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INTRODUCTION "

Fear Conditioning measures

« Skin Conductance Responses 7o
* Pupil Size Responses EA
« Heart Period Responses

» Respiration Amplitude Responses

« Fear-Potentiated Startle Responses
« Limb Withdrawal Responses
» Gaze Direction Responses

 Reaction Time
* Pavlovian-to-Instrumental Transfer

» Explicit Report _
[Ojala & Bach 2020]
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MODEL COMPARISON

Fear Conditioning measures in PsPM — Skin Conductance Responses
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Fear Conditioning measures in PsPM — Skin Conductance Responses
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« Canonical response function in a non-linear model
(‘DCM);

« Trial-by-trial

« Flexible latency after CS onset

« Experiments with short (up to 4 s) CS-US interval

[Staib et al. 2015] -
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Fear Conditioning measures in PsPM — Skin Conductance Responses

Exp 1:
20 participants;
CSs: blue or orange filled circles; 3.5 s SOA,;
50% reinforcement
Exp 2:
30 participants;
CSs: sine sounds of different frequencies; 3.5 s SOA,
50% reinforcement
Experiment 1 Experiment 2
CS+>(CS— Comparison with default DCM: CS+>(CS5— Comparison with default DCM:
t(19) p LBF (smaller is better) t(29) p LBF (smaller is better)
Default DCM 3.88 0.001 3.55 0.001
Peak 1.99 0.062 18 2.32 0.027 11
CDA (‘AmpSum’) 239 0.027 15 2.77 0.010 08
CDA ('SCR’") 2.56 0.019 13 2.64 0.013 09
DCM (z-standard) 431 <0.001 -2 3.64 0.001 -1
Peak (z-standard) 2.12 0.047 17 2.64 0.013 09
CDA (*AmpSum’) (z-standard) 2.59 0.018 13 2.95 0.006 06
CDA ('SCR’) (z-standard) 2.92 0.009 10 2.94 0.006 06

SOA: CS-US interval (stimulation onset asynchronization)  [Staib et al. 2015] -
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Fear Conditioning measures in PsPM — Skin Conductance Responses

Experiment 1

Experiment 2

CS+>(CS— Comparison with default DCM: CS+>(CS5— Comparison with default DCM:
t(19) p LBF (smaller is better) t(29) p LBF (smaller is better)

Default DCM 3.88 0.001 3.55 0.001

Peak 1.99 0.062 18 2.32 0.027 11

CDA (‘AmpSum’) 2.39 0.027 15 2.77 0.010 08

CDA ('SCR") 2.56 0.019 13 2.64 0.013 09

DCM (z-standard) 431 <0.001 -2 3.64 0.001 -1

Peak (z-standard) 2.12 0.047 17 2.64 0.013 09

CDA (*AmpSum’) (z-standard) 2.59 0.018 13 2.95 0.006 06

CDA ('SCR’) (z-standard) 2.92 0.009 10 294 0.006 06

Peak scoring

PsPM

Weighted average effect size (Cohen’s d)
0.44

0.75

[Staib et al. 2015; Bach & Melinscak 2020] g
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Fear Conditioning measures in PsPM — Skin Conductance Responses

-=|ntervention
=—Control

0 0.5 1 2 3
CS+ - CS-

To investigate a placebo-controlled fear memory intervention with at
least 80% power at a = .05 in a one-tailed test, under the assumption
of equal variance in control and intervention groups (best-case
scenario) with a fear memory reduction of at least 50%

[Staib et al. 2015; Bach & Melinscak 2020] &
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Fear Conditioning measures in PsPM — Skin Conductance Responses

I

File Edit View Tests Calculator He

Central and noncentral distributions  pratacol of power analyses

critical t = 1.64784

-

I

e Edit View Calculator Help
Central and noncentral distributions  protocol of power analyses

critical t = 1.65376
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Test family Statistical test Test family Statistical test
t tests v Means: Difference between two independent means (two groups) v t tests Means: Difference between two independent means (two groups) =
Type of power analysis Type of power analysis
A priori: Compute required sample size - given «, power, and effect size “ A priori: Compute required sample size - given o, power, and effect size A
Input Parameters OQutput Parameters Input Parameters Output Parameters
Tail(s) One N Noncentrality parameter & 2.4938725 Tail(s) One X Noncentrality parameter & 2.5062721
Determine => Effect size d 0.22 Critical t 1.6478352 Determine = Effect size d 0.38 Critical t 1.6537609
o err prob 0.05 Df 512 o err prob 0.05 Df 172
Power (1-B err prob) 0.8 Sample size group 1 257 Power (1-B err prob) 0.8 Sample size group 1 87
Allocation ratio N2/N1 1 sample size group 2 257 Allocation ratio N2/N1 1 sample size group 2 87
Total sample size 514 Total sample size 174
Actual power 0.8011461 Actual power 0.8027657

Cohen’s d
0.44
0.75

Sample size
514

Peak scoring

PsPM 174

[Staib et al. 2015; Bach & Melinscak 2020] g&
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Fear Conditioning measures in PsPM — Skin Conductance Responses

File Edit View PsPM BasiclO » File Edit View PsPM BasiclO b
D@ DEW ‘
| Moduie List Gurrent Module: Non-L inear Model | | Woduteist T S R e P
Import 2 Help on: Non-Linear Model A Import ~ NO MissIng Epocns ~
Trim Model Filename DEP Import: Output File Trim Data Options
Non-Linear Model Output Directory DEP Trim: Qutput File Non-Linear Model Normalization No
Pupil preprocessing SCR channel Pupil preprocessing Filter Settings
Find valid fixations . Default Find valid fixations Default
Pupil foreshortening error correctior Data & design Pupil foreshortening error correctior Subsession threshold 2
Preprocess heart data . Session Preprocess heart data Constrained model 0
Preprocess respiration data Data File DEP Trim: Output File Preprocess respiration data Response Function Options
| Find startle sound onsets Design | Find startle sound onsets Estimate the Response Function from The Data No
Preprocess startle eyeblink EMG Timing File <X Preprocess startle eyeblink EMG Only Estimate RF (Do Not Do Trial-Wise DCM) No
GLM for SEBR Condition names GLM for SEBR Use External File to Provide Response Function No
GLM for PS (fear-conditioning) Condition GLM for PS (fear-conditioning) Inversion Options
GLM for HP (fear-conditioning) ....Name <X GLM for HP (fear-conditioning) Number of Trials to Invert at The Same Time 2
GLM for RA (fear-conditioning) - Index <X GLM for RA (fear-conditioning) SF-Free Window Before First Event [s] 2
Missing Epochs : SF-Eree Window After Last Event [s] 5
No Missing Epochs . Maximum Frequency of SF in ITls [Hz] 05
Data Options SCL-Change-Free Window Before First Event [s] 2
Normalization No . SCL-Change-Free Window After Last Event [s] 5
Filter Settings Display Options
Default Display Progress Window Yes
Sithaessinn threshald 2 . Display Intermediate Windows No

Model Filename

Specify file name for the resulting model.

A string is entered.

Current item: Model Filename

Reference from
Import: Output File

Specify.

The character array may have arbitrary size

Dependency

Model Filename

Specify file name for the resulting model.

A string is entered.

Current Item: Model Filename

Reference from
Import: Output File

Specity.

The character array may have arbitrary size.

[Staib et al. 2015; Bach & Melinscak 2020] g

Dependency
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Fear Conditioning measures in PsPM — Pupil Size Responses
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Conditioned stimuli (CS) - cognitive inputs - PSR
[Korn et al. 2017] &
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Fear Conditioning measures in PsPM — Pupil Size Responses
A

Exp 1: 19 participants;
Auditory CSs;
3.5 s SOA; 50% reinforcement

pupil size - z-scored [a.u.]

Exp 2: 12 participants;
Auditory CSs;
3.5 s SOA; 50% reinforcement

Exp 3: 17 participants;
Visual CSs:
3.5 s SOA: 50% reinforcement

Exp 4: 18 participants;
Somatosensory CSs;
3.5 s SOA; 50% reinforcement

Exp 5: 15 participants;
Long auditory CSs;

; 012345¢67 8 91() 1‘1 12 6 S SOA; 50% reinforcement
tme (s [Korn et al. 2017] &
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Fear Conditioning measures in PsPM — Pupil Size Responses
A

pupil size - z-scored [a.u.]

« A gamma probability density function
in a General linear model (GLM)

» Trial-by-trial

* CS-locked

» Experiments with different CS types,
and luminance changes

a
-0.5 -0

01234567 8 9101112
time [s]
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Fear Conditioning measures in PsPM — Pupil Size Responses

Table 3. Maodel Comparison

i, p, and d values

GLM with
GLM with response
response function from

function from

Experiment |

Experiment Peak amplitude AUC Experiment | plus derivative
Experiment 1: f(18)=4.41; f(18)= 3.97; i 18) = 5.05; i 18) = 5.89;
Auditory CS (a = 19) p=.0003; p=.0009; p< 10 p= 10
d=101 d =091 d=1.16 d=1.35
= Experiment 2: il =2.63 f(11)= 329 il =3.00; il =2.10;
Auditory CS (n = 12) p=.0234; p=.0073 p=.0104; p=.0593;
d=1076 d=100595 d=10.89 d=10.61
Experiment 3: fle)y=271; fil6)= 220, i 16) =2.96; Hl6)=2.91;
Visual CS (n=17) p = 0155 p=.0432; p = 0093; p=.0103;
d=10.66 d =053 d=0.72 d=0.71
-1 Experiment 4: f17)=2.46; f17)= 253, H17)=3.16; H17)=2.8T;
Somatosensory C5 (n= |8) p = .024%8; p=.0216; p = 0058 p=.0107;
d=10.58 d=10.60 d=0.74 d=1.68
Experiment 5: Long fld)=1.62; fild)=243; 14y =3.76; 14y =3.78;
auditory C5 (n=13) p=_.1271; p = .0289; p=.0021; p = 0020,
— d=1042 d=10.63 d=0.97 d=10.98

Weighted average effect size (Cohen’s d)

Peak scoring 0.60
PsPM 0.82

[Korn et al. 2017; Bach & Melinscak 2020] -4
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Fear Conditioning measures in PsPM — Pupil Size Responses

-=|ntervention
=—Control

0 0.5 1 2 3
CS+ - CS-

To investigate a placebo-controlled fear memory intervention with at
least 80% power at a = .05 in a one-tailed test, under the assumption
of equal variance in control and intervention groups (best-case
scenario) with a fear memory reduction of at least 50%

[Korn et al. 2017; Bach & Melinscak 2020] &
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Fear Conditioning measures in PsPM — Pupil Size Responses

™ e

File Edit View Tests Calculator Help File Edit View Tests Calculator Help

Central and noncentral distributions

Protocol of power analyses

critical t = 1.65039
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Test family Statistical test
 tests ~ Means: Difference between two independent means (two groups) ~
Type of power analysis
A priori: Compute required sample size - given o, power, and effect size ~
Input Parameters Output Parameters
Tail(s) One - Noncentrality parameter & 2.5009998
Determine => Effect size d 0.30 Critical t 1.6503932
o err prob 0.05 Df 276
Power (1-B err prob) 0.8 Sample size group 1 139
Allocation ratio N2 /N1 1 Sample size group 2 139
Total sample size 278
Actual power 0.8023399

Cohen’s d

Central and noncentral distributions

Protocol of power analyses

critical t = 1.65521

PAEEREN
7 A
/ N
0.3 4 v \
/ \
F \
0.2 1 \
/ N\
/ A
H Vs A Y
0.1 - B ol a
- ~
o - ~ =
0 =¥ T T T T T T T T
=£] -2 -1 0 1 2 3 4 5
Test family Statistical test
t tests v Means: Difference between two independent means (two groups) ~
Type of power analysis
A priori: Compute required sample size - given o, power, and effect size ~
Input Parameters Output Parameters
Tail(s) One > Noncentrality parameter & 2.5107270
Determine => Effect size d 0.41 Critical t 1.6552145
o err prob 0.05 Df 148
Power (1-B err prob) 0.8 Sample size group 1 73
Allocation ratio N2 /N1 1 Sample size group 2 75
Total sample size 150
Actual power 0.8035500

Sample size

Peak scoring
PsPM

0.60
0.82

278

150

[Korn et al. 2017; Bach & Melinscak 2020] &
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Fear Conditioning measures in PsPM — Pupil Size Responses

DEd

Non-Linear Model
Pupil preprocessing
Find valid fixations
Pupll foreshorteni
Preprocess heart data
Praprocess respiration d
Find startle sound onset:
Praprocess startie eyebi
GLM for SEBR

GLM for PS {fear-conditi
GLM for HP (fear-conditi
GLM for RA (fear-condith

Pupil preprocessing

Pupil size preprocessing using the steps described in the reference article. The function allows users

Current Mocute: Pupil prepracessing

Help on: Pupi prepracessing

Data File

Primary channel to prepracess

0 Import
Trim
Non-Linear Model

..spm_DA121030.mat

~  Help on: Find valid fixations
ata Fila

Eyes

Channel definition Best pupil Pupil preprocessing Validation method
Secondary channel to preprocess and combine Find valid fixations. Validation seftings
Channel definition No combining Pupil foreshortening ermo Visual angle
Channel action Add Preprocess heart data Distance
Settings Preprocess respiration d Unit
Defauit settings | Find startle sound onset: Resolution
Segments Preprocess starte eyebi Fixation point
Plot data False GLM for SEBR Default
GLM for PS (fear-conditi Channels
GLM for HP (fear-conditic  Missing
GLM for RA (fear-condit Enabled
Output settings
File output

= Data File

to prepracess two eyes simultaneously and average them in addition to offering single eye

preprocessing. Further, users can define segments an which statistics such as min, max, mean, etc
will be computed. In order to get information about the preprocessing steps, please refer to pupl

preprocessing user guide section in PsPM manual for an explanation
Reference: Kret, Mariska E, and Elio E_Sjak-Shie. "Preprocessing pupil siza data: Guidelines and
code " Behavior research methods (2018): 1-7

Ovenwiita original file
Channel action
Plot gaze Goords and fixation point(s)

Currant W Data Pt

Reference from
Pupil preprocessing: Output File

Y]
Moo i et Wt Pupl orwahortoing e srrction
import ~ Help on- Pupil foreshortening error correction
Trim Data File

Non-Linear Model Sereen resolution

Pupil preprocessing Screen size
Find valid fixations Correction mode
Pupil foreshortening ermo Manual mode
Preprocess heart data Cx
Preprocess respiration d Cy

Find startle sound onsets cz
Praprocess startie eyebli Sx

GLM for SEBR Sy

GLM for PS (fear-conditi 5z

GLM for HP (fear-conditin  Channel to carrect

GLM for RA (fear-condith Channel definition
Channel action

Reterence from
Find vali fixations: Output File

Data File

Specify the PsPM datafile containing the pupd and gaze recordings

In case data/model file(s) are chosen via the depandency button, make
files of the preceding module corresponds with the allowed number of input

_lid focations: Output File
[NaN NaN]
[NaN NaN]

X

Best pupil
Add

Cupanieney

sura the number of output
fies for this module

..pil preprocessing: Output File
All eyes

<X
<X

mm
[1280 1024

pupd

Add
No

Depanseney

Specily the PsPM datafile containing the gaze recordings in length units

In case dataimodel file(s) are chosen via the dependency button, make sure the number of output
files of the preceding module cormesponds with the allowed number of input files for this module

-

File Edit View PsPM BasiclO

D P

Module List

Import

Trim

Non-Linear Model

Pupil preprocessing

Find valid fixations

Pupil foreshortening erro
Preprocess heart data
Preprocess respiration d
Find startle sound onset:
Preprocess startle eyebli
GLM for SEBR

GLM for PS (fear-conditic
GLM for HP (fear-conditi
GLM for RA (fear-conditi

Model Filename

Current Module: GLM for PS (fear-conditioning)

Help on: GLM for PS (fear-conditioning)
Model Filename
Output Directory
PSR Channel
. Default
.. Besteye
Time Units
. Markers
.. Marker Channel
Data & Design
. Session
.. Data File
.. Missing Epochs

No Missing Epochs
.. Design
.. Nuisance File
Basis Function
.PSRF_FC1
Normalize
Filter Settings

Nefault
Current Item: Model Filename

mdl_ps_xxxx

Specify.

Specify file name for the resulting model.

A string is entered.

The character array may have arbitrary size.

mdl_ps_xxxx
projectiPsPM_workshop

...ror correction: Qutput File

<-X

Dependency

[Korn et al. 2017; Bach & Melinscak 2020] g8
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Fear Conditioning measures in PsPM — Fear-Conditioned Bradycardia

Heart rate vs. heart period (see Bemtson et al., 1995)

HR (bpm) HP (ms)
Cat (Rosenblueth & Simeone, 1934)

AHR 128.00/(2.04 + x) AHP = 194.7x
'3 99 'd 99

Heart Rate (bpm)
= =
d
2388
N,

“ ~
S b

Dog (Parker et al., 1986)

Heart Rate (bpm)
g

0 2 4 6 8 1012141618 20 0 2 4 6 8 10 lVJVIV*‘VIbVIR.Iﬂ

Sl ey ik} iewision Vroywom (Bl [PsPM course 05 _HPR_Paulus, 2020]

Conditioned stimuli (CS) - parasympathetic neural inputs - HPR

[Castegnetti et al. 2016]
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Fear Conditioning measures in PsPM — Fear-Conditioned Bradycardia

A

HP (baseline corr.)

HP (baseline corr.)

40
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20

10|

-10
=20
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al
=10 F
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0 |

I
=

Exp. 1 D2 CS- _Exp. 2
CS+ —_ 307 D2
D1 £ 201 p,
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g O A
S-1071
T-20r
01 2 3 45 6 7 8 9101 -3U0‘23456f8‘319'1
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r _ 30r D1
D‘] D2 :E-j 201 D2
lg ]U' A
A ER
8-10
20
=30
a1 2 3 45 6 7 8 910N 01 2 3 456 7 8 %110MN
Time (s) Time (s)
Exp 1: 29 participants;
Visual CSs;
3.5 s SOA; 50% reinforcement
Exp 3: 19 participants;
Visual CSs; trace fear conditioning;
4 s SOA; 50% reinforcement
Exp 5: 18 participants;

Auditory CSs;
6 s SOA; 50% reinforcement

B

HPcs, = HP-o

30 ~
- h’ OS54 =5
25 ’-' Y
20 i ‘\
15 / A
10 !r “ 45
. \
5 % N Exp. 5
Orsd T [ T ST~ 30
-5
-10 15t
1 2 3 45 6 7 8 9101
Time (s) 0
30 15
25 i
- F LY
20 R 30 -
5 ' ' 0 4
J A
10 J b
. ’ ¥
5 . AN
0__—4’ e
=5
=10

23458788
Time (s)
Exp 2: 17 participants;
Auditory CSs;
3.5 s SOA; 50% reinforcement
Exp 4: 17 participants;
Visual CSs;
3.5 s SOA; 50% reinforcement

[Castegnetti et al. 2016, 2017]
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Fear Conditioning measures in PsPM — Fear-Conditioned Bradycardia

40 407 30 =
0 Exp. 1 D2 CS- 3D_E}':;:».Z 5 Vs \ e
- ) C5+ - D2 20 ’ \ - = fit
= = F i’
8 20 D1 8 20 D‘] DSI e F \\
v 10} A w 101 T 10 r.f \
= | = ! \ 45 ;
- 0 = 0 X H
g ° g 0 A 5 s 4 \ EXp.5 ;
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40 - 407 30
Exp. 3 Exp. 4 -15 i
30+ 30r D1 25 F 2, '
— — i L H
S 20t =201 D2 s 20 § \ -
g D1 D2 S = 15 / \ e 4 8 12 16
o 10F v 10F A = ‘ v _
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F-20t F-20¢ :
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« A gamma probability density function, together with its time
derivative, in a General linear model (GLM)

« Condition-by-condition

« US-locked

« Experiments with different CS types and SOA

[Castegnetti et al. 2016, 2017]
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Fear Conditioning measures in PsPM — Fear-Conditioned Bradycardia

20
I3
15 - -P2
CP3
| [ ]G2
z e
Z 5
= 1 Effect size (Cohen’s d)
0 :
______________________ | - Exp 2 1.05
ST * Exp 3 1.27
-10

Exp.1 Exp.2  Exp.3  Exp.4 Exp 4 0.59

Weighted average effect size (Cohen’s d)

PsPM 0.97

[Castegnetti et al. 2016; Bach & Melinscak 2020] &
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Fear Conditioning measures in PsPM — Fear-Conditioned Bradycardia

B
File Edit

View Tests Calculator Help

Central and noncentral distributions

Protocol of power analyses

critical t = 1.65936

-
- ~
’ A Y
7/ N
0.3 1 " \
/ \
/
0.2 1
/
/
.14 7
0.1 p B o .
- ~
- -~ o~ -~
0 == T T = T T T T
-3 -2 -1 0 1 2 3 5
Test family Statistical test
T tests Means: Difference between two independent means (two groups)
Type of power analysis
A priori: Compute required sample size - given &, power, and effect size v
Input Parameters Output Parameters
Tail(s) One o Noncentrality parameter & 2.5201339
Determine == Effect size d 0.485 Critical t 1.6593560
o err prob 0.05 Df 106
Power (1-B err prob) 0.8 Sample size group 1 54
Allocation ratio N2/N1 1 Sample size group 2 54
Total sample size 108
Actual power 0.8048692

Cohen’s d

PsPM

0.97

Sample size
108

[Castegnetti et al. 2016; Bach & Melinscak 2020] &g
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Fear Conditioning measures in PsPM — Fear-Conditioned Bradycardia

File Edit View PsPM BasiclO
D&d

| Module List

Import

Trim

Non-Linear Model

Pupil preprocessing

Find valid fixations

Pupil foreshortening erro

Preprocess heart data

Preprocess respiration d
|  Find startle sound onsets

Preprocess startle eyebli

GLM for SEBR

GLM for PS (fear-conditit

GLM for HP (fear-conditi

GLM for RA (fear-conditi

Data File
Specify data file.

Current Module: Preprocess heart data

Help on: Preprocess heart data
Data File
Preprocessing
. Type of preprocessing
.. Convert ECG to Heart Period
... Channel
.. .. Default
... Options
... Semi automatic mode
... Sample rate
... Limit
... Upper limit
.... Lower limit
Channel action

Current Item: Data File

Reference from
Trim: Qutput File

Specify...

DEP Trim: Output File

off
10

2

0.2
Replace

Dependency

In case data/model file(s) are chosen via the dependency button, make sure the number of output
files of the preceding module corresponds with the allowed number of input files for this module

File Edit View PsPM BasiclO
Ded
Module List
Import
Trim
Non-Linear Model
Pupil preprocessing
Find valid fixations
Pupil foreshortening erro
Preprocess heart data
Preprocess respiration d
Find startle sound onsets
Preprocess startle eyebli
GLM for SEBR
GLM for PS (fear-conditic
GLM for HP (fear-conditi
GLM for RA (fear-conditi

Model Filename

Current Module: GLM for HP (fear-conditioning)

Help on: GLM for HP (fear-conditioning) ~

Model Filename

Qutput Directory

HPR Channel

. Default

Time Units

. Markers

.. Marker Channel

Data & Design

. Session

.. Data File

.. Missing Epochs

... No Missing Epochs

.. Design

.. Nuisance File

Basis Function

. Function

..HPRF_FC1
SOA

Normalize

Filter Qattinna
Current Item: Model Filename

mdl_hp_xxxx

Specify..

Specify file name for the resulting model.

A string is entered.

The character array may have arbitrary size.

[Castegnetti et al. 2016;

mdl_hp_xxxx
<X

...ss heart data: Output File

<X

35
No

Dependency

Bach & Melinscak 2020] g
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Fear Conditioning measures in PsPM — Respiration Amplitude Responses

Event onsets

Response function

Convolved time-series

a2 NG

0 5 10 15 20 25 30
Time (s)

Conditioned stimuli (CS) - neural inputs > RAR

[Bach et al. 2016; Castegnetti et al. 2017]
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Fear Conditioning measures in PsPM — Respiration Amplitude Responses

ki < ¢f — T Exp 1: 33 participants;
i/ i W avi Visual CSs;
T e 3.5 s SOA; 50% reinforcement
0 , of —_— — >~ Exp 2:19 participants;
gm N 004 | 2= a4 \i// 7= Visual CSs; trace fear conditioning
< o8 008 M| o 4 s SOA; 50% reinforcement
. 2 Exp1 e Exp.2 Exp.3  Exp 3: 20 participants;
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10 V|Sua| CSS,
0 T,mse(s)T'me © Time(g: ':ne ©  Timg rmet 3.5 s SOA; 50% reinforcement

: Exp 4: 16 participants;

Visual CSs;

3.5 s SOA; 50% reinforcement
Exp 5: 18 participants;

Auditory CSs;

6 s SOA; 50% reinforcement

RA (a.u.)
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—ER

—+JER
dt

R

0O 2 4 6 8 1012 14 16 18 20
Time (s)

* A gamma probability density function, with ER + LR, in a General linear
model (GLM)

« Condition-by-condition
* Possibly US-locked
* Model of ER + LR for experiments with short SOA
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Model of ER + dt Model of ER + LR

Exp 2
Exp 3
Exp 4
EXp 5

Exp 1 retention

0.40
0.64
0.29
0.71
0.20

0.83
0.59
0.64
0.38
0.42

Weighted average effect size (Cohen’s d)

PsPM

0.61

[Castegnetti et al. 2017] jg&
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Fear Conditioning measures in PsPM — Respiration Amplitude Responses

iff&z
File Edit View

Tests Calculator Help

Central and noncentral distributions

Protocol of power analyses

critical t = 1.6506

| RN
Vé N
{ y; \
| 03 v \
7 N\
4
0.2 1
/
/
. 7/
0.1 B (04 N
- ~
- - = =
=z =7 =] ] 1 2 3 5
Test family Statistical test
t tests ~ Means: Difference between two independent means (two groups) ~
Type of power analysis
A priori: Compute required sample size - given o, power, and effect size v
Input Parameters Output Parameters
Tail(s) One N Noncentrality parameter & 2.4965326
Determine => Effect size d 0.305 Critical t 1.6506022
o err prob 0.05 Df 266
Power (1-B err prob) 0.8 Sample size group 1 134
Allocation ratio N2/N1 1 Sample size group 2 134
Total sample size 268
0.8010345

Cohen’s d

PsPM

Actual power

0.61

Sample size
268

[Castegnetti et al. 2017; Bach & Melinscak 2020] s
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z

File Edit View PsPM BasiclO

O

=

Module List

Import

Trim

Non-Linear Model

Pupil preprocessing

Find valid fixations

Pupil foreshortening erro
Preprocess heart data
Preprocess respiration d
Find startle sound onsets
Preprocess startle eyebli
GLM for SEBR

GLM for PS (fear-conditit
GLM for HP (fear-conditi
GLM for RA (fear-conditii

Data File

Current Module: Preprocess respiration data

Help on: Preprocess respiration data

Data File DEP Trim: Output File
Sample Rate 10
Channel

. Default

Channel action Add
Options

. System type

.. Cushion

. Data type

. . Respiration period Yes
. . Respiration amplitude Yes
.. Respiratory flow rate Yes
.. Respiration time stamps Yes
. Diagnostic plot No

Current ltem: Data File

Reference from
Trim: Qutput File

Specify... Dependency

Specify data file. The processed respiration data will be written to a new channel in this file.

In case data/model file(s) are chosen via the dependency button, make sure the number of output

files of the preceding module corresponds with the allowed number of input files for this module.

3

File Edit View PsPM BasiclO

Ded

Module List

Import

Trim

Non-Linear Model

Pupil preprocessing

Find valid fixations

Pupil foreshortening erro
Preprocess heart data
Preprocess respiration d
Find startle sound onsets
Preprocess startle eyebli
GLM for SEBR

GLM for PS (fear-conditic
GLM for HP (fear-conditi
GLM for RA (fear-conditi

Model Filename

Current Module: GLM for RA (fear-canditioning)

Help on: GLM for RA (fear-conditioning)
Model Filename
Qutput Directory

RAR Channel

. Default

Time Units

. Markers

.. Marker Channel
Data & Design

. Session

.. Data File

.. Missing Epochs

... No Missing Epochs
.. Design

.. Nuisance File

Basis Function
.RARF_FCO
Normalize

Filter Settings

. Default

Create infarmatinn nn missinn rdata valies
Current ltem: Model Filename

mdl_rar_xxxx

Specify...

Specify file name for the resulting model.

A string is entered.

The character array may have arbitrary size.

mdl_rar_xxxx
<-X

...spiration data: Output File

<X

No

Dependency

[Castegnetti et al. 2017; Bach & Melinscak 2020] g2
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Response Function

AN

0 0.2 0.4 0.6 0.8 1
Time after stimulus onset (s)

Conditioned stimuli (CS) + Startle probe
—> neural inputs = orbicularis oculi responses (SEBR)

[Khemka et al. 2017] EE
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Q

b 0.2
—Mean response

—|st component

04 -==|st component -~ SEBRF
. 2nd component -~SEBRF
0.2
o 0.1 3
B i
2 :

s 0 |
£ \
< i
0.2 O e
0 01 02 03 0.5 0 01 02 03 04 05
Time (s) Time (s)
a Experiment 2 b Experiment 3
# trials # trials
1 £5) 10 ) 20 1 2 3 4 <] (¢]
-10) 5 ;
-10
0 -20 (6]
< < |
-30 -20] Br
—M4st a1
—B1
-40 Br e
G1 -30" —SCR_Peak
G2 —HPR
# trials # trials
C ] 4] 10 15 20 d 0 1 2 %) 4 /o) (6]
-10)
-10]
0 -20 O
< <
-30) -20]
-40)

A gamma probability density
function, with flexible latency, in a
General linear model (GLM)
Trial-by-trial

Startle-probe-elicited

Experiments with startle sounds
3-5 trials for fear memory retention
assessment

[Khemka et al. 2017] KX
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Fear Conditioning measures in PsPM — Fear-Potentiated Startle
Table 3. Paired T Test for the Difference Between CS+/CS- for Different Methods

Experiment 2 Experiment 3 Experiment 4
# Model description 1(19) P Cohen’s d  1(14) P Cohen’s d  1(14) r Cohen’s d
M4ST  Best model-based method 521 <.0001 1.17 3.09 <05 0.80 3,12 <01 0.81
Bl Barker ct al. (2014) 451 =001 1.01 310 <05 0.80 323 <01 0.96
Br Bradford et al. (2014) 521 <0001 1.17 269 <05 0.69 372 <005 (.96
Gl Grillon et al. (1991) 449 <001 1.00 330 <.01 0.85 0.92 37 0.24
G2 Balderston et al. (2015) 480 <001 1.07 3.00 <05 0.77 4.63 <001 1.20

Table 4. Paired T Test for the Difference Between CS+/CS- for Normalized Estimates from Different Methods

Experiment 2 Experiment 3 Experiment 4
# Model description 1(19) P Cohen’s d  f(14) P Cohen’sd  #(14) P Cohen’s d
MA4ST  Best model based method 5.08 <0001 1.14 3.67 <.01 0.95 3.70 <05 0.96
Bl Barker et al. (2014) 488 <001 109 384 <0l 0.99 412 =005 1.06
Br Bradford et al. (2014) 523 <0001 1.17 298 <05 07 3.68 <005 0.95
Gl Grillon et al. (1991) 448 <001 10O 4.54 =001 1.17 1.17 26 0.30
G2 Balderston et al. (2015) 4.61 <.001 1.03 375 <01 0.97 4.24 <001 1.10

Exp 1: 19 participants;
no manipulation except acoustic startle probes
Exp 2: 20 participants;
Visual CSs; retention under extinction 7 days after acquisition
3.5 s SOA; 50% reinforcement
Exp 3: 30 participants;
Visual CSs; retention under extinction 1 day after acquisition
3.5 s SOA; 50% reinforcement
Exp 4: 14 participants;
Visual CSs; acquisition
3.5 s SOA; 50% reinforcement; startle probes in 25% of CS+US- and 25% of CS- trials

[Khemka et al. 2017; Bach & Melinscak 2020]
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Table 3. Paired T Test for the Difference Between CS+/CS- for Different Methods

Experiment 2 Experiment 3 Experiment 4
# Model description 1(19) P Cohen’s d  1(14) P Cohen’s d  1(14) r Cohen’s d
M4ST  Best model-based method 521 <.0001 1.17 3.09 <05 0.80 3,12 <01 0.81
Bl Barker ct al. (2014) 451 =001 1.01 310 <05 0.80 323 <01 0.96
Br Bradford et al. (2014) 521 <0001 1.17 269 <05 0.69 372 <005 (.96
Gl Grillon et al. (1991) 449 <001 1.00 330 <.01 0.85 0.92 37 0.24
G2 Balderston et al. (2015) 480 <001 1.07 3.00 <05 0.77 4.63 <001 1.20

Table 4. Paired T Test for the Difference Between CS+/CS- for Normalized Estimates from Different Methods

Experiment 2 Experiment 3 Experiment 4
# Model description 1(19) P Cohen’s d  f(14) P Cohen’sd  #(14) P Cohen’s d
MA4ST  Best model based method 5.08 <0001 1.14 3.67 <.01 0.95 3.70 <05 0.96
Bl Barker et al. (2014) 488 <001 109 384 <0l 0.99 412 =005 1.06
Br Bradford et al. (2014) 523 <0001 1.17 298 <05 07 3.68 <005 0.95
Gl Grillon et al. (1991) 448 <001 10O 4.54 =001 1.17 1.17 26 0.30
G2 Balderston et al. (2015) 4.61 <.001 1.03 375 <01 0.97 4.24 <001 1.10

Peak Scoring G2 (non-normalized) 0.91
Peak Scoring G2 (normalized) 1.01
PsPM (normalized) 0.96

PsPM (non-normalized) 0.80

[Khemka et al. 2017; Bach & Melinscak 2020]
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B 197 I - — r
[ [ T B
Central and noncentral distributions  Protocol of power analyses Central and noncentral distributions  Protocol of power analyses Central and noncentral distributions  Protacal of power analyses Central and noncentral distributions  pratocol of power analyses
| critical t = 1.65765 | critical t = 1.66023 | crtical t = 1.65481
| e | -~ | =
“ 4
s o /
03 A 03 | 03 Iy
/| /
4 ’
0.2 0.2 0.2
| g | ; :
| F i ’
0.1 . P 0 .
AR o BN AN
o o Bl
| ) o 2 3 4 H | -2 -1 0 1 2 3 H 5 3 2 1 o 1 2 3 a 5 -3 -2 -1 [ 1 2 3 4 5
| Test family Statistical test | Test famity statistical test Test family Statistical test Test family Statistical test
| ttests Means: Difference between two independent means (two groups) | trests Means: Difference between two independsnt means (two groups) ttests Means: Difference between two independent means (two groups) trests Means: Difference between two independent means {two groups)
| Type of power analysis i Type of power analysis Type of power analysis Type of power analysis
A priori: Compute required sample size - given a, pawer, and effect size 'A priofi: Compute required sample size = given o, power, and effect siza A prior: Compute required sample size - given o, power, and effect size A priori: Compute required sample size - given , power, and effect size
| mput parameers Output Parameters | ot parameers Output Parameters Input Parameters Output Parameters Input Parameters stput Parameters
| Tailis) Gne Nancentrality parameter & 25128196 | Tail(s) One Noncentrality parameter & 25248762 Tail(s) One Nancentrality parameter b 25171412 Tailis) One nrality parameter B 2.4979892
Determine - Effect size d 0455 Critical t 16576509 T Effect size d a5 Critical t 16602343 - Effect size d 0.8 Critical t 1.659085 Determine - Effect size d 0.4 Critical t 1.6548084
werr prob 0.05 of 120 s 0.05 o 100 o err prob 0.05 of 108 w err prob 0.05 of 54
Power (1-B err prob) 0.8 Sample size group 1 61 Power (1= et prob) 0.8 saimle size gioup 1 51 Power {1-B err prob) 0.8 sample size group 1 55 Power (1-B err prob) 08 Sample size group 1 78
Alloc o N2 /N1 T ST TR 61 ABocation ratia N2 i T e 51 Allacatlon raiio N2 /N1 ! Sample size group 2 55 Allocation ratio NZ/N1T 1 Sample size group 2 78
| Total sample size 22 | | e 102 Total sample size 1o Total sample size 56
Actual power 0.8033807 e 0.8058986 Actual powe 0.8041308 Actual power 0.8001474

Cohen’s d Sample size

eak Scoring G2 (non-normalized) 0.91 122
Peak Scoring G2 (normalized) 1.01 102
PsPM (normalized) 0.96 110
PsPM (non-normalized) 0.80 156

[Khemka et al. 2017; Bach & Melinscak 2020]
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File Edit View PsPM BasiclO
Ded
Module List
Import
Trim
Non-Linear Model
Pupil preprocessing
Find valid fixations
Pupil foreshortening erro
Preprocess heart data
Preprocess respiration d
Find startle sound onsets
Preprocess startle eyebli
GLM for SEBR
GLM for PS (fear-conditic
GLM for HP (fear-conditit
GLM for RA (fear-conditii

Find startle sound onsets

Current Module: Find startle sound onsets.

Help on: Find startle sound onsets
Data File
Channel
. Default
Threshold
Region of interest
- Whole file
Output
. Diagnostic
Diagnostics output
Text only
.. Create channel with specific sounds
.. Yes
. Channel action
Marker channel
.. Default
Max delay
Min delay
Expected sound count

DEP Trim: Output File

0.1

0.3
-0.2

Translate continuous sound data into an event marker channel. The function adds a new marker
channel to the given data file containing the sound data and returns the added channel number. The
option threshold, passed in percent to the maximum amplitude of the sound data, allows to specify
the minimum amplitude of a sound to be accepted as an event.

This branch contains 5 items:

* Data File
* Channel

File Edit View PsPM Basiclo
D

Module List

Import

Trim

Non-Linear Model

Pupil preprocessing

Find valid fixations

Pupil foreshortening erro
Preprocess heart data
Preprocess respiration d
Find startle sound onsets
Preprocess startle eyebli
GLM for SEBR

GLM for PS (fear-conditic
GLM for HP (fear-conditit
GLM for RA (fear-conditi

Current Module: Preprocess startle eyeblink EMG

Help on: Preprocess startie eyeblink EMG
Data File
Options
Channel
.. First EMG channel
. Mains frequency
Channel action

Preprocess startle eyeblink EMG
Preprocess startle eyeblink EMG data for further analysis. Noise in EMG data will be removed in
three steps: Initially the data is filtered with a 4th order Butterworth filter with cutoff frequencies 50 Hz
and 470 Hz. Then, Mains frequency will be removed using a notch filter at 50 Hz (can be changed).
Finally, the data is smoothed and rectified using a 4th order Butterworth low-pass filter with a time
constant of 3 ms (= cutoff at 53.05 Hz). The applied filter settings are according to the literature.While
the input data must be an 'emg' channel, the output will be an 'emg_pp' channel which is the
requirement for startle eyeblink GLM

References:

-espiration data: Output File

50
Add

File Edit View PsPM BasiclO
DE-
Module List
Import
Trim
Non-Linear Model
Pupil preprocessing
Find valid fixations
Pupil foreshortening erro
Preprocess heart data
Preprocess respiration d
Find startle sound onsets
Preprocess startle eyebli
GLM for SEBR
GLM for PS (fear-conditic
GLM for HP (fear-conditit
GLM for RA (fear-conditit

Model Filename

Current Module: GLM for SEBR

Help on: GLM for SEBR
Model Filename
Qutput Directory
SEBR Channel
Default
Time Units
. Seconds
Data & Design
Session
- Data File
. Missing Epochs
No Missing Epochs
. Design
- Nuisance File
Latency
. Free latency
Time window
Basis Function
Function
.. SEBRF 0
Nnrmalize
Current ltem: Model Filename

mdl_sebr_xxxx

Specity.

Specify file name for the resulting model.

A string is entered.

The character array may have arbitrary size

mdi_sebr_xxxx

.. project\PsPM_workshop

DEP Trim: Output File

<X

Nn

Dependency

[Khemka et al. 2017; Bach & Melinscak 2020]
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Fear Conditioning measures in PsPM — Summary

—Intervention
=—Control

Measure Cohen’s d Sample size
SCR peak scoring 0.44 514
SCR model-based 0.75 174
HPR model-based 0.97 108
RAR model-based 0.65 236
PSR peak scoring 0.60 278
PSR model-based 0.82 150
Peak Scoring G2 (non-normalized) 0.91 122
Peak Scoring G2 (normalized) 1.01 102
SEBR model-based (normalized) 0.96 110
SEBR model-based (non-normalized) 0.80 156

[Bach & Melinscak 2020] [EE
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NEW METHODS

Pavlovian-to-Instrumental Transfer (PIT)

Pavlovian State

Instrumental Appetitive US Aversive US

Behaviors e e
Excitor (CS+) In(rgts)l_t)o ' Excitor (CS+) In(r(]:'g'f)o '

Approach 1 ! ! 1

Avoidance | 1 1 l

[Bouton, 2007] M




NEW METHODS

Pavlovian-to-Instrumental Transfer (PIT)

A
64 trials in 4 blocks; CSs Feedbacks
random order in +2's
each block; . Correct \
grey background 64 trials 64 trials in 2 blocks; CSs
random order random order in
CSs background each block:
CSs background

tfain,'ng
Phase
B D
Approach: NoGo Go cS+ cs-
# &
’ ) ‘ incomplete
. ) win +
Withdraw: Go (6% CS+ Cs-
H
= Approach | Withdraw|Approach| Withdraw
Go 6*2 6*2 6*2 6*2
— | | i > N N - N
7 —_—— 25 Gt 1557 NoGo| 2*2 2*2 22 2%2
n fesentation

[Xia et al. 2019] g
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Pavlovian-to-Instrumental Transfer (PIT)

A

Response rate (/s)

2] Response Accuracy @

Latency of First Key Press (ms)

6.2

6.1

6.0

59
0.1

1.2

1.0

0.8

0.6

0.4

3500
3000
2500
2000
1500
1000
500

Cs- . CS+

T

rh-l-:hﬁ_

Approach Go draw Approach NoGo Withdraw NoGo

am il

Approach Go  Withdraw Go  Approach NoGo Withdraw NoGo

il

Approach Go  Withdraw Go  Approach NoGo Withdraw NoGo

A  Whole Phase
6.2

6.1

Response rate (/s)
(o]
o

59
5.8
Approach Go
B Block1

6.2

6.1

6.0 k {-

59 F

5.8

|'I'|I_ Approach Go

C Block 2 Cs- .CS+

6.2

6.1

6.0

5.9

5.8

4

Approach Go Withdraw Go

[Xia et al. 2019] EE
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Pavlovian-to-Instrumental Transfer (PIT)

“wodel | Model Description | ai | LeF | i | b _

df
U4l Response Rate in Withdraw Go trials * 34 reference 2.37 024 .40
MU Response Rate in Withdraw Go trials in block 1 34 -0.62 2.51 017 .42

SV E:4M Heart Period 34 -11.67 461 <.001 .78
IV E:»8 Skin Conductance Responses 34 -8.05 3.98 <.001 .67
MV E:XR Pupil Size 34 -3.17 3.06 .004 52
Weak points:
» Effect size

» Complicated process




NEW METHODS

Scanpath Length (°, SPL)

« Attention
- priority to fear-related cues
- contribute to survival

- Inconsistency of selective
attention to CS+ compared to CS-

- fixation
- saccades

0.5

Dwell time

il

0.3

5.6+
5.4+
52— .

A XA B XB C
Stimulus

[Hogarth et al. 2008]

O

35

30

25

20

15

10

Saccadic preference index

5

CS+ CS-
[Madipakkam et al. 2016]

Fixation
A duration
3.0 -
; 2.8 -
8 26
P 24—
2.2 -
| | |
) X(C) 1 2 3
Block
[Koenig et al. 2017]
EXPERIMENT 2
Training Phase
a) A
395, BCS+ ECS
£ 300 =
> 2751
c
8 250
8
o 2251
g 200
O
8 175
150

Blocks 1-3  Blocks 4-6
[Hopkins et al. 2016]
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Scanpath Length (°, SPL)

Exploratory Comfirmatory  Generalisability Generalisability
Exp 1 Exp 2 Exp 3 Exp 4

3.0 25s 21

Exploratory Exp 1 (PIT1) visual : : only in ITI

Confirmatory Exp 2 (PIT2) visual 3.5 7-11s only in ITI 35

Generalisability Exp 3 (ViS) visual 3.5 7-11s only in ITI 26 (25 for SCR)

Generalisability Exp 4 (PubFe) peUlelite]sY 3.5 7,9,11s always 22

[Xia et al. 2020 under revision]
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NEW METHODS

Scanpath Length (°, SPL)

Exploratoxy Exp 1

df
LBF

[o]

df
LBF

[¢]

3.5s
34

0.00

0.47

3.0s
20
0.00
0.63
4
3.0s
34
-1.53
0.52

25s
20
0.18
0.62
Conf
25sS
34
-4.85
0.62

2.0s
[\
-0.17
0.63

rmatory
20s

-6.69
068

1.5s
20
2.32
0.51
=X 2
15s
34

-4.86
0.62

1.0s
20

3.81

0.43

1.0s
34

-0.91

0.50

0.5s
20

5.71

0.30

0.5s
34

1.42

0.41

GLM
20
-0.48
0.65

GLM
34
-5.27
0.63

* Each time window is deflned as time period before US onset

[Xia et al. 2020 under revision] &
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NEW METHODS

Scanpath Length (°, SPL)

A . CS-Us- CS+Us-

o

CS-Us-
e CS+US-

(%) ebejussiad
probability density (%)
o =2 N W A O OO N
probability density (%)
O = N W & 0 OO N 00«

prr—

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
distance (mm) £ distance (mm)

m

20 r 20

15 } 15

10 f 10

(%) obejussiad
probability density (%)
probability density (%)

—,

0 . . = . M
0 05 10 15 20 25 30 35 0 05 10 15 20 25 30 35
fixation duration (s) fixation duration (s)

[Xia et al. 2020 under revision]
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Scanpath Length (°, SPL)

A 45 *% B. *%kk
s 45, —— ——

e 40¢ 40t ‘
£ 35| 351
2 30| 30}
s 25— P ——
g 20} = 20 —
S 15} 15}
3 10| 10}
c CS-US- CS+US- 5 CS-US- CS+US-
45 . 45 see?
g_E 40t - 40} %
B 35} 35}
@ 30} 30}
£ 25} 25t
‘% 20t " - — 20t "¢ :
3 15 15}

10} 10}
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o miem 45,

< 40¢
5 35, .
@ 30¢  Difference of scan path length between
% gg CS+/- disappears in extinction phase
8 20f ——
g 15}

10}

CS-US- CS+US- [Xia et al. 2020 under revision]
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Scanpath Length (°, SPL)

@ Scanpath Length

1.2
- ® SCR | S
> $ HPR 0 i )
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eV 0w
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E L 1 L o L
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[Xia et al. 2020 under revision] JEs
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