
The Future of Education in the Age of 
Generative Artificial Intelligence

Dragan Gašević

June 26th, 2023
Faculty of Education
University of Hong Kong



Generative artificial intelligence

Generating data* 
in response to prompts

*text, image, video, program code



Generative artificial intelligence

Many debates to sensemake
uncertainty linked to generative AI





Debates about assessment in 
the age of artificial intelligence



https://tech.ed.gov/ai-future-of-teaching-and-learning/
https://tech.ed.gov/ai-future-of-teaching-and-learning/



Today’s talk

What are promises, concerns, and 
needs for education in the age of AI? 



Key takeaway 1

Much promise for guiding, teaching 
support, and assessment/feedback  



Key takeaway 2

Significant concerns about reliability, 
bias, workload, and consent



Key takeaway 3

Transition from commentaries to 
research to understand implications



PROMISE – CONCERN – NEED – FINAL REMARKS



Uses of LLMs in education

Yan, L., Sha, L., Zhao, L., Li, Y., Martinez-Maldonado, R., Chen, G., Li, X., Jin, Y., Gašević, D. (2023). Practical and Ethical Challenges of Large Language Models in 
Education: A Systematic Literature Review. Submitted for review. https://arxiv.org/abs/2303.13379



Large language models for 
guiding and tutoring

Swiecki, Z., Khosravi, H., Chen, G., Martinez-Maldonado, R., Lodge, J. M., Milligan, S., ... & Gašević, D. (2022). Assessment in the age of artificial 
intelligence. Computers and Education: Artificial Intelligence, 3, 100075.
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Singer, N. (2023, June 8). Not Just Math Quizzes: Khan Academy’s Tutoring Bot Offers Playful Features. The New York Times. 
https://www.nytimes.com/2023/06/08/business/khanmigo-tutor-chat.html

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

Student tutoring

Creativity support

https://www.nytimes.com/2023/06/08/business/khanmigo-tutor-chat.html


Writing, 
debugging and 
explaining code

Khorsavi, H. (2023). ChatGPT and the Future of Education. GRAILE Webinar, https://www.youtube.com/watch?v=m7F6VhOkoYc



Provide step-by-
step solutions to 
questions from 

many disciplines

Khorsavi, H. (2023). ChatGPT and the Future of Education. GRAILE Webinar, https://www.youtube.com/watch?v=m7F6VhOkoYc



Large language models for 
content generation and design support
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Support 
learning 

designers

Bakharia, A. (2023). Act as a Learning Designer — Getting ChatGPT to Generate an Online Module. https://aneesha.medium.com/act-as-a-learning-designer-
getting-chatgpt-to-generate-an-online-module-8a16a2813bd6



Generate items for assessments



Singer, N. (2023, June 8). Not Just Math Quizzes: Khan Academy’s Tutoring Bot Offers Playful Features. The New York Times. 
https://www.nytimes.com/2023/06/08/business/khanmigo-tutor-chat.html

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

Teacher development

https://www.nytimes.com/2023/06/08/business/khanmigo-tutor-chat.html


GPTeach – teacher development

Markel, J. M., Opferman, S. G., Landay, J. A., & Piech, C. (2023). GPTeach: Interactive TA Training with GPT Based Students. In Proceedings of the 10th ACM 
Conference on Learning at Scale (in press). ACM Press. https://doi.org/10.35542/osf.io/r23bu



Large language models for 
automated feedback
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Providing feedback on written products

More readable than instructor-generated feedback

Limited alignment with human instructor (positive vs negative)

Provides traces of process level feedback

Dai, W., Lin, J., Jin, H., Li, T., Tsai, Y-S., Gašević, D., Chen, G. (2023). Can large language models provide feedback to students? A case study on ChatGPT. In
Proceedings of the 23rd IEEE International Conference on Advanced Learning Technologies (In press). IEEE.



LMMs (classification) for writing analytics

http://floraproject.org

All this is 
based on 

LLM 
classification



LMMs (classification) for writing analytics

http://floraproject.org

All this is 
based on 

LLM 
classification



Chatbot to provide writing guidance

http://floraproject.org



Chatbot to provide writing guidance

http://floraproject.org



Assessment in 
the age of artificial intelligence

Swiecki, Z., Khosravi, H., Chen, G., Martinez-Maldonado, R., Lodge, J. M., Milligan, S., ... & Gašević, D. (2022). Assessment in the age of artificial 
intelligence. Computers and Education: Artificial Intelligence, 3, 100075.
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Opportunities provided by AI

onerous

discrete

uniform

inauthentic

antiquated
Swiecki, Z., Khosravi, H., Chen, G., Martinez-Maldonado, R., Lodge, J. M., Milligan, S., ... & Gašević, D. (2022). Assessment in the age of artificial 
intelligence. Computers and Education: Artificial Intelligence, 3, 100075.

feasible 

continuous

adaptive

authentic

modern



Opportunities provided by AI

onerous

discrete

uniform

inauthentic

antiquated
Swiecki, Z., Khosravi, H., Chen, G., Martinez-Maldonado, R., Lodge, J. M., Milligan, S., ... & Gašević, D. (2022). Assessment in the age of artificial 
intelligence. Computers and Education: Artificial Intelligence, 3, 100075.
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Feasible assessment

Writing assessment

Oliveira, H., Ferreira Mello, R., Barreiros Rosa, B. A., Rakovic, M., Miranda, P., Cordeiro, T., ... & Gasevic, D. (2023). Towards explainable prediction of essay cohesion in 
Portuguese and English. In Proceedings of the13th International Learning Analytics and Knowledge Conference (pp. 509-519).
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Yan, L., Sha, L., Zhao, L., Li, Y., Martinez-Maldonado, R., Chen, G., Li, X., Jin, Y., Gašević, D. (2023). Practical and Ethical Challenges of Large Language Models in 
Education: A Systematic Literature Review. Submitted for review. https://arxiv.org/abs/2303.13379



Assessment support tools

http://floraproject.org



Continuous assessment

Process measurement is 
the dark side of assessment



Chatbot to provide writing guidance

http://floraproject.org



Chatbot to provide writing guidance

http://floraproject.org



Mapping trace data to processes

van der Graaf, J., Lim, L., Fan, Y., Kilgour, J., Moore, J., Bannert, M., ... & Molenaar, I. (2021). Do instrumentation tools capture self-regulated learning?. 
In Proceedings of the 11th International Learning Analytics and Knowledge Conference (pp. 438-448).

Clickstreams, 
mouse moves, 
keystrokes, 
eye gaze

Highlighter 

Note taker

Search tools

Note taker

Timer

Planner

ChatGPT

Integration

…

Action 
mapping 
engine

Orientation

Planning

Evaluation

Monitoring

First reading

Rereading

Elaboration/
Organization

Metacognition

Cognition

Moodle

FLoRA SRL Processes



Process assessment in essay scoring

Raković, M., Iqbal, S., Li, T., Fan, Y., Singh, S., Surendrannair, S., ... & Gašević, D. (2023). Harnessing the potential of trace data and linguistic analysis to predict 
learner performance in a multi‐text writing task. Journal of Computer Assisted Learning, 39, 3, 703-718.



Process assessment

Raković, M., Iqbal, S., Li, T., Fan, Y., Singh, S., Surendrannair, S., ... & Gašević, D. (2023). Harnessing the potential of trace data and linguistic analysis to predict 
learner performance in a multi‐text writing task. Journal of Computer Assisted Learning, 39, 3, 703-718.



Process assessment

Raković, M., Iqbal, S., Li, T., Fan, Y., Singh, S., Surendrannair, S., ... & Gašević, D. (2023). Harnessing the potential of trace data and linguistic analysis to predict 
learner performance in a multi‐text writing task. Journal of Computer Assisted Learning, 39, 3, 703-718.

  

 
 

 



Process assessment

Raković, M., Iqbal, S., Li, T., Fan, Y., Singh, S., Surendrannair, S., ... & Gašević, D. (2023). Harnessing the potential of trace data and linguistic analysis to predict 
learner performance in a multi‐text writing task. Journal of Computer Assisted Learning, 39, 3, 703-718.



Modern assessment 

What skills should we measure in 
the times of generative AI? 

Swiecki, Z., Khosravi, H., Chen, G., Martinez-Maldonado, R., Lodge, J. M., Milligan, S., ... & Gašević, D. (2022). Assessment in the age of artificial 
intelligence. Computers and Education: Artificial Intelligence, 3, 100075.



Li, Y., Sha, L., Yan, L., Lin, J., Raković, M., Galbraith, K., ... & Chen, G. (2023). Can Large Language Models Write Reflectively. Computers and Education: Artificial 
Intelligence, 4, 100140.

Large language models can create 
written products that score highly

Modern assessment 



PROMISE – CONCERN – NEED – FINAL REMARKS



Limitations

Generative AI techniques 
are not flawless

Ji, Z., Lee, N., Frieske, R., Yu, T., Su, D., Xu, Y., ... & Fung, P. (2023). Survey of hallucination in natural language generation. ACM Computing Surveys, 55(12), 1-38.
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Marcus, G., & Davis, E. (2019). Rebooting AI: Building artificial intelligence we can trust. Vintage.

No reasoning and planning, 
no sense of truthfulness,
no temporal and spatial awareness,
no casual inference, 
no common sense,
no comprehension



Borji, A. (2023). A Categorical Archive of ChatGPT Failures. arXiv:2302.03494v7



Workload implications of 
artificial intelligence in education
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Aspiration

AI will increase productivity to focus 
on things that matter the most



Challenge

Productivity != Workload

How do we deal with 
increased complexity of working and learning with AI?

Bogost, I. (2023, Feb 3). ChatGPT Is About to Dump More Work on Everyone, The Atlantic, https://www.theatlantic.com/technology/archive/2023/02/chatgpt-
ai-detector-machine-learning-technology-bureaucracy/672927/



Challenge

“It helped, but sometimes its errors caused 
more work than doing the task manually.”

Abril, D. (2023, Feb 2). Can ChatGPT help me at the office? We put the AI chatbot to the test. Washington Post, 
https://www.washingtonpost.com/technology/2023/02/02/chatgpt-work-ai-uses/



Brynjolfsson, E., Li, D., & Raymond, L. R. (2023). Generative AI at work (No. w31161). National Bureau of Economic Research.



Workload

Productivity != Workload

Automatic feedback is not associated with decreased teaching load

Cavalcanti, A. P., Barbosa, A., Carvalho, R., Freitas, F., Tsai, Y. S., Gašević, D., & Mello, R. F. (2021). Automatic feedback in online learning environments: A 
systematic literature review. Computers and Education: Artificial Intelligence, 2, 100027.



Ethical implications of 
artificial intelligence in education
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LLMs can negatively affect student 
learning experiences

Deferring decisions made by such models
Labelling AI-generated content with a warning message

Privacy  issues 

Schneider, J, Richner, R., & Riser, M. (2023). Towards trustworthy autograding of short, multi-lingual, multi-type answers. International Journal of Artificial 
Intelligence in Education, 33(1), 88–118 .
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Tier 1
Transparent to AI researchers and 

practitioners

Tier 2
Transparent to educational 

technology expert and enthusiasts

Tier 3
Transparent to educators, learners,  

and parents

0

LLMs-based System Transparency

Yan, L., Sha, L., Zhao, L., Li, Y., Martinez-Maldonado, R., Chen, G., Li, X., Jin, Y., Gašević, D. (2023). Practical and Ethical Challenges of Large Language Models in 
Education: A Systematic Literature Review. Submitted for review. https://arxiv.org/abs/2303.13379



Consent

No good mechanism to track where 
and how data are used

Giving students control

Baker, R. S., Hutt, S., Bosch, N., Ocumpaugh, J., Biswas, G., Paquette, L., Munshi, A., & Nasiar, N. (2023). Data-Driven Classroom Interviewing: Data Science to Target 

Qualitative Research. Edarxiv pre-print. https://doi.org/10.35542/osf.io/xsb4a



Consent

Gregorio, G. D., & Pollicino, O. (2023, April 20). ChatGPT: Lessons learned from Italy’s temporary ban of the AI chatbot. The Conversation. 
http://theconversation.com/chatgpt-lessons-learned-from-italys-temporary-ban-of-the-ai-chatbot-203206

http://theconversation.com/chatgpt-lessons-learned-from-italys-temporary-ban-of-the-ai-chatbot-203206


Consent

Hard to unlearn something once 
private data are used for training LLMs 



Consent

Difficulty to know when something 
private may come up



Are large language models fair?

Sha, L., Li, Y., Gasevic, D., & Chen, G. (2022). Bigger Data or Fairer Data? Augmenting BERT via Active Sampling for Educational Text Classification. In Proceedings of 
the 29th International Conference on Computational Linguistics (pp. 1275-1285).

Fairness

4



Large language models



Equity

Languages

English

Chinese

Vietnamese

Spanish

Italian

German

Croatian

Indonesian

Japanese

Romanian

Russian

Swedish

Accessibility

Yan, L., Sha, L., Zhao, L., Li, Y., Martinez-Maldonado, R., Chen, G., Li, X., Jin, Y., Gašević, D. (2023). Practical and Ethical Challenges of Large Language Models in 
Education: A Systematic Literature Review. Submitted for review. https://arxiv.org/abs/2303.13379



Bias

Midjourney v4

Prompt: 
patriotic, dog, superhero.



Bias in LMMs

Sha, L., Li, Y., Gasevic, D., & Chen, G. (2022). Bigger Data or Fairer Data? Augmenting BERT via Active Sampling for Educational Text Classification. In Proceedings of 
the 29th International Conference on Computational Linguistics (pp. 1275-1285).

AL – active learning; QBC – Query By Committee; LAL – Learning Active Learning; LCC – Least 
Confident Classification (LCC); Tmax – the maximum times of additional BERT pretraining.   



Bias in LMMs

Sha, L., Li, Y., Gasevic, D., & Chen, G. (2022). Bigger Data or Fairer Data? Augmenting BERT via Active Sampling for Educational Text Classification. In Proceedings of 
the 29th International Conference on Computational Linguistics (pp. 1275-1285).

AL – active learning; QBC – Query By Committee; LAL – Learning Active Learning; LCC – Least 
Confident Classification (LCC); Tmax – the maximum times of additional BERT pretraining.   



Need to estimate bias in modern LLMs 
on relevant downstream tasks

Bias is prompting is particularly concerning

Large language models



PROMISE – CONCERN – NEED – FINAL REMARKS



Developing and measuring AI literacy

Gašević, D., Siemens, G., & Sadiq, S. (2023). Empowering learners for the age of artificial intelligence. Computers and Education: Artificial Intelligence, 4, 
100130.
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Eloundou, T., Manning, S., Mishkin, P., & Rock, D. (2023). GPTs are GPTs: An early look at the labor market impact potential of large language models. arXiv
preprint arXiv:2303.10130. 



Need for AI literacy

Weiser, B. (2023). Here’s What Happens When Your Lawyer Uses 
ChatGP. https://www.nytimes.com/2023/05/27/nyregion/avianca-
airline-lawsuit-chatgpt.html

Carrick, D., & Kesteven, S. (2023, June 24). ‘Use with caution’: How 
ChatGPT landed this US lawyer and his firm in hot water. ABC News. 
https://www.abc.net.au/news/2023-06-24/us-lawyer-uses-chatgpt-to-
research-case-with-embarrassing-result/102490068



Challenge

What is AI literacy for 
learners and educators? 

Long, D., & Magerko, B. (2020, April). What is AI literacy? Competencies and design considerations. In Proceedings of the 2020 CHI conference on human factors 
in computing systems (pp. 1-16).



Conceptualizing AI literacy

Ng, D. T. K., Leung, J. K. L., Chu, S. K. W., & Qiao, M. S. (2021). Conceptualizing AI literacy: An exploratory review. Computers and Education: Artificial Intelligence, 
2, 100041.

Create 

Evaluate

Analyze

Apply

Understand

Know 
Use information in new situations 
Copy, reproduce, recall, and memorize new AI concepts

Explain ideas and concepts
Describe, explain, interpret, and demonstrate the meaning of AI

Use information in new situations
Execute, implement, use, and apply AI applications in different contexts 

Draw connections among ideas 
Organize, compare, decompose, and abstract an AI problem

Justify a stand or decision 
Appraise, predict, detect, and justify decisions with AI applications

Produce new or original work 
Design, assemble, construct, build, and develop AI applicationsCreate



The capabilities for a world with AI 

Markauskaite, L., Marrone, R., Poquet, S., Knight, S., Martinez-Maldonado, R., Howard, S., Tondeur, J., de Laat, M., Buckingham Shum, S., Gašević, D., Siemens, 
G. (2022). Rethinking the entwinement between artificial intelligence and human learning: What capabilities do learners need for a world with AI?. Computers 
& Education: Artificial Intelligence, 3, 100056.



Human and artificial cognition

Siemens, G., Marmolejo-Ramos, F., Gabriel, F., Medeiros, K., Marrone, R., Joksimovic, S., & de Laat, M. (2022). Human and artificial cognition. Computers and 
Education: Artificial Intelligence, 3, 100107.



Automation vs control 

Shneiderman, B. (2022). Human-Centered Artificial Intelligence. Oxford University Press

Human

Machine

C
o

n
tr

o
l

Low High
Automation

Reliable, safe, 
trustworthy



Challenge

How do we assess AI literacy?

Going beyond self-reports



Connections of processes and technology

Siadaty, M., Gašević, D., & Hatala, M. (2016). Measuring the impact of technological scaffolding interventions on micro-level processes of self-regulated 
workplace learning. Computers in Human Behavior, 59, 469-482.



Challenge

Understanding impact on learning 
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Challenge

Fluence is not a bliss for learning

How do we deal with fluency bias and ‘lazy’ metacognition?

Bjork, R. A., Dunlosky, J., & Kornell, N. (2013). Self-regulated learning: Beliefs, techniques, and illusions. Annual review of psychology, 64, 417-444.



Challenge

Sensemaking paradox 
gets even more serious

Butcher, K. R., & Sumner, T. (2011). Self-directed learning and the sensemaking paradox. Human–Computer Interaction, 26(1-2), 123-159.



Challenge

Writing is an important learning tool

What happens when much of that tool is offloaded to 
generative AI? 



Challenge

Asking quality questions is 
an important learning tool

How do we promote development skills for question asking? 

Graesser, A., Ozuru, Y., & Sullins, J. (2010). What is a good question? In M. G. McKeown & L. Kucan (Eds.) Bringing research to life (pp. 112-141). Guilford Press.



Challenge

Methodological rigor is critical

We need to see sound evidence for all the claims made about 
the power of generative AI in education



Challenge

Chowdhuri, R., Deshmukh, N., & Koplow, D. (n.d.). No, GPT4 can’t ace MIT. Notion. Retrieved 26 June 2023, from https://bit.ly/No-GPT4-can-t-ace-MIT



Limited understanding of 
chatbots in education based on LLMs



Beettle II: adaptable tutorial dialogue system

Dzikovska, M., Steinhauser, N., Farrow, E., Moore, J., & Campbell, G. (2014). BEETLE II: Deep natural language understanding and automatic feedback 
generation for intelligent tutoring in basic electricity and electronics. International Journal of Artificial Intelligence in Education, 24, 284-332.



AutoTutor family of dialogue tutors

Nye, B. D., Graesser, A. C., & Hu, X. (2014). AutoTutor and family: A review of 17 years of natural language tutoring. International Journal of Artificial 
Intelligence in Education, 24, 427-469.



Chatbots for self-regulated learning

Guan, R., Raković, M., Chen, G., Gašević, D. (2023). How Educational Chatbots Support Self-Regulated Learning? A Systematic Review of the Literature. 
Submitted for review. 

Similar to 
learning analytic 
dashboards, but 
complementary



PROMISE – CONCERN – NEED – FINAL REMARKS



Need to broaden understanding  of
learning with, about, and despite gen AI



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



Global Research Alliance for AI in Learning and Education www.graile.ai

Interested in participating in 
shaping further developments in AI in Education?

www.graile.ai
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