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Rismanchina, S., & Doroudi, S. (2023). Four interactions between AI and education: Broadening our perspective on what AI can offer education, https://edarxiv.org/kps79.

AI is More than Applied Tools

LLMs & Foundational Models



• AI can be conceptualised to externalize, be internalized or extend 
human cognition.
• AH = Human tasks are replaced by AI H ß A
• HA = Humans can internalise AI models H à A

• Changing the operations and representations of thought (GOFAI)

• H[A] = Human (H) extended with an AI (A), tightly coupled 
human and artificial systems.
• H[A] ≠ H + A 

• The whole should be more than the sum of its parts.
• Change in H, perhaps also in A, is observed.

Conceptualisations of AI in Education

Cukurova, M. (2019). Learning Analytics as AI Extenders in Education: Multimodal Machine Learning versus Multimodal Learning Analytics. Proceedings of the Artificial 
Intelligence and Adaptive Education Conference, xx1-xx3.
Cukurova, M. (2024). The Interplay of Learning, Analytics, and Artificial Intelligence in Education. arXiv preprint arXiv:2403.16081. 
https://doi.org/10.48550/arXiv.2403.16081
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The most common applications of AI in Education were 
focusing on pedagogical task automation with ITSs



R. Kawamura et al., Detecting Drowsy Learners at the Wheel of e-Learning Platforms With Multimodal Learning Analytics, IEEE Access, vol. 9, pp. 115165-115174, 2021, doi: 
10.1109/ACCESS.2021.3104805   



Investigating the potential of AI-generated 
synthetic learning videos

• Condition (experimental vs. control) was not a significant 
predictor of knowledge gains (β = .03, p = .80, r = .03). 

• Even when controlled for participants’ pre-learning 
performance (β = - .03, p = .79, r = .03) or their self-
reported prior knowledge (β = .01, p = .92, r = .01).

Leiker, D., Gyllen, A.R., Eidesouky, I., & Cukurova, M. (2023). Generative AI for learning: 
Investigating the potential of synthetic learning videos. AIED2023, Springer, Cham.



Evidence of Impact of Intelligent Tutoring Systems
• ITSs can have positive impact on student learning : OLI learning course (Lovett et al., 

2008), SQL-Tutor (Mitrovic, & Ohlsson 1999), ALEKS (Craig et al. 2013), Cognitive 
Tutor (Pane et al. 2014), ASSISTments (Koedinger et al. 2010). 

Meta-reviews
• VanLehn (2011) found that the effectiveness of the intelligent tutoring 

systems were nearly as effective as average human tutors.
• Ma et al. (2014) found similar results both when compared to a no tutoring or 

to large group human-tutor instruction.
• Pane et al. (2014) found evidence of the relative effectiveness of online 

tutors over conventional teaching.
• Kulik & Fletcher (2016) median effect was to raise test scores 0.66 standard 

deviations over conventional levels, or from the 50th to the 75th percentile.
• du Boulay, B. (2016) summary of the metareviews in “Artificial Intelligence As 

An Effective Classroom Assistant”.



Despite significant advancements in AI and evidence 
supporting its effectiveness as ITSs, why AI is not 

prevalent in mainstream education?



Adoption of AI in Education is an 
Ecosystem Issue

Cukurova, M., Miao, X., & Brooker, R. (2023). Adoption of Adaptive Learning Platforms in 
Schools: Unveiling Factors Influencing Teachers Engagement. Artificial Intelligence in 
Education, Springer. https://doi.org/10.1007/978-3-031-36272-9_13

https://doi.org/10.1007/978-3-031-36272-9_13


AI might be Considered to Dehumanise 
Learning and Education



Cukurova, M., Luckin, R., & Kent, C. (2020). Impact of an Artificial Intelligence Research Frame on the 
Perceived Credibility of Educational Research Evidence. International Journal of Artificial Intelligence in 
Education, 1-31. 
Nazaretsky, T., Ariely, M., Cukurova, M., Alexandron, G. (2022). Teachers’ Trust in AI-powered Educational 
Technology and a Professional Development Program to Improve It, British Journal of Educational 
Technology, DOI: 10.1111/bjet.13232  

Teachers and learners have confirmation biases 
and unrealistic expectations from AI-EdTech. 

"AI framing effect": when people are presented 
with content framed as coming from AI, they tend 
to judge it as less credible compared to 
educational psychology and neuroscience.

Considerable research is needed to gain end 
users’ critical trust in AI-EdTech.

Trust in AI-EdTech is a Significant 
Concern
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AI Models as Learning Affordances for 
Humans

Kent, C., Chaudhry, M., Cukurova, M. Bashir, I., Pickard, H., Jenkins, C., du Boulay, B., Luckin, R., (2021). Machine learning models and their development process as learning 
affordances for humans. International Conference of Artificial Intelligence in Education, Springer, Cham.

Computational and Statistical Models of 
Learners and Learning Processes

Mental model mode: diagram of functionality

Initial mentee profiles





AH = Human tasks are replaced by AI H ß A

Ground Truth: Expert labelling of video data using CPS frameworks

Spikol, D., Ruffaldi, E., Dabisias, G., & Cukurova, M. (2018). Supervised machine learning in multimodal learning analytics for estimating success in project-based 
learning. Journal of Computer Assisted Learning, 34(4), 366-377.



Spikol, D., Ruffaldi, E., Dabisias, G., & Cukurova, M. (2018). Supervised machine 
learning in multimodal learning analytics for estimating success in project-based 
learning. Journal of Computer Assisted Learning, 34(4), 366-377.

Machine Learning Classification of CPS Competence



Aslan, S., Alyuz, N., Tanriover, C., Mete, S. E., Okur, E., D'Mello, S. K., & Arslan Esme, A. (2019). Investigating the impact of a real-time, multimodal student engagement analytics technology in 
authentic classrooms. In Proceedings of the 2019 chi conference on human factors in computing systems (pp. 1-12).



Normativity
1. What behaviours are 
good/bad in education?

2. Inference based on history
3. Flourishing Diversity/ in 

uncertainty 

Prediction
1. What is it good 

for/intervention? 
2. Fairness

3. Transparency
4. Accountability

Human Agency
1. Balancing 

exploration and 
exploitation

2. The reward function
3. Privacy/ surveillance 

Ethics- 
Human 
Values

Alwahaby, H., Cukurova, M., Papamitsiou, Z., & Giannakos, M. (2022). The Evidence of Impact and Ethical Considerations of Multimodal Learning Analytics: A Systematic 
Literature Review. In The Multimodal Learning Analytics Handbook (pp. 289-325). Springer International Publishing. doi:10.1007/978-3-031-08076-0_12

The use of AI as tools to 
directly intervene on the 
practice of teaching and 
learning has significant 
challenges.

Maybe some aspects of 
learning just come through 
the slow experience of living 
those learning experiences, 
in the sense that we can’t 
just jump ahead to get the 
answer!



AI Models as Objects to Think about Learning



Zhou, Q., Suraworachet, W., & Cukurova, M. (2024). Detecting non-verbal speech and gaze behaviours with multimodal data and computer vision to interpret effective 
collaborative learning interactions. Education and Information Technologies, 29(1), 1071-1098.



Zhou, Q., Suraworachet, W., & Cukurova, M. (2024). Detecting non-verbal speech and gaze behaviours with multimodal data and computer vision to interpret effective 
collaborative learning interactions. Education and Information Technologies, 29(1), 1071-1098.



https://duteapp-feedback-test.streamlit.app/ 
Suraworachet, W., Seon, J., & Cukurova, M. (2024). Predicting challenge moments from students' discourse: A comparison of GPT-4 to two traditional natural language 
processing approaches. Learning Analytics & Knowledge, ACM: New York.

https://duteapp-feedback-test.streamlit.app/
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Suraworachet, W., Seon, J., & Cukurova, M. (2024). Predicting challenge moments from students' discourse: A comparison of GPT-4 to two traditional natural language 
processing approaches. Learning Analytics & Knowledge, ACM: New York.



Value of Making Lived Experiences Visible to End Users

Zhou,Q., Suraworachet, W., Pozdniakov, S., Martinez-Maldonado, R., Bartindale, T., Chen, P. Richardson, D., & Cukurova M. (2021). Investigating Students’ Experiences with Collaboration Analytics for Remote
Group Meetings. International Conference of Artificial Intelligence in Education, Springer, Cham.
Pozdniakov, S., Martinez-Maldonado, R., Shan-Tsai, Y., Cukurova, M., Bartindale, T., Chen, P., Harrison, M., Richardson, D., & Gasevic, D. (2022). The Question-driven Dashboard: How Can We Design Analytics 
Interfaces Aligned to Teachers' Inquiry?. Learning Analytics & Knowledge, ACM.

Visibility •Comprehensibility of the collaboration analytics (easy to understand/interpret)
•Accuracy/Inaccuracy of the analytics information (‘Similar to their findings’, different from lived 
experiences)
•Lack of qualitative feedback and partially represented contribution (contribution is more than observed, 
speak more doesn’t mean more contribution)

Awareness •The value of seeing one’s own performance (as external reflective tool that cannot be distorted by 
observers/post-experienced effects)
•The value of seeing others’ performance (determine who’s struggling)

Accountability •Collaboration analytics to foster group discussions (discuss why contribute less)
•Self-regulation (adjust level/prepare more/seek for help) and socially shared regulation of behaviours 
(encourage the least speaker, offer helps, develop group strategies e.g. host)
•Gaming the system (particularly for speech time data – is it bad?)
•Swinging back to “normal” behaviours (lack of monitoring/assessment)

Privacy •Concerns over being monitored
- Were not concerned or faded due to: the module domain, invisibility, not parts of sum assessment
- More concerning for low contributors
- Positive motives to show for the tutors for high contributors



Ouyang, F., Xu, W., & Cukurova, M. (2023). An artificial intelligence-driven learning analytics method to examine the collaborative problem-solving process from the complex 
adaptive systems perspective. International Journal of Computer-Supported Collaborative Learning, 18(1), 39-66.
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(Potentially) more in the future?

AI in Education: A vision for the future
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