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Learning platform for secondary school maths
that recommends exercise series




Our earlier research ...

Wiski schat jouw niveau en de moeilijkheid van oefeningen in. Beide veranderen bij het oplossen van oefeningen.

Expert *

Bedreven *

Competent *

Gevorderde : g
beginner
Beginner "”'

Maak meer oefeningen over dit onderwerp Ga terug naar oefenpa

< D 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

Trust effects of steering
recommended exercises

https://doi.org/10.1145/3581641.3584046

Goed gewerkt!

Maak een aangeraden oefening
van hetzelfde hoofdstuk

Trust effects of explaining

recommended exercises

https://doi.org/10.1145/3490099.3511140

/E‘ I (? gevorderde beginner | Volgens mij is dit nu je level voor het

onderwerp Volgorde van bewerkingen

Welke moeilijkheidsgraad wil je voor de volgende oefeningenreeks?

Q

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

... of kies zelf je volgende oefening

Naar het oefeningenoverzicht

Combining
explanations and

control over difficulty
https://doi.org/10.1145/3706468.3706470
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... did not focus on teachers

onderwerp Volgorde van bewerkingen
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Daarna is het nog extra gestegen door je feedback. van hetzelfde hoofdstuk
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Co-design with teachers ...
/-> Detect

Teachers want a warning system
that focuses on individual students
and recommends actions
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... and HCI experts in multiple iterations
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Strong students
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Attempts

In the overview below you can see the failed and successful attempts of the students for the exercises from your series. The students are sorted

Very fast 23% according to their speed and the number of attempts.

Quick

0

Normal 8% L} 1 23 45
Slowly |15% I I
I Student 12 H‘I| |

Ex. 1 2 Ex3  Ex4 5
I Student 9 I“I—l'l l }
Exercise Tracker
Here are some exercises that require your attention. Ex.1 23 Ex4 5
Exercise 5: I | I I I
Students work very slowly and need few attempts. I Student 13 |Il I I ' l l

Exercise 1:
Students work very fast and need a lot of attempts

Exercise 3:

Students work quickly and need a reasonable number of | |
i ﬂ Student 5 | |

123 4 §
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2Ex3 4
final version | stuent 10 HHH



Detect @ Act

How Teachers Trust and Use al ExplainableReal-Time
Monitoring Dashboard to Detect Student Outliers in Class

What do you mean
with “explain”?




Data-centric why explanations Model-centric how explanations

visualise speed and attempt scores clarify the model’s internal functioning

Hoe werkt het algoritme?

nificant afwijk

vergelijkbare

Fast | | 25% 0
Average | | 25% L
Snelheidsscore
Slow I:I 10% De snelheidsscore is gebaseerd op de tijd die een leerling nodig heeft om een poging voor een oefening in te
dienen. We vergelijken deze tijd met het gemiddelde van alle leerlingen en berekenen zo een score. Op deze
manier kunnen we bepalen of een leerling relatief snel of juist langzaam is in vergelijking met de rest van de
Very slow 15% s
Leerling verliest punten
Ex.1 Ex.2 3 x.4 Ex5 Meer tijd nodig |
I l I I I l I laantal pogingen dat een leerling daan om een oefening op te
Student 1 I I I I I I I als hun mislukkingen bij he
3ag juist
der heeft s de leerling het

heeft geprobeerd, ga

jn/haar po;

er omiaag dan als

eerste of tweede poging is

we voorkomen dat leerfingen zomaar gokken

Student 2 1

—
Ex1 Ex.2 Ex3 Exd Ex.5
Hoe minder pogingen nodig zijn om een vraag correct te
Student 3 % % = I I I { { I i I i beanlwoorde’n, hoe me;r punten de leerling krijgt.

Student 4 I HH 3 — l}l L

Hoe meer gefaalde pogingen, hoe meer punten de leerling verliest.




Which factors affect teachers’ trust in an
explainable outlier detection system?

How do teachers assess model-centric and data-centric explanations
in terms of effectiveness, satisfaction, and trust?

How do teachers (intend to) use our outlier
detection dashboard in a classroom setting?

11



In-class experiment with 11 teachers

Student tracker powers of integers v

Use full dashboard (25 min) and

Strong students

Speed Attempts = =

Vry fast _ 2% The students are sorted based on their speed and the number of attempts.

Fast %

o e e (counterbalanced)
| stuents ——++H

v e Semi-structured interviews about trust

Average

H Student 2 i i i i H Il
d effecti f
Exarcles irackar . . L ana errectiveness or use
| | || n| | L |
Here are some exercises that require your H Student 3 | | 11 I | IRIA !
attention,
Exercise 3:
Students work very fast and need faw attempts. 1 2214
L0y
I Student 4 —_—
fu I | lowly and need a
of attempts. d
Exercise tracker Student tracker

Here are some exercises that require

: Weak students

atte v
your attention power of integers Strong students
Exercise 4

Below you find an overview of all students.

Exercise 8
Exercise 7
Student 1
Exercise 6
Student 2
Student 3

baseline




Themes in the interviews

Trust
Blind trust
Fluctuating detections (reliability)
Explanations reveal accuracy (validity)
Alignment with own findings (predictability)

Build trust over time

Satisfaction and Usefulness
Satisfactory and useful features
Need for control

Explanations improve understanding (transparency)

Dashboard Integration in Classrooms
Remediation and differentiation
Sharing insights with students

Balanced technology use

13



Themes mapped to trust framework

Dispositional trust Dynamically learnt trust

Blind trust System performance

Fluctuating detections (reliability)

Situational trust ,
Explanations reveal accuracy (validity)

Remediation and differentiation : : L L
Alignment with own findings (predictability)

Sharing insights with student
aring Insights with stuaents Satisfactory and useful features

Balanced technology use

Design features
Initial learnt trust Explanations improve understanding (transparency)
Build trust over time Need for control
Kevin Anthony Hoff and Masooda Bashir. 2015. Trust in Automation: Integrating Empirical Evidence on Factors That Influence Trust. Human Factors: The Journal of the 14

Human Factors and Ergonomics Society 57, 3: 407-434. https://doi.org/10.1177/0018720814547570
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RQ1: Which factors affect teachers’ trust?

< Prior to interaction 1 During interaction —

Dispositional trust Dynamically learnt trust

Blind trust System performance

Fluctuating detections (reliability)

Situational trust ,
Explanations reveal accuracy (validity)

Remediation and differentiation : : L L
Alignment with own findings (predictability)

Sharing insights with student
aring insights with students Satisfactory and useful features

Balanced technology use

Design features

Initial learnt trust Explanations improve understanding (transparency)

Build trust over time Need for control

Kevin Anthony Hoff and Masooda Bashir. 2015. Trust in Automation: Integrating Empirical Evidence on Factors That Influence Trust. Human Factors: The Journal of the 15
Human Factors and Ergonomics Society 57, 3: 407-434. https://doi.org/10.1177/0018720814547570
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RQ1: Which factors affect teachers’ trust?

< Prior to interaction

Dispositional trust

Blind trust

“I trust it [...] because there’s an

objective system that generates
judgments based on data.”

“I’'m not naturally inclined to trust the
computer for [detecting outliers].”



RQ1: Which factors affect teachers’ trust?

< Prior to interaction

Situational trust
Remediation and differentiation
Sharing insights with students

Balanced technology use

17



RQ1: Which factors affect teachers’ trust?

< Prior to interaction

“The more | work with the platform, the
more my trust in it grows. You learn that the
system responds correctly. [...] so | trusted it

would work in the next lessons as well.”

Initial learnt trust

Build trust over time

18



RQ1: Which factors affect teachers’ trust?

During interaction —

Dynamically learnt trust

System performance

Fluctuating detections (reliability)

“Sometimes [l trusted it], but sometimes not.
[...] It would say ‘weak,” and then [...] ‘strong,
and then they would become ‘weak’ again.”

19



RQ1: Which factors affect teachers’ trust?

During interaction —

‘ Dynamically learnt trust

“Make adjustments [...] so that less
emphasis is placed on slowness in some
learners because you’re aware of it.”

“Choose for yourself what you
want to see on your screen.”

J Design features

Need for control

20



RQ2: What is the impact of explanations?

Model-centric explanations can give a
basic understanding of the algorithm

“I noticed that students whom |
know are weaker were being
highlighted as stronger. And |

thought, ‘Really?’ But [...] it was

true [...]. | wasn’t surprised
because | knew that you receive
more points for providing the
correct answer quickly or getting
it right on the first try.”

Dynamically learnt trust

Explanations reveal accuracy (validity)

Explanations improve understanding (transparency)

21



RQ2: What is the impact of explanations?

Many teachers mainly paid attention
to the data-centric explanations

“I could see on the timeline
that they were guessing.
[...] So, | trusted that the

system was identifying the

students correctly.”

-

Dynamically learnt trust

Explanations reveal accuracy (validity)

Explanations improve understanding (transparency)

22



RQ3: How do teachers use the dashboard?

Situational trust
Remediation and differentiation
Sharing insights with students

Balanced technology use

“I would love to use it
to differentiate tasks.”

“I could say to them, ‘Hey, the system ‘ AN .

recognises you as a strong student’, and > ¢

you could see them light up with pride.” v

“It’s difficult to monitor
the dashboard and walk
around at the same time.”

23



Design implications for outlier detection dashboards

L=

Align with teachers’ goals and educational context

Support portable devices

Include (data-centric) explanations
Provide control mechanisms

Avoid fluctuating detections

Find the paper, demo, and
slides on jeroenooge.be/lak26

nnnnnnnnnnnnnn
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