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https://blog.aare.edu.au/why-you-need-to-spot-the-invisible-elephant/

Generative Artificial Intelligence



Policy decisions about the use of 
artificial intelligence in schools



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



Adaptive learners for 
the age of AI

Gašević, D. & Siemens, G. (2020). Empowering learners for the age of 
artificial intelligence, https://bit.ly/smh-empower-ai

Gašević, D., Siemens, G., & Sadiq, S. (2023). Empowering learners for the age of artificial 
intelligence. Computers and Education: Artificial Intelligence, 4, 100130.



Critical need

Self-regulated learning (SRL) is
the key skill for adaptive learners

Learning to learn is central to self-regulated learning



Today’s talk

Using AI and learning analytics to 
enhance self-regulated learning skills

The FLoRA engine 

https://floraproject.org



Key takeaway #1

Learning to learn requires
urgent attention 

Learners have profound limitations in SRL skills needed in the age of AI



Key takeaway #2

Complex relationship between 
self-regulated learning skills and AI



Key takeaway #3

Teachers should play a leading role in 
designing tasks for lasting impact



FOUNDATIONS – CONCERN – IMPACT –
FINAL REMARKS



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

What underpins learning to learn?

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.

What underpins learning to learn?

Learners have a 
limited repertoire of 
learning strategies

https://bit.ly/canva-flashcards

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



Select, master, and use most 
effective learning strategies in 

collaboration with AI

Learning to learn in the age of AI



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.

What underpins learning to learn?

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.

What underpins learning to learn?

Learners are highly inaccurate about 
their judgements of learning



“Lazy” metacognition

Gen AI can worsen 
judgement of learning 

Kabir, S., Udo-Imeh, D. N., Kou, B., & Zhang, T. (2024). Who Answers It Better? An In-Depth Analysis of ChatGPT and Stack Overflow Answers to Software 
Engineering Questions (arXiv:2308.02312). arXiv. https://doi.org/10.48550/arXiv.2308.02312

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

https://doi.org/10.48550/arXiv.2308.02312


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

What underpins learning to learn?

Information seeking 
skills are key to good 

self-regulated learning
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https://www.lisedunetwork.com/what-information-seeking/



Kabir, S., Udo-Imeh, D. N., Kou, B., & Zhang, T. (2024). Who Answers It Better? An In-Depth Analysis of ChatGPT and Stack Overflow Answers to Software 
Engineering Questions (arXiv:2308.02312). arXiv. https://doi.org/10.48550/arXiv.2308.02312

Inaccurate and verbose, but 
users prefer ChatGPT responses

Inadvertent deception of ChatGPT

https://doi.org/10.48550/arXiv.2308.02312


Seek, learn, verify and apply information 
in a new context with the use of AI

Learning to learn in the age of AI



Potential reasons for the three limitations

Insufficient access to 
the necessary learning data and 

personalized feedback 



FOUNDATIONS – FLORA – IMPACT –
FINAL REMARKS



Our approach 

Turing data into 
personalized feedback for 

learning to learn  

http://floraproject.org



Closing the loop of SRL analytics

Data

ModelTransformation

analyze

inform

collect

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.



Closing the loop of SRL analytics

Data

ModelTransformation

analyze

inform

collect

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.

Granular and 
reliable 

measurements



Closing the loop of SRL analytics

Data

ModelTransformation

analyze

inform

collect

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.

Temporal 
models of 
learning



Closing the loop of SRL analytics

Data

ModelTransformation

analyze

inform

collect

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.

Just-in-time 
personalised 

support



FLoRA

Supporting learning to learn 
in comprehension and writing tasks

http://floraproject.org

Reading and 
video watching



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.



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.



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.



FLoRA

http://floraproject.org



FLoRA tools 

http://floraproject.org



Reading tools – annotations

http://floraproject.org
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Reading tools – annotation search

http://floraproject.org



Supporting planning 

http://floraproject.org



Scaffolding tool



Scaffolding tool



Scaffolding tool



GPT Scaffolding Tool



Closing the personalized feedback loop

http://floraproject.org

Analytics-
based 

feedback with
generative AI



Closing the personalized feedback loop

http://floraproject.org

Analytics-
based 

feedback with
generative AI



Closing the personalized feedback loop

http://floraproject.org

Multiple 
languages can 

easily be 
supported with 

gen AI



Writing Tools in FLoRA

http://floraproject.org
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Grammar support

http://floraproject.org

All this is 
based on 

GPT4



Formal academic writing support

http://floraproject.org



Originality testing

http://floraproject.org



Rhetorical structures – integration

http://floraproject.org

All this is 
based on 

GPT4



Rhetorical structures – integration

http://floraproject.org



ChatGPT in FLoRA



ChatGPT in FLoRA



Essay marking tool

http://floraproject.org



FOUNDATIONS – FLORA – IMPACT –
FINAL REMARKS



Present uses of FLoRA

FLoRA goes to primary,
secondary and higher education



Present uses of FLoRA

FLoRA can be used in 
multiple languages

Dutch, English, Finnish, German, Mandarin, 
Spanish, and Portuguese already supported

Arabic in preparation



Present uses of FLoRA



Present uses of FLoRA

Comprehension and writing tasks in 
language, communications, 
biology, IT, and data science



Learning strategies

Effective ways to track and influence 
learning strategies with FLoRA
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Track and influence learning strategies



Learning strategies

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).

Group 1 - Read First, Write Next 
Group 2 - Read and Write Simultaneously
Group 3 - Write Intensively, Read Selectively

Task: AI application futures

Secondary and higher education



Learning strategies

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).

Group 1 - Read First, Write Next* 
Group 2 - Read and Write Simultaneously
Group 3 - Write Intensively, Read Selectively

*moderate to large effect sizes on essays

Task: AI application futures

Secondary and higher education



Learning strategies

Moderate association 
between scaffolding 
and learning strategy



Learning strategies

GPT scaffolds go to schools

Biology, writing, and IT classes

Australia, Brazil, China, Colombia, Finland, India, and UAE



Learning strategies



Learning strategies



“Starting with reading the instructions and careful planning is the 
key to success”Eden 

o Eden learns in one cycle, which starts by checking the essay
instructions to see what the task is about and planning.

o Eden continues with the evaluation of their learning progress by
rechecking the instructions and the rubric, Eden regularly takes 
notes and checks the remaining time.

SRL Cycle



Judgment of learning

Can AI help improve 
learners’ judgement of learning?
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CN

AI

HE

CL

Revise essay
by themselves



Challenge

Increased judgement of learning with 
AI-powered tools 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, submitted.



Challenge

AI-powered tools  have 
inadvertent side effects on learning

External locus of control is increased 
(i.e., learners blame AI-powered assessment 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, submitted.



Writing performance

Unsurprisingly writing performance is 
improved when using ChatGPT

ChatGPT significantly higher essay scores than the other three 



Metacognitive engagement

But, deeper engagement with content 
when chatting with human teacher



BEGIN

MC.O

0.9

Other

0.1

END

<0.01

0.31/0.16

0.41

MC.E

0.06/0.16

HC.EO

0.1

MC.M

0.11 LC.FR

0.01

<0.01

0.13/0.29

<0.01

0.03

0.62/0.41

0.05

0.16

0.08/0.22

0.22/0.08

0.52

0.14

0.03

<0.01

<0.01

0.01

0.7/0.43

0.12

0.01

0.03

0.13/0.39

0.01

0.3

0.27

<0.01

0.01

0.17

0.23 MC.P

<0.01

<0.01

0.03

0.45

<0.01

0.3/0.48

0.14

0.06

0.02

<0.01/0.29

0.04

0.09

0.87/0.29

AI: strong in red transitions
HE: strong in green transitions

Other
AI: Interact with ChatGPT

HE: Interact with Human Expert

MC.O: Orientation
MC.P: Planning

MC.M: Monitoring
MC.E: Evaluation

LC.FR: First-Reading and Re-Reading
HE.EO: Elaboration and Organasition



BEGIN

MC.O

0.9

Other

0.1

END

<0.01

0.31/0.16

0.41

MC.E

0.06/0.16

HC.EO

0.1

MC.M

0.11 LC.FR

0.01

<0.01

0.13/0.29

<0.01

0.03

0.62/0.41

0.05

0.16

0.08/0.22

0.22/0.08

0.52

0.14

0.03

<0.01

<0.01

0.01

0.7/0.43

0.12

0.01

0.03

0.13/0.39

0.01

0.3

0.27

<0.01

0.01

0.17

0.23 MC.P

<0.01

<0.01

0.03

0.45

<0.01

0.3/0.48

0.14

0.06

0.02

<0.01/0.29

0.04

0.09

0.87/0.29

AI: strong in red transitions
HE: strong in green transitions

Other
AI: Interact with ChatGPT

HE: Interact with Human Expert

AI: strong in red transitions
HE: strong in green transitions

MC.O: Orientation
MC.P: Planning

MC.M: Monitoring
MC.E: Evaluation

LC.FR: First-Reading and Re-Reading
HE.EO: Elaboration and Organasition



BEGIN

MC.O

0.9

Other

0.1

END

<0.01

0.31/0.16

0.41

MC.E

0.06/0.16

HC.EO

0.1

MC.M

0.11 LC.FR

0.01

<0.01

0.13/0.29

<0.01

0.03

0.62/0.41

0.05

0.16

0.08/0.22

0.22/0.08

0.52

0.14

0.03

<0.01

<0.01

0.01

0.7/0.43

0.12

0.01

0.03

0.13/0.39

0.01

0.3

0.27

<0.01

0.01

0.17

0.23 MC.P

<0.01

<0.01

0.03

0.45

<0.01

0.3/0.48

0.14

0.06

0.02

<0.01/0.29

0.04

0.09

0.87/0.29

AI: strong in red transitions
HE: strong in green transitions

Other
AI: Interact with ChatGPT

HE: Interact with Human Expert

AI: strong in red transitions
HE: strong in green transitions

MC.O: Orientation
MC.P: Planning

MC.M: Monitoring
MC.E: Evaluation

LC.FR: First-Reading and Re-Reading
HE.EO: Elaboration and Organasition



BEGIN

MC.O

0.9

Other

0.1

END

<0.01

0.31/0.16

0.41

MC.E

0.06/0.16

HC.EO

0.1

MC.M

0.11 LC.FR

0.01

<0.01

0.13/0.29

<0.01

0.03

0.62/0.41

0.05

0.16

0.08/0.22

0.22/0.08

0.52

0.14

0.03

<0.01

<0.01

0.01

0.7/0.43

0.12

0.01

0.03

0.13/0.39

0.01

0.3

0.27

<0.01

0.01

0.17

0.23 MC.P

<0.01

<0.01

0.03

0.45

<0.01

0.3/0.48

0.14

0.06

0.02

<0.01/0.29

0.04

0.09

0.87/0.29

AI: strong in red transitions
HE: strong in green transitions

Other
AI: Interact with ChatGPT

HE: Interact with Human Expert

AI: strong in red transitions
HE: strong in green transitions

MC.O: Orientation
MC.P: Planning

MC.M: Monitoring
MC.E: Evaluation

LC.FR: First-Reading and Re-Reading
HE.EO: Elaboration and Organasition



BEGIN

MC.O

0.9

Other

0.1

END

<0.01

0.31/0.16

0.41

MC.E

0.06/0.16

HC.EO

0.1

MC.M

0.11 LC.FR

0.01

<0.01

0.13/0.29

<0.01

0.03

0.62/0.41

0.05

0.16

0.08/0.22

0.22/0.08

0.52

0.14

0.03

<0.01

<0.01

0.01

0.7/0.43

0.12

0.01

0.03

0.13/0.39

0.01

0.3

0.27

<0.01

0.01

0.17

0.23 MC.P

<0.01

<0.01

0.03

0.45

<0.01

0.3/0.48

0.14

0.06

0.02

<0.01/0.29

0.04

0.09

0.87/0.29

AI: strong in red transitions
HE: strong in green transitions

Other
AI: Interact with ChatGPT

HE: Interact with Human Expert

AI: strong in red transitions
HE: strong in green transitions

MC.O: Orientation
MC.P: Planning

MC.M: Monitoring
MC.E: Evaluation

LC.FR: First-Reading and Re-Reading
HE.EO: Elaboration and Organasition



BEGIN

MC.O

0.9

Other

0.1

END

<0.01

0.31/0.16

0.41

MC.E

0.06/0.16

HC.EO

0.1

MC.M

0.11 LC.FR

0.01

<0.01

0.13/0.29

<0.01

0.03

0.62/0.41

0.05

0.16

0.08/0.22

0.22/0.08

0.52

0.14

0.03

<0.01

<0.01

0.01

0.7/0.43

0.12

0.01

0.03

0.13/0.39

0.01

0.3

0.27

<0.01

0.01

0.17

0.23 MC.P

<0.01

<0.01

0.03

0.45

<0.01

0.3/0.48

0.14

0.06

0.02

<0.01/0.29

0.04

0.09

0.87/0.29

AI: strong in red transitions
HE: strong in green transitions

Other
AI: Interact with ChatGPT

HE: Interact with Human Expert

AI: strong in red transitions
HE: strong in green transitions

MC.O: Orientation
MC.P: Planning

MC.M: Monitoring
MC.E: Evaluation

LC.FR: First-Reading and Re-Reading
HE.EO: Elaboration and Organasition



Metacognitive engagement

Are there any differences in 
frequency of judgement of learning?



Help seeking behaviors
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Opening this black box



Help seeking behaviors

BEGIN

MC.O

0.9

Other

0.1

END

<0.01

0.31/0.16

0.41

MC.E

0.06/0.16

HC.EO

0.1

MC.M

0.11 LC.FR

0.01

<0.01

0.13/0.29

<0.01

0.03

0.62/0.41

0.05

0.16

0.08/0.22

0.22/0.08

0.52

0.14

0.03

<0.01

<0.01

0.01

0.7/0.43

0.12

0.01

0.03

0.13/0.39

0.01

0.3

0.27

<0.01

0.01

0.17

0.23 MC.P

<0.01

<0.01

0.03

0.45

<0.01

0.3/0.48

0.14

0.06

0.02

<0.01/0.29

0.04

0.09

0.87/0.29

Ask ChatGPT

Opening this black box



Help seeking behaviors
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Help seeking behaviors
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Metacognitive engagement

What are long term implications of 
limited judgement of learning?

Unreliable information produced by GenAI



Challenge

AI-powered tools may have 
inadvertent side effects on learning

Benefits deteriorate when AI-powered tools are removed

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



FINAL REMARKS



AI can have profound implications on 
learning to learn skills

Learning strategies and judgement of learning



AI is unlikely to go away and 
we need to lead the change



Teachers play the central role in 
designing tasks for using AI tools

Scaffolding AI scaffolds



Longitudinal effects of AI on learning to 
learn skills require future research
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