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Defence system evolved in the context
of a prey-predator interaction

to find and consume

prey

to prevent predation



Avolding predation In structured environments
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Structured environments shape
the organisation of defence
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Structured environments shape
the organisation of defence
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Structured environments shape
the organisation of defence

Pre-encounter threat

Threat not present, but
the risk of encountering threat | €
in the near future is high

f Safety

Threat not present, but might be
encountered in the distant future

Transition zone \<

Ve?y low Low Medium High Very higﬁ Bistal attack Proximal attack

Probability of attack

8 Mobbs et al., 2020: Fanselow & Lester, 1988



The organisation of defence rests upon
threat prediction and detection
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I'he ability to detect recurring tnreats
comes from Pavlovian threat (fear) conditioning



11

I'he ability to detect recurring tnreats
comes from Pavlovian threat (fear) conditioning

B
l

@ Fight
Flight
(Freezing)
“Panic”

UR



12

I'he ability to detect recurring tnreats
comes from Pavlovian threat (fear) conditioning

Pavlovian threat memory
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I'he ability to detect recurring tnreats
comes from Pavlovian threat (fear) conditioning

Pavlovian threat memory

Freezing @ @ Fight
Bradycardia Flight
Vlgllance / \ / \ (Freezing)
“Fear” “Panic”




Knowing what posits a threat is necessary for
ts detection but not sufficient for its prediction
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INndividuals are equipped with a rich repertoire
of mnemonic processes operating In safety

First-hand Pavlovian
threat conditioning
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Structure of the environment is acquired in safety
during spontaneous exploration (driven by curiosity)



17

Structure of the environment is acquired in safety
during spontaneous exploration (driven by curiosity)

Cognitive map
as a graphn
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Structure of the environment is acquired in safety
during spontaneous exploration (driven by curiosity)

Cognitive map Cognitive map
as a graphn as a successor representation

Schap ro et al. (2015)
Task

S

00 00 00
Visited states

Adapted from: Peer et al., 2020 Stachenfeld et al. (2017)



Bullding successor representations

Policy-independent (random walk) Policy dependent
M=({I-yT)! M(s) = M(s) + a(onehot(s,,, ) + yM(s,,. ) — M(s))
O<y<l O<a<l
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Bullding successor representations

Gridworld maze  Current state M(s): random walk  M(s): policy-dependent
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o support threat prediction and detection, complementary
memories acquired across time and space must interact

/ Safety 7, Pre-encounter threat
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The phenomenon of sensory pre-conditioning

Preconditioning phase Conditioning phase Test phase
Tone A—> Tone B Tone B— Reward Tone A

O-iv} <) @ 0-1))) m O-1>>) *))Z_’% @

B, = w (Vs v

Food reward

22 Wikenheiser & Schoenbaum, (2017)



The phenomenon In the aversive domain

A. Stagel Stage 2 Test

\/\]3)) - 24h W - A 24h q))) 24h ¥

Pre-conditioning phase
Sound for 30 sec
Light for 10 sec

B. Test with Sound Test with Light The offset of one is the onset of the other
30 d= 0091 100 d=2.06 Inference test

30 Stimuli presented alone

= o = Sound for 30 sec

N N 60 Light for 10 sec
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I'he machinery...

A— B B— I/ A /‘\

(in a safe context)

(under risk of harm)

W 08 o)

cf. Wong, Westbrook, Holmes, 2019 (eLife)
Jones et al., 2012 (Science)



Combining memories across context
to estimate iImminence of danger/harm
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Procedure Eye-tracker

D
o & skin conductance hook-up
Color stimul (~10 min) \
familiarisation

—_ () Sequence learning
L B (I1) Conditioning (~45 min)

11 \nscapes (~15 min) /
~5 min) Shock
(1) Inf?rence task/ bt %
(~15min) (~10 min)
/—\A_lmesurvey '\/
(V) 3-AFC task ~10 min) \J

| ' * Intolerance of uncertainty
("'5 mm) o STAI-T
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Seqguence learning

Number of transitions
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Seqguence learning

237 presentations of stimuli
split into 3 blocks

O SecC

O sec

4 sec
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Seqguence learning
- target detection sub-task

~50% of stimulus presentations
anytime between 0.5 and 5.5 sec

4 secC 4 sec 0.2 secC 1.8 sec O SecC 4 sec




Descriptive model of accuracy

y;j ~ Binomial(1,p;)

O

O .

S logif(py) = Py + wg; + (P + @) X X1+ (P + @) X X

S By ~ Normal(0,10) By, B, ~ Normal(0,1)

8_

O

10 13 Wi ~ MVNormal( [O] ,Z) S=10 o,
(DA :
2 0 0O 0 o,

time: [t1, t2, 13 S=SXRxS R~ LKJcorr(2)
Po = Peanamean G s Ory» Oy, ~ HalfCauchy(0,1)
p1=Pu_n
Pr = Po_n

30



Seqguence learning
- S_AFC Su b—taSK “Whatwould4h2a\(j;isetleonntshlgrfct)aslt ikely now?”

T

31 4 sec 4 /6 sec max 6 sec 4 sec

Type (V)
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Cognitive model of SR and 3-AFC

Z.

e l
y;; ~ Categorical(|n, 7, 73]) (71, m, 3] = —% 3 z, = Mlx,_1, 4,
e
j=1
Mlx,_y, :];y; + aonehot(x,) + y;M|x,, :] — M|x,_y, :]), ifx,<9,t>0
Mlx,, :1; = Mlx;, :1,_y; ifx,=9,t>0
M| zeros, zeros], ift =10

a; ~ Normal(u,, 6,)T(0,1) y; ~ Normal(u,, 0,)1(0,1)

Hgs , ~ Uniform(0,1) o, 0, ~ HalfCauchy(0,1)



Testimonials:
Please describe in your own words what the rule was in the
first task. In what order were the colors presented?

“1. first green, then blue 2. first purple , then pink 3. first olive green, then turquoise”

“th e taSk WaS U n C ‘ ear” “After the darker green comes turquois or orange.

After the blue comes pink or orange. After the purple comes green or orange”

“‘During the first sequence the color sequences were trained and queried.
| think the sequence was:
turquois, mustard yellow, +, green, magenta, +, purple, + ?.
But | am not so sure, because the memory of the first task is blurred together with the others.
| Know, that in the first task no orange-red occurred.”

“Two colors were usually connected.
Though | was unsure, when purple was introduced, when this appears.
Otherwise the sequence of pairs seemed very random to me”

‘Nno 1dea’ “I don’t know” “Always two color sequences:

Orange-mud/Blue-purple/pink-green” ‘| think the rule is, Orange-Blue, Green-pink,

but it seems to be, that the rule sometimes changes
and the option exists, that after one color more then one option exists."

“bit by bit the colors got stronger (related to the contrast)” “So | think it follows the rule, that the location ("Stattung”) changes?
| am not sure, so maybe the same shade too or something in the direction.”

‘I am not completely sure, but | think, that there were related color-pairs or -trios that were showed one after the other.

Beginning with a glaring color like pink or orange, after that a calmer color like blue, green etc. *

“according to gradation” “you had to guess which color appears”

‘I am not sure, but | would guess,

that you should specify the subsequent color according to the previous one” “The colors were successively shown

and after that appeared repeatedly
and you had to estimate, which color is shown”

“always two same color pairs”

33



Testimonials:
What strategy did you use to learn and memorize the order of
the colors in the first task”

NO strateqy “counting”

“|ntU|t|Ve” ( 79
N

one ‘| tried to say the colors In the sequence loud In my head e.g. pink, blue, purple etc.”

‘| didn't use a deliberate strategy, | just realised that | read the colors to myselt in my head”

“no special strategy. | tried for a few rounds to guess the second color, even it guessing wasn’t my task.”

‘called the colors In my head and repeated them”

“lust memorized the sequence. No special strategy”

‘| tried to remember chronologically in wich sequence, the colors appeared”

‘'simple remembering of color sequences”

I have tried to remember the possible combinations color sequences. “| first tried to remember the first color, and to find what comes afterwards.
34 But this strategy isn't very good and correct , because | found, that there are multiple possibilities’

‘| used no strategy, but tried to develop a teeling”




Paviovian delay conditioning

50 trials in total 5 sec

(pause after 26 trials)
68% reinforcement rate 5 sec
expectancy rating:
dot -> square

between 1 and 3 sec after the stimulus onset
35

6 SecC



Descriptive model of expectancy
nested effects

y;j ~ Binomial(1,p;)

logit(p;j) = Py + wo; + (P + 1)) X Xp; + (fy + @5)) X X, + (P53 + @37) X X3

>

@)

g By ~ Normal(0,10) 1. P, p3 ~ Normal(0,1)

o

b
a)Oj 0 60)0 0 0
Y0l vvormat 0] 5| s=| ) ™ X

t1 t2 wy | T o] B 6,, O
time: [t1, t2] @3 0 0 Oy,

condition: [CS+, CS-]
Bo = Brandmean X=8XRXS R~ LKJcorr(2)

P1 = Biime O O, > Oy Oy, ~ HalfCauchy(0,1)

— an’ W’
:B2 — ﬂtimel)(condition 0 I

:B3 — ﬂtimeZXcondition
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Descriptive model of SCR
nested effects

y;j ~ Gamma(k, k = Ip;)  k ~ Uniform(0,10)

exp(lp;;) = Py + @y + (P) + @1) X X1; + (P + @5)) X X5, + (P53 + 037) X X3

T Py ~ Normal(0,10) P> Prs Pz ~ Normal(0,1)
)
o . 6y, 0 0 0
o 1ol sl s=|) ™ X
~ MVN . —
t1 t2 2 o 0 o, O
time: [t1, t2] @3 0 0 o,

condition: [CS+, CS-]
Bo = Brandmean X=8XRXS R~ LKJcorr(2)

P1 = Biime O O, > Oy Oy, ~ HalfCauchy(0,1)

— an’ W’
:B2 — ﬂtimel)(condition 0 I

:B3 — ﬂtimeZXcondition
37
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Cognitive models of associative learning
and (conditioned) responding

Vilal = Violx] + (U5, = Vi_lx])

a; ~ Normal(u,, 0,)  u, ~ Uniform(0,1) o, ~ HalfCauchy(0,1)

Latent Mixture

parameters
N/

Jv 2 Jn data generating
processes parameters
data @
T gl f, & data generating
h
¢

Common Cause

processes
mixture

\ /
processes @ @
data

iIndicators
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‘Inscapes’
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INference test

40 trials In total
(3x8 + 2x8)
first trial E->F
50% reinforcement rate (CS+)




Descriptive model of expectancy
nested effects

y;j ~ Binomial(1l,p;;)

9 logit(p;) = Po + wy; + () + @) X x1; + (P + @;)) X X+
% (P53 + 03) X X3, + (Py + 04)) X x4 + (P5 + 05)) X X5
5 By ~ Normal(0,10)  By» s Bss Bus s ~ Normal(0,1)
6, 0 0 0 0 0
Wn -
J 0 0 6, 0 0 0 O
3 a)lj O 1
= o 0 0 6, 0 0 O
g 7l MVNormal 0 D> S = 2
u% Ws; 0 0 O 0y, O 0
0y 0 0 0 6,, O
pl  p2  p3 p1  p2  p3 Ws; 0 0O O 0 o
Ws
antecedent consequent

pair: [p‘], p2’ p3] :BO — :Bgandmean ﬂ2 — ﬂtimelXplvspZ ﬁ4 — ﬁtime2><p1vsp2 Z — S X R X S R ~/ LKJCO]"]"(Q,)

41 time: [ant, COn] 161 — ﬁtime :B3 — ﬂtimelXplvspB IBS — :BtimeZXplvslﬁ 6600’ Ua)l, 60)2’ 00)3’ 60)4’ 60)5 ~ HalfCauChy(O,l)
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Cognitive models

e (Latent mixture) model on whether SR matrix is transterred to
the inference task and affect the expectation of the shock
 Update SR and associative strength of the US



Testimonials:

Please describe In your own words what the rule was In the tasks with shocks. In the
shock task with only two colors: When was the shock given? In the shock task with
many different colors: When was the shock given”

‘| can't answer that”
‘don't know”

“1. Task: after two and three pictures respectively - purple.
2. Task: after two pictures respectively - purple”

“The shock always came like a surprise. | never knew exactly,
when | would get a shock. | was the same in the task with the many colors.”

“the shocks only came during the purple.
In the task with two colors during the purple after two savanah pictures.
During the shock task with the many colors during every second purple coler”

“At the two colors: during mustard yellow there was never a shock. during purple in 85-90% there was a shock. When | was quick enough during purple and and clicked before the square that a shock comes, no
shock came. Maybe this was only coincidence. When | did this again during purple (because | didn't want to get shocked), | got a shock again. During the task with the many colors, there were also only shocks
during purple. The other colors promised safety. During purple, there were no shocks when you clicked left before the square came and during the next appearance of purple when you clicked left, during the time

43 the square was there. Just like in the first case maybe this was also only a funny coincidence.”



Testimonials:

In the tasks with shocks, what did you think about when you had to decide whether a shock might come (when
the circle in the middle of the screen turned into a square)? Did you make your decision in the same way in
both tasks (that is, in the task with only two colors and in the task with many ditterent colors there)”? Did you try
to predict the shock in advance, i.e., that the shock might occur when the next color image was shown?

‘when e.g. 2x there was no shock, should come then as the third,
“| suspected, during the shock task with two colors every 4. color picture ‘Orange’ was left out, Nno COrre|atiOﬂ Wlth CO|O’S/pIC’[ureS I’eCOgﬂlzed"

but this was not entirely correct (the 5. some times t00). ‘« : "
during the shocktask with multiple colors, | couldn’t derive when the shock was going to be presented.” | thOUth the shock come cevery secona plCtUI’G

‘It the color wasn't turquoise then | could decide quickly because shock wouldn't come.
If the color was turquoise, then | could only guess.”

“To the colour. At first | was suspicious of whether colors other
than turquoise sometimes shocked me.
After a while | began to trust that this is not the case.
So | tried to find a rule for Turquoise, since the shock is sometimes not used there.
| couldn't see through this.”

‘| tried to understand, how many savanah pictures | was shown beforehand.
| have done it like this in the first shock task. In the second | tried to find out,
whether or not | got a shock from the preceding purple color.
If not, | pressed left. So | made the decision in different ways, but tried to predict the shock in advance.”

‘| based myself on the color based on the previous shocks

“With the ‘safe colors’ | only clicked when the square appeared. and made it dependent on whether a shock came or not.”

On purple | tried to anticipate and alternately | | | |
: : : . ‘I quickly realised, that the shocks only comes during the pink color.
C“Cked before the Square ﬂaShed and then Wlth the Square appearmg. Because of that | was a little bit relaxed, when a different color was shown on the screen.”

“I was more focused with the first task because there were a lot of shocks. With the second task, | got tired and | didn't recognize a concept either.
It was often funny that during the green color there were often shocks, but not always, and | only had myself focused on the colors, the images were distracting”

“In the first task | think | first suppressed all the blues, but then realized that only the strong blue causes a shock. | made a slightly different decision in the second task. | think that because of the video shown
during the break, | suspected that pink and purple would also give me a shock, based on their interaction with blue in the video.
A4 | set myself up for a shock and even when nothing came the first time Pink, | was still a little suspicious.”



3-AFC task
- 48 trials In total

original transition matrix
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Refine cognitive models of individua

latent mixture model on SR task (T

FiInd link function fro

expectancy

iIdeal bayesian observer
other non-probabilistic models
cause model for conditioning task with all modalities

Consider commor
dependency be
Consider commor

ween SCR and pupil?
cause model for multiple tasks
SR learning based on target detection or pupil data (attention)

Follow-up experiments

multi-modal st
“shorter” iImmi

modity conditi

M
e
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ing such that CS

tasks

D learning vs most recent/random item?)

M associative models to psychophysiology index (SCR, pupil) and

'S preceded by another stimulus in conditioning



