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« Pick a reward and exercise:

8+X=25 X-1=-14

Exercise 1

Exercise 3

I
Exercise? NN
I 000
Exercise 4 [N ]

Solving this exercise will change your
mastery as follows in the:

al case

Handle exercises like x = 3

L EEN

Handle exercises like 2x = 3

I 200 ]

Handle exercises like 2x + 4 = 3

How is your new level determined?

Wiski estimates your level and the difficulty of exercises. Both change when solving exercises.

orcise series.

d similar after solving the

d even further because of your feedback.

‘Aner foadback

Aner senes

Solve more exercises on this topic

Solve a recommended exercise
of the same chapter

need 1 or 2 attempts
sults and those o

Number of attempts fellow students
needed to solve exercise 21

® Exercise 21

Solve exercise 21

... Or pick your next exercise yourself

Go to the exercise overview

Question

—-—— @ New York

— _ Los Angeles

- Limburg
- Noorwegen
- Zuidpool

o

Expent @

Proficient §

Competent
. Vrmv level after completion

Advanced beginner




Lecture 1 Introduction ’'m looking for a
Lecture 2 User Modelling guest speaker...
Lecture 3 Context Modelling

Lecture 4 Recommender Systems 1 - Collaborative
Lecture 5 Recommender Systems 2 - Content-based
Lecture 6 Group Recommender Systems

Lecture 7 Adaptive Interfaces and Visualization
Lecture 8 Explanations

Lecture 9 Evaluation - Metrics and Reproducibility

8 08 88 ©

Lecture 10 Evaluation - Layered Evaluation
Lecture 11 Impact and Ethics

Lecture 12 - Music Recommender Systems
Lecture 13 Application Area - Intelligent Interactive Health Systems
Lecture 14 7277

Hmm, | should do it!
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| How to adapt education?
Examples of adaptation in education



Al can help make education
adaptive in many ways

' @ §o

Teaching Student performance
Teaching-aid Dropout prediction o
Teaching quality Assessment
Pedagogical agents Cognitive diagnosis
Training of teachers Achievements
Personalised teaching Grading
Improving teaching Reading ability “Al” consists of algorithms
Creativity with specific tasks
- ﬂ Engagement .
L' - Feedback ~

- Argumentation —

Mostafa Zafari, Jalal Safari Bazargani, Abolghasem Sadeghi-Niaraki, and Soo-Mi Choi. 2022. Artificial Intelligence Applications in K-12 Education: A Systematic Literature
Review. IEEE Access 10: 61905—61921. https://doi.org/10.1109/ACCESS.2022.3179356
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Available exercises Recommended exercise
. d
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Learner profile Predicted progress/risk

EXAM *

Aal — ~ — =,

Textual prompt Exam question



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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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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Estimating mastery and difficulty with Elo ratings

2.2. The Elo rating system in an educational setting

To apply the Elo rating system in the context of educational systems, we interpret a student's answer to an item as a match
between the student and the item. In this context it is natural to slightly change the notation while keeping the basic principle
the same. We denote skill of a student s as s, difficulty of an item i as d;, and the correctness of an answer of a student s on an
item i as correct;;{0,1}. The probability of a correct answer is given by the logistic function with respect to the difference
between skill and difficulty (Fig. 1 left):

standard logistic function

P(correct; = 1) =1 / (1 (2 d,-J)

The skill and difficulty estimates are updated as follows:

s := 05+ K- (corrects; — P(corrects; = 1))
d; :=d;+ K-(P(correct;; = 1) — corrects;)

probability of a win (or a correct answer)

0.0

_'4 _‘2 0 2 4
0; —0; (or O, —d;)

Radek Peldanek. 2016. Applications of the Elo rating system in adaptive educational systems. Computers & Education 98: 169—-179. 11
https://doi.org/10.1016/j.compedu.2016.03.017
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Recommending with Elo and collaborative filtering

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

All Questions

Elo Rank with

Filter ' Collaborative 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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I What is my research about? Call it adaptive

systems

Transparent and controllable

adap{\\lef‘lsystems for education

14
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Available exercises Recommended exercise
. d
OHI- ’ .
- il A

Learner profile Predicted progress/risk

EXAM *

Aal — ~ — =,

Textual prompt Exam question
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Available exercises Recommended exercise
() [ ] O q. .
— actll

Learner profile Predicted progress/risk

Aal —IlP— =

Textual prompt Exam question
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o000

We need to “explain”
these Al black boxes!

Recommended exercise

d
We should be 2 ¢ <o

able to control Al! /\//"/J n

Predicted progress/risk

EXAM ®
V—
n—
0— V¥

Exam question
17



Explanations
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Explanations
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Algorithmic Explainability

( N
Al SYSTEM
Data-focused
explanations
Model-focused
explanations
learning inference 5
seeenesase M Model [P Prediction = =----
representatton
what is the scope of is the model are thgre targ_et explanations
the explanation? blsckbow? associated with ground-truth
A A predictions?
global local intrinsic post-hoc  supervised  unsupervised
interpretability
XAl AXIS
\, )

Darius Afchar, Alessandro Melchiorre, Markus Schedl, Romain Hennequin, Elena Epure, and Manuel Moussallam. 2022. Explainability in Music Recommender Systems. A/

Magazine 43, 2: 190-208. https://doi.org/10.1002/aaai.12056

20
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Algorithmic Explainability

Scope

model (global) model inspection  outcome (local)

model-
agnostic ‘ “ ‘

o
©
=
model-
ok @ c @ ®
X | s dF
e I Model Black-box Feature *neural networks, tree ensembles, support vector machines
simplification model relevance
X — M‘p Y I :>
x = (z',...,z")
i i t inst el .
e Y @ Decision tree @ Partial dependence plot
s, %/ ”Explanatory examples icl ey . .
e, %, for the models Decision rules @ sensitivity analysis
2,2 e :
° X6 e Feature importance . Activation maximisation
P BN ‘ Saliency mask
/\ X; Mcp _ﬁgz /\

Alejandro Barredo Arrieta et al. 2020. Explainable Artificial Intelligence (XAl): Concepts, taxonomies, opportunities and challenges toward responsible Al. Information
Fusion 58: 82-115. https://doi.org/10.1016/].inffus.2019.12.012

Riccardo Guidotti, Anna Monreale, Salvatore Ruggieri, Franco Turini, Fosca Giannotti, and Dino Pedreschi. 2019. A Survey of Methods for Explaining Black Box Models.
ACM Computing Surveys 51, 5: 1-42. https://doi.org/10.1145/3236009



https://doi.org/10.1016/j.inffus.2019.12.012
https://doi.org/10.1016/j.inffus.2019.12.012
https://doi.org/10.1016/j.inffus.2019.12.012
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Algorithmic Explainability

Risk factor for an individual student

7

Last login = 10 days ago | = +2.3
Lecture attendance = 60% < -1.3

Feature
relevance Assignment 1 grade = 20% — +1.8

v

At-risk of failing score = 2.8

Hassan Khosravi, Simon Buckingham Shum, Guanliang Chen, Cristina Conati, Yi-Shan Tsai, Judy Kay, Simon Knight, Roberto Martinez-Maldonado, Shazia Sadig, and Dragan 22
Gasevic. 2022. Explainable Artificial Intelligence in education. Computers and Education: Artificial Intelligence 3: 100074. https://doi.org/10.1016/j.caeai.2022.100074
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Algorithmic Explainability

( N
Al SYSTEM
Data-focused
explanations
Model-focused
explanations
learning inference 3
seeenesase M Model [P Prediction = =----
representaﬂon
what is the scope of is the model are thgre targgt explanations
the explanation? blackbox? associated W.'th. ground-tru
(H ﬂ\ predictions?
global local intrinsic post-hoc  supervised  unsupervised
interpretability
XAl AXIS
\, )

Which explanation
do we use?

Who is the
audience?

What is their
context?

Darius Afchar, Alessandro Melchiorre, Markus Schedl, Romain Hennequin, Elena Epure, and Manuel Moussallam. 2022. Explainability in Music Recommender Systems. A/

Magazine 43, 2: 190-208. https://doi.org/10.1002/aaai.12056
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Algorithmic Explainability

Human-Centred Explainability

( R
Al SYSTEM - - = relates to Al
Data-f OC‘,’S“—'C’ — relates to XAl
explanations
Model-focused U ”
. nderstandabilit (
explanations < Y > Target
Audience
learning inference o ioti
-e==c---==---3 Model [ro--c-=s==--- >[ Prediction } --------- -- pred'ci'on ----- -
representation tas
’ . are there target explanations what is the type of
thaet ;Sxtf;:nsai?opne?Of 'sbfggkrggff I associated with ground-truth incompleteness we try
P ' ' predictions? to overcome?
A A informativeness

global local intrinsic post-hoc  supervised  unsupervised fairness

interpretability causality

interactivity
XAl AXIS
\, J

Darius Afchar, Alessandro Melchiorre, Markus Schedl, Romain Hennequin, Elena Epure, and Manuel Moussallam. 2022. Explainability in Music Recommender Systems. A/

Magazine 43, 2: 190-208. https://doi.org/10.1002/aaai.12056
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Human-Centred Explainability

Different people and contexts
need different explainability solutions

Research goal: Design tailored explanations and
evaluate how they affect people’s behaviour
(e.g., trust, understanding, motivation, learning)

25



What kind of data was the system trained
on?

What is the source of the training data?

How were the labels/ground-truth produced?
What is the sample size of the training data?
What dataset(s) is the system NOT using?
What are the potential limitations/biases of
the data?

What is the size, proportion, or distribution of
the training data with given feature(s)/feature-

value(s)?

What kind of output does the system
give?

What does the system output mean?

What is the scope of the system’s capability?
Can it do...7

How is the output used for other system
component(s)?

How should 1 best use the output of the system?
How should the output fit in my workflow?

How accurate/precise/reliable are the
predictions?

How often does the system make mistakes?
In what situations is the system likely to be
correct/ incorrect?

What are the limitations of the system?
What kind of mistakes is the system likely to
make?

Iz the system’s performance good enough
for...?

How does the system make predictions?
What features does the system consider?

Is [feature X] used or not used for the
predictions?

What is the system’s overall logic?

How does it weigh different features?

What kind of rules does it follow?

How does [feature X] impact its predictions?
What are the top rules/features that determine
its predictions?

What kind of algorithm is used?

How were the parameters set?

Why/how is this instance given this
prediction?

What feature(s) of this instance determine the
system’s prediction of it?

Why are [instance A and B] given the same
prediction?

Why is this instance NOT predicted to
be [a different outcome]?

Why is this instance predicted [P instead of a
different outcome (]7

Why are [instance A and B] given different
predictions?

How s
differe
What i
instanc
How sH
instanc
What

differen|

What
instan
What ig
feature
What

value(s
predicti
What H

tion?

Why/how is this instance giving this
prediction?

What feature(s) of this instance determine the
system’s prediction of it?

Why are [instance A and B] given the same
prediction?

What
instan
What

feature
What w|

instanc

How /w
prove,/d
Can I, {
(improv
Why i
algorith
What d
mean?

What af
system)

What would the system predict if this
instance changes to...7

What would the system predict if a given
feature changes to...?7

What would the system predict for [a different
instance]?

What insights are

people looking for?

Q. Vera Liao et al. 2020. Questioning the Al: Informing Design Practices for Explainable Al User Experiences. https://doi.org/10.1145/3313831.3376590

26


https://doi.org/10.1145/3313831.3376590
https://doi.org/10.1145/3313831.3376590
https://doi.org/10.1145/3313831.3376590
https://doi.org/10.1145/3313831.3376590

What can we learn
Explanations are typically... about explaining from

the social sciences?
... contrastive: people don’t ask why an event has
taken place, but why another event didn’t

... selected: people select one or two causes of an
event and consider those to be the explanation

... social: people adapt to listeners’ current beliefs
and knowledge in a conversation

Tim Miller. 2019. Explanation in artificial intelligence: Insights from the social sciences. Artificial Intelligence 267: 1-38. https://doi.org/10.1016/j.artint.2018.07.007 27
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Explanations
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Human Control

Automation

30



31



32



33



34



Human Control

Automation
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DD DD D D> ~— — Also applies to

other educational
stakeholders

Teacher controls

Teacher monitors Teacher control
incidentally, but and monitoring .
can resume is not required for What are suitable

control at all specific

times tasks control mechanisms?

Technology
requests
teacher control

Technology Who is the

signals when

teacher control a Ud ience?

is needed

N

Technology Technology
provides supportive controls
information specific tasks

Technology Techn o ¢ ¢
controls broader controls.. .. <@l What is their

set of tasks tasks automatically

context?

Conditional
automation

Teacher only Teacher assistance Partial automation

Inge Molenaar. 2022. Towards hybrid human-Al learning technologies. European Journal of Education 57, 4: 632—645. https://doi.org/10.1111/ejed.12527
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Human-Centred Explainability

Different people and contexts
need different explainability solutions

Research goal: Design tailored explanations and
evaluate how they affect people’s behaviour
(e.g., trust, understanding, motivation, learning)

37



Human-Centred Explainability and Controllability

Different people and contexts need different
explainability and controllability solutions

Research goal: Design tailored explanations and
control mechanisms and evaluate how they

affect people’s behaviour
(e.g., trust, understanding, motivation, learning)

38
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Control

Explanations

How is your new level determined?

Solve a recommended exercise
Wiski estimates your level and the difficulty of exercises. Both change when solving exercises.

of the same chapter
Your level remained similar after solving the exercise series.

ent lavel Then, it increased even further because of your feedback.

Why this exercise? Wiski thinks you
aligns with that of the exercise!

will need 1 or 2 attempts 1o s
our results and those of yo

Expen ’
Prokciont (7‘
Compatent (i}
=
. 4

your

Number of attempts fe
needed to solve exe

» ‘Atter toedback

Exercise 21

An
Betore senes o

Solve exercise 21

Solve more exercises on this topic i ! )

@ Novice | believe this s your level now for the following su

- Or pick your next exercise yourself it What difficul

Go to the exercise overview

« Pick areward and exercise:

8+X=25 X-1=-14

Expert §

Proficient

Competent §

Advanced beginner @

Novice §

40



Control

How is your new level determined?
Wiski estimates your level and the difficulty of exercises. Both change when solving exercises.

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

‘Ater toedback

Explanations

Atter series

Betore senies.

Solve more exercises on this topic F

« Pick a reward and exercise:
X-1=-14

\ 4 \ 4

or pick your next exercise yourself

Solve a recommended exercise
of the same chapter
Why this exercise? Wiski thinks your current lavel
aligns with that of the exercise!
Wiski expects you will nesd 1 oF 2 attempts 1o solve
exercise 21, based on your results and those of your

Recommended

»
Exe e 37
. fellow students.
Number of attempts fellow students
needed to salve exercise 21

P exercise 26

,Exen:ise 21

v

41



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 45
Intelligent User Interfaces (1Ul '22), 93—105. https://doi.org/10.1145/3490099.3511140
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Competence
Q1 Wiski is like an expert (for example, a teacher) for recon

exercises.

Q2  Wiski has the expertise (knowledge) to estimate my matl Real vs no eXpla nation
Q3  Wiski can estimate my math level.
Q4  Wiski understands the difficulty level of math exercises « " MD trust 1D trust
Q5  Wiski takes my math level into account when recommen ':'q\?

3
Benevolence g’
Q6  Wiski prioritizes that I improve in math. §
Q7  Wiski recommends exercises so that I improve in math. = g

-

D8  Wiski wants to estimate my math level well. g
Integrity @
Q9  Wiski recommends exercises as correctly as possible. ‘é’
Q10 Wiski is honest. 3 Placebo vs no explanation
Q11  Wiski makes integrous recommendations. "\5’
Trust (one-dimensional) = MD trust 1D trust

Q12 I trust Wiski to recommend me math exercises.

Intention to return

Q13 If I want to solve math exercises again, [ will choose Wi
Q14 If I'want to be recommended math exercises again. [ will
Perceived transparency

Q15 1Ifind that Wiski gives enough explanation as to why an ¢

recommended.

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

Visual explanations can increase

Wiski expects you will need 1 or 2 attempts to solve

fe><|¢|arciset2dl, }?Eased on your results and those of your initial trust but may not be the most
important factor for building it

Recommended

Number of attempts fellow students
needed to solve exercise 21

4 Exercise 21

»

3

c

53

°

3

@

1 Solve a recommended exercise
I
of the same chapter
1 2 3 > 4 attempts
needed
Wiski this next exercise
4 A
i GOOD
Solve a recommended exercise Solve exercise 21 B JOB |
of the same chapter W Exercise 21
Recommended
Exer se
» Wiski’s algor way
. ir next exercise yourself
Exercise 21 +B .,

~ ... or pick your next exercise yourself

e exercise overview

... or pick your next exercise yourself

Go to the exercise overview

Jeroen Ooge*, Shotallo Kato*, and Katrien Verbert. 2022. Explaining Recommendations in E-Learning: Effects on Adolescents’ Trust. In 27th International Conference on 47
Intelligent User Interfaces (1Ul’22), 93—105. https://doi.org/10.1145/3490099.3511140
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Explanations

Betore senes.

How is your new level determined?

Wiski estimates your level and the difficulty of exercises. Both change when solving exercises.

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

____/{....,.

Control

After series

Retum 1o exercise page

« Pick a reward and exercise:

8+X=25 X-1=-14

48



How is your new level determined? Explanations: control impact in

Wiski estimates your level and the difficulty of exercises. Both change when solving exercises. ou tpU t expla nations

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

Control: steer mastery level

Expert :

«)

:@:
Proficient “\\{}/~

9 After feedback
Competent - 2

’ After series
Before series

Advanced -:':-
beginner Wiski would like additional information from you

@D You solved a complete series of recommended exercises, congratulations! For the next series, you can give

Novice ' Wiski additional information so that Wiski knows better how you feel.

What difficulty of exercises would you like?

Solve more exercises on this topic Return t .

Easier Similar Harder

Submit feedback

Jeroen Ooge, Leen Dereu, and Katrien Verbert. 2023. Steering Recommendations and Visualising Its Impact: Effects on Adolescents’ Trust in E-Learning Platforms. In
Proceedings of the 28th International Conference on Intelligent User Interfaces (IUl *23), 156—170. https://doi.org/10.1145/3581641.3584046
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Wiski schat jouw niveau en de moeilijkheid van oefeningen in. Beide veranderen bij het oplossen van oefeningen.

Expert ~

Bedreven ~

Competent ~

Gevorderde 3 =
beginner
Beginner E'E

< X P

Hoe is je nieuw niveau bepaald?

Je niveau is gestegen na het maken van de reeks oefeningen.
Daarna is het nog extra gestegen door je feedback.

Na feedback

Na reeks

Voor reeks

Maak meer oefeningen over dit onderwerp Ga terug naar oefenpagina

Explanations: control impact in
output explanations

Control: steer mastery level

Jeroen Ooge, Leen Dereu, and Katrien Verbert. 2023. Steering Recommendations and Visualising Its Impact: Effects on Adolescents’ Trust in E-Learning Platforms. In
Proceedings of the 28th International Conference on Intelligent User Interfaces (IUl *23), 156—170. https://doi.org/10.1145/3581641.3584046
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How was trust in the platform affected?

Wiski would like additional information from you Wiski would like additional information from you

You solved a complete series of recommen
Wiski additional informa

ercises, congratulations! For the next series, you can give
that Wiski knows better how you feel.

What difficulty of uld you like?

. s
Control vs no control Control with impact vs no control

trust increased trust increased

trust decreased trust decreased

trust unchanged trust unchanged

Jeroen Ooge, Leen Dereu, and Katrien Verbert. 2023. Steering Recommendations and Visualising Its Impact: Effects on Adolescents’ Trust in E-Learning Platforms. In
Proceedings of the 28th International Conference on Intelligent User Interfaces (IUl *23), 156—170. https://doi.org/10.1145/3581641.3584046



https://doi.org/10.1145/3581641.3584046
https://doi.org/10.1145/3581641.3584046
https://doi.org/10.1145/3581641.3584046
https://doi.org/10.1145/3581641.3584046

How is your new level determined?

Wiski would like additional information from you

Wiski estimates your

You solved a complete series of recommended exercises, congratulations! For the next series, you can give
Wiski additional information so that Wiski knows better how you feel.

S
What difficulty of exercises would you like? R ?
er foodback
@ —f __—
Before series e
Easier Similar Harder roncss
Nevico f

Submit feedback

Solve more exercises on this topic ‘ Retum o exercise page

Trust in the platform Reflection on own mastery
and recommendations

@ O

Jeroen Ooge, Leen Dereu, and Katrien Verbert. 2023. Steering Recommendations and Visualising Its Impact: Effects on Adolescents’ Trust in E-Learning Platforms. In
Proceedings of the 28th International Conference on Intelligent User Interfaces (IUl '23), 156—170. https://doi.org/10.1145/3581641.3584046

52


https://doi.org/10.1145/3581641.3584046
https://doi.org/10.1145/3581641.3584046
https://doi.org/10.1145/3581641.3584046
https://doi.org/10.1145/3581641.3584046

How is your new level determined?
Wiski would like additional information from you

Wiski estimates your level and the difficulty of exercises. Both change when solving exercises.

Your level remained similar after solving the exercise series.
You solved a complete series of recommended exercises, congratulations! For the next series, you can give Then, it increased even further because of your feedback
Wiski additional information so that Wiski knows better how you feel.
S
What difficulty of exercises would you like? iand @
Rorfeedback
@) comonn: G o
Before series e
Easier Similar Harder Advances @)
‘beginner

Nevico '

Submit feedback

Solve more exercises on this topic Rotum o exercise page

Trust in the platform due to Reflection on own mastery
more perceived transparency and recommendations

O O

Jeroen Ooge, Leen Dereu, and Katrien Verbert. 2023. Steering Recommendations and Visualising Its Impact: Effects on Adolescents’ Trust in E-Learning Platforms. In
Proceedings of the 28th International Conference on Intelligent User Interfaces (IUl '23), 156—170. https://doi.org/10.1145/3581641.3584046
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How is your new level determined?

Wiski estimates your level and the difficulty of exercises. Both change when solving exercises.

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

Expert E

Seeing the impact of control can increase
initial trust, but control mechanisms by
Rirfsdback themselves do not necessarily

Proficient

<

Competent

5 After series
Before series

Advanced :(
beginner

<

Novice * How good do you think you are at mathematics?

<

There is no right or wrong answer. Wiski uses your answer to find suitable exercises for you.

Solve more exercises on this topic Returnto e
’ Expert: mathematics holds no secrets for you.

@ Proficient: you score better than average on mathematics.
. @ Competent: you score average on mathematics.

fi‘/ Advanced beginner: basic exercises are not a problem for you

Wiski would like additional information from you

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

What difficulty of exercises would you like?
Easier Similar Harder m

Jeroen Ooge, Leen Dereu, and Katrien Verbert. 2023. Steering Recommendations and Visualising Its Impact: Effects on Adolescents’ Trust in E-Learning Platforms. In 54
Proceedings of the 28th International Conference on Intelligent User Interfaces (IUl *23), 156—170. https://doi.org/10.1145/3581641.3584046
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Explanations Control

How Is your new level determined?

Wiski estimates your level and the difficulty of exercises. Both change when solving exercises.

Your level remained similar after solving the exercise serias.
Then, it increased even further becausa of your feedback.

 beieve this s your level now for the following subject
,ﬁ Coordinates in space.

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

( :O@ « Pick a reward and exercise:
Easy Nol Difficult Vary difficult

Very easy

8+X=25 X-1=-14

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

Expert §

Proficient §

Competent §
e o P
Novice §

57



1S

Y

Very easy

| 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

Easy Normal Difficult Very difficult

If you finish all exercises correctly, your level will increase:
Expert ‘@
Proficient ‘@
Competent @

. Py Your level after completion
Advanced beginner @

Novice ‘@

Start exercises

Jeroen Ooge, Arno Vanneste, Maxwell Szymanski, and Katrien Verbert. Designing Visual Explanations and Learner Controls to Engage Adolescents in Al-Supported

Learner control: choose
difficulty of exercise series

What-if explanation: what is
the impact on my level if |
solve this series correctly?

Exercise Selection. In Proceedings of the 15th Learning Analytics and Knowledge Conference, March 2025. https://arxiv.org/abs/2412.16034
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’EA 1 Q gevorderde beginner | Volgens mij is dit nu je level voor het

onderwerp Volgorde van bewerkingen

Welke moeilijkheidsgraad wil je voor de volgende oefeningenreeks?

C

Heel makkelijk Makkelijk Gewoon Moeilijk Heel moellijk

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

Explanations: real-time what-if
explanations

Control: choose difficulty of
recommended exercises series

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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/E‘ | 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: HOW d|d you come u p
with this design?

Expert ‘@

Proficient ‘@

Competent @
Your level after completion

Advanced beginner ‘@

Novice ‘@

Start exercises

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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Study 1: Group Discussion

2 3teachers and 6 EdTech professionals

@ Collect learning and explainability needs;
test understandability

Exercise 15 Exercise level
Part1 Easy
Subjects and finite verbs

Exercise 23 Exercise lovel
Part1 Easy
Types of sentences

Exorcise 12 Exercise level
Part1 Easy
Subjects and finite verbs.

Exercise 35 Exerc

Partl Easy

Vowels and consonants

Exercise 10 Exercise level

Part1
Types of sentences.

Recommandad saries

Genaral

Completed before?
Ha

Completed befare?
Mo

Completed before?
Ha

Completed before?

Completed before?
Ha

Wihy this exercise serles?

version 1

: 6 adolescents

@ Collect explainability needs; test
understandability and usability

Recommended series
b

Explanation

a» 7 teachers and pedagogical experts

@ Collect explainability and control
needs; assess pedagogical value

version 3

version 2
ove i s o subpct
ﬁ\ [ Comostant

O

' Study 4: Think-Aloud Studies
 — ®

B a 6 adolescents

Novice

Export §

Proficient §

Competent §
L p—
ce

version4 g

@ Collect explainability and control needs;
test understandability and usability

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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Study 1: Group Discussion

2 3teachers and 6 EdTech professionals

@ Collect learning and explainability needs;
test understandability

Exercise 15 Completed befare?

Part1 Easy Mo s o
Subjects and finite verbs. i

Exercise 23 Exerciselevel  Completed befors?

Part1 Easy o

Types of sentences

Exorcise 12 Exerciselevel  Completed before?
Easy No

Part1
Subjects and finite verbs

Exercise 35 Exerciselevel  Completed befors?
earti Easy No
Vowsis and consonants

Exercise 10 Exorcisalovel  Completed befare?
Part1 Easy ™
Types of sentences.

Long iterative design process with
many educational stakeholders!

=
.hﬂ
[+

H—
9

4

l‘...

Study 2: Think-Aloud Studies

a 6 adolescents

@ Collect explainability needs; test
understandability and usability

Study 3: Focus Groups

z 7 teachers and pedagogical experts

@ Collect explainability and control
needs; assess pedagogical value

| Recommended series
©
Part
Suby i

Explanation

i
oo divrmmi—aid
Subjects and finite verbs
Easy (]
@ Novice | | besieve this is your level now for the folowing subject
Coordinate 3pace
Mard Part1 00O ODEND @ D 0O WO O L ¥ e
- ey
- O@
- €0 GID OO BN 00 O - Lo
o oo
:
version 2 seary
Proficient §
Y - oo
Advanced beginner ® -
Novice L
ﬁ‘ (g compston |
.
Study 4: Think-Aloud Studies
Expert @
e ¢ — G

a 6 adolescents

@ Collect explainability and control needs;
test understandability and usability

62



Study 1: Group Discussion

2 3teachers and 6 EdTech professionals -

@ Collect learning and explainability needs;
test understandability

Clarify visualisations and restrict information
What-if explanations might boost motivation

Recommended series

General

Subjects and Types of Vowels and
finite verbs sentences consonants

Exercise 15 Exercise level Completed before?
Part1 Easy No

Suhincte and finitavarhe

Excellent

Coed

Voldoende

Miet voldoende

3. What if you correctly finish this series?

1
Deel 1 Subjects and Types of Vowels and
finite verbs sentences consonants

By completing the next exercise series, you will level up for the
topics ‘Subjects and finite verbs', 'Types of sentences' and

‘Vowels and consonants'. Keep going!

Jeroen Ooge, Arno Vanneste, Maxwell Szymanski, and Katrien Verbert. Designing Visual Explanations and Learner Controls to Engage Adolescents in Al-Supported

Start sequence

Why this exercise series?

The system looks for exercises adapted to your mastery level so you can make the most progress.
Your mastery level is estimated based on exercises you have solved previously.

1. Your level and why:

PART 1 Passing
Negative impact Positive impact °
2, Exercises most similar to your level:
Subjects and
finite verbs
£a0
Types of
sentences Y
Part]
—e— o
P
Vowel and &

consonants,
0
-]

3. What if you correctly finish this series?

L [

Deell Subjects and pes of Vowels and
finite verbs sentences consonants

By completing the next exercise series, you will level up for the
topics ‘Subjects and finite verbs, Types of sentences' and
“Vowels and consonants. Keep gaing!

version 1

Exercise Selection. In Proceedings of the 15th Learning Analytics and Knowledge Conference, March 2025. https://arxiv.org/abs/2412.16034
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z 6 adolescents

@ Collect explainability needs; test
understandability and usability

Minimise text, tightly integrate explanations
Inattentiveness can harm mental models

Exercise 15
Part1

Recommended series

Easy

Subjects and finite verbs

Exercise Exercise level

Explanation

Why this exercise series?

What if you correctly solve this series?

The system recommends exercises that are closest to This is how the system estimates your mastery to change if
you correctly solve the exercise series.

Your level is estimated by looking at exercises you've

® @ 00 0% @00 & X ?‘oo e

Types of sentences

sly.

0 @ CDo 00 @ e® 00 ®

Subjects and finite verbs

e © 00 @O0 O @D e 00 Moo ©

Types of sentences

Exercise 10
Part1

Easy

Subjects and finite verbs

Vowels and consonants

@ Non-recommended exercise
@ Recommended exercise

version 2

Adolescents want control and motivation supports

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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A 7 teachers and pedagogical experts ‘

@ Collect explainability and control
needs; assess pedagogical value ‘

n Students need goal-oriented, motivating explanations

How appropriate is learner control?

Why explanations can empower teachers

Recommended series

Explanation

Exercise Exercise level

Exercise 15
Part1 Easy
Subjects and finite verbs

Exercise 23
Part1 Medium
Types of sentences

Exercise 12

Part1 Easy G
. * Subjects and finite verbs

Exercise 35
Part1 Hard
Vowels and consonants

Exercise 10
Part1 Easy
Subjects and finite verbs

Why this exercise series?

The system recommends exercises that are closest to

Your level is estimated by looking at exercises you've
solved previously.

0 @ CDo 00 @ e® 00 ®

Subjects and finite verbs

Part1 e © 00 @O0 O @D e 00 Moo ©

Types of sentences

Vowels and consonants

What if you correctly solve this series?

This is how the system estimates your mastery to change if
you correctly solve the exercise series.

version 2

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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Study 4: Think-Aloud Studies

Control stimulates self-reflection
What-if explanations clarify progress

g 6 adolescents

@ Collect explainability and control needs;
test understandability and usability

| believe this is your level now for the subject Coordinates in space: ‘ @ Novi
m‘ @ Competent /EA Coordin

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

you correctly solve this series?

the system estimates your mastery to change if
ctly solve the exercise series.

O

Easier Same Harder Very easy

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

Proficient ‘@ Your level after completion

Competent @
Advanced beginner ' Advancec

Novice @

version 2 - version 3
Start exercises

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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, ' NoviceJ | believe this is your level now for the following subject:
E‘ Coordinates in space.

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

Very easy Easy T\@ Difficult Very difficult

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

Expert ,
Proficient ‘@
Competent @
Your level after completion
Advanced beginner @

Novice ‘@

Why explanations desirable for
teachers, not for adolescents

What-if explanations and learner
control might motivate and engage

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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g2

st

Very easy

' Novice | | believe this is your level now for the following subject:

Coordinates in space.

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

"7 ‘@
\J
Easy Nolrrr Difficult Very difficult

PRELIMINARY RESULTS!

What-if explanations can encourage
teenagers to try harder exercises, but do
not necessarily affect initial trust,
metacognition, motivation, or performance

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

Expert ‘@
Proficient ‘@
Competent @
Your level after completion

Advanced beginner ‘@

Novice ‘@

Proportion WHAT-IF = Proportion CONTROL

00 01 02 03 04 05 06 07 08 09 10
Slider values

Start exercises

Jeroen Ooge*, Maxwell Szymanski*, and Katrien Verbert. Work in progress.




Explanations Control

mmended exercise

ne chapter

« or pick your next exercise yourself

€« Pick a reward and exercise: ® - <@ 2]

8+X=25 X-1=-14

v v

v v
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Dirk
Charlotte
Thomas
Noor
Dima
Pietro
Guest

Hans

“NNLAOO~N© =

Be careful! Hans onl
e Y needs 1 more star to pass

Solve Equations at Your Own Pace

6 Alc}\emal:}l and Get Your Favourite Rewards
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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://youtu.be/12bH2HZdf1Q
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€« Pick areward and exercise:

8+X=25 X-1=-14

\ 4 v

Difficulty for
the learner

Reward for a
correct answer

v

Transparency: difficulty labels Control: choose next exercise while being nudged

Jeroen Ooge*, Joran De Braekeleer*, and Katrien Verbert. 2024. Nudging Adolescents Towards Recommended Maths Exercises with Gameful Rewards. In: Artificial 71
Intelligence in Education. AIED 2024. Lecture Notes in Computer Science, vol 14830. Springer, Cham. https://doi.org/10.1007/978-3-031-64299-9 28



https://doi.org/10.1007/978-3-031-64299-9_28
https://doi.org/10.1007/978-3-031-64299-9_28
https://doi.org/10.1007/978-3-031-64299-9_28
https://doi.org/10.1007/978-3-031-64299-9_28
https://doi.org/10.1007/978-3-031-64299-9_28
https://doi.org/10.1007/978-3-031-64299-9_28
https://doi.org/10.1007/978-3-031-64299-9_28
https://doi.org/10.1007/978-3-031-64299-9_28
https://doi.org/10.1007/978-3-031-64299-9_28
https://doi.org/10.1007/978-3-031-64299-9_28
https://doi.org/10.1007/978-3-031-64299-9_28
https://doi.org/10.1007/978-3-031-64299-9_28
https://doi.org/10.1007/978-3-031-64299-9_28
https://doi.org/10.1007/978-3-031-64299-9_28

< / —)

(@),
( ‘ol
Q.\ﬁ v 1\_\-‘ J
(o,
o O
T 9 -— J

oc
O
L
LLl
=
—

QUESTIONS

(o)
\A_ i
( .M\\' J
(o ,,
| ﬁ i K( ®
qe (o |
- / (M (ellhe
A .Atw ; ‘ “ AR
J A .\\ J |

72



Il How can you contribute?
Exercise & ideas for master’s theses



Exercise: Transparent and controllable adaptive
systems at Utrecht University

The XAI-ED Framework

Who are the main What Al models are
stakeholders? What approaches are used for commonly used?
presenting explanations? General additive models,
Globally self explaining like feature decision trees, rule-based
relevance or example based; locally models, clustering and natural
self explaining like comparison language processing.
based or counterfactual examples.

Leaners, parents, teachers,
technologists, educational
researchers, educational
admins and policy makers

What potential pitfalls need to be considered?
Needless use of complex models, inaccurate
or incomplete, explanations, misconceptions,
promoting misbehavior.

Smm o 3 What are the main benefits?
ﬂ}] P Agency, student-teacher interactions,
— o Al literacy, accountability and trust.
gt
a 4
TW ' \ <

USGI'S How can educational Al tools be effective designed?
Using user experiences, theory driven design, centered design, .
participatory and co-design, HCl and interaction design. Al interfaces

Educational Al systems

Hassan Khosravi, Simon Buckingham Shum, Guanliang Chen, Cristina Conati, Yi-Shan Tsai, Judy Kay, Simon Knight, Roberto Martinez-Maldonado, Shazia Sadig, and Dragan 74
Gasevic. 2022. Explainable Artificial Intelligence in education. Computers and Education: Artificial Intelligence 3: 100074. https://doi.org/10.1016/j.caeai.2022.100074
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Step 1: Describe an adaptive system for UU

G Who is the target audience? e Which adaptive techniques are used?

Who are the main What Al models are
stakeholders? commonly used?
Leaners, parents, teachers, General additive models,
technologists, educational decision trees, rule-based
researchers, educational models, clustering and natural
admins and policy makers language processing.
Sarmn i& - What are the main benefits? .
'ﬂ&\‘ D W Agency, student-teacher interactions, | [
e oo S Al literacy, accountability and trust.
:?"‘ ¢ )h{ N
Yy e >
‘ ~ \ < TS >
— \/\/
Users :

AL LANGUAGE

Al interfaces Al Models

Educational Al systems

a How does the system support education?

Hassan Khosravi, Simon Buckingham Shum, Guanliang Chen, Cristina Conati, Yi-Shan Tsai, Judy Kay, Simon Knight, Roberto Martinez-Maldonado, Shazia Sadig, and Dragan
Gasevic. 2022. Explainable Artificial Intelligence in education. Computers and Education: Artificial Intelligence 3: 100074. https://doi.org/10.1016/j.caeai.2022.100074
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Step 2: Add transparency and control

e How to integrate explanations and control into the system?

The XAI-ED Framework

What approaches are used for

What Al models are
commonly used?

presenting explanations? General additive models,
Globally self explaining like feature decision trees, rule-based
relevance or example based; locally models, clustering and natural
self explaining like comparison language processing.

based or counterfactual examples.

ﬂ&i‘ "T _ﬂ: . | —— _ S 5 ==

—

Data: What kind of data was the system trained on? — =
Output: What kind of output does the system give?

Performance: How accurate/precise/reliable are the outputs?

How: How does the system obtain outputs?

Why: Why/how is this input giving this output?

Why not: Why does this input not have a different output?

How to be that: How should this input change to get a different output?
How to still be this: What is the change permitted for this input to still
get the same output?

What if: What would the system predict if this input changes to...?

Al interfaces Al Models

Educational Al systems

Q. Vera Liao, Milena Pribi¢, Jaesik Han, Sarah Miller, and Daby Sow. 2021. Question-Driven Design Process for Explainable Al User Experiences. arXiv:2104.03483 [cs].
Retrieved March 29, 2022 from http://arxiv.org/abs/2104.03483
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Idea 1: alternative operationalisations

JRRLRRE

6 Alchemath Solve Equations at Your Own Pace

and Get Your Favourite Rewards

Extend existing adaptive applications with cognitively
engaging explanations and control mechanisms

e.g., can teachers create content more efficiently with Al?
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adaptive planning

e class Learning Goals

Add explainable

~ Conduct © Self-reflection  Conduct < Self-reflection kunnen studenten
" research " research
Offline Opdracht 1 Opdracht 1 ... uitleggen wat UE, UX en

FETY Opdracht 1 verwante disciplines inhouden re C O m m e n d a ti 0 n S

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

based on blended

... individueel en in groep

Online Rapportering
asynchronous opdracht 1 glr(rjr?jgfe';\mnd UE en UX | . t h t

... in groep onderzoek rond UE e a r n I n g e 0 ry O a
en UX uitvoeren en
onderzoeksresultaten
analyseren, interpreteren en

e planner too

synchronous
Activities

oD e.g., can teachers

® Gulé\m lecture
42 Play a game

5t v oo more efficiently plan

practicum
<) Listen to podcast

Individually & E-learning b | e n d e d C O U rS e S ?

<3 Play a game

Eye-tracking 1] Read literature

practicum
© Instruction
% Reward ~ Conduct 23 Peer feedback @ Feedback @ Feedback ~ Conduct
~ research ™ research ® Consultation
Geen werkcollege Opdracht 1 Opdracht 1 Opdracht 1 =
Opdracht 1 Opdracht 2
TAs en Robin TAs en Robin TAs en Robin O Discussion
TAs en Robin
Q Conduct & Role play
. . research o B 5
roup worl 3 Case stud; ) Case stu [3) Case stud;
Opdracht 1 ~ Conduct - Y d = i & Knowledge exchange
~ research Research design Research design Research design

TAs en Robin exercise' diary exercise: case study exercise: experiment



Idea 3: generalise 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 exerciseslike x = 3

I

Handle exercises like 2x = 3

7 |

Handle exerciseslike 2x + 4 = 3

. |

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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https://arxiv.org/abs/2412.10568

Idea 4a: explore the control spectrum

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 - 7
i ) Your mastery of skills in these exercises 4 Sort
exercise about these skills: _
Handle exercises like 2x = 3 Exercise 1 NN |
Show your mastery changes in the _:] Exercise2 NN = |
Exercise3 NN == |
Handle exercises like x = 3 Exercise4 D 3000

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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Idea 4b: explore the control spectrum

sQular Do B2 N 9 oo Learners have decision
power about how their
learning path is composed

Hoi Daan! Klaar om te oefenen? ©
Woordenschat @ Kiokkiken en kalender (O)  Begrijpend lezen gevorderd W, Breuken q
e.g., how much control is
appropriate for which
learners? how does it affect
- intrinsic motivation?

A

Zinsdelen

7

Analoge klok

000

v

99 Ik wil niet kiezen

Alexis Ganciu. Learn your way: How User Autonomy Shapes Intrinsic Motivation in Gamified Learning. Master’s thesis, 2025.
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Idea 5: aligh multiple stakeholders

educational
Al-supported system

educational stakeholders
(decision makers)

nyp s s improved
& —— motivationand.
?\?sad\ranta%es Siiconts learning performance
hypofhesfs P s ‘ : aligning shared

\ decision-making
a AV V4
N

dvantages &

isadVa
Ntages teachers
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Idea 6: applications for LLMs

Chat with Al Agent Negative [l B Positive

QOverall, " “ has the most positive tone (67% vs
i : a 40%).
Mistalz= NETone * has a most negative tone (60% vs 33%).

Tell me something about the likes and hates if you were a dog.

As a dog, the harsh reality of my likes often sets me up for disappointment in a world that just Negative Tendency « |  Positive Tendency
can't keep up with my enthusiasm. || love chasing after balls with reckless abandon, but more
often than not, my efforts go unnoticed or are abruptly cut short. My fondness for long walks

is tainted by the inconvenience of waiting for my human, who never seems to understand the
urgency of every new scent. (Treats are a fieeting joy, granted sporadically and never enough The graph below shows in more detail how the tone of
to satisfy my boundless appetite. sentences is distributed in each answer

reminder of how dependent | am on inconsistent human company.

* Double click on any sentence to quick adjust fone*

D———-C\

Visualize the tone

« =

\)ej::*'a w&é@a ma“:;;@

ez s n sets me up for disappointment in a world that just can't keep up g
balls with reckless abandon, but more often than not, my efforts

go unnoticed or are abruptly cut short. _f My fondness for long walks is tainted by the inconvenience of]

Evaiﬁng for my human, who never seems to understand the urgency of every new scent. | Treats are a

fleeting joy, granted sporadically and never enough to satisfy my boundless appetite. Lol Ri{Rj[l 810 =Ny

Give orde

hat strip away my natural smell, and worst of all, the dreaded moment when I'm left alone, a distressing

eminder of how dependent | am on inconsistent human company.

* Double click on any sentence to quick adjust fone™

Visualize the tone

Explain and control LLM
outcomes

e.g., how to visualise bias?
how is writing affected?

Don’t miss the

Hairuo Liu. Sentiment Bias in Large Language Models: How Visualization Tools Help Users Recognize and Mitigate Bias During Interactions. Master’s thesis, 2025.
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How to Design Educational Al Systems
With Transparency and

6 Examples of Experiments in Real Learning Contexts

How is your new level determined?
Wiski estimates your level and the difficulty of exercises. Both change when solving exercises. an d
Your level remained similar after solving the exercise series. 1 1 H
- see the impact visualised
o 9 Seeing the impact of control can
increase initial trust, but having
.
L control alone may not
Competnt @ -
Before senes Allar pecles
—

4 Novice| | belicue this is your level now for the following subject
¢ By e
Navco
" i What difficulty lewel would you ke for the next exercise series?
Solve more exercises on this topic Retun to g

Solve a recommended exercise
of the same chapter

Recommended Advanced beginner §

Novice §

‘Exerc\se 21

T of recommendations
and get real-time what-if explanations

9 Explanations can encourage to try harder exercises,

Solve exercise 21

but may not affect initial trust, metacognition,

..« OF pick your next exercise yourself N A
motivation, or performance

Go to the exercise overview

and get why
explanations for recommendations

9 Explanations can increase initial trust but may
not be the most important factor

with difficulty labels and

iteration 1

with stakeholders involved

9 Ensure utility and usability, and co
valuable qualitative feedback

Iterative human-centred design

llect

iteration 2 -

iteration 3

Visualise time and
[ e
performance data used for —
student outlier detection —
9 Data-centric explanations allow
teachers to calibrate their trust and
perceived accuracy
Queson S sarity seores O istroctors
Talohasies -
— @ Los Angeles
e — I.i-mburg
- Noorwegen
-.. -.- l.l{-9 - Zuidpool

[ e e

-

| o T

+ Pick a reward and exercise:

8+X=25 X-1--14

\ 4 \ 4

9 Reward-based nudging can be effective without v v
harming performance or self-reported competence

Visualise similarity scores for
proposed distractors and

9 The utility of explanations and control
can depend on model performance

Jeroen Ooge
jeroenooge.com

% Utrecht
W University

Poster at BBG 4.21
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