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What are Event-Related potentials (good for)? 

Stimuli Response 

 Continous measures of 
neural activity 
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1 reseacrhgate.net /examples-of-emotional-expressions 
2 http://www.psytoolkit.org/lessons/src.html 
3 http://www.drjost.ch/faszination-gehirn.html 
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4 https://de.wikipedia.org/wiki/Ereigniskorrelierte_Potentiale 

1 

4 

2 



How can we obtain ERPs 
 

+ 

Darbietungs-
rechner 

Trigger 

Verstärker 

EEG 

Aufzeichnungs-
rechner 

Liesa Ilg                  Event-Related-Potentials                  31.05.17 3 



Spontaneous acitivity    +   Event-related 
activity  

FPz 
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How can we obtain ERPs 
 



ERP components 
- characteristics - 

 Direction (positive/negative) 
 Amplitude 
 Latency 
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1 Luck, 2005: An Introduction to the Event-Related Potential Technique 
2 Kasper et al., 2013, J. Cognitive Neurosci. 
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 Topography 



What can we investigate  
by analyzing ERP components? 

 How are the components manipulated by different experimental conditions 
 functional significance 
 Which mechanism is affected by experimental manipulations  

 
 Which cognitive processes are impaired in specific study samples, e.g. with 

symptoms of psychiatric disorders 
 

 Development of cognitive processes across the lifespan: 
  during maturation and aging 

 
 Use as biomarkers in medical applications 

 Exp.: Mismatch Negativity (MMN) = measure of glutamate binding  to NMDA 
receptor 
  influence of treatment on NMDA recceptor responsiveness 
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 Superposition problem: 

 Waveforms represent sum of multiple components 
 Solutions: 

 Principle component analysis (PCA) 
 Independent component analysis  (ICA) 
 Fourier Analysis 
 … 

 

 Inverse problem: 
 Underlying neural generator 

 Solutions: 
 LORETA  
 MUSIC 
 LAURA 
 Beamforming 
 Brain Electric Source Analysis(BESA) 
 …  

 

Limitations 
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1 http://music.cs.northwestern.edu/includes/projects/separation/separation_1.jpg 
 



Limitations 

 Superposition problem: 

 Waveforms represent sum of multiple components  

 

 Inverse problem: 
 Underlying neural generator  

 

 Some mental processes without ERP signature  

 

 Signal-to-noise ratio  
 Many trials are needed  

 

 Difficult to meassure brain activity extending a few seconds  
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MLRs: Midlatency 
responses 

LLR: Long-latency responses 

 

• 10-50 ms 
• Medial geniculate 

nucleus + primary 
auditory cortex 

P50/P1 
• Sensory gated 

N100/N1  
• fronto-central:             

75 ms 
• Vertex: 100 ms 
• Lateral: 150 ms 
• Sensitive to attention 

P160/P2 
• Sensitive to stimulus 

properties 
• Modulated by 

selective attention 

Common ERP components  
- an overview -  

 Visual sensory potentials 

C1 P1 N1 N170 P2 

• Peak: 80 – 100 ms 
• Posterior 
• Primary visual 

cortex 

• Peak: 100 – 130 ms 
• Sensitive to stimulus 

parameters 
• Modulated by 

selective attention 

• Anterior (100-150 ms) 
• Posterior (150-200 

ms) 
• Spatial attention 
• Discriminative 

processing 

• Vertex positivity 
potential 

• Peak: 150-200 ms 
• Central 
• Face perception 

• Anterior/central 
• Target features 
• Frequency of stimuli 

 Auditory sensory potentials 

ABR 
 

• Auditory brainstem 
response 

• Automatic 
• Assessment of 

integrity of auditory 
pathways 
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1 Luck, 2005: An Introduction to the Event-Related Potential Technique 
2 Takeya & Kasai, 2015; J. of Vivion 
3 Dawson et al., 2005; Development and Psychopathology 
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4 http://www.firstyears.org/c3/c3.htm 



 N2 family 

N2a N2b N2c 

• 100-200 ms 
• Mismatch negativity  
• Pre-attentive 
• Fronto-central 
• Short-memory 

comparison 

• Anterior 
• Task-relevant oddballs 
• Monitoring stimulus-

response  conflicts  
• mPFC; ACC 

• Posterior 
• Task-relevant oddballs 
• Stimulus categorization 
• N2pc: focusing of 

attention 

 P3 family: 
 Context updating 
 Resource allocation 
 Stimulus categorization 

P3a P3b 

• frontal • parietal 
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1 Crottaz-Herbette & Menon, 2006; J. Cognitive Neurosci. 
2 Wetzel, Widmann & Schröger, 2009; Psychophysiology 
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Common ERP components  
- an overview -  



Language-related ERPs 
 

N400: 
• Violation in semantic 

expectancies  
 

P600: 
• Syntactic violation 

 
 

Long-term memory 
ERPs 

• Remembered—minus-
forgotten difference 

• Subsequent memory 
effect 

• Midfrontal old-new 
effect (FC400) 

• Left-parietal old-new 
effect 

Emotion-related ERPs 
 

Error-related ERPs 

N2: 
• Recruitment of additional 

resources 
 
P3: 
• Intrinsic task relevance of 

emotional stimuli 

ERN 
• Detection of 

error/conflict 
 
Pe 
• Error recognition  
• Consciously updating 

task goals 
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1 Swaab et al., 2011: Language Related ERP components 
2 Mao et al., 2015; Biol. Psychiatry 
3 Larson, Steffen & Primosch, 2013; Front. Hum. Neurosci.  

Common ERP components  
- an overview -  



CNV 

•Broad negative deflection 
between warning of a 
target and target onset 

•stimulus anticipation 
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1 Hämmerer et al., 2012; Neuropsychologia 
2 https://tulliodesantis.net/2007/07/ 
3 Norcia et al., 2015; J. of Vision 

Readiness Potential 

• responses without 
eliciting stimuli 

• ~ 1 s before actual 
response  

 

Steady-State ERPs  

• presenting sequence of 
stimuli at fast regular 
rate 

• Transient response  
 

1 
2 

Common ERP components  
- an overview -  



Cued Continuous Performance Task  
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Cued Continuous Performance Task:  
conflict monitoring, cue utilization,  

response anticipation, and response suppression 

N2  
• conflict monitoring 
 
P3  
• response inhibition 
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1 Hämmerer et al., 2012; Neuropsychologia 
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CNV 
• motor preparation 
• stimulus expectation 
 
P3 
• use of cue information 
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1 Hämmerer et al., 2012; Neuropsychologia 
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Cued Continuous Performance Task:  
conflict monitoring, cue utilization,  

response anticipation, and response suppression 



Procedure 
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Go 

1 
Prime-bases NoGo 

2 
Non-Cue 

3 
Cue 

4 
Resp-based NoGo 

5 

1   12   13 

2   22   23 

3   32   33 

4   42   43 

5   52   53 

6   62   63 

7   72   73 

8   82   83 

9   92   93 

10 102 103 

11 114 

12 121 125 
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Cued Continuous Performance Task:  
stimulus event types 
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Go 

1 
Prime-bases NoGo 

2 
Non-Cue 

3 
Cue 

4 
Resp-based NoGo 

5 

1  222  223 

2 222 223 

3 222 223 

4 222 223 

5 222 223 

6 222 223 

7 222 223 

8 222 223 

9 222 223 

10 222 223 

11 224 

12 221 225 

Cued Continuous Performance Task:  
response event types (22) 
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