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Different Modelling Approaches

Probabilistic
graphical models

ualitative models
(e.g., DBN) Q

Cognitive
architectures
(e.g., ACT-R)

Traditional learning
models
(e.g., RW)
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Algorithm 1 Hierarchical Ordering of e-Equivalent Groups (Speller et al., 2025)

Input: A set & = {¢!,....¢™}  RZ:™ of real-valued vectors of dimension n each.
Output: An ordered nested list £ of lists and an ordered vector € = (E1y--.1Em—1)
with £; < g;, for all i.
= Phase I: Generate upper triangular matrix A
: Initialise A € R™*™ with zeros
cfori=1tom—1do
for j=i+1tomdo
Compute Dgysg(¢', ) =: g5
Store result in Ay;
Save A
= Phase II: Generate ordered list £ and vector &

o

o

7: Initialise empty list £ + []
8 Initialise vector £ = (gq,....5m,—1) With zeros
9: Initialise active index set 4 + {1,....m}

10: Initialise active matrix A (= A

11: forf=1tom—1do

2 Find (7, §") = argrrlin{ﬁu i<j, i,je A}
13: Save ¢ 1= fxl-eje

[

14: if i" appears in direct parent group Gy € £ then

15: if j* appears in direct parent group G}, € £ then
16: Update G and G, as one new group [Gp. GY,. {]
T: else

18: Update G, as G, = [Gp. 7', £

19: else if j' appears in direct parent group Gy € £ then

20: Update Gy as Gp = [Gp.i',{]

21: else & Neither i’ nor j* appears in any parent group

22: Append [[i', 5/, €]] to £

23: for ke A\ {i',5'} do

24; if k > j" then L

25: .-'\yk — lTlEL"{{AT'.'k. Ajrk}

26: else if k < i’ then

27 Apie + max{Agy, Agye}

28: else if i' < k < §' then

20: Ayp — max{ Ay, Agjr}

30: Remove j' from active set: A4+ A\ {j'}
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Experiment

1.

Estimation of the gaze

UH
ij_i
L2V Universitait Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Image edited with ChatGPT




Experiment

1.
2.
3.

=
& UNIVERSITAT ZU LUBECK
I

Estimation of the gaze
Cooperative context

Belief about the other person
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She’s working
against me!

Image edited with ChatGPT
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Experiment

1
2
3.
4

Estimation of the gaze
Cooperative context
Belief about the other person

Belief updating
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She’s working
against me!

Image edited with ChatGPT




L2 ¥ Universitat Hamburg
EHRE | DER BILDUNG

triali + 1

>[ Feedback ]

A

L evidence J
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Distance Metrics %‘}

Belief ﬁ} W
RMSE m %
me
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Visualise Distances: Belief

RMSE distances in a 2D space
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K-Means and DBSCAN

K-Means DBSCAN

3 2 3 3 0 1 2 «3

2- 24

| - | -

0- 0- (¥, 3
-1 7 -14

224 -2

20 <15 1.0 05 00 05 1.0 20  -15 1.0 05 00 05 1.0
N =120

13



Clustering Process (HACP)
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Clustering Process (HACP)
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Homogeneity of the Clusters (“Fit”)

persistent true
sceptic groups
identified clusters I

Capturing Inter-Individual Differences in Cognitive Processes| ACS 2026 | 09.10.2026 | Rebecca von Engelhardt



.

UNIVERSITAT ZU LUBECK i

3 L2 ¥ Universitat Hamburg
A

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Homogeneity of the Clusters (“Fit”)
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Effect of the Number of Trials

34 choiceBased « persistent ¢ sceptic * insecure

L

-1.5 -1.0 -0.5 0.0 0.5 1.0

34 choiceBased ¢ persistent @ sceptic © insecure

N =120
with 1000 trials

N =120
with 50 trials

Epsilon

Epsilon

UH
iti
L2 ¥ Universitat Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

0.5

e 7 > whisker
04“ ® 7> [

e7>2
0.2 1
0.1 1
004

0 12 24 36 48 60 72 84 96 108 120

0.5

o 7 > whisker
0.4‘ e 7> ]

°7>72
0.3 e7>3
02
014 =
0.0

36 48 60 72

84 96 108 120

19



UNIVERSITAT ZU LUBECK

Number of Clusters

I groups (real)

Dusters (data)
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= For your next study: Increase the number of trials (if you can)! © please use!!

Conclusion: When and How? %‘

DER FORSCHUNG | DER LEHRE | DER BILDUNG

. . . ) Identify clusters
Are you interested in cognitive or behavioural processes? with similar

Can the process be modelled as a (dynamic) Bayesian network? m SO [pErEsih %
Do you assume individual differences and similarities?

How do you want similarity to be defined (e.g., RMSE)?

Do you know how many groups to expect?
(D
A

No? ... perfect! Make it iterative, visualise distances, and inspect the merge sequence!
Do you prefer more homogenous clusters or greater data aggregation?

Il Finding the correct number of groups is not trivial and depends on the data !!

—
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