J. (2016). Cognitive offloading. Trends in cognitive sciences, 20(9), 676-688.
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Proposition

Combined human and AI-empowered 
only at high expertise levels

Regulation needed in complex authentic tasks 
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Metacognitive onloading 
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This image is not based on actual data. It is fully hypothesized based on existing research on hybrid human-AI regulation and cognitive offloading. 
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Combined human and 
AI-empowered skills

Low High Low High

This image is not based on actual data. It is fully hypothesized based on existing research on hybrid human-AI regulation and cognitive offloading. 
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Tacking open challenges 

AI can help enhance SRL, but 
it can also inhibit it if used carelessly



Tacking open challenges 

Effective AI-empowered skills 
require strong human skills 



Opportunity

Human and AI 
to learn together and from each other

Collins, K. M., Sucholutsky, I., Bhatt, U.,…, Griffiths, T. L. (2024). Building machines that learn and think with people. Nature Human Behavior, 8, 81851–1863.
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