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Structured relationships allow for inference
due to abstraction (according to TEM ideq)
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Pllot studies
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1. Acquisition rate of the graph knowledge (v3.1.1)
2. Effects of memory consolidation (v3.1.3)

3. Effects of inference between two corresponding graphs using
a decision-making task (v3.2.0)
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1-day experiment (3.1.1) n=15
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Navigation task (3.1.1) @_,_,_Q

Navigation task

(feedback after trial) * Any node can be a source node except the
— nodes that form the ‘bridge’

» Each source node is presented twice (20
trials in total)

» Trials are selected such that minimum
distance is between 3 and 6 links to force
community exit

* The minimum distance (3-6) has to be
sampled minimum 4 times in a block

source
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Navigation task: count model @,_H_Q

Navigation
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Navigation task: binomial model @,_,_,_Q

Navigation
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Navigation task: binomial model

Navigation: agent policy 1
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Distance estimation task (3.1.1) @'—‘—‘—Q

Distance estimation task - Trials are selected such that each node is a
(feedback after block) source twice

* The minimum distance must be more than 1

» The difference of distances between source
to target and source to foil is minimum 2 and
maximum 4
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Distance estimation task: binomial model (trend)

Distance @ D
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Proportion

Distance estimation task: binomial model (factorial)

Distance
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Association task (3.1.1) @'—‘—‘—Q

Association task
(feedback after block)

&= Dﬂs
i

Yes No

* Trials are selected such that each node Is a
source twice:
* ONce In a correct sequence
* ONce In an incorrect sequence
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Assoclative task: binomial model (trend)

Associative
@)
o R
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Proportion
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Assoclative task: binomial model (factorial)

Associative
7 O
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Arena task
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INnferim summary m . g D

» There is iImprovement in the navigation task over b

» The iImprovement in the distance task is rather shal
oerformance reaches 70%

ocks, but it is not necessarily celling
Oow and max average

» Improvement in the associative task seems rather step-wise (rather than exponential).
» It seems to be difficult — maximum average performance reaches 60%
» Perhaps showing incorrect sequences interferes with learning
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2-day experiment (3.1.3) n = 22

Compare A
Pairs rena

Day 2

Compare pairs task
(feedback after block)

Paired associate learning task
(feedback after trial)
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Paired associate learning task (3.1.3)

o

Paired associate learning task
(feedback after trial)

« To learn associations between four nodes
(6,7,8,9) that form a ‘bridge’
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Paired associate learning task: binomial model

Paired associate learning task % 3
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Navigation task (3.1.3)
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* Any node can be a source node except the
nodes that form the ‘bridge’.

» All links of the source nodes are sampled.
This means that for the right-hand side
community some pairs are repeated to keep
the number of source node presentations
constant across the two communities.

* The minimum distance between a source
and a target node is such that participants

have to exit a community, i.e., distance range
IS 4-8.

Navigation task
(feedback after trial)

source
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Proportion

Navigation task: binomial model @'—‘—‘—Q

1.0

0.8

0.6

0.4

0.2

0.0

Navigation

Block

isCorrect ~ 1 + block +
(1 + block | subject) +
(1 + block | sourcenode) +
(1 | distance)

y(1)=15.82
p=06.77TTe —05

stitute for Human Cognitive and Brain Sciences



Distance estimation task (3.1.3)
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Distance estimation task * Minimum distance to the targetis 1, 2, or 3

(feedback after block) links.
» Foil node has to be a neighbour of the

target, i.e., the target and the foil are on the
same path.

* This also means that the difference in
distance between a foil and a target is
always only 1 link.

*Each node is a source 6 times during the
block (twice for each distance length).
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Distance task: binomial model
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Distance
Session 1 Session 2
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Compare pairs task (3.1.3)
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» Participants compare pairs that involve
| nodes from a ‘bridge’ and a community for
Compare pairs task each pair. This means that the pairs that
(feedback ater block) involve nodes from the left-hand side
represent ‘shorter’ distance than the pairs
that involve nodes from the right-hand side.
» Trials come from a basis set that is repeated
5 times In a session.
 The order of trials is pseudo-randomized
such that there are max 3 trials in a row with
the same node of the family [6 7 8 9].
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Compare pairs task: binomial model

2

Compare pairs
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Interim summary QN x4

Compare Compare

Day 1 Day 2

» There is no iImprovement on the 2nd day, but also no loss.
» PAL task does not seem to benefit learning the graph

» Distance task: the task seems to be easier if it involves nodes -
from the source node suggesting a coarse representation of

o2

hat are farther away
‘he graph (¢)

» Compare pairs task seems to be too difficult (random performance) as it potentially
INnvolves to simulate two instance of a trajectory (fo compare two pairs of items)

» Or simply that they could not differentiate the two communities in their structure

.( S—
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3-day experiment (3.2.0) n=21

Graph A Graph A

stimuli stimuli

T

Compare Choice
Pairs Task

Compare
Pairs
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Paired associate learning task (3.2.0)

<

Paired associate learning task
(feedback after trial)

« To learn associations between four nodes
(6,7,8,9) that form a ‘bridge’
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Paired associate learning task: binomial model

o

Paired associate learning task

(session 1)
1.0 — O O
O
0 O IsSCorrect ~ 1 + block +
0.8 — O O sourcenode +
O (1 + block | subject)
O O
_ O o o) o)
é 0.6 o o
8. o} O o}
£ 04 - ° ° »(1) = 34.88
° p =3.50le — 09
0.2 —
0.0 —
| | | | |
1 2 3 4 5
Block e

stitute for Human Cognitive and Brain Sciences



Paired associate learning task: binomial model

Paired associate learning task
(session 2)
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Navigation task (3.2.0)
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* Any node can be a source node except the
nodes that form the ‘bridge’.

» All links of the source nodes are sampled.
This means that for the right-hand side
community some pairs are repeated to keep
the number of source node presentations
constant across the two communities.

* The minimum distance between a source
and a target node is such that participants

have to exit a community, i.e., distance range
IS 4-8.

Navigation task
(feedback after trial)

source
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Navigation task: binomial model @'—‘—‘—Q

Navigation
(session 1
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Navigation task: binomial model @'—‘—‘—Q

Navigation
(session 2)
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Distance estimation task (3.2.0)
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» Distance task was modified such that only
nodes which belong to a community can be a
sourcenode while only nodes that belong to a
bridge can be a target node. This way
participants are supposed to discriminate the
order structure of the bridge nodes.

» The options are always neighbours, for
example, option 1 Is node 6 while option 2 is
node 7.

» The task samples each community node as
a source node twice leading to 20 trials In
total.

Distance estimation task
(feedback after trial)
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Distance estimation task: binomial model

Distance estimation
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Distance estimation task: binomial model

Distance estimation
(session 2)
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Association task (3.2.0)

* There are two conditions:

» (1) the options belong to the same
(feedback after trial) + (2) the options belong to both communities
a ZD — such that participants can solve the task
which community (less difficult).
 There are 40 trials in total.
condition 1 so to keep It constant node 6 and
9 are excluded from the trials as target

Association task community (more difficult) or
just by knowing which nodes belong to
WH or $ » |t Is not possible to include node 6 In
nodes, i.e., nodes that are the correct choice.
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Assoclative task: binomial model @'—‘—‘—Q

Associative test
Condition 1 9¢%81°" 1) condition 2
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Assoclative task: binomial model @'—‘—‘—Q

Associative test
Condition 1 9€%81°"2)  5ondition 2

1.0 O O 0
o o
@)
0 o O ) o 0 isCorrect ~ 1 + condition +
08 7 ° 4 o — block + condition:block +
g/z———O 0 O O (1 + block | subject)
O O O O O
S 06 — o O O
+ @) O o) o
: = . ° 3
O @) (@)
£ 04 - 5 o () =771
7 p =0.10
0.2
0.0 | | | | | | Main effect of condition and block
c1:b1 c1:b2 c1:b3 c2:b1 c2:b2 c2:b3

nstitute for Human Cognitive and Brain Sciences



mé

Compare pairs task (3.2.0)

Compare pairs task
(feedback after trial)

OELLERLAB
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» Participants compare pairs that involve

nodes from a ‘bridge’ and a community for
each pair. This means that the pairs that
involve nodes from the left-hand side
represent ‘shorter’ distance than the pairs
that involve nodes from the right-hand side.

» Trials come from a basis set that is repeated

4 times In a session.

 The order of trials is pseudo-randomized

such that there are max 3 trials in a row with
the same node of the family [6 7 8 9].

*There are 40 trials in total.
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Day 1: Compare pairs task: binomial model

Compare pairs
(session 1)
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Day 2: Compare pairs task: binomial model

Compare pairs
(session 2)
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Day 3: distance, associations, compare-pairs

Session 3

1.0 — @ O

0.8 —

0.6 —

Proportion

0.4 —

O OO 33i112tj¢_ -

0.2 — o

0.0 — o
| | |

dist:g1 dist:g2 asso:g1 asso:.g2 comp:g1l comp:g2
gy ——
(DOELLERLAB tive and Brain Sciences




Day 3: Choice task

K4

VL

0 33 66 100

1st half 2nd half
Graph A Graph A’
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Day 3: choice task

Choice
1.0 — * % O
(@)
0.8 — O
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No improvement
when subjects

are selected based on
graph 1 performance

No relationships
with arena arrangement
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Day 3: choice task

Choice (graph 1)
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Day 3: choice task

Choice (graph 2)
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Summary

o2

» The choice task does not indicate that the transter has occurred as the group level

performance Is

around chance.

» Performance in distance task is perhaps lower than one would wish.
the “compare pairs” task looks as if participants learned stimulus-

» Performance ir
response AassocC
options includir

iations rather than cor

reversed as If tr

sidering the graph structure (rule: choose

g pictures of node 6 or 7). In session 3, in graph 1 their performance is

ey forgoft the rule.
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