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Introduction

How does the brain learn and represent sensory and event
contingencies at different levels of complexity?

- Both the hippocampus (HC) and medial prefrontal cortex (mPFC) contribute to our ability to
learn and remember statistical regularities in the environment'43,

* However, the nature of their interactions is unknown, including how they differentially
contribute to learning and memory for contigencies at different levels of complexity*~.

- We adapt a health inspection paradigm® to explore learning of context-dependent contigencies
at multiple levels of abstraction.

* In a planned fMRI study and computational modeling work, we will use this paradigm to test
the hypothesis that mPFC differentially contributes to learning context-dependent abstractions
across contingency sets and explore levels of abstraction in the anterior and posterior HC.

» Digital copy of this poster is available at: https://tinyurl.com/stslabposters

Design On Cygni E, a subject might see...

Participants were
‘Intergalactic health inspectors’
who traveled to four planets to

determine the cause of sickness

On two planets:
50% of the foods (F)
caused sickness

On the other two planets:
50% of the restaurants (R)
caused sickness

Planet rule not needed:
- Each F shown with 4 Rs; - Each F shown with 1 R;

What can be learned?

Episode - Someone ate pancakes each R with 4 Fs

each Rwith 1 F

outcome at Rao’s and got sick . _

e g _______________________________ - Cause can be inferred - Cause only inferred by
ltem-  People who ate by integrating across associating episode
outcome pancakes got sick overlapping pairs outcome with planet rule
On Cygni E, some Outcome probability across all trials: 50%
Planet rule foods cause sickness 8F & 8R per planet / condition; all pairs shown 2x
N = 24, within-subjects design

Procedure

Round 1: Separate

ltem- |S|c Predict + ltem- set of Planet Not
Planet |!Planet-Cause|! Planet | MNeeded pairsto leamn
rules before studying

Intermixed pairs
planets

Blocked by
planet (4 blocks)

Sick Predict + |Sick Predict + Planet- | tem- ltem- ]
Test Pair Memory | Pair Memory Cause IanetJt Cause
Blocked by Blocked by Intermlxed intermixed  Intermixed
planet (4 blocks) planet (4 blocks) planets planets planets
\/v counterbalqnced

across subjects

Planet Not Needed

____________________________________________________________________________________________________________________________________________________________________________________________________________________

Studied Episode-outcome, Episod ,
(Exact pair ltem-outcome, or pisode-outcome,

that can be used to _Seen at study) Planet rule or Planet rule

make predictions at Recombined
test? (Pair held out

from study)

What observations
and/or inferences are
available at study

ltem-outcome,

Planet rule
or Planet rule
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Behavioral results

Study

Planet Not Needed

Sick predictions

—h
o
1

Prop. correctly predicted
o
o)

Block start

O
oo
i

0.4-
(- i i i i
O 1 2 3 2 3
[T Correst! Study Round
» — Not Sick
o) K 4_ Planet-Cause .
O K led Top: Predictions were
o nowiedge reliably above chance
o l by the third round, but
: 1.0 )
40 trials w/ feedb,@Ck- o /\ less accurate when the
Le. : 5 084 planet rule was
£ ‘ ®
O ovenE S needed.
S o o vertorson . 5 06 Left: Planet-cause
0 Q| .
O e knowledge was highly
o TR 0.4 accurate across the
B o . . . study phase.
4 planet blocks per round L >
tudy Round /
Test ~
- Sick predictions
..g Planet Not Needed
x 8 1 .O - * % p — 096 *%* * % p — 032 * %
O ©
-8 S
0 =981 L 14
>
B 0.6- £ =
T D N e
@)
g 0.4-
Grilled Cheese D_
Studied Novel Studied Novel
- Combo Combo Combo Combo
-% Prodict? Studied pairs Novel combinations
= Not s(.% Not Needed Not Needed
. 3 *x p=0.03 %% **x p= 0.06 ** *x p =011 ** p=0.02 **
&’ £ 1.00-
ks ] T T
= 3 L
: O e e B B e [l TR R St e P T E
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30 trials per planet block
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Cause/Not: If F or R category caused sickness on the planet
Yes/No: If specific F/R image caused sickness

Note: Statistics reflect mixed-effects models to accommodate
different # of memory responses per subject

Top: More accurate
predictions when planet rule
not needed, studied pair
remembered, and novel
combo falsely remembered.

Left: Reliable knowledge of
cause when planet rule not
needed, but difficulty
identifying specific causes
when planet rule needed.

/

*indicates p < 0.05, ** indiciates p < 0.01 difference from chance (dotted line); p values indicate two-tailed paired t-test
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F on planets where Fs caused F on planets where Rs caused
sickness, R on planets where sickness, R on planets where
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This task aimed to encourage attention to both R and F during study. Yet, there was
worse item-planet knowledge when its category was unrelated to sickness.

Planned fMRI Design
Study unscanned, Test modified (’

Each F and R shown 4x

Press button when there is a

taco or taco truck on screen
Scanned

A AR A A H
l F+R Planet-j r- ltem ltem-

Sick Predict + [|Sick Predict +

Pair Memory | Pair Memory Exposure ' Cause Plan Cause
— —
Blocked by Blocked by Intermixed Intermixed  Intermixed Intermlxed
planet (4 blocks) planet (4 blocks) planets planets planets planets
Y~ counter-
balanced

Pattern Similarity Analysis

Sensitivity to planet Sensitivity to rule Sensitivity to outcome

B More sim
| Less sim
ol Excluded
® &

L "%

sickness

F8 F7 F6 F5 F4 F3 F2 Fi

i Restaurants |

Foods =
sickness
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i = S|ckness

F1 F2 F3 F4 F5 F6 F7 F8

F1 F2 F3 F4 F5 F6 F7 F8 F1 F2 F3 F4 F5 F6 F7 F8

Each row and column = one F (2 per planet shown as an example)
ldentical analysis will be conducted for all Rs
Will test fit to these matrices in mPFC, anterior and posterior HC

Conclusions

* In a modified health inspection paradigm, participants are able to learn context-dependent
contingencies at multiple levels of abstraction.

» We extend previous work by demonstrating learning of context-dependent abstractions across
sets of contingencies. Specifically, our paradigm induces participants to infer the underlying
cause of sickness based on the block or planet-level context.

* Planned computational modeling work will assess whether standard model of the hippocampus
can learn to make planet-based causal inferences, and whether addition of mPFC aids learning.

* Planned fMRI work will assess which statistical associations are encoded in anterior and
posterior HC and mPFC.

—  References

1. Kumaran et al., 2009, Neuron

2. Schapiro et al., 2013, Nature

3. Schlichting et al., 2015, Nat. Comm.

4. Eichenbaum, 2017. Ann. Rev. Psychol.
5. Pilly et al., 2018. Front. Hum. Neurosci.
6. Tomov et al., 2018. J. Neurosci.

Acknowledgments

This work was supported by NIH grant F32 NS108511
awarded to A.T., by NIH grant F32 MH123002 awarded
to C.M.S., and by NIH grant RO1 DC00920 awarded to S.T-S.

We would like to thank Vanessa Ewing for valuable
assistance with data collection.




