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Individual differences in event-related potentials (ERP) 
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Vernier Duration (VD)

Interstimulus Interval (ISI)

Mask Duration (MD)

Participant reports 

perception

Chkonia, E., Roinishvili, M., Makhatadze, N., Tsverava, L., Stroux, A., Neumann, K., ... & Brand, A. (2010). The shine-through masking paradigm is a potential endophenotype of schizophrenia. PLoS One, 5(12), e14268 3

or

Visual Backward Masking (VBM)





VD : 30 ms

ISI : 30 ms

MD : 300 msShort SOA

VD : 30 ms

ISI : 120 ms

MD : 300 msLong SOA

VD : 30 ms

Vernier only

MD : 300 ms

Mask only

EEG Visual Backward Masking paradigm

Plomp, G., Roinishvili, M., Chkonia, E., Kapanadze, G., Kereselidze, M., Brand, A., & Herzog, M. H. (2013). Electrophysiological evidence for ventral stream deficits in schizophrenia patients. Schizophrenia bulletin, 39(3), 547-554. 5



Visual Backward Masking (VBM)

Schizophrenia 

Patients (SZ)

Patients First-Degree 

Relatives (REL)

Healthy Controls 

(CON)

Janir R da Cruz, Albulena Shaqiri, Maya Roinishvili, Ophélie Favrod, Eka Chkonia, Andreas Brand, Patrícia Figueiredo, Michael H Herzog, Neural Compensation Mechanisms of Siblings of Schizophrenia Patients as Revealed by 
High-Density EEG, Schizophrenia Bulletin, Volume 46, Issue 4, July 2020, Pages 1009–1018

Behavioural paradigm Electrophysiological
paradigm
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N 1st Testing 2nd Testing 3rd Testing

SZ REL CON SZ REL CON SZ REL CON

EEG 

paradigm
146 67 98 34 24 32 13 7 15

Longitudinal study design
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Schizophrenia 

Patients (SZ)

Patients First-Degree 

Relatives (REL)

Healthy Controls 

(CON)

Test 1 Test 2

∆𝑡 ≅ 5 years∆𝑡 ≅ 5 years

Test 3



Skrandies, W. (1990). Global field power and topographic similarity. Brain topography, 3, 137-141.
A. Gramfort, M. Luessi, E. Larson, D. Engemann, D. Strohmeier, C. Brodbeck, R. Goj, M. Jas, T. Brooks, L. Parkkonen, M. Hämäläinen, MEG and EEG data analysis with MNE-Python, Frontiers in Neuroscience, Volume 7, 2013,

Global Field Power (GFP)

Global field power (GFP) quantifies the total amount of activity from all recording 

electrodes at each time point 
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Microstates analysis

Clustering

Competitive
backfit

Dietrich Lehmann et al. (2009) EEG microstates. Scholarpedia, 4(3):7632. 
Schiller, B., Sperl, M. F., Kleinert, T., Nash, K., & Gianotti, L. R. (2023). EEG microstates in social and affective neuroscience. Brain topography, 1-17.

Comparisons across
conditions or groups

Resting-state Event-related potential

Microstate: brief, semi-stable EEG 
pattern that lasts few tens of ms
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Cross-sectional Group-level Global Field Power
First testing

Short and long SOA

Vernier only Mask only
only

N1

N1 N1
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Longitudinal Group-level Global Field Power
First & second testings

∆t1 = 5.1 years

Short and long SOA

Vernier only Mask only
only
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High inter-individual variability

Population average

Short SOA condition
First testing

First test

Second test

Testing

Third test

Subject 1 Subject 2 Subject 3

Subject 4 Subject 5 Subject 6
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High intra-individual stability

First test

Second test

Testing

Third test

Short SOA condition
∆t1 = 5.1 years

Population average

Subject 1 Subject 2 Subject 3

Subject 4 Subject 5 Subject 6
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High intra-individual stability

First test

Second test

Testing

Third test

Short SOA condition
∆t1 = 5.1 years
∆t2 = 5.3 years

Population average

Subject 1 Subject 2 Subject 3

Subject 4 Subject 5 Subject 6



Group-level ERP microstates
First testing

Short SOA condition
1

st
 t

es
t Subject 1 Subject 2 Subject 3

1
st

 t
es

t

15



1
st

 t
es

t c075c200 rel124Subject 1 Subject 2 Subject 3Subject 3

Individual-level ERP microstates
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Individual-level ERP microstates
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Short SOA condition
∆t1 = 5.1 years
∆t2 = 5.3 years
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Consistency accross conditions
First testing

Subject 1 Subject 2 Subject 3

Subject 4 Subject 5 Subject 6

LSOA

SSOA

Condition

Mask

Vernier

Short SOA & Long SOA

Vernier only Mask only
only

Group-average
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Consistency accross siblings
First testing

Long SOA condition

Sibling pair 1 Sibling pair 2 Sib. pair 3

Sibling pair 4 Sibling pair 5 Sibling pair 6

Healthy relative

Sibling patient

Group



Event-related potentials are:

• Highly stable in time within individuals
• Highly variable across individuals
• Largely heritable

Event-related potentials (across time and space) are:

• Highly stable in time within individuals
• Highly variable across individuals
• Largely heritable
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Stable individual differences in EEG

Dustman, R. E., & Beck, E. C. (1963). Long-term stability of visually evoked potentials in man. Science, 142(3598), 1480-1481
Dustman, R. E., & Beck, E. C. (1965). The visually evoked potential in twins. Electroencephalography and Clinical Neurophysiology, 19(6), 570-575.
Vogel, F. (1958). Ueber die Erblichkeit des normalen Elektroenzephalogramms: Vergleichende Untersuchungen an ein-und zweieiigen Zwillingen..

Event-related potentials (across time, space and stimuli) and 
the properties of resting-state EEG are:

• Highly stable in time within individuals
• Highly variable across individuals
• Largely heritable



Anatomical hypothesis

Régis, J., et al. (2005). “Sulcal root” generic model: a hypothesis to overcome the variability of the human cortex folding patterns. Neurologia medico-chirurgica, 45(1), 1-17.
Scherg, M., Berg, P., Nakasato, N., & Beniczky, S. (2019). Taking the EEG back into the brain: the power of multiple discrete sources. Frontiers in neurology, 10, 855.

Individual differences in event-related potential might arise from individual

differences in anatomy e.g. in cortical folding patterns

The EEG signal is influenced by distance and orientation of the source

• Signal amplitude decrease sharply with distance from the source

• Tangential sources are underrepresented relatively to perpendicular sources

• Sulcal sources are underrepresented relatively to gyral sources

21



22

Take-home messages

Individual differences in event-related potentials
are stable across:

• Time
• Pairs of siblings

They might contain relevant information about 
the subjects’ anatomy

Group averaging might lead to spurious
conclusions

1

2

3



Thank you for your attention !

melissa.faggella@epfl.ch
Brain Mind Institute

Laboratory of Psychophysics

Prof. Michael 
Herzog

Prof. Eka
Chkonia

Maya 
Roinshvili

Dr. Dario 
Gordillo



Supplementary slides



Inter-individual variability Intra-individual stabilityIndividual-level

Group-level

Level of analysis
First test

Second test

Testing

Third test
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Across siblings Across conditionsIndividual-level

Group-level

Level of analysis
First test

Second test

Testing

Third test
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