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GenAI & Education

Prof. Pierre Dillenbourg

1. Learner modeling (for exam)

2. Generative AI (not for exam)

3. Classroom Analytics (not for exam)



What if the learning activity 

that you have designed 


does not work well for  Pierre ?

1. Learner modelling



If you don’t understand the video,

play it again but slower 


If students don’t understand the lecture,

re-explain 


If students don’t master the skill, select a 
more effective learning activity


The learner adapts

The teacher adapts

The system adapts



Adaptive instruction 

Personalized instruction 

Individualized instruction


Recommender system




52 = ?

Learner Modelling



Learner Modelling

52 = 25     ➔   knows X2

52 ≠ 25     ➔  doesn’t know X2

 

From the learner’s behaviour, infer his/her knowledge state



Learner Modelling

confusion (iteration, recursion)

 

 

From the learner’s behaviour, infer his/her knowledge state

?

 

 



52 =

Learner Modelling

52
25
15
10
7

p (knows X2)= 1 ?



Cognitive Diagnosis

Diagnosis Power
(The lower the better)



Learner Modelling

From the learner’s behaviour, infer his/her knowledge state

p (state = knows |  correct-answer)   =    1  –  Guess

p (state = knows |  incorrect-answer) =   0  +  Slip

Bayesian Knowledge Tracing, Corbet & Anderson

Factors that depend upon the response modality



Learner Modelling



b(s) =  watch  video with many pauses

b(s) = post a message “There is a mistake on 
the slide” (and there is one indeed)

b(s) = select correct definition of  SD in a quiz 
with 5 possible definitions

x(s)= [.05 .15 .25. 55]

x(s)= [ .01 .02 .02 .95]

x(s)=[ .15  .40 .30 .15]

From the learner’s behaviours, infer his/her knowledge state

X(S)={lost, active, fine, brilliant} 

H0= 0.94

H0 = .80

H0 = .18

Normalized entropy of the 
diagnosis vector

Diagnosis Power

In a MOOC ?



Question 1

The standard deviation of a distribution is the ......................of the sum 
of …............. from the mean

Question 2

Remove two numbers from this distribution to minimize it’s standard 
deviation : [1  3  3  5  9  9  9 10  11 18 19  25 29]

Which question has the highest diagnosis power ?



Basic approach to reduce uncertainty
Decrease uncertainty by collecting multiple answers



• Because it will maximize the learning gain of the learner ?

How does the teacher/system 

chooses the next question ?

• Because it will maximize the system knowledge about the learner ?

Exploration 

Exploitation



A

B

Learner 1

Learner 2

Learner 3

Learner 4

Learner 5

Learner 6

Learner 7

Learner 8

Learner 9

A

A

A

A

?

Exploration Exploitation Tradeoff 



Learner Modelling

From the learner’s behaviour, infer his/her knowledge state

From the learner’s previous state, predict his/her knowledge state

+



From the learner’s behaviour and his previous state, infer his/her knowledge state





How can I use it in my teaching?

How can students use AI in their studies? 

Which skills become obsolete, which don’t?

What new skills need to be provided?

How can EPFL take advantage of AI?

What about vocational education ?

2. Generative AI



How can students use AI in their studies? 

EPFL Official Communication - October 2023



How can I use it in my learning?

• Find alternative ideas


• Summarize


• Improve form


• ...




How can I use it in my teaching?

• Generate examples


• Generate questions


• Generate feedback


• Generate lesson plans


• ...




Teachers: How can I use it in my teaching?

• Generate examples


• Generate questions


• Generate feedback


• Generate lesson plans


• ...


Solution

Exercise

Human

feedback

AI

feedback

Which one has been generated by a 
human ?


How do you know ?

Which one has been more useful ? 
Why ?

Prof. Tanja Käser, EPFL



Teachers: How can I use it in my teaching?

• Generate examples


• Generate questions


• Generate feedback


• Generate lesson plans


• ...




Lesson Outline:

I. Introduction (15 minutes)

• Welcome students and introduce the concept of mastery learning.
• Discuss the objectives for the session and the importance of mastery learning in education.
• Ask students about their familiarity or previous experience with mastery learning.

II. Understanding Mastery Learning (20 minutes)

• Define mastery learning: Explain how it differs from traditional teaching methods, emphasizing the focus on individual student mastery of 
content.

• Discuss the principles of mastery learning, including self-pacing, personalized instruction, and assessment based on mastery.
• Use examples or case studies to illustrate the concepts.

III. Components of Mastery Learning (25 minutes)

• Break down the key components:
• Clear learning objectives
• Diagnostic pre-assessment
• Varied instructional strategies
• Ongoing formative assessment
• Flexible pacing and time for remediation

• Discuss each component in detail, highlighting its significance in the mastery learning process.
IV. Benefits of Mastery Learning (15 minutes)

• Explore the advantages of mastery learning for students, such as increased retention, deeper understanding, and self-directed learning.
• Discuss how mastery learning can support diverse learners and address individual needs effectively.

V. Implementing Mastery Learning (20 minutes)

• Discuss practical strategies for implementing mastery learning in various educational settings.
• Present examples of successful implementation methods, including technology integration, individualized learning plans, and 

differentiated instruction.
VI. Application and Activity (20 minutes)

• Engage students in an activity or discussion where they apply the principles of mastery learning to a hypothetical scenario or real case 
studies.

• Encourage brainstorming on how mastery learning can be integrated into specific courses or subjects.
VII. Conclusion and Recap (10 minutes)

• Summarize the key points discussed during the lesson.
• Reiterate the benefits and potential challenges of implementing mastery learning.
• Encourage students to reflect on how they might apply mastery learning principles in their own teaching or learning environments.
•









Data-driven decisions 
using a combination (or federation) of academic, institutional, and operational data.



From  global AI trends, hopes and fears  

to local AI-powered services

Search / 
Explore

Semantic

 Graph

Apps



Data-driven decisions 
How has SNSF funding in "intelligent systems" evolved at EPFL and ETHZ?

20%


16%


12%


8%


4%


0%

Grants related to Intelligent Systems [% of total grants in all areas]

2010   2011      2012      2013       2014      2015      2016      2017      2018       2019      2020      2021      2022       2023      2024    2025

Year [end of the project]

11.82M CHF 
(17 grants) 10.54M CHF 

(17 grants)

1.07M CHF 
(6 grants)

1.77M CHF 
(12 grants)



Data-driven decisions 
Are some EPFL courses redundantly teaching the same subjects?

cluster of courses at EPFL 
teaching machine learning

cluster of 
quantum information 

related coursesthese courses are  
potentially teaching 
the same subjects.





From  global AI trends, hopes and fears  

to local AI-powered services

Search / Explore

Datasets

Semantic

 Graph

Apps Redundancy

Matrix



Detecting drop-out risks 

Panagiotakopoulos, T.; Kotsiantis, S.; Kostopoulos, G.; Iatrellis, O.; Kameas, A. Early Dropout Prediction in MOOCs through Supervised Learning and 
Hyperparameter Optimization. Electronics 2021, 10, 1701.  https:// doi.org/10.3390/electronics1014


Learning Analytics

ETHICS ?



Ramtin Yazdanian

Monitoring emerging requirements from industry  



CV


Motivation Letter


Recommendation 

Letters

Keep a human in the loop ?

Master Admissions



3. Classroom analytics



You passed below 5% attention 



Raca, M., & Dillenbourg, P. (2013). System for assessing classroom attention. In Proceedings of 3rd International Learning Analytics & Knowledge Conference 



Do you really want to put cameras in classes ?

NO



works

waits

assistantEPFL Exercises Session



H. Alavi, O. Guédat

“While Waiting Productivity” LOSS : 62% ➔ 6%



Classware: the classroom is a digital system 



learning analytics classroom analytics

teacher decision
dashboards

system 
decision

open student model

individual student 

knowledge state

n students 

activity state



My (physical) classroom is a  digital environment

input output



My (physical) classroom is a  digital environment

sensors actuators 

(displays)



• Accelerometer that measures acceleration forces

• Magnetometer that measures magnetization/magnetic fields

• Light sensor that measures the strength of light

• Gyroscope that measures orientation

• Hygrometer that measures moisture in the atmosphere

• Thermometer that measures ambient temperature

• Barometer that measures atmospheric pressure

• Proximeter that detects when something is close

• Precision Gas Sensor - Test air quality, carbon monoxide levels

• Reducing Gas Sensor - Sense methane, propane, and natural gas leaks

• Oxidizing Gas Sensor - Ozone sensing and chlorine leaks

• Non-Contact Thermometer - Check food temperature, engine diagnostics, …

• Humidity Sensor - Check heat index, food storage conditions

• Temperature Sensor - Measure ambient temperature

• Light Sensor - For checking light intensity, sunlight monitoring,….

• Color Sensors - Use as a color meter, color matcher/analyzer, even pattern recognition

• Pressure Sensor - Blood pressure monitor

• Proximity Sensor - Use it as a stud finder or liquid level monitor

• Expansion Connector - Connecting other sensors like EKGs, Thermal Printers, and more

sensors



Kidapolis

Dreambox

Dashboard
actuators 

(displays)



Kidapolis

Dreambox

Classroom

Data Visualisation

Dashboard



classroom Dashboardoperators

Monitoring 

 Intervention 

Aggregation, comparison, visualisation,….



Centralized

Distributed 

Data Visualisation



Realtime

Replay

Data Visualisation



Focal

Peripheral 
(ambient)

Data Visualisation



Public  
Dashboard

Private 
Dashboard

Data Visualisation

https://www.brightfishlearning.com/reports/

https://www.brightfishlearning.com/reports/


K. Hostein, V. Aleven & N. Rummel47% « out of the loop »

Data Visualisation



Teachers’

Data Visualisation

Sarrade Isabelle, EPFL



Teachers’

Data Visualisation

Prieto et al



Teachers’

Data Visualisation



Teachers’

Data Visualisation

Prieto, L. P., Magnuson, P., Dillenbourg, P., & Saar, M. (2020). Reflection for action: 
Designing tools to support teacher reflection on everyday evidence. Technology, 
Pedagogy and Education, 29(3), 279-295.



Teachers’

Data Visualisation



Problem Solving Lecture

There is a time for telling 

Collecting for debriefing







(2) debriefing

Problem Solving Lecture

(1) monitoring









Solo

Team

Class

ß

ß

Socio-cognitive conflict





Solo

Team

Class

ß

ß ß

Arguing with data



Solo

Team

Class

ß

ß ß

ß

a



Solo

Team

Class

ß

ß ß

ß

 
Orchestration Graph

operators

Debriefing

http://ChiliFrog.ch


classroom Dashboardoperators

Monitoring 

 Intervention 

Aggregation, comparison, visualisation,….

+ Debriefing



Timing



classroom Dashboardoperators

Monitoring 

 Intervention 

Aggregation, comparison, visualisation,….

+ Debriefing
+ Timing 



Monitoring 


Intervention 

Debriefing

Timing 

Classroom analytics for smooth classroom orchestration
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