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- CS – US association
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• Skin Conductance Responses

• Pupil Size Responses

• Heart Period Responses

• Respiration Amplitude Responses

• Fear-Potentiated Startle Responses

• Limb Withdrawal Responses

• Gaze Direction Responses

• Reaction Time

• Pavlovian-to-Instrumental Transfer

• Explicit Report
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[Ojala & Bach 2020]
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INTRODUCTION

Fear Conditioning measures in PsPM

[Ojala & Bach 2020]
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Skin Conductance Responses

[Staib et al. 2015]

Conditioned stimuli (CS) → SA → SCR
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Skin Conductance Responses

[Staib et al. 2015]

• 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



9

MODEL COMPARISON

Fear Conditioning measures in PsPM – Skin Conductance Responses

[Staib et al. 2015]

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

SOA: CS-US interval (stimulation onset asynchronization)
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Skin Conductance Responses

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

Weighted average effect size (Cohen’s d)

Peak scoring 0.44

PsPM 0.75
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Skin Conductance Responses

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

To investigate a placebo-controlled fear memory intervention with at 

least 80% power at α = .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%
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Skin Conductance Responses

Cohen’s d Sample size

Peak scoring 0.44 514

PsPM 0.75 174

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



13

MODEL COMPARISON

Fear Conditioning measures in PsPM – Skin Conductance Responses

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

Fear Conditioning measures in PsPM – Pupil Size Responses

[Korn et al. 2017]
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Conditioned stimuli (CS) → cognitive inputs → PSR
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Pupil Size Responses

[Korn et al. 2017]

Exp 1: 19 participants; 

Auditory CSs;

3.5 s SOA; 50% reinforcement 

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;

6 s SOA; 50% reinforcement 
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Pupil Size Responses

[Korn et al. 2017]

• A gamma probability density function 

in a General linear model (GLM)

• Trial-by-trial

• CS-locked

• Experiments with different CS types, 

and luminance changes
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Pupil Size Responses

[Korn et al. 2017; Bach & Melinscak 2020]

Weighted average effect size (Cohen’s d)

Peak scoring 0.60

PsPM 0.82
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Pupil Size Responses

To investigate a placebo-controlled fear memory intervention with at 

least 80% power at α = .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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MODEL COMPARISON

Fear Conditioning measures in PsPM – Pupil Size Responses

Cohen’s d Sample size

Peak scoring 0.60 278

PsPM 0.82 150

[Korn et al. 2017; Bach & Melinscak 2020]
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Pupil Size Responses

[Korn et al. 2017; Bach & Melinscak 2020]
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Fear-Conditioned Bradycardia

[Castegnetti et al. 2016]

Conditioned stimuli (CS) → parasympathetic neural inputs → HPR

[PsPM course 05_HPR_Paulus, 2020]



22

MODEL COMPARISON

Fear Conditioning measures in PsPM – Fear-Conditioned Bradycardia

[Castegnetti et al. 2016, 2017]

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 

Exp 2: 17 participants; 

Auditory CSs;

3.5 s SOA; 50% reinforcement

Exp 4: 17 participants; 

Visual CSs;

3.5 s SOA; 50% reinforcement 
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Fear-Conditioned Bradycardia

[Castegnetti et al. 2016, 2017]

• 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
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Fear-Conditioned Bradycardia

[Castegnetti et al. 2016; Bach & Melinscak 2020]

Weighted average effect size (Cohen’s d)

PsPM 0.97

Experiment Effect size (Cohen’s d)

Exp 2 1.05

Exp 3 1.27

Exp 4 0.59
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Fear-Conditioned Bradycardia

Cohen’s d Sample size

PsPM 0.97 108

[Castegnetti et al. 2016; Bach & Melinscak 2020]
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Fear-Conditioned Bradycardia

[Castegnetti et al. 2016; Bach & Melinscak 2020]
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Respiration Amplitude Responses

[Bach et al. 2016; Castegnetti et al. 2017]

Conditioned stimuli (CS) → neural inputs → RAR
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Respiration Amplitude Responses

[Castegnetti et al. 2017]

Exp 1: 33 participants; 

Visual CSs;

3.5 s SOA; 50% reinforcement 

Exp 2: 19 participants; 

Visual CSs; trace fear conditioning;

4 s SOA; 50% reinforcement

Exp 3: 20 participants; 

Visual CSs;

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 



29

MODEL COMPARISON

Fear Conditioning measures in PsPM – Respiration Amplitude Responses

[Castegnetti et al. 2017]

• 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 COMPARISON

Fear Conditioning measures in PsPM – Respiration Amplitude Responses

[Castegnetti et al. 2017]

Weighted average effect size (Cohen’s d)

PsPM 0.61

Experiment Model of ER + dt Model of  ER + LR

Exp 2 0.40 0.83

Exp 3 0.64 0.59

Exp 4 0.29 0.64

Exp 5 0.71 0.38

Exp 1 retention 0.20 0.42
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Respiration Amplitude Responses

Cohen’s d Sample size

PsPM 0.61 268

[Castegnetti et al. 2017; Bach & Melinscak 2020]
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Respiration Amplitude Responses

[Castegnetti et al. 2017; Bach & Melinscak 2020]
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Fear-Potentiated Startle

[Khemka et al. 2017]

Conditioned stimuli (CS) + Startle probe 

→ neural inputs → orbicularis oculi responses (SEBR)
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Fear-Potentiated Startle

[Khemka et al. 2017]

• 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
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Fear-Potentiated Startle

[Khemka et al. 2017; Bach & Melinscak 2020]

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 
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Fear-Potentiated Startle

[Khemka et al. 2017; Bach & Melinscak 2020]

Weighted average effect size (Cohen’s d)

Peak Scoring G2 (non-normalized) 0.91

Peak Scoring G2 (normalized) 1.01

PsPM (normalized) 0.96

PsPM (non-normalized) 0.80
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Fear-Potentiated Startle

[Khemka et al. 2017; Bach & Melinscak 2020]

Cohen’s d Sample size

Peak 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
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Fear-Potentiated Startle

[Khemka et al. 2017; Bach & Melinscak 2020]
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MODEL COMPARISON

Fear Conditioning measures in PsPM – Summary

[Bach & Melinscak 2020]

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
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41[Bouton, 2007]

NEW METHODS

Pavlovian-to-Instrumental Transfer (PIT)

Instrumental 

Behaviors

Pavlovian State

Appetitive US Aversive US

Excitor (CS+)
Inhibitor 

(CS-)
Excitor (CS+)

Inhibitor 

(CS-)

Approach ↑ ↓ ↓ ↑

Avoidance ↓ ↑ ↑ ↓



42[Xia et al. 2019]

NEW METHODS

Pavlovian-to-Instrumental Transfer (PIT)
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NEW METHODS

Pavlovian-to-Instrumental Transfer (PIT)

[Xia et al. 2019]
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Weak points:

• Effect size

• Complicated process

Model Model Description df LBF |t| p |d|

PIT #1 Response Rate in Withdraw Go trials * 34 reference 2.37 .024 .40

PIT #2 Response Rate in Withdraw Go trials in block 1 34 -0.62 2.51 .017 .42

PsPM #1 Heart Period 34 -11.67 4.61 < .001 .78

PsPM #2 Skin Conductance Responses 34 -8.05 3.98 < .001 .67

PsPM #3 Pupil Size 34 -3.17 3.06 .004 .52

[Xia et al. 2019]

NEW METHODS

Pavlovian-to-Instrumental Transfer (PIT)



• Attention

- priority to fear-related cues 

- contribute to survival

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

- fixation

- saccades

45

[Madipakkam et al. 2016]

[Koenig et al. 2017]

[Hopkins et al. 2016]

[Hogarth et al. 2008]

NEW METHODS

Scanpath Length (°, SPL)
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NEW METHODS

Scanpath Length (°, SPL)

[Xia et al. 2020 under revision]

Experiment (Data set code) CS SOA ITI Fixation cross Sample Size

Exploratory Exp 1 (PIT1) visual 3.0 2.5 s only in ITI 21

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

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

Generalisability Exp 4 (PubFe) auditory 3.5 7, 9, 11 s always 22
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NEW METHODS

Scanpath Length (°, SPL)

[Xia et al. 2020 under revision]
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NEW METHODS

Scanpath Length (°, SPL)
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NEW METHODS

Scanpath Length (°, SPL)

[Xia et al. 2020 under revision]

Exploratory Exp 1

3.0 s 2.5 s 2.0 s 1.5 s 1.0 s 0.5 s GLM

df 20 20 20 20 20 20 20

LBF 0.00 0.18 -0.17 2.32 3.81 5.71 -0.48

|g| 0.63 0.62 0.63 0.51 0.43 0.30 0.65

Confirmatory Exp 2

3.5 s 3.0 s 2.5 s 2.0 s 1.5 s 1.0 s 0.5 s GLM

df 34 34 34 34 34 34 34 34

LBF 0.00 -1.53 -4.85 -6.69 -4.86 -0.91 1.42 -5.27

|g| 0.47 0.52 0.62 0.68 0.62 0.50 0.41 0.63

* Each time window is defined as time period before US onset
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NEW METHODS

Scanpath Length (°, SPL)

[Xia et al. 2020 under revision]
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NEW METHODS

Scanpath Length (°, SPL)

[Xia et al. 2020 under revision]
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NEW METHODS

Scanpath Length (°, SPL)

[Xia et al. 2020 under revision]

+ +

• Difference of scan path length between 

CS+/- disappears in extinction phase
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NEW METHODS

Scanpath Length (°, SPL)

[Xia et al. 2020 under revision]



54

CONTENTS

• Comparison of Models in PsPM

• Skin Conductance Response

• Pupil Size Response

• Fear-Conditioned Bradycardia

• Respiration Amplitude Responses

• Fear-Potentiated Startle

• New Methods

• Pavlovian-to-Instrumental Transfer

• Scanpath Length / Speed



THANK YOU!

55

Yanfang Xia

yanfang.xia@uzh.ch

14.05.2020

Bachlab.org


