
Chapter 11

From learning analytics  
to classroom analytics

P.Dillenbourg

CS-411 : Digital Education



What if the learning activity 

does not work well for Pierre ?



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
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25
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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 ?



The uncertainty of the diagnosis can be estimated by Shannon’s entropy applied to the 
vector fo probabilities for the different states. 

Since this value depends upon the number of states, we normalize it on a 0->1 scale 
by dividing it by the maximal entropy which log2 of the number of states

The diagnosis power of a question in vertedly proportional  the normalized entropy of 
the diagnosis vector

x(s)=[ .15  .40 .30 .15] H0= 0.94



Basic approach to reduce uncertainty
Decrease uncertainty by collecting multiple answers



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





Domain-independent 


Intelligent Tutoring System



25% of them present handwriting 

9% of them have 
dysgraphia

The definition and statistics about 
dysgraphia changes in function of the 
country.

In France, 8.6% of children are considered 
dysgraphic.

What are handwriting difficulties?
Handwriting difficulties are very common



What are handwriting difficulties?
Critical consequences on the child’s school curriculum but also on his/her 

behaviour

Poor writing 
skills

Adults negative 
feedback

Avoidance of 
handwriting

Lack of handwriting 
opportunities           Anxiety



How handwriting difficulties are detected?
The BHK test

25



Subjectivity

Relies on human 
judgement.


Small (60%) inter-
rater agreement.

Experts needs to be 
trained to acquire 
the expertise for 

grading.


Grading takes time.

Costly

Takes 5 minutes 
for children to 
pass the test. 


Takes 15 minutes 
to correct it.

Time-consuming

Test done on paper: 
All the dynamic, 
pressure and tilt 
characteristics of 

handwriting are not 
perceivable.

Neglect informations

BHK: a test full of limitations
A test that needs to be adapted in the era of digitalization



The dynamics of handwriting is important
The database

• More >1000 children asked to write cursively the 26 letters of the 
alphabets + the 10 digits.

• Data acquired with a Wacom tablet allowing to record the dynamic of 
the movement.

Dysgraphic 
children

School 
children

971 children from 14 
schools, from pre-

school (5 years old) 
to 5th grade (10 

years old)

27 children 
(diagnosed 
dysgraphic 

according to the 
BHK test)



28

0 0.2 0.4 0.8 1.0

0.9

1.0

0.8

0.7

0.6

0.5

M
ea

n
 o

f 
D

 s
ta

ti
st

ic
 (

w
it

h
 s

td
)

0.4

Quantiles

8.6% threshold (from validation)

dysgraphic (ground truth)

labelled dysgraphic
labelled NON dysgraphic

0.6

The Convolutional Neural Network (CNN) takes the final output (image) of 
handwriting as an input…
… and fails to accurately discriminate dysgraphic and non dysgraphic children.

The dynamics of handwriting is important
Training a CNN to detect handwriting difficulties
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The Recurrent Neural Network (RNN) captures the dynamic of handwriting…
… and accurately discriminates dysgraphic and non dysgraphic children.

The dynamics of handwriting is important
Training a RNN to detect handwriting difficulties



•  298 children asked to write the BHK test.

• Data acquired with a Wacom tablet allowing to record the dynamic of 
the movement, but also the pressure and the tilt of the pen.

Dysgraphic 
childrenSchool 

children

242 children from 14 
schools, from pre-

school (5 years old) 
to 5th grade (10 

years old)

56 children 
(diagnosed 
dysgraphic 

according to the 
BHK test)

A supervised learning method to detect dysgraphia
The database

Asselborn et al., Automated human-level diagnosis of dysgraphia using a 
consumer tablet, 2019, npj digital medicine



Static

Kinematic

Pressure

Tilt

Asselborn et al., Extending the spectrum of dysgraphia, a data driven strategy to estimate 
handwriting quality, 2020, scientific reports



Compute 160 features 
describing handwriting
stati kinemati pressur tilt

Reduce dimension from 
160 to 3 with PCA

Analysis of handwriting difficulties
Computing low-level features describing handwriting in a multidimensional point of view
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Analysis of handwriting difficulties
Redesigning a test, independent of the BHK

• Unsupervised machine learning to 
find two clusters (dysgraphic and 
non dysgraphic children).

• More than 90% of dysgraphics 
clustered together.

• 12% of children from school 
detected as dysgraphic, in line with 
the statistics (8.6%).



An unsupervised method to analyse 
handwriting

From the feature value to the feature score

• Handwriting evolves with age, we need to take care of this.
• Different models for each gender, and each country.



The most important features used by the Random Forest to detect 
dysgraphia sorted.

Only one of these features could be extracted with a pen/paper test!

Extracting the features’ importance
Handwriting is not static
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Describing handwriting with more than 100 features
Objectively describing invisible characteristics of the handwriting sample

Static Kinematic Pressure

moment of handwriting median of power spectral 
of speed frequencies

median of power spectral 
of speed of pressure 
change frequencies

*** *****



total

kinematics
pressure

static
tilt

total

kinematics
pressure

static
tilt

total

kinematics
pressure

static
tilt

total

kinematics
pressure

static
tilt

Marc, 8 y.o Patrick, 5 y.o Julia, 6 y.o Stephanie, 7 y.o

Asselborn et al., Extending the spectrum of dysgraphia, a data driven strategy to estimate 
handwriting quality, 2020 37

The difficulties are not the same for all kids



Jeux spécifiques pour s’améliorer

dynamilis



Suivi des élèves 



Paper vs tablet Latin vs Cyrillic alphabet English vs Chinese alphabet

Transferring the handwriting analysis model
Can we transfer the model to other alphabets or supports?

Asselborn et al., The transferability of handwriting skills: from the Cyrillic to the Latin 
alphabet, 2020, npj Science of Learning (under review)
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Transferring the handwriting analysis model
Is there an absolute difference between the features’ distribution?

Distribution feature 
#14 for the Latin 

alphabet
Distribution feature #14 
for the Cyrillic alphabet



General AI
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1:1 Student Modeling

N:1 BKT or Dynamilis 


Learning Analytics Ratios

decision

observations





P.Dillenbourg


Associate Vice-president for Education 

1:1 Student Modeling

N:1 BKT or Dynamilis

2:2  Dual Eye tracking 


Learning Analytics Ratios

decision

observations



Nüssli, Jermann & Mullins



Mirweis Sangin, Marc-Antoine Nüssli, Patrick Jermann

gaze(Sara)-voice(Sara) lag

± 700 ms

voice(Sara)-gaze(Mike) lag

±1200 ms

gaze(Sara)-gaze(Mike) lag

± 2 secondes



P.Dillenbourg


Associate Vice-president for Education 

1:1 Student Modeling

N:1 BKT or Dynamilis

2:2  Dual Eye tracking 

N:N Classroom analytics


Learning Analytics Ratios

decision

observations



You passed below 5% attention 



Classroom Analytics

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,….



Sina Shahmoradi, EPFL



Teacher’s 

Dashboard

Zoom mode Comparison mode

Aggregated mode



4
4

Progress-bar  
Pause/Resume 
the class activity

Robot Failure Alert
Pause/Resume a 
group activity





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



(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 
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