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Keeping up with a world in transition

Political & environmental challenges AI exponential rise in almost all 
everyday domains

Various staff shortages, economic 
uncertainty, rise of extremist 

movements, etc

A very long list of what is challenging in 
today’s world

2



● Learn how to learn independently & face 
uncertainty

Strategies needed to face today’s 
world in a transition .. to name a few

Epistemic curiosity-based skills

Higher-level skills needed to acquire/ 
adopt such strategies

Metacognition-based skills
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● Learn how to navigate efÏciently through 
large and various knowledge sources

● …

Keeping up with a world in transition



Why this particular focus on curiosity and metacognition?

Credits: Marie Spénale

Curiosity is an intrinsic drive 
for exploration (Kidd et al., 2015)

It facilitates independent learning, 
discovery & academic achievement 

(Gruber et al., 2020; Gottfried et 
al.,2016)

Oudeyer et al., 2016

4Murayama et al., 2019



Why this particular focus on curiosity and metacognition?
Metacognition 

The ability to:

Know, monitor & control

one’s own learning to reach 
better cognition (Kashdan et 
al., 2018)

Metcalfe et al., 2020
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Being able to:

● Reflect on current knowledge status

● Identify missing information/ desired knowledge 
gain

● Adopt directed information-seeking behavior to 
reach the learning goal



If so important, why are these skills missing in today’s classrooms?

Learning strategies for 
today’s context

Promote curiosity-driven 
information-search

Promote strong 
metacognitive skills 

Goals
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● Educate about curiosity and its role in learning

● Facilitate comfort with uncertainty, etc

● Encourage self-determined learning

● Teach and practice metacognition

Obstacles
● Lack of time 

● Lack of targeted open-access pedagogical resources 

From the teachers’ side
● Tendency to have negative perceptions of curiosity

● Lack of motivation/ engagement

● Metacognitive “immaturity”

From the students’ side



How to support teachers promote curiosity-driven learning skills among students?

Curiosity-driven 
questions 

Generate 
new knowledge

UncertaintyKnowledge gap

Wow! Where does a 
rainbow come 

from?

High-level 
& divergent

Murayama et al., 2019

Example for a curiosity-driven learning cycle through question-asking

Metacognition (MC)

→ Train divergent question-asking as a lever for curiosity, through the promoting of these specific MC skills.



Thesis specific goals, methods and investigations
How to leverage technology to support teachers in promoting divergent QA and related metacognitive skills?

MetaTutor (Azevedo et al., 2020)
to train self-regulated learning 

KidLearn (Clément et al., 2018)
to adapt learning sequences and optimize progress

Positive impact on:
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● Learning outcomes

● Intrinsic motivation

● Metacognitive 
efÏciency



Thesis specific goals, methods and investigations

● Affordable teaching materials

● Strong personalized learning 
plans

● EfÏcient and instant feedback

● Interactive activities

● …

Potential of Generative Artificial 
Intelligence (GenAI) in education
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How to leverage technology to support teachers in promoting divergent QA and related metacognitive skills?



Thesis specific goals, methods and investigations
Research questions
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● (How) Can we train curious divergent QA? 

● (How) Are these different trainings impacting students’ 
spontaneous curious divergent QA and exploratory 
behaviors?

● (How) Are these trainings impacting learning?

● How can we leverage GenAI to facilitate the implementation 
of curiosity trainings and their use by teachers?

Metacognition

Curiosity 
perception

Curious 
divergent QA

?

?

Exploration Learning

?

GenAI

(How) Can we train metacognition and enhance the social 
perceptions of curiosity? And how can such trainings 
impact curious divergent QA behaviors in the classroom?

● (How) Can we train metacognition and enhance the social 
perceptions of curiosity? 



Thesis specific goals, methods and investigations

Fundamental cognitive science:
(curiosity, question-asking & metacognition 

models)

Factors that facilitate 
curious divergent QA

RATIONALE

Instructional design 
principles to train them

MATERIALS

Teachers Generative AI

Pedagogical activities 
(to train curious divergent QA 

and metacognition)

Design of open-access educational tools 
(to train curiosity-driven QA and its related metacognitive 

skills)

METHODS

Empirical test with students aged between 9 and 11. Impact of 
the tools on:

● Curious divergent QA behaviors 
● Curiosity perceptions
● Learning

INVESTIGATIONS

11



Thesis specific goals, methods and investigations
Presentation outline
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BACKGROUND & EMPIRICAL 
CONTRIBUTIONS

Design rationale

Trainings implementation

Exploring GPT-3 
as a training lever

SOME RESULTS

Intra-training assessment

Performance outcome 
(curiosity-driven behaviors & learning)

GPT-3 pedagogical reliability

DISCUSSION

Results & Takeaways

Limitations

Perspectives & future 
directions



Background 
& 

Empirical contributions

1. Theoretical background
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   2. “KidsAsk”

   3. “KidsReflect”

   4. Results summary & takeaways



A curiosity-driven learning framework (Murayama et al., 2019; Oudeyer et al., 2016) 
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Awareness of a knowledge 
gap

Information-seeking 
behavior (through 
question-asking)

Acquisition of knowledge 
(Learning Progress)

Moderators (evaluating the 
perceived cost, comfort with 

uncertainty…)

Extraneous factors (random 
encounters, …)

Rewarding 
experience

(Value signal)

comparison

Knowledge-base

Expected (intrinsic) reward 
value of new information Generation of new 

questions

Satiation

Conceptual 
metacognitive factors

Procedural Metacognitive 
factors

Linguistic 
factors

Murayama, K., FitzGibbon, L., & Sakaki, M. (2019). Process account of curiosity and interest: A reward-learning perspective. Educational Psychology Review, 31, 875-895.

Oudeyer, P-Y., Jacqueline Gottlieb, and Manuel Lopes. "Intrinsic motivation, curiosity, and learning: Theory and applications in educational technologies." Progress in brain research 229 (2016): 257-284.



Facilitating curiosity-driven learning through helping the different factors
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● Provide linguistic assistance to formulate KGs into divergent questions

● Provide cues to make knowledge gaps (KGs) explicit

FACTORS INSTRUCTIONAL DESIGN PRINCIPLES (IDPs) TRAINING

● Provide declarative knowledge about curiosity and benefits for learning

● Positivise social perceptions of QA

● Support identifying KGs autonomously

● Support formulating guesses about them

● Support pursuing the KG

● Support evaluating new information & comparing it to an initial KG

“KidsAsk”

“KidsReflect” - 
Part I

“KidsReflect” - 
Part II

Conceptual 
metacognitive factors

Procedural 
metacognitive factors

Linguistic factors



The Pedagogical agent (PA) facilitates curious 
divergent QA by giving 2 cues:
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Presenting the “KidsAsk” training (Abdelghani et al., 2022)

● To transform it into a clear divergent 
question 

Linguistic 
factors

Abdelghani, R., Oudeyer, P. Y., Law, E., de Vulpillières, C., & Sauzéon, H. (2022). Conversational agents for fostering curiosity-driven learning in children. International Journal of Human-Computer Studies, 167, 102887.

● To propose a possible knowledge gap

Training duration: 18 questions to be generated



The Pedagogical agent (PA) facilitates curious 
divergent QA by giving 2 cues:
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Presenting the “KidsAsk” training (Abdelghani et al., 2022)

● To transform it into a clear divergent 
question 

Linguistic 
factors

Abdelghani, R., Oudeyer, P. Y., Law, E., de Vulpillières, C., & Sauzéon, H. (2022). Conversational agents for fostering curiosity-driven learning in children. International Journal of Human-Computer Studies, 167, 102887.

● To propose a possible knowledge gap

Training duration: 18 questions to be generated
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Presenting the “KidsAsk” training (Abdelghani et al., 2022)

A maximum of 9 videos to be explored in total
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Links examined with “KidsAsk”

Curiosity perception

Metacognition
Divergent QA

KidsReflect - Part I

KidsReflect - Part II
During the training & in new context

Exploration Learning

KidsAsk
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Study design KidsAsk Divergent QA

● 51 students 9 -10 YO
● Pseudo-randomized assignment (2 conditions: KG propositions vs. no KG propositions)
● A total of 18 questions (3 texts of their topic with linguistic assistance)

Manual annotations of the 
questions generated : 

● Divergence
● Syntactic quality
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Some highlight results KidsAsk Divergent QA
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→ A better training of divergent QA and a stronger transfer of the skill in different learning contexts

QA performance during the training QA performance during the free question-guided 
exploration

Experimental: With KG propositions
Control: No KG propositions
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Exploration Learning

→ Longer exploration and stronger domain-knowledge learning progress

Ti
m

e 
sp

en
t 

in
 e

xp
lo

ra
tio

n 
(s

)

Condition

Q
ui

z 
sc

or
e 

(m
ax

=9
)

Condition

Two-way ANOVA: F(1,49)=4.31,p=0.004

Some highlight results

● Time spent in exploration was correlated 
to the QA performance in the training 
(ANCOVA: F=4.1, p=0.04)

● Learning progress was correlated to the 
QA performance in the exploration 
(ANCOVA: F=3.67, p=0.05)

Time spent in exploration Pre-post intervention learning 
progress

Divergent 
QA

Experimental: With KG propositions
Control: No KG propositions
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→ Initial attitude is rather low & no change in curiosity perception 
for the two groups

Some highlight results

Pre-post intervention curiosity perception
A
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Two-way ANOVA: F(1,49)=0.28, p=0.5

Post, T., & Walma van der Molen, J. H. (2019). Development and validation of a questionnaire to measure primary school children’s images of and attitudes towards curiosity (the CIAC questionnaire). Motivation and 
emotion, 43, 159-178.

Experimental: With KG propositions
Control: No KG propositions



Conceptual metacognitive factors
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Presenting part I of the “KidsReflect” training (Abdelghani et al., 2023)

Extract example from video 1 storyboard:
Motivation types & curiosity

Videos content

Conceptual MC 
factors

Video 1: Motivation types 
& curiosity

* Intrinsic (IM) vs. extrinsic (EM)  
   motivation 

* Curiosity as an IM

* Benefits of IM

Video 2: Importance of curiosity 
in learning 

* Learning and Memory

* Attention

* Autonomy & self-competence

Abdelghani, R., Law, E., Desvaux, C., Oudeyer, P. Y., & Sauzéon, H. (2023, June). Interactive environments for training children’s curiosity through the practice of metacognitive skills: a pilot study. In Proceedings of the 
22nd Annual ACM Interaction Design and Children Conference (pp. 495-501).
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Procedural metacognitive factors
Presenting the declarative component of part II of the “KidsReflect” training

Extract example from video 1 storyboard:
Metacognition & its basic skills

Procedural MC 
factors

Videos content

Video 1: Metacognition 
& its basic skills

* Metacognition (MC)

* The four MC skills for learning: 
IDENTIFY, GUESS, SEEK, ASSESS

* Embodiment of  4 MC skills 
with 2D characters

Video 2: Linking metacognition 
& curiosity

* Links each of the 4 MC skills 
to curiosity.

* Procedures to use the 4 MC 
skills to trigger and regulate 
curiosity
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Procedural metacognitive factors
Presenting the procedural component of part II of the “KidsReflect” training (Abdelghani et al., 2023)
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Procedural metacognitive factors
Presenting part II of the “KidsReflect” training (Abdelghani et al., 2023)

Step 1 for identifying a knowledge gap

8 texts in total
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Metacognitive factors
Presenting part II of the “KidsReflect” training (Abdelghani et al., 2023)

Step 2 for formulating an educated guess
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Metacognitive factors
Presenting part II of the “KidsReflect” training (Abdelghani et al., 2023)

Step 3 for formulating a divergent question
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Metacognitive factors
Presenting part II of the “KidsReflect” training (Abdelghani et al., 2023)

Step 4 for evaluating newly-acquired information
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Study design

* 86 students 9 -11 YO
* Pseudo-randomized assignment (3 conditions: Full KR vs. Partial KR vs. No KR )

CONDITION KidsReflect

Partial KR

No KR

2 videos curiosity 
perception

2 videos 
metacognition

2 videos curiosity 
perception

2 videos 
metacognition

Web application for 
MC practice

Web application for 
divergent QA practice

Web application for 
divergent QA practice

Web application for 
divergent QA practice

Initial tests
(curiosity perception, divergent QA)

Mid tests
(curiosity perception, divergent QA)

Final tests
(curiosity perception, divergent QA)

Training measures
(understanding of the videos 

& performance in the platform)

Full KR

KidsAsk
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Links examined with “KidsReflect”

Curiosity 
perception

Metacognition
Divergent QA

KidsReflect - 
Part I

KidsReflect - 
Part II

During the training & in new context

Exploration Learning

KidsAsk
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F(2,83) = 17.13, P<0.0001 F(2,83) = 18.95, P<0.0001

Some highlight results

→ Significant decrease in the negative view of curiosity and QA in the classroom with KR, especially in its full form.

Pre-Post negative view of 
curiosity

Pre-Post fear of judgement 
when asking questions

ATEL:             Full KR
VID:          Partial KR
CONTROL:       No KR

Initial:           Pre-KR
Mid:             Post-KR
Final:            Post-KA

Enhancement in CIAC score was 
correlated to the understanding 
scores of the 4 videos:

ANCOVA: F=19.62, p<0.0001

Curiosity perceptionKidsReflect +
KIdsAsk
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Divergent QAKidsReflect +
KIdsAsk

Some highlight results

Divergent QA performance 
during “KidsAsk” was correlated 
to the understanding scores of 
the 4 videos:

ANCOVA: F=19.93, p<0.0001

→ Stronger training and transfer of the divergent QA skill with KR, especially in its full form.
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F(2,83) = 6.45, P<0.002 F(2,83) = 2.83, P=0.05

Divergent QA 
performance in “KidsAsk” 

Pre-Post divergent QA 
performance

And to the performance during 
the KR platform:

ANCOVA: F=33.31, P<0.0001

ATEL:             Full KR
VID:          Partial KR
CONTROL:       No KR

Initial:           Pre-KR
Mid:             Post-KR
Final:            Post-KA
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Intermediate summary

Curiosity 
perception

Metacognition

Curious
Divergent QAKidsReflect

During training & in new context

Exploration Learning

KidsAsk



Exploring the potential of GenAI as 
lever for curiosity training
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1. Background

   2. A GPT-3-driven “KidsAsk”

   3. Results summary & takeaways

   4. Limitations & perspectives



Background

● Design and validate expert-inspired prompting 
approaches

→ Provide easy-to-use guidelines for teachers to create 
divergent QA trainings with LLMs

THE TRAININGS ARE STILL HARD TO USE

● Time-costly & effortful

● Not easily transferable 

→ It is still difÏcult for teachers to adopt as a method

END GOAL

Large Language Models (LLMs) can be a part of the solution But:

● Still not validated pedagogically

● Need for good prompting strategies for efÏcient input

WHAT IF WE AUTOMATE THE PROCESS ?

METHODS

37

Educational tasks
Divergent 

QA-eliciting cues

GPT-3

Design and test different prompt 
structures 



Structure for the help proposed by the agent

Proposition of the KG

Linguistic help

A specific piece of information related but not 
stated in the educational resource 

A questioning word to formulate the 
question that seeks this information

The “closed” structure (same as “KidsAsk”)

Hints to think of a KG

Linguistic help

The “open” structure
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● Too stringent

● May not be convenient to all learners

● Expert-guided rather than student-guided

● Supports agentivity

● May correspond more to the learners’ ZPD

● Student-guided

A list of important words related to the text 
that could lead to think of a several KGs

A list of questioning words that could be 
used to formulate divergent questions



Structure for the help proposed by the agent

Example Example

→ Leads to one question: “what is the difference between 
vaccines and medicine?”

Cue 1: ”The vaccine prevents the disease, the medicine treats it”

Cue 2: “what is the difference”

Can lead to several questions: “what is the role of 
vaccine?”, “what is the role of medicine?” “Why is 

vaccine different from medicine?”, etc.

Cu1: ”vaccine, medicine, role”

Cue 2: “what, how, why”

39

The “closed” structure The “open” structure

Abdelghani, R., Wang, Y. H., Yuan, X., Wang, T., Lucas, P., Sauzéon, H., & Oudeyer, P. Y. (2024). GPT-3-driven pedagogical agents to train children’s curious question-asking skills. International Journal of Artificial 
Intelligence in Education, 34(2), 483-518.

Cues generated using GPT-3, using a step-by-step prompting approach in a zero-shot setting (after 
exploration) 
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Examining the cues quality
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→ Using manual annotations by experts, GPT-3-generated curiosity-eliciting cues had similar semantic quality to hand-generated ones.

* 108 cues of each type were evaluated
* They relate to 6 different topics 

Hand-crafted incentive (control): “closed” KGs generated by hand
Automated incentive (GPT-3 analog): “closed” KGs, generated by GPT-3
Automated open (new structure): “open” KGs, generated by GPT-3

Semantic relatedness of the cues Divergence level of the cues



Implementing WS2 of “KidsAsk” using GPT-3: a prompt-based approach

41

KidsAsk” with “closed” cues



Implementing WS2 of “KidsAsk” using GPT-3: a prompt-based approach

42

“KidsAsk” with “open” cues
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Some highlight results
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→ Using manual annotations by experts, “closed” GPT-3-generated curiosity-eliciting cues had similar 
impact on students’ divergent QA. The “open” structure seems to have a stronger impact.

* 75 students 9 -11 YO
* Pseudo-randomized assignment (3 conditions: control vs GPT-3 analog vs new structure)
* A total of 18 questions were generated during the training (3 texts of the chosen topic)

Percent. of divergent QA questions generated Syntactic quality of the questions generated Hand-crafted 
incentive 
(control): “closed” 
KGs generated by 
hand

Automated 
incentive (GPT-3 
analog): “closed” 
KGs, generated by 
GPT-3

Automated open 
(new structure): 
“open” KGs, 
generated by 
GPT-3



Intermediate summary
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If used with the appropriate strategies, GenAI can be an efÏcient tool to help train curiosity-driven question-asking.

Xiao, Z., Yuan, X., Liao, Q. V., Abdelghani, R., & Oudeyer, P. Y. (2023, March). Supporting qualitative analysis with large language models: Combining codebook with GPT-3 for deductive coding. In Companion 
proceedings of the 28th international conference on intelligent user interfaces (pp. 75-78).

However:

● What about more recent models ?

● What about reproducibility?

● We are lacking real-time feedback for the questions’ type and 
quality entered by the students.

Cohen’s k for question complexity

Cohen’s k for syntactic structure



Discussion, perspectives 
& future directions

45

1. Summary of important results

   2. Major limitations

   3. Future limitations

   4. Conclusion
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Results summary
Curiosity 

perception Metacognition Linguistic QA skillsSkills trained

Validated 
training ideas

Assist in KG identification 
&

help transform it into a 
question

Explain curiosity, its 
importance 

& how to use it for a better 
learning

Support uncertainty 
identification, high-level 

guessing 
& LP evaluation 

Ex: KidsAsk Ex: KidsReflect-Part I Ex: KidsReflect-Part II

Observed 
effects

Enhancing curious 
divergent QA 

Curiosity trait
(but only with KR or the open cues of KA)

Enhanced 
exploratory 
behaviors

Enhanced learning 
progress



47

Results summary

Pedagogical content for 
curiosity-eliciting activities

Validated GenAI prompting 
approaches

Easily usable by teachers

Can be adapted to different 
types of activities

Semantic and linguistic 
quality

Divergence level

Impact on students QA

Expert-inspired
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Limitations & Future directions

● All effects are measured immediately after 
training (1 day)

Short duration 
& lack of long-term testing Not very ecological settings

● The training is conducted by the research 
team

● We did not test the transfer in “standard” 
educational activities

● Very limited in time

- Work on transfer of our Instructional Design Principles (IDPs) in pedagogical policies 

2 *complementary* possibilities :

- Work on transfer of our IDPs in industrial learning technologies
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Track 1: transfer in pedagogical settings

Implement the methods in 
low-tech/ ofÒine solutions

A shared project Researchers

Educational 
stakeholders

E.g.: LéA-IFÉ projects

1. Familiarize teachers with 
concepts of curiosity & 
metacognition 

2. Co-design teaching strategies 
that incorporate these concepts

3. Feedback & iteration

4. Create general guidelines with 
example activities for teachers 
to use
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Track 2: transfer in educational technologies

GOAL: Avoid extensive gamification that can hinder learning

Enhance engagement in learning technologies through curiosity-eliciting mechanisms

By replacing it with intrinsic motivation factors 



51

Future directions
How can GenAI can be adapted to support curiosity-driven learning behaviors & Metacognition in 

educational settings?

Abdelghani, R., Sauzéon, H., & Oudeyer, P. Y. (2023). Generative AI in the Classroom: Can Students Remain Active Learners?. arXiv preprint arXiv:2310.03192.

→ Need for the alignment with targeted educational practices
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Future directions

Are our trainings useful in GenAI-enhanced learning environments? 
How to adapt them to?

Abdelghani, R., Sauzéon, H., & Oudeyer, P. Y. (2023). Generative AI in the Classroom: Can Students Remain Active Learners?. arXiv preprint arXiv:2310.03192.

Active knowledge-acquisition with GenAI 

Using GenAI to acquire new knowledge efÏciently requires 
strong metacognitive skills

A lot of similarities between QA skills and prompting skills
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Takeaways, limitations & perspectives
Work-in-progress

GOAL: Find empirical evidence for the role of metacognition, QA skills in facilitating an efÏcient use of GenAI during 
learning

Knowledge of cognition

Prompting skills LearningRegulation of cognition

Perception of GenAI

Knowledge of GenAI

Question-Asking skills

? ?
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