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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



Developing 
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.



Ultimate goal

Developing human skills 
while benefiting from the power 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. arXiv preprint arXiv:2403.16081.
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



Today’s talk

Reimaging the role of assessment in 
the age of AI 



Artificial intelligence

Assessment



Artificial intelligence

Assessment

Products
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Key takeaway #1

Much promise of process assessment 
in authentic situations over time



Key takeaway #2

Limited understanding of combining 
human skills and AI support



Key takeaway #3

Metacognition and process sit at 
the core of assessment for the age of AI



NEW METHODS – NEW CONTEXT–
FINAL REMARKS



Reimaging assessment

Novel ways to enhance 
existing assessment practices 



Opportunities for assessment provided by AI

onerous

discrete

uniform

inauthentic

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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continuous

adaptive

authentic
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Feasible assessment with AI

Wodzak, S., (2023). Interactive tests for interactive skills. duolingo blog, https://blog.duolingo.com/duolingo-english-test-interactive-skills/
Hao, J., von Davier, A. A., Yaneva, V., Lottridge, S., von Davier, M., & Harris, D. J. (2024). Transforming Assessment: The Impacts and Implications of Large Language 
Models and Generative AI. Educational Measurement: Issues and Practice, in press. 

Duolingo English Test  - AI is part of every step



Feasible assessment with AI

Zeng, Z., Gašević, D., Chen. G. (2023). On the effectiveness of curriculum learning in educational text scoring. In Proceedings of 37th AAAI Conference on Artificial 
Intelligence (pp. 14602-1461).

Good reliability in automated scoring of
essays and short answers

“Old fashioned” machine learning, deep learning, LLMs, IRT 



Feasible assessment with AI

Ferreira Mello, R., Fiorentino, G., Oliveira, H., Miranda, P., Rakovic, M., & Gasevic, D. (2022, March). Towards automated content analysis of rhetorical structure of 
written essays using sequential content-independent features in Portuguese. In Proceedings of the 12th International Learning Analytics and Knowledge 
Conference (pp. 404-414).

Good reliability in automated analysis of 
rhetorical structures

“Old fashioned” machine learning, deep learning, LLMs, IRT



Feasible formative assessment with AI

http://floraproject.org

All this is 
based on 

GPT4



Feasible formative assessment with AI
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Effects of feasible formative assessment with AI

Increased judgement of learning 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, submitted.



Effects of formative assessment with AI
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Continuous assessment

Process measurement is 
the dark side of assessment

Machine/deep learning and 
temporal/sequential modeling

Far side of the Moon
https://images.nasa.gov/details-art001e000268



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).
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FLoRA SRL Processes



Process assessment with AI

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 with AI

Saint, J., Gašević, D., Matcha, W., Uzir, N. A. A., & Pardo, A. (2020). Combining analytic methods to unlock sequential and temporal patterns of self-regulated 
learning. In Proceedings of the tenth international conference on learning analytics & knowledge (pp. 402-411).

Plot of student centroids 
(i.e., learning signatures)



Process assessment with AI

Saint, J., Gašević, D., Matcha, W., Uzir, N. A. A., & Pardo, A. (2020). Combining analytic methods to unlock sequential and temporal patterns of self-regulated 
learning. In Proceedings of the tenth international conference on learning analytics & knowledge (pp. 402-411).

Subtraction analysis 
for interpretation



Formative process assessment

http://floraproject.org

Formative 
process 

assessment 
with

generative AI



Formative process assessment

http://floraproject.org
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Effects of formative process assessment

Positive association with 
learning strategy improvement

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).



Effects of formative assessment with AI
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Authentic assessment

Measuring when and where
learning happens



Authentic assessment

Assessment in 
digital space

Assessment in 
physical space
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physical space



Authentic assessment with AI

http://floraproject.org
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http://floraproject.org



Authentic assessment with AI

http://floraproject.org
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generative AI
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Authentic assessment with AI

http://floraproject.org

Formative 
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with

generative AI



What’s missing?

Assessment that has 
all four properties at the same time



What’s missing?

Modern assessment is more than 
measurement  of AI literacy



NEW METHODS – NEW CONTEXT –
FINAL REMARKS



Key challenge

We need to know first 
what we are assessing

1



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. arXiv preprint arXiv:2403.16081.
Shneiderman, B. (2022). Human-centered artificial intelligence. Oxford University Press
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How do we 
conceptualize 
these skills? 

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



Key challenge

Limited evidence of combined
high human and AI-empowered skills 



Key challenge

Limited evidence of combined
high human and AI-empowered skills

Example study #1 – peer feedback



AI support and judgment of learning

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 judgment of learning

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 judgment of learning

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 judgment of learning

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.



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

Benefits remain when 
AI support replaced by scaffolds

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

Scaffolds

Low High
AI support

Low skills

Low

High
High human and 
AI-empowered 

skills

High AI-
empowered 

skills

High human 
skills

Positive, but 
not novel



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

Scaffolds

Low High
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No additive 
effect of 
scaffolds and 
AI support



Key challenge

Limited evidence of combined
high human and AI-empowered skills

Example study #2 – information problem solving



ChatGPT in FLoRA



CN

AI

HE
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Revise essay
by themselves



CN

AI

HE

CL

Revise essay
by themselves



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. (2024). Unpacking Help-Seeking Processes through Multimodal Learning Analytics: A 
Comparative Study of Learning Facilitated by ChatGPT and Human Expert, in preparation. 



Metacognition in information problem solving

Limited evidence of judgment about
information provided by generative AI

Chen, A., Xiang, M., Zhou, J., Jia, J., Shang, J., Li, X., Gašević, Fan, Y. (2024). Unpacking Help-Seeking Processes through Multimodal Learning Analytics: A 
Comparative Study of Learning Facilitated by ChatGPT and Human Expert, in preparation. 

Metacognition



Towards high human and AI-empowered skills
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Ask ChatGPT

Chen, A., Xiang, M., Zhou, J., Jia, J., Shang, J., Li, X., Gašević, Fan, Y. (2024). Unpacking Help-Seeking Processes through Multimodal Learning Analytics: A 
Comparative Study of Learning Facilitated by ChatGPT and Human Expert, in preparation. 



Metacognition in information problem solving

Always observed evidence of judgment 
about human provided information

Chen, A., Xiang, M., Zhou, J., Jia, J., Shang, J., Li, X., Gašević, Fan, Y. (2024). Unpacking Help-Seeking Processes through Multimodal Learning Analytics: A 
Comparative Study of Learning Facilitated by ChatGPT and Human Expert, in preparation. 

Metacognition



Towards high human and AI-empowered skills
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Metacognitive engagement

What are long term implications of 
limited metacognitive activity?

Unreliable information produced by GenAI



Long term effects of AI-support

Scaffolds

Low High
AI support

Low skills

Low

High
High human and 
AI-empowered 

skills

High AI-
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skills

High human 
skills

Concern

High processing fluency influence  
selection of strategy



Kabir, S., Udo-Imeh, D. N., Kou, B., & Zhang, T. (2023). 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

Processing fluency – illusion of truth effect

Inadvertent deception of ChatGPT

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


Towards high human and AI-empowered skills

Scaffolds

Low High
AI support

Low

High
High human and 
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Low skills

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



Corollary #1

Metacognition is a key dimension of 
high human and AI-empowered skills 



Corollary #2 

Longitudinal approach to assessment of 
high human and AI-empowered skills  



Direction

Evidence-centered design

2
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Example

High human and AI-empowered 
medical diagnosing

Student

EvidenceTask



Direction

Tasks to be authentic  

Student

EvidenceTask



Direction
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Direction
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Direction

Tasks to be
over extended period of time

Longitudinal assessment

Student

EvidenceTask



Example

High human and AI-empowered 
medical diagnostics

Student

EvidenceTask



Human skills

http://floraproject.org

Authentic 
task



Scaffolding metacognition



Scaffolding metacognition
Another role: 
Instructing doctors
as scaffolding



AI-empowered skills

http://floraproject.org

我的病人左肘部隐隐作痛。 可能的诊断是
什么？

左肘部钝痛可能由多种原因引起。 一
些可能的诊断包括：

1. 网球肘（外上髁炎）：连接前臂肌肉
和肘部的肌腱发炎。它通常是由于过
度使用或重复动作造成的。

2. 滑囊炎：滑囊发炎，滑囊是一种充满
液体的囊，可以缓冲肘关节。 这可能
是由于外伤、重复运动或感染造成的。

3.关节炎：肘关节炎症，如类风湿性关
节炎或骨关节炎，会导致疼痛和僵硬。

4. 肌肉拉伤或扭伤：过度使用、提重物

或突然运动导致肘部周围的肌肉或韧带
受伤。

5. 牵涉性疼痛：有时肘部的疼痛可能是）

AI support



Metacognition

http://floraproject.org

我的病人左肘部隐隐作痛。 可能的诊断是
什么？

左肘部钝痛可能由多种原因引起。 一
些可能的诊断包括：

1. 网球肘（外上髁炎）：连接前臂肌肉
和肘部的肌腱发炎。它通常是由于过
度使用或重复动作造成的。

2. 滑囊炎：滑囊发炎，滑囊是一种充满
液体的囊，可以缓冲肘关节。 这可能
是由于外伤、重复运动或感染造成的。

3.关节炎：肘关节炎症，如类风湿性关
节炎或骨关节炎，会导致疼痛和僵硬。

4. 肌肉拉伤或扭伤：过度使用、提重物

或突然运动导致肘部周围的肌肉或韧带
受伤。

5. 牵涉性疼痛：有时肘部的疼痛可能是）



Direction

Assessment to include data about 
process and product 

Clicks, mouse/eye 
movements, 
keystrokes

Text and chat 
transcript

Student

EvidenceTask



Assessment of modern skills

Student

EvidenceTask

Rolim, V., Ferreira, R., Lins, R. D., & Gašević, D. (2019). A network-based analytic approach to uncovering the relationship between social and cognitive presences in 
communities of inquiry. The Internet and Higher Education, 42, 53–65.

Combining large language models with epistemic network analysis 



Assessment of modern skills

Student

EvidenceTask

Rolim, V., Ferreira, R., Lins, R. D., & Gašević, D. (2019). A network-based analytic approach to uncovering the relationship between social and cognitive presences in 
communities of inquiry. The Internet and Higher Education, 42, 53–65.

Combining large language models with epistemic network analysis 



Direction

Assessment is feasible and scalable 
due to the use of AI

Student

EvidenceTask



NEW METHODS – NEW CONTEXT –
FINAL REMARKS
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Artificial intelligence

Methods/
Techniques

Context 

provides sets/changes

Formative assessment

used in informed by 

Products
Metacognition

Processes



Prerequisite for assessment in the age of AI

Urgent need to understand combined
high human and AI-empowered skills



AI and human learning

Embracing 
the opportunity

Image: Flaticon.com
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