Exercise 1

Exercise 3

I |
Exercise2? NN |
I
I 00

Exercise 4

« Pick a reward and exercise:

8+X=25 X-1=-14 Solving this exercise will change your
mastery as follows in the:

usual case

Handle exercises like x = 3

L EEN

How can Al systems
help with differentiation

Handle exercises like 2x = 3

I 200 ]

Handle exercises like 2x + 4 = 3

in education? e

—HHi— Solve a recommended exercise
of the same chapter

How is your new level determined? P Exercise 21

Wiski estimates you d the difficulty of

Your
Then, it

Exom ’
:
o

Aror toodtach

>
Camgarnnt

Sk v Ater sevios ... OF pick your next exercise yourself
Aovarced

e—
Go to the exercise overview

Jeroen Ooge H

Question

Wat is de hoofdstad van de staat Florida?

jeroenooge.be

Tallohassee

§V@ Universiteit Il e N T

@ food Expert §

E ] ‘
N Utrecht I = umbug o
- Noorwegen
-2 ull. ll | - = o
= v

ner




About 2 years ago

2.2 Why We Need Explainable Al

https://jeroenooge.be/thesis 2



https://jeroenooge.be/thesis

My (professional) life in 1 slide

Explainable and controllable Al
systems to personalise education
and motivate learners

PhD in computer science

2019-2023
MSc fundamental mathematics Assistant professor
MSc applied informatics in computer science
2012-2019 Nov 2023-now

§L% Universiteit
%‘L“? UtI'ECht

Jeroen Ooge
jeroenooge.be




differentiation

What's that?




The non-differentiated (usual?) way

teacher learning content

learners



What teachers might expect

one-size-fits-all approach works for everyone



teacher

effectiveness depends on abilities, interests, background...



The differentiated way

differ teaching adapt learning
styles content to groups



How can Al systems
help with differentiation’
in education?

*in the sense of individualisation/personalisation

Make learning experiences more
adaptive, transparent, and motivating




How can Al systems help with differentiation?

Adaptation Transparency Motivation
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How can Al systems help with differentiation?

Adaptation

About fake whiskey, Elo ratings,
and spying dashboards




Goed gewerkt!

Selecteer een Badge om te tonen aan jouw klasgenoten

@ gevorderde beginner | Voigens mij s dit u jo leval voor hat
B Brmmmes

Maak een aangeraden oefening Welke moefijkheidsgraad wil je voor de valgenda cefeningenreeks?
van hetzelfde hoofdstuk

Waarom rening? Wiski denkt dat Jouw huldig
niveau past bij dat van deze oefening!

Aangeraden
Wiski verwacht dot Je 1 of 2 pogingen nocig ga
X hebben om oefening 32 juist te maken, geboseerd op de

P G Rl Rttt ey

m O Op veigorde van m

Hoes makkollk  Makkoigk Woeilk Heosl mosjk

».
Oefening 42 Aantal pagingen medelecriingen nodig hadden om
oefening 32 Juist op te lossen

P cctening 3 Als o atle oefeningen in de reeks julst oplost, dan sbigt e levet

Expert §
& Bedroven §
Competent § n

Gevorderde beginner §

Beginner §

... of kies zelf je volgende oefening

Verdien punten voor juist
opgeloste cefeningun en verlies
punten voor fout opgeloste

oefeningen. Jij en anderen zien

s personalised maths practice with Al

Puntenklassement

Vergelik je puntentotaal met dat
van anderen op een
Kiassementspagina. Er Zijn twee
Kassementen ‘deze week' en
‘aller tiden'

Oefeningenkiassement

Veroelsh je santa uist pgeioste

oefeningen met dat van anderen

op een dassementspegina, E¢

zijn twee Klassementen; ‘deze

week' en ‘aller tiiden’ z . .
How good do you think you are at mathematics? . \ e e et

There is no right or wrong answer. Wiskl uses your answer to find suitable exercises for you. N 7 = ,\{,\ —_ F AR ge Y
\ ¥ - e ¥

' Expert: mathematics holds no secrets for you. Gefeliciteerd Natuurlijke getallen Gehele getallen

Pri(s)ma resultaat!

@ Proficient: you score better than average on mathematics. Hootdbewsrkrgen Volgords van bewerkngen

@ ® Competent: you scors everage on matematic. Velorde ven beveringes [————,

How is your new level determined?

Eorsiograndsvergelikn
S —— Wiski estimates your level and the dificulty of exercises. Both change when solving exercises,

Your level remained similar after solving the exercise series.
Machten Then, it increased even further because of your feedoack.

‘® Advanced beginner: basic exercises are not a problem for you,

Rekanon mot lettorvormen

@ Novice: you often have a hard time understanding mathematics.

~

Basisbegrippen
meetkunde

Coordinatan n do rusmte
Hoskan

Omtrek en cppenviakde van viakke figuren
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Recommender system
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Recommending with Elo and collaborative filtering

* topics are chosen by the user and are thus
All Questions not part of the recommendation scheme

Rank with Collaborative
Elo

Filter ' Filtering

Questions of Similar Sorted Recommended
Difficulty Level Questions

Jeroen Ooge*, Shotallo Kato*, and Katrien Verbert. 2022. Explaining Recommendations in E-Learning: Effects on Adolescents’ Trust. In 27th International Conference on
Intelligent User Interfaces (1Ul’22), 93—105. https://doi.org/10.1145/3490099.3511140
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Monitoring dashboard for teachers

Student tracker powers of integers v Filter exercises Weak students
Strong students

Speed Attempts
In the overview below you can see the failed and successful attempts of the students for the exercises in your series.

Very fast _ 25% The students are sorted based on their speed and the number of attempts.

Fast

| 25%

Average | 25%

m
N
o
o
m
4
N
Y
fen

T

Slow

10% I Student 1 i % I I { % i

Very slow 15%

7
o
7
9
"
F
N
o
N

| student2 I 4

Detect outliers and

Exercise tracker Ex1 Ex2 Ex3 Ext Exs StUdentS’ attemptS

| | | L | LI |
Here are some exercises that require your H Student 3 | | 11 I | 1111 |
attention.

Exercise 3:
Students work very fast and need few attempts.

L
Exercise 1: I w | ||||

Students work very slowly and need a
reasonable number of attempts.

[
N
12
1=
1

Jeroen Ooge*, Anissa Faik™* & Katrien Verbert. Detect, Explain, Act: How Teachers Trust and Use an Explainable Real-Time Monitoring Dashboard to Detect Student
Outliers in Class. In Proceedings of the 16th Learning Analytics and Knowledge Conference, April 2026, https://doi.org/10.1145/3785022.3785087
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Monitoring dashboard for teachers

Student tracker I Student 7 I

3:50:43] failed attempt exercise 3.

Question: Fold a large sheet 5 times. How many sheets are now stacked?
Speed Attempts Answer for this attempt: 5
0et.3

U Student 5 HI

Student 5 has completed exercise 3 in about 3 minutes and 42 seconds.

38%

11
@
=
™

Average 23%
Student 2 l
Many 15% I
Student 2 has completed exercise 3 in about 13 seconds.
3
- 1T
udent 3 T
Student 3 has completed exercise 3 in about 32 seconds.
Exercise tracker
Qef.3

Student 6 m
Here are some exercises that require your

attention. I .ﬁ 5’ X Il

\‘“ Student 6 has completed exercise 3 in about 1 minute and 2 seconds.

Exercise 5: Don't intervene.

Students work very slowly and need few attempts

Exercise 1:

I Student 4 i

)

Students work very fast and need many attempts

Student 4 has completed exercise 3 in about 12 seconds.

Exercise 3:
Students work fast and need a reasonable number 3
of attempts “ ”
I Student 3 i
Student 3 has completed exercise 3 in about 28 seconds.
Student 1 No attempts for this exercise series yet...

Jeroen Ooge*, Anissa Faik™* & Katrien Verbert. Detect, Explain, Act: How Teachers Trust and Use an Explainable Real-Time Monitoring Dashboard to Detect Student
Outliers in Class. In Proceedings of the 16th Learning Analytics and Knowledge Conference, April 2026, https://doi.org/10.1145/3785022.3785087
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Ongoing project: adaptive planning

e class

Offline

Online
asynchronous

Online
synchronous

Individually

Group work

, Conduct
~ research

Opdracht 1

‘2 Reward ~ Conduct
~ research
Geen werkcollege

Opdracht 1
TAs en Robin
~ Conduct
~ research
Opdracht 1 ~ Conduct
" research
TAs en Robin

 Self-reflection

Opdracht 1

2 Peer feedback
Opdracht 1

TAs en Robin

[ Case study

Research design
exerci@e' diary

~ Conduct
Q
research

Opdracht 1

& Feedback
Opdracht 1

TAs en Robin

@ case study

Research design
exercise: case study

< Self-reflection

Opdracht 1

X Create a video

Rapportering
opdracht 1
3 Feedback ~ Conduct
" research
Opdracht 1
Opdracht 2
TAs en Robin

[ Case study

Research design
exercise: experiment

42 Play a game

Eye-tracking
practicum

43 Play a game

Eye-tracking
practicum

Learning Goals

Aan het einde van de cursus
kunnen studenten

... uitleggen wat UE, UX en
verwante disciplines inhouden

... geschikte ontwerp- en
evaluatiemethodes voor UE en
UX selecteren op basis van hun
sterktes en beperkingen

... individueel en in groep
onderzoek rond UE en UX
formuleren

... in groep onderzoek rond UE
en UX uitvoeren en
onderzoeksresultaten
analyseren, interpreteren en
presenteren

Activities

@© Guest lecture

(X Watch knowledge clip
<) Listen to podcast

& E-learning

1 Read literature
1]

Instruction

@ Consultation
(O Discussion
& Role play

& Knowledge exchange

Add explainable
recommendations
based on blended
learning theory to a
planner tool

e.g., can teachers
more efficiently plan
blended courses?

18
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How can Al systems help with differentiation?

Adaptation

About fake whiskey, Elo ratings,
and spying dashboards




How can Al systems help with differentiation?

Transparency

About seeing what you master,
explaining Al decisions, and control

21



Open Learner Models

Your Competence Status Your Competence Status
See blow your current competence status.
’(p Q
& S, "{“# %%‘g
N Q r. (:’ % 7
\e@*f;f y %‘?}@ = R
P - - S ( %%
= Mathematics 28
4:2628 E:;re':td ” Topic \\ PP\
= of P addition/subtraction jg-2629 Weog /
I= o2 P add/subtract whole numbers (r ] Initialisation ol 3
1= o2 T add/subtract mentally 142631 Arithmetic Operators [EG Content Creation ';‘ h
= o T use rounding to check jg-2632 I  IncrementDecrement Of b | ‘ﬁwv'-mv-lwwml
{= ¢f T ¥ multi-step problems in contexty I ] Logical Operators
= Of W—— " multiplication/division j4-2634 Do-while and while loops
= o TIIE——— identify multiples and factors g e |° You may believe that while X
£ Of W vocabulary of prime numbers, ¢ loop and do-while loop are
Algo rit h m ic S ki | | = W multiply numbers up to 4 digits e ST
Topics rated as good Problems  Current Topic
estl m at ion Yk Kk Structural VHDL . , knowledge
*I *I ’Il {‘;3 zi’:’gllig;zcesses General User Modelling Issues
" . Functions of User Modelling
Topics rated :s :‘a;: wreseniatic and User Attributes Modelled
Ak umber representation
ATV Timing simulation in VHDL User Modelling Techniques
K Yovr Y7 Digital systems testing Usability of Adaptive Systems

Susan Bull. 2020. There are Open Learner Models About! /IEEE Transactions on Learning Technologies 13, 2: 425-448. https://doi.org/10.1109/TLT.2020.2978473
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We need to make Al black
boxes TrAnSpArEnT!

Explanations

Control

Human-Centred

23



Explanations | + | Control | + | Human-Centred

Design explanations and control mechanisms
for/with a specific audience and evaluate how

they affect behaviours
(e.g., trust, understanding, motivation, learning)

24



Solve a recommended exercise
of the same chapter Textual

Why this exercise? Wiski thinks your current level .
aligns with that of the exercise! explanatlon

Recommended
Wiski expects you will need 1 or 2 attempts to solve

exercise 21, based on your results and those of your
fellow students.

Number of attempts fellow students

needed to solve exercise 21 V I
Exercise 21 ISua
» q
) explanation
& 1
|
1 2 3 > 4 attempts

needed

Solve exercise 21

Explanations: why explanations for
recommendations

... or pick your next exercise yourself

-
Control: choose next exercises

Jeroen Ooge*, Shotallo Kato*, and Katrien Verbert. 2022. Explaining Recommendations in E-Learning: Effects on Adolescents’ Trust. In 27th International Conference on
Intelligent User Interfaces (1Ul’22), 93—105. https://doi.org/10.1145/3490099.3511140
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Goed gewerkt!

Maak een aangeraden oefening
van hetzelfde hoofdstuk

Waarom deze oefening? Wiski denkt dat jouw huidig

niveau past bij dat van deze oefening!
Aangeraden
Wiski verwacht dat je 1 of 2 pogingen nodig gaat

h ) & hebben om oefening 4 juist te maken, gebaseerd op de
Oefening 4 9%J 9 P
» resultaten van jou en je medeleerlingen.

Oefening .‘,}‘ Aantal pogingen medeleerlingen nodig hadden om
W oefening 4 juist op te lossen

»

leerlin

1 2 3 > 4 pogingen
nod

Maak oefening 4

Explanations: why explanations for
recommendations

... of kies zelf je volgende oefening

Naar het oefeningenoverzicht

Control: choose next exercises

Jeroen Ooge*, Shotallo Kato*, and Katrien Verbert. 2022. Explaining Recommendations in E-Learning: Effects on Adolescents’ Trust. In 27th International Conference on
Intelligent User Interfaces (1Ul’22), 93—105. https://doi.org/10.1145/3490099.3511140
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Solve a recommended exercise
of the same chapter

Why this exercise? Wiski thinks your current level H oW Was tru St in th e p | atfo rm affe Cted ?

aligns with that of the exercise!

Recommended
Wiski expects you will need 1 or 2 attempts to solve
exercise 21, based on your results and those of your
P fellow students.
Number of attempts fellow students
» .
needed to solve exercise 21 Solve a recommended exercise Solve a recommended exercise
Exercise 21 of the same chapter of the same chapter
»
:‘2) Recommended Why this exercise? Recommended Wiski recommends this next exercise
e Exercise 21 is recommended because
@ 1 > Wiski's algorithm computed it this way » A
— * >
1 2 3 > 4 attempts *-ﬁA P GOOD
needed » L o ' . JoB
B
Exercise 21 +m Exercise 21

» ~
Solve exercise 21

... or pick your next exercise yourself

. . ... or pick your next exercise yourself ... or pick your next exercise yourself
Go to the exercise overview

Real explanation Placebo explanation No explanation

Jeroen Ooge*, Shotallo Kato*, and Katrien Verbert. 2022. Explaining Recommendations in E-Learning: Effects on Adolescents’ Trust. In 27th International Conference on
Intelligent User Interfaces (1Ul '22), 93—105. https://doi.org/10.1145/3490099.3511140
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How was trust in the platform affected?

Real vs no explanation Placebo vs no explanation

trust increased trust increased

trust decreased trust decreased

trust unchanged trust unchanged

Jeroen Ooge*, Shotallo Kato*, and Katrien Verbert. 2022. Explaining Recommendations in E-Learning: Effects on Adolescents’ Trust. In 27th International Conference on 28
Intelligent User Interfaces (1Ul '22), 93—105. https://doi.org/10.1145/3490099.3511140
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/m | believe this is your level now for the following subject:

Coordinates in space.

What difficulty level would you like for the next exercise series?

O

Very easy Easy Normal Difficult Very difficult

If you finish all exercises correctly, your level will increase:

Expert ‘@

Proficient ‘@

Competent @
Your level after completion

Advanced beginner ‘@

Novice ‘@

Start exercises

Control: choose difficulty of
recommended exercises series

Explanations: real-time what-if
explanations (“how does my level
change if | solve this series correctly?”)

Jeroen Ooge, Arno Vanneste, Maxwell Szymanski, and Katrien Verbert. Designing Visual Explanations and Learner Controls to Engage Adolescents in Al-Supported
Exercise Selection. In Proceedings of the 15th Learning Analytics and Knowledge Conference, March 2025. https://arxiv.org/abs/2412.16034
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lf@* gevorderde beginner | Volgens mij is dit nu je level voor het
/EA onderwerp Volgorde van bewerkingen

se

Welke moeilijkheidsgraad wil je voor de volgende oefeningenreeks?

C

Heel makkelijk Makkelijk Gewoon Moeilijk Heel moeilijk

Als je alle oefeningen in de reeks juist oplost, dan stijgt je level:

Expert §
Bedreven @
Competent @
Je level na de reeks

Gevorderde beginner @

Beginner ’

Start de reeks

Control: choose difficulty of
recommended exercises series

Explanations: real-time what-if
explanations (“how does my level
change if | solve this series correctly?”)

Jeroen Ooge, Arno Vanneste, Maxwell Szymanski, and Katrien Verbert. Designing Visual Explanations and Learner Controls to Engage Adolescents in Al-Supported
Exercise Selection. In Proceedings of the 15th Learning Analytics and Knowledge Conference, March 2025. https://arxiv.org/abs/2412.16034
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What-if explanations

Based on your mastery
levels, | selected an
exercise about these skills:

Show your mastery changesin the

Handle exercises like x = 3

I |

Handle exercises like 2x = 3

B

Handle exercises like 2x + 4 = 3

I ]

Conrad Borchers*, Jeroen Ooge*, Cindy Peng, and Vincent Aleven. 2025. How Learner Control and Explainable Learning Analytics About Skill Mastery Shape Student

Usual Case

Based on your mastery
levels, | selected an

exercise about these skills:

Show your mastery changes in the

usual case

Handle exercises like x = 3

Handle exercises like 2x = 3

7 ]

Handle exerciseslike 2x + 4 =3

I |

Based on your mastery
levels, | selected an
exercise about these skills:

Show your mastery changesin the

Handle exercises like x = 3

I

Handle exercises like 2x = 3

7 |

Handle exerciseslike 2x + 4 = 3

Y |

Desires to Finish and Avoid Loss in Tutored Practice. In Proceedings of LAK 25, 810-816. https://arxiv.org/abs/2412.10568
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Human Control Automation
















Human Control Automation




Sharing control with recommender systems

Full Al Control Shared Control Full Learner Control

Select the exercise you

Based on your mastery Select the skill(s) you want to solve next
levels, | selected an want to practice next

. . Your mastery of skills in these exercises 4 Sort
exercise about these skills:
Handle exercises like 2x = 3 Exercise 1 _:
; i I
Show your mastery changesin the B @43z Exerdise 2
Exercise3 NN == |
Handle exercises like x = 3 Exercise4 I 4920

Handle exerciseslike x = 3 '
_::I Solving this exercise will Change your
Handle exercises like 2x + 4 = 3 mastery as follows in the:

Handle exercises like 2x = 3 - j
m j Handle exercises like x = 3

| found an exercise. The bars show how I ]
Handle exerciseslike 2x + 4 = 3 your mastery would change in the Handle exercises like 2x = 3
T ] [ B 43
Handle exercises like 2x + 4 = 3
[ -]

Start
Start

Conrad Borchers*, Jeroen Ooge*, Cindy Peng, and Vincent Aleven. 2025. How Learner Control and Explainable Learning Analytics About Skill Mastery Shape Student
Desires to Finish and Avoid Loss in Tutored Practice. In Proceedings of LAK 25, 810-816. https://arxiv.org/abs/2412.10568
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Ongoing project: evaluative Al

Evidence for human-written Evidence for Al-generated

vty | Al detection
S support in texts

TTR_1ngram - ooiye
" for teachers
TTR_2ngram og 3¢
TTR_3ngram Voo
Average word length - . 0 Qe

frequency_of_function_words

-121310-9-8-7-6-5-4-3-

Hele werkowoord + Tegenoorag
S

ﬁ =
C O n t rO I fo r cosetvons | Youwiliikelylearn o Youo o
& e rese " R

students over g I IF 5 o b v:;;dm;;. : Marie_sophie Simon
learning path "I m.c.simon@uu.nl



Ongoing project: multi-stakeholder evaluative Al

educational
Al system

W

3dvan tages g

Sadva Ntages

educational stakeholders
(decision makers)

students

&

N

teachers

improved decision-
A

» making, motivation,
and learning?

aligning shared
decision-making

40
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How can Al systems help with differentiation?

Transparency

About seeing what you master
and explaining Al decisions

42



How can Al systems help with differentiation?

Motivation

About cool gamification and
comparing yourself to others

43



Gamification needs to be personalised

5-punts FFM-scores van X: ‘ 28-punts Hexad-scores van X:
f(i,X) met i € F ={0,C,E, A, N} h(i, X) met i € H = {Ph,S, F, Ac, D, P}
/ \
/ N
/ \
/ Geschiktheidsparameters voor G2 ‘-‘
\

| 5-punts volgens FFM:  w(i,G) met i€ F |

7-punts volgens Hexad:  w(i,G) met i € H \

| 7
\ / \ /j
' W

T-puntsrating volgens FFM: T-puntsrating volgens Hexad:
Adapt gamification based

/ \
/ ‘ T-punts voorkeurscore voor G van X: ‘

(G, X) \

on personality, Hexad \ N
profile, and preferences

Rating voor G van X:

: J

"G, X) = 'i (r(F, G, X) + v(G, X) + 7(H.G, X)

G wordt aanbevolen aan X

O C E A N|Ph S F Ac D P als (G, X) > 45
Punten H5a 3 4de 3 Aec 4 6ec 5b 5b He Ta
B AYER Puntenklassement 3 4c¢ Ba 4c 3 I 4 [ Ta 5b 6a 6b 6a
Oefeningenklassement 3 4c¢ ba 4c 3 4 Ta 5b 6Ga 6b 6a
Day streak 3 4e 3 d '9e| 5a Hb Hb He 4 6b
Hexad amification Helpen 3 4c 4a be| 3 | Ta 6a 5b 6a 5b 6b
g Verrassingen 4c 4c¢ 4¢3 He| ba Bb Ta Ta 5Ha Ta
Uitdagingen 4dc 4¢ 3 4c 2¢| 5b 4 [ Tb Ta 5a 6a
user ty p es Motiverende feedback 52 3 44 3 3| 4 4 5b 4 5b 5b

Maximilian Altmeyer, Gustavo F. Tondello, Antonio Kriiger, and Lennart E. Nacke. 2020. HexArcade: Predicting Hexad User Types By Using Gameful Applications. In
Proceedings of the Annual Symposium on Computer-Human Interaction in Play (CHI PLAY ’20), 219-230. https://doi.org/10.1145/3410404.3414232
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Jeroen Ooge*, Joran De Braekeleer*, and Katrien Verbert. 2024. Nudging Adolescents Towards Recommended Maths Exercises with Gameful Rewards. In: Artificial
Intelligence in Education. AIED 2024. Lecture Notes in Computer Science, vol 14830. Springer, Cham. https://jeroenooge.be/alchemath
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Transparency: difficulty labels Control: choose next exercise while being nudged
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Ongoing project: social comparison

Scorevergelijking

8 POGINGEN GEDAAN

Je score: 30/ 1291

Gemiddelde speler:
34

Je correcte woorden: 63%

Gemiddelde speler:
69%

Volgende

seeing yourself below
average = (=

Fleur Leenders. To compare or not to compare oneself? Studying the effect of motivation, affect, and comparison direction. Bachelor’s thesis, Utrecht University, 2025.

Paper under review.

Scorevergelijking

8 POGINGEN GEDAAN

Je score: 30 /1291

Gemiddelde speler:
28

Je correcte woorden: 63%

Gemiddelde speler:
56%

Volgende

seeing yourself
above average = (&
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People have many
reasons to compare
themselves
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How can Al systems
help with differentiation’
in education?

*in the sense of individualisation/personalisation

Make learning experiences more
adaptive, transparent, and motivating




| did and do much more research

How is your new level determined?

nd the difficulty of exercis hen solving exercises

Your level remained similar after sclving the exercise series.
Then, it increased even further because of your feedback

Trust effects of steering [, %
recommended exercises i ,
— https://doi.org/10.1145/3581641.3584046 r—— _:"Eé?:'
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Help teachers create new content
https://doi.org/10.1145/3636555.3636933
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XAl-related work in other domains

https://doi.org/10.1145/3636555.3636933, https://doi.org/10.1002/widm.1427
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AIED 20241 “Nudging Adolescents Towards Recommenﬂed
Maths Exercises With Gameftul Rewards”

This paper for the AJED 2024 conference
‘s an outcome of the masters thesis by
Joran De Braekeleer, which | guided and
carien Vesbert supervised- Ve studied
how gamification can be used to audge
adolescents towards recommended

exercises on a moble app for practising
math equations.
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