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REPAIRING DISENGAGEMENT




Motivation

= We have
= Students using a tutoring system
= Decrease in motivation (= disengagement)

= We wantto
= Detect disengagement

= Adapt to disengaged behavior by providing
"something useful”




Machine learning with data

= Adapt to new circumstances automatically
1. Learn engagement state
>. Dynamically react on current engagement

= How to learn the engagement state?
1. Collect data (- Data acquisition)

> Process data
(predict engagement state by using special

\\ /4




Data acquisition

Students after logon pseudo-randomly assigned to

= Tutor Control Group

= Traditional Wayang: Possibility to click on help button
which provides multimedia hints

= Experimental (Interventions) Group

= Receiving intervention screens at fixed intervals of 6
problems




Performance Graphs

Percent of questions that you got right Percent of questions that you got right

Dear Ivon, ‘ Dear Ivon,

This graph shows that Look how much you
you have not improved are learning! This
much recently... BUT = graph shows your

you can change this: if improvement over

you read the problem
CAREFULLY, work it out
on paper, and click on
the 'help’ button to get
hints when you feel
stuck.

your prior
performance: you
are getting more
questions right.
Keep up the good
work.

5 problems Last 5 5 problems Last 5
earlier problems earlier problems
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Tips
= Suggest a productive learning behavior

= Tip-read-carefully

= Slow down, read problem carefully, read provided
hints carefully

* Tip-make-quess

- Think about the problem, make a quess, if quess |




Data acquisition (2)

Teach the two groups

= 4 test dayS differently

43 items extracted from
SAT and MCAS

43 items extracted from
SAT and MCAS

day #1 day #2 day #3 day #4

= Now we want to analyze this data...




Data analysis

N W NP

Do interventions help (at all)?
W

W

How can you predict whether an intervention
helps at a certain point?

nat type of interventions help?

nom do interventions help?




Data analysis: step 1
Do interventions help (at all)?
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Data analysis: step 2
What type of interventions help?

Increase of median
time spent in the
problem after seeing
an intervention.

Significant difference
in time spent for
Graphs, but not for
Tips.

=
QL
D
O
o
—
eh)
Q.
o
v
—_
-
o
U
Qv
W

I:lProble m BEFORE
Intervention

[Iproblem 4B N: number of random
Intervention

'\ = 303 303 65 65 238 238 126 126 100 100 pairs Of subsequent

No Inte rvention PostitiveGra ph Tip:Make a guess
Ne gativeGra ph Tip: Read Carefully prOblemS
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Data analysis: step 3
Whom do interventions help?

= Help for disengaged students!

" Problem: How to detect disengaged students?

= Solution: Dynamic Mixture Model-IRT (based on
Hidden Markov Models and Item Response Theory)




Data analysis

= Dynamic Mixture Model-IRT (= IRT + HMM)

i: current problem

M.: motivation

H.: evidence of motivation
U.: (initial) response of user
0: proficiency

Source:
J. Johns et al. "A Dynamic Mixture Model to Detect Student Motivation and Proficiency”
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Data analysis: step 4

How can you predict whether an intervention
helps at a certaln point?

= Dynamic Mixture Model-IRT (= IRT + HMM)

i: current problem

M.: motivation

H.: evidence of motivation
U.: (initial) response of user
0: proficiency

Source:
J. Johns et al. "A Dynamic Mixture Model to Detect Student Motivation and Proficiency”
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Engaged or not engaged, that
1s the question...

\l \RKOV CHAIN \iUDLL

Control Group (N=3347 sequences of 6 cugageinent inferences af subsequent problems, from 40 students who did not recetoe inlervenfions)

Interventions Group (N=433 sequences ol 6 engap,emenl inferences al ml,\sequenl problems, 3 before and 3 after the intervention)
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Summary

* The “winner”: Interventions group.




Summary

= The “"winner”: Interventions group. Why?
= Lower pre-test scores, but higher post-test scores
= Higher passing rates in standardized tests

= Conclusion: Presented data mining helps to detect
disengagement and react on it

= How can we use such data mining in ActiveMath?




How to use such data mining 1in
ActiveMath?

= Present (non-invasive) interventions

based for example on Dynamic Mixture Model-IRT to
predict engagement state (for which students?)

adapted to the user’s engagement state (which
interventions? / when?)

maybe with additional information such as

feedback on planning how to solve a specific kind of
problem

individual hints based on user’s profile
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THANK YOU!




QUESTIONS?




