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Abstract  
 
Event-related potentials (ERPs) are characterised as brain voltage fluctuations associated in time with 
some physical or mental occurrence and represent a non-invasive technique reflecting activity of 
complex neuronal networks responsible for new stimuli detection and discriminative behaviour of 
individuals. ERPs are measured using electroencephalography and their applications became 
widespread since 1960s of the last century. This review brings introduction into the ERPs technique and 
characteristics of the individual ERPs components (particularly wave P300, Contingent Negative 
Variation, Mismatch Negativity and Bereitschaftspotential). In addition, it summarizes changes of ERPs 
associated with neurologic and psychiatric diseases and finally, it mentions possible use of this 
approach for purposes of experimental psychology.  
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1. INTRODUCTION 
 
Event-related potentials (ERPs) represent a technique that is based on measuring of 
electroencephalogram (EEG) signals associated with presentation of specific stimuli or 
impulses. This technique is able to record processes in the brain with a precision of 
milliseconds (Gaudreault et al., 2013). Thus, ERPs are a specialized form of EEG and may be 
interpreted as a subset of evoked potentials (Casey, 2010). ERPs are characterised as voltage 
fluctuations associated in time with some physical or mental occurrence. In other words, 
ERPs are very small voltages generated in the brain structures as reaction to specific stimuli 
(Blackwood & Muir, 1990). They are believed to reflect activity of complex neuronal 
networks responsible for new stimuli detection and discriminative behaviour of individuals 
(e.g. important stimulus versus unimportant) (Bares, 2011). ERPs are not affected by cultural 
and educational influences and can bring useful, non-invasive means for the cognitive 
process exploration (Lai et al., 2010).  
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ERPs  can  be  extracted  from  EEG  by  filtering  and  averaging  of  the  signal  (Picton  et  al.,  
2000).  The  most  frequent  way  how  to  extract  the  signal  is  recording  of  a  number  of  EEG  
epochs, each time-locked to repetitions of the same event and acquiring an average 
waveform (Kuperberg, 2008). The electrical information occurring on the EEG originates 
from different points at the scalp. These points are technically termed derivations (Gesualdi 
& Franca, 2011). 

ERPs can be classified into two classes. The early waves (reaching the peak approximately 
within the first 100-200 milliseconds after stimulus) are referred to as ‘sensory’ or ‘exogenous’ 
because they depend largely on the physical parameters and are determined by the physical 
nature of the eliciting stimulus (Kuperberg, 2008). ERPs occurring later are called ‘cognitive’ 
or ‘endogenous’. These ERPs are sensitive to alternations in subject’s mental state reflecting 
meaning of the stimulus (Kuperberg, 2008; Sur & Sinha, 2009). They examine information 
processing and reflect the manner in which the subject evaluates the stimulus. The 
waveforms can be characterized according to latency and amplitude (Sur & Sinha, 2009). 
 
 
2. COMPONENTS OF ERPS 
 
Components of ERPs are classified according to their polarity (positive or negative going 
voltage), timing, scalp distribution, and sensitivity to task manipulations (Woodman et al., 
2010). They are represented particularly by wave P300, Contingent Negative Variation and 
the complex of middle- and long-latency evoked potentials, Mismatch Negativity and 
Bereitschaftspotential (Bares, 2011). 

The wave P300 has been suggested as the most prominent and most extensively studied. 
In general, letter ‘P’ in abbreviations indicates positive waves, whereas letter ‘N’ negative 
waves according to their polarity. Numbers indicate either the latency (in milliseconds) or the 
ordinal position of the component in the waveform. The wave P300 is also referred to as 
wave P3, the third positive wave, or the wave with 300 ms latency (Hruby & Marsalek, 2003). 
The P300 wave is a positive deflection in the human ERP. It can be obtained in an "oddball" 
paradigm when a subject detects an occasional "target" stimulus in a regular train of standard 
stimuli (Picton, 1992). The P300 wave develops if the subject is actively engaged in the task of 
detecting the targets. The task of the experimental subject is responding to the presence of 
target stimulus by a given motor reaction, e.g. to button pressing (Hruby & Marsalek, 2003). 
Amplitude of the wave varies with the improbability of the targets and latency with the 
difficulty of discriminating the target stimulus from the standard stimuli. Typical peak 
latency in young adult subjects making a simple discrimination is 300 ms (Picton, 1992). 
Pathological changes of the P300 wave can occur for example in individuals suffering from 
Alzheimer’s disease and other dementias, Parkinson’s disease, schizophrenia or depression 
(Hruby & Marsalek, 2003).  

Contingent Negative Variation (CNV) was for the first time described by Walter (1964a,b) 
and is characterised as a sustained potential change (involving mainly the frontal cortex) 
during which the surface of the brain becomes electro-negative by about 20 �V with respect 
to remote reference electrode or deeper structures (Walter et al., 1967). It is a slow negative 
deviation of EEG activity on the scalp which occurs in the interval between warning stimulus 
(S1) and imperative stimulus (S2) that is followed by a mental or motor response. CNV is a 
complex endogenous potential that reflects many mental and cognitive activities and 
processes, such as sensation, attention, expectance, stress or discrimination (Bares, 2011). 
CNV is typically acquired as average of several EEG segments. These segments are thought 
as EEG record that corresponds with time period about 1.5–1 second prior to the warning 
stimulus and about 1–2 seconds after the imperative stimulus (Bares, 2011). 

Mismatch Negativity (MMN) represents a response of the brain to violations of a rule, 
established by a sequence of sensory stimuli (typically in the auditory domain). It is evoked 
even in the absence of attention and can be used as an objective index of sound-
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discrimination accuracy and auditory sensory memory (Naatanen & Kreegipuu, 2012). The 
MMN reflects the ability of the brain to perform automatic comparisons between consecutive 
stimuli, thus providing an electrophysiological index of sensory learning and perceptual 
accuracy (Garrido et al., 2009). MMN occurs when discriminable change in some repetitive 
aspect of auditory stimulation is present. The discriminable change can differ, e.g. frequency, 
duration, intensity, perceived sound-source location or silent gap instead of a tone. It has 
been suggested that the MMN is elicited by any violation of an acoustic regularity or pattern 
(Garrido et al., 2009).   

Bereitschaftspotential (BP) also termed pre-motor potential or readiness potential (RP) 
represents an anticipatory slow wave that typically precedes a voluntary motor act. Its deficit 
reflects abnormal motor preparatory processes in the brain (Banerjee et al., 2014). BP 
comprises an early and a late part. The early part reflects the activity of supplementary motor 
area (SMA) as its maximum amplitude at the vertex (overlying SMA) without reference to the 
body parts that were involved in the movements. The late part is lateralised to the opposite 
hemisphere to the side of the movements and is believed to represent activity particularly of 
the primary motor cortices (Fumuro et al., 2013). 

Other authors recognize also additional parts of an ERP trace involving P50 wave, N1 (or 
N100 wave), P (or P200) wave, N2 (or N200 wave), N300, N400, P600 waves, movement-
related cortical potentials or post-imperative negative variation (for more details see e.g. Sur 
& Sinha, 2009). 
 
 
3. CHANGES OF ERPS IN ASSOCIATION WITH NEUROLOGIC AND PSYCHIATRIC 
DISORDERS 
 
It has been suggested that changes in event-related potentials can be associated with 
neurologic and psychiatric diseases (Katada et al., 2004; O’Donnell et al., 2004; Vecchio & 
Maatta, 2011; Garrido-Vásquez et al., 2013). For example, patients suffering from Parkinson’s 
disease (PD) showed a decreased early Bereitschaftspotential (Fumuro et al., 2013). Green et 
al. (1996) described in patients with mild PD significantly enlarged P3 amplitude despite 
these subjects did not show neuropsychological deficits. Thus, the authors concluded that the 
amplitude of P3 can be more sensitive for detecting subtle brain dysfunction occurring early 
in PD than are neuropsychological measures (Green et al., 1996). Similar finding was 
published by Tanaka (2000) who reported that non-demented PD patients had increased 
amplitude of P3 and N1 amplitude. 

ERPs  can  also  be  used  in  patients  with  Alzheimer’s  disease  (AD),  among  others  for  
assessment of the cognitive deterioration. Lai et al. (2010) tested using ERPs probable AD 
patients and mild cognitive impairment patients. They found that the P300 latencies were 
significantly more prolonged in both probable AD patients and cognitive impairment 
patients. The authors suggested that the P300 latency can reflect cognitive decline in a very 
sensitive way and thus it represents a useful tool for AD severity assessment. In addition, 
Ally et al. (2006) suggested that P300 may identify preclinical changes in subjects with 
relatively high risk for the disease due to genetic predisposition. Generally, P300 is 
considered to be a suitable tool for evaluating of AD. It is widely accepted that P300 latency 
increase in elderly patients with AD, however there is still no consensus with respect to the 
P300 amplitude (Pedroso et al., 2012). 

Similarly, in patients with epilepsy the majority of publications reported prolonged P300 
latencies and no significant reductions in P300 amplitude (Kaga et al., 2013). Another typical 
finding is represented by changes of Mismatch Negativity (MMN). Subjects suffering from 
epilepsy showed longer MMN duration and increased amplitude in the frontal region. In this 
manner, MMN can be used for differential diagnosis of epilepsy.  

As for psychiatric disorders, in subjects with schizophrenia typically P300 amplitude 
reduction and P300 latency prolongation were consistently reported (Asato et al., 1999; Chun 
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et al., 2013). Patients who suffer chronically from schizophrenia exhibit reduction of P300 
amplitude which is at about one standard deviation in comparison to healthy subjects (Javitt 
et al., 2009). Similar changes in P300 latency and amplitude has been also reported in patients 
with bipolar disorder (O’Donnell et al., 2004). 

ERPs abnormalities associated with depression involve mainly significantly prolonged 
P300 latency and reduced P300 amplitude when compared with healthy individuals (Singh et 
al. 2000; Karagoz et al. 2005). It was described that the P300 latency correlated positively with 
age of the subject and severity of depression, on the contrary the amplitude of P300 
correlated negatively with age (Singh et al., 2000). Further changes concerned N2, however 
findings were quite controversial. For example Sandman et al. (1992) described increase in 
N2 amplitude, on the other hand Kayser et al. (2003) reported no differences. 

Other psychiatric disorders associated with changes in ERPs involved patients with social 
phobia who showed reductions in N1, N2 and P300 amplitudes and longer P300 latencies 
(Sachs et al., 2004). Subjects suffering from specific phobias (spiders, snakes) had greater 
amplitudes of P300 after presentation of feared stimuli (Miltner et al., 2005), chronic 
alcoholics had frequently (but not always) smaller P300 than healthy subjects (Pfefferbaum et 
al., 1991), and furthermore it has been consistently observed that alcohol induces attenuation 
of N1 and P2 amplitudes (Sur & Sinha, 2009). ERPs of patients with obsessive-compulsive 
disorder have shown shorter P300 duration compared to normal controls (Kivircik et al., 
2003) and subjects with generalized anxiety disorder had lower P300 amplitudes compared 
to healthy individuals (Gordeev et al., 2013). Karl et al. (2006) also summarized in their meta-
analytic review ERPs changes during posttraumatic stress disorder (PTSD). There was 
evidence of reduced P50 suppression and also increased P300 amplitudes to trauma-related 
distractors and target stimuli in the context of trauma-related distractors. Moreover, subjects 
suffering from PTSD showed reduced P300 amplitudes and latencies to neutral target stimuli. 

ERPs represent also useful tool for differentiating of various diseases. For example 
Hanatani et al. (2005) tried to evaluate the neurophysiological differences between panic 
disorder (PD) and generalized anxiety disorder (GAD). They found that the mean latencies of 
P2, N2, and P3 were shorter in the PD patients when compared to GAD and control subjects 
(Hanatani et al., 2005). Similarly, bipolar disorder and schizophrenia were distinguished in a 
study reported by O’Donnell et al. (2004) where N100, P200 and N200 amplitudes were 
reduced in schizophrenia patients which were not observed in patients with bipolar disorder. 
 
 
4. THE USE OF ERPS IN EXPERIMENTAL PSYCHOLOGY 
 
Introduction of ERPs technique also provides a unique and profitable tool for experimental 
psychology and related sciences. Typical examples are experimental papers concerning 
emotions, attention, cognitive processes and finally personality traits. Also in research of 
emotions ERPs are frequently used to study emotional responses to positive and negative 
stimuli (Moser et al., 2009; Schafer et al., 2010; Xue et al., 2013), emotional memory (Dolcos & 
Cabeza, 2002), effects of emotional content on declarative memory (Gasbarri et al., 2006), 
emotion regulation (Hajcak et al., 2010) or emotion processing (Pollak et al., 1997). 

Recordings of ERPs from normal subjects have played an increasingly important role in 
the study of attention (Luck et al., 2000). For example, Neuhaus et al. (2010) tested in this 
manner attentional mechanisms of alerting and orienting. Also involvement of certain brain 
areas in attentional processes (Herrmann & Knight, 2001) and effects of aging on ERPs signs 
of attentional selection were investigated (Wang et al., 2012). 

In summary recent findings show that ERPs technique allows to measure brain activity 
reflecting various cognitive processes affected by aging (Friedman 2003), modulation of 
cognitive processing by emotional contents (Delplanque et al., 2004) or to study ERPs 
abnormalities in subjects with social phobia (Sachs et al., 2004). Other findings show that 
ERPs are also very convenient for study of memory. For instance, Rugg and Curran (2007) 
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used ERPs technique for a study concerning recognition memory, visual working memory 
was tested by Drew et al. (2006) and long-term memory by Joyce and Kutas (2005). 

In addition recent data show that ERPs can be used for investigation of various 
personality traits such as introversion/extraversion (Bartussek et al., 1996; Guerra et al., 
2001), impulsivity (Shen et al. 2014), alexithymia (Franz et al., 2004; Walker et al., 2011), 
neuroticism (Ding et al., 2007) or antisocial personality traits (Pfabigan et al., 2012). 
 
 
5. CONCLUSION 
 
ERPs became widespread since 1960s of the last century in the field of neurology and 
psychiatry. Nowadays it represents a useful instrument for these disciplines with great 
potential to provide new insights into the research of human brain processes in experimental 
psychology.  
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