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INTRODUCTION

The P3 component of the event-related sensory poten-
tials (the positive wave at 300 ms latency) is consistently 
related to attention, decision making, and memory 
updating and therefore provides a valuable tool for inves-
tigation of these processes in the human brain (see Polich 
and Criado 2006, Polich 2007, for a review). There is also 
strong evidence that this component represents the sum-
mation of activity from various widely distributed areas 
in the brffain, and at least two subcomponents which 
temporally overlap can be distinguished, namely the P3a 
and the P3b (Polich and Criado 2006). Each of these may 
reflect distinct information processing events.

The P3a is a large positive deflection with a fronto-
central distribution, and is typically elicited by novel 
or rare non-target stimuli inserted in a series of stan-
dard and target stimuli in the three-stimulus oddball 

paradigm. This component has relatively short peak 
latency (Courchesne et al. 1975, Friedman and Simpson 
1994). It was previously suggested that P3a reflects an 
alerting process in the frontal lobe when involuntary 
attention has to be redirected to unexpected events 
(Yamaguchi and Knight 1991a). In contrast to this, the 
P3b (or classical P3) has a more posterior-parietal scalp 
distribution and a somewhat longer latency than P3a. 
There is broad evidence that this component can be 
regarded as reflecting target stimulus classification in 
tasks that require some form of action like a covert or 
overt response to stimuli (Donchin and Coles 1988, 
Polich 1998, Kok 2001). Specifically, the P3b has been 
considered as indexing voluntary attention, such that 
its amplitude reflects the allocation of attentional 
resources (Kok 2001, Wronka et al. 2007), and its peak 
latency is considered to be related to stimulus evalua-
tion time (Kutas et al. 1977). 

Taken together, these two components appear to differ 
in their scalp distribution, magnitude, and peak latency 
as a function of the stimulus meaning. Therefore, it can 
be suggested that the P3a and P3b reflect distinct 
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although strongly interrelated information processing 
events. Early P3a can be associated with the initial atten-
tion reallocation resulting from detection of the stimulus 
attribute change. This process follows original sensory 
processing and stimulus feature mismatch detection. 
Due to this, it has been previously suggested that the P3a 
is generally similar to the orienting response. Contrary to 
this, later P3b can be related to the voluntary stimulus 
classification. This process should engage working 
memory comparison, while the neuronal model of the 
stimulation is compared with the attentional trace of rel-
evant information. It is reasonable to assume that the 
stimulus deviance detection initially engages attention 
(P3a) to facilitate the stimulus meaning assessment (P3b) 
which is associated with memory operations.

There is general agreement that both components 
stem from the activity of multiple neural generators. 
However, the exact location of these generators is still 
not precisely described. The frontal lobe is suggested 
as the source of the P3a. Patients with a frontal lesion 
demonstrate attenuated amplitude of the P3 recorded at 
frontal sites, while their parietal response can be less 
affected (Knight 1984, Yamaguchi and Knight 1991c, 
Knight et al. 1995). These data suggest that the dorso-
lateral prefrontal cortex makes a major contribution to 
the scalp recorded P3a. These results are in line with 
more recent neuroimaging and ERP studies demon-
strating that activity of the frontal cortex can be related 
to detection of infrequent or alerting stimuli (Potts et 
al. 1996, McCarthy et al. 1997, Verbaten et al. 1997, see 
also Bocquillon et al. 2011 for review). A dipole analy-
sis was also consistent with the notion of prefrontal 
involvement in novelty P3 generation (Mecklinger and 
Ullsperger 1995). This is also consistent with Baudena 
and coworkers (1995), where intracerebral potentials 
were measured in patients while they performed an 
auditory discrimination task with target and non-target 
rare stimuli. On the other hand, there is also evidence 
that activity within more posterior areas of the brain 
may play some role in the generation of the P3a compo-
nent. Specifically, Halgren and others (1995b) reported 
potentials recorded intracerebrally from patients as the 
responses to auditory and visual tasks, including the 
three-tone oddball paradigm, as well as the passive 
oddball task. They suggested that activity of the tempo-
ral pole, middle temporal, parahippocampal and fusi-
form gyrus may be related to the non-specific orienting 
response that is also reflected in the scalp P3a. This is 
in line with reports from patients with focal hippocam-

pal lesions, showing reduced amplitude of the P3a to 
novel distracters but a normal P3b component to targets 
(Knight 1996). Decreased P3 response was also report-
ed for patients with lesions located in the temporal-pa-
rietal junction (Yamaguchi and Knight 1991c).

In contrast to this, there is a suggestion that neural 
generators of the P3b are located more posteriorly than 
the P3a. The more anterior located source for non-target 
P3 as compared to target P3 was recently reported by 
Barry and Rushby (2006) using LORETA source local-
ization. This finding is consistent with results from 
human lesion research. Specifically, P3b amplitude is 
reduced after brain damage in the temporal-parietal 
junction (Knight et al. 1989, Yamaguchi and Knight 
1991b, Verleger et al. 1994), which suggests more poste-
rior localization of its neural source when compared to 
P3a. This hypothesis could also be supported by the 
Halgren and colleagues (1995a) findings from intrace-
rebral recording in patients. These authors reported that 
activity within superior temporal gyrus and hippocam-
pus at about 380 ms post-stimulus may be reflected in 
the scalp P3b. This is also in line with recent magneto-
encephalographic recording and functional imaging 
studies demonstrating that performing an oddball task 
activated several brain regions including the bilateral 
temporal-parietal cortex, thalamus, and anterior cingu-
late (Menon et al. 1997, Alho et al. 1998, Li, Wang and 
Hu 2009, see also Bocquillon et al. 2011 for review). 
However, there is also evidence that dorsolateral pre-
frontal lesions can result in P3b reduction (Barcelo et 
al.2000), which suggests that frontal cortex can be 
involved in generation of this component.   

Taken together, it is reasonable to suggest that gen-
eration of the P3a and P3b stem from widespread acti-
vation within both frontal and parieto-temporal areas. 
Recent neuroimaging studies show that both target 
detection and distracter processing can be related to 
increased activation of frontal as well as parietal and 
temporal brain areas (Ebmeier et al. 1995, Kirino et al. 
2000, Kiehl et al. 2001, Bledowski et al. 2004). It should 
be noticed that neuroimaging techniques provide rela-
tively poor temporal resolution. Functional magnetic 
resonance imaging (fMRI) can provide maps of brain 
activation with millimeter spatial resolution however it 
is limited in its temporal precision to the order of sec-
onds. This technique enables to depict differences in 
brain activation elicited by distinct stimuli (e.g. targets, 
non-targets, standards in three-stimulus oddball task), 
but does not allow to define which of these differences 
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are specifically related to the generation of the P3a or 
the P3b. It is reasonable to suppose that such distinction 
can not be achieved in case of the hemodynamic 
response, which is typically delayed in onset after the 
neuronal activity and is prolonged in duration. For that 
reason, hemodynamic activity measured with fMRI in 
response to both targets and distracters can be rather 
associated with the indistinctive widespread activation 
underlying the whole P3 complex. Moreover, it can not 
be completely excluded that the brain activation pattern 
observed in neuroimaging studies also reflects the gen-
eration of the ERP components other than the P3 (e.g. 
N2). Therefore, it is difficult to say whether results 
obtained with fMRI and the scalp-recorded positive 
ERP components dubbed as the P3a and P3b actually 
correspond to the same physiological processes.  Hence, 
so far it is not clear to what extent frontal and parieto-
temporal brain regions are involved in generation of P3a 
and P3b. Topographical analysis in a normal population 
suggests that the response to novel events activates the 
neural circuit that includes the prefrontal cortex and 
posterior regions of the brain (Friedman et al. 1993, 
Fabiani and Friedman 1995). However, precise informa-
tion about the role of these cortical regions in generation 
of the P3a and P3b is still lacking. This issue can be 
studied with the cortical source localization methods, 
which have been developed to link directly scalp-re-
corded ERP potentials with the cortical activition. It has 
recently been demonstrated that among such methods 
the Low Resolution Electromagnetic Tomography 
(LORETA) is the most promising for the source local-
ization, especially when different cortical regions are 
expected to be simultaneously active (Yao and Dewald 
2005). Previous LORETA studies have reported neural 
sources of the P3 in the prefrontal cortex, the inferior 
and superior parietal cortex, the temporal lobe, and the 
cingulum (Anderer et al. 2003, Mulert et al. 2004, Barry 
and Rushby 2006, Volpe et al. 2007, Wang et al. 2010, 
Bocquillon et al. 2011). Nevertheless, there has been, to 
our knowledge, no LORETA study where the activity 
elicited by targets and non-targets was compared sepa-
rately in the P3a and P3b latency windows. 

Present study

The main aim of the present study was to establish 
the neural generators of the P3a and P3b by recording 
ERPs in a three-tone oddball task and localizing the 
underlying activity using the Standardized Low 

Resolution Electromagnetic Tomography (sLORETA). 
The three-stimulus oddball paradigm is a modification 
of the oddball task in which rare non-target stimuli are 
inserted into a sequence of rare target and frequent 
standard stimuli. This procedure allows recording of 
clearly distinct P3a and P3b components (Wronka et al. 
2008). Such distinction is not readily apparent when the 
traditional 2-stimulus oddball task is implemented 
(Polich 1988). We expect that distinguishable P3a and 
P3b components would be measured in response to our 
target and non-target auditory stimuli. However, due to 
the fact that participants were instructed to respond 
only to targets and to ignore non-targets, substantially 
different ERP waveforms would be elicited by each 
stimulus category. We predict that the early frontal P3a 
components measured in response to rare targets and 
non-targets would not differ significantly in their scalp 
topography. At the same time we expect the differences 
in their amplitudes, which can reflect different inten-
sity of the early attention engagement, partially depen-
dent on the physical properties of the stimulation. The 
greater the mismatch between the standard and rare 
stimuli, the stronger would be the attentional switch, 
and the larger would be the P3a response. Thus, we 
predict that non-target stimuli would elicit more evi-
dent P3a responses because the physical difference 
between our non-targets and standard was larger than 
the difference between targets and standards. Similarly, 
the parietal P3b responses elicited by target and non-
target stimuli are not expected to differ in their scalp 
distribution, despite the expected differences in their 
amplitudes. Following many previous reports (Polich 
and Criado 2006, Polich 2007, for a review), we predict 
that P3b elicited by targets would exceed the response 
to non-targets. In order to determine clearly the P3 
subcomponents, difference waves will be calculated by 
subtracting the standard stimulus ERP from ERPs elic-
ited by targets and non-targets (Wronka et al. 2008). 
Neural generators of the P3a and P3b components will 
be separately established using the Standardized Low 
Resolution Electromagnetic Tomography (sLORETA). 
We will compare the LORETA images obtained for 
targets and non-targets with those computed for stan-
dard stimuli in order to determine brain regions show-
ing differential activation during the P3a or P3b latency 
windows. We expect to observe activation of similar 
fronto-parietal network in response to targets and non-
targets, which would correspond to the similarities in 
scalp distribution of the P3a and P3b elicited by targets 
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and non-targets. Moreover, we will contrast the 
LORETA images obtained for targets and non-targets 
to reveal the differences in brain activation which can 
be associated with the expected differences in the 
amplitude of the P3a and P3b components. These brain 
areas can be therefore directly linked with the neural 
processes relevant for initial attention allocation and 
subsequent stimulus meaning evaluation.

METHODs

Participants

Twenty eight healthy students (24 women and 4 
men; mean age = 21.2; SD = 1.5 years) served as par-
ticipants in the experiment. All of them were right-
handed and had normal, or corrected to normal, vision, 
as well as normal hearing. They received course points 
for their participation and signed an informed consent. 
All participants reported being free of neurological or 
psychiatric disorders, and absence of drug abuse and 
use of medication.

Experimental procedure

The EEG session lasted about twenty minutes. 
Subjects were seated in a darkened sound-isolated, 

air-conditioned chamber. They were asked to relax 
and to restrict body movements and blinking as much 
as possible while they were presented with a random 
series of tones (consisting of 1000 Hz standard, 1100 
Hz target, and 1200 Hz non-target tones with proba-
bilities of 0.8, 0.1 and 0.1, respectively). They were 
also asked to silently count the target tones and report 
the total number at the end of the session. Stimulus 
tones were presented with random ISI (1.25–2 s) 
through a loudspeaker located in front of the subject at 
65 dB SPL (100 ms duration with 10 ms rise/fall 
time). 

Electrophysiological recording

The EEG was recorded using a BioSemi ActiveOne 
system with Ag–AgCl electrodes from 31 monopolar 
locations (Fp1, Fp2, F3, F4, F7, F8, FT7, FT8, FC3, 
FC4, T7, T8, C3, C4, TP7, TP8, CP3, CP4, P7, P8, P3, 
P4, O1, O2, AFz, Fz, FCz, Cz, CPz, Pz, Oz) according 
to the extended 10–20 system (Nuwer et al. 1998). Two 
additional electrodes [common mode sense (CMS) 
active electrode and driven right leg (DRL) passive 
electrode] were used as reference and ground elec-
trodes, respectively (c.f. www.biosemi.com/faq/
cms&drl.htm). All the cephalic electrodes were placed 
on the scalp using an Electro-Cap. The horizontal and 

Fig. 1. Grand averaged ERP responses to standard (grey line), target (solid black line), and non-target (dashed black line) 
stimuli recorded at 5 midline electrodes (Fz, FCz, Cz, CPz, and Pz).
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vertical EOG were monitored by an additional 4 elec-
trodes, placed above and below the right eye and in the 
external canthi of both eyes. The EEG was acquired at 
a sampling rate of 512 Hz.

Output data were subsequently transferred to and 
stored in a computer for analysis. The EEG data were 
off-line re-referenced to an average montage, filtered 
with bandpass 0.016–30 Hz (24 dB), and sampled for 
100 ms prior to stimulus onset and 900 ms after stimu-
lus onset using BrainVision software. Finally, data 
were corrected for eye-movement artefacts (Gratton et 
al. 1983). The ERP components of interest were 
defined as the largest positive going peaks within spe-
cific latency windows: 250–400 ms, and 400–700 ms 
for the P3a and P3b, respectively. These windows were 
selected on the basis of visual inspection of grand 
averaged ERPs obtained for each condition. Peak 
amplitude was calculated relative to the pre-stimulus 
baseline, and peak latency was measured from the 
time of stimulus onset.

Repeated-measures analyses of variance (ANOVA) 
were performed examining the effect of within-
subjects factors of electrode LOCATION (5 anteri-
or-to-posterior locations: Fz vs. FCz vs. Cz vs. CPz 
vs. Pz), and STIMULUS type (target vs. non-target) 
on P3 mean amplitudes. These electrodes were cho-
sen due to the fact that P3 reaches its highest ampli-

tude at midline sites (Katayama and Polich 1998, 
1999). All analyses of variance employed 
Greenhouse-Geisser corrections to the degrees of 
freedom when appropriate, and only the corrected 
probability values are reported. The Bonferroni 
method was used for post-hoc comparisons, with a 
significance level of 0.05.

Source localization – Standardized Low 
Resolution Electromagnetic Tomography 
(sLORETA)

The sources of bioelectrical activity were estimat-
ed using the 2008 version of sLORETA (free aca-
demic software available at http://www.uzh.ch/key-
inst/loreta.htm). The sLORETA images reflect the 
three-dimensional distribution of current density. 
The current implementation of sLORETA used the 
three-shell realistic head model (Fuchs et al. 2002) 
and electrode coordinates provided by Jurcak (Jurcak  
et al. 2007). All computations were made using the 
template from Montreal Neurological Institute MNI 
(Mazziotta et al. 2001), with the three-dimensional 
solution space restricted to cortical gray matter and 
hippocampus, as determined by the probabilistic 
Talairach atlas (Lancaster et al. 2000). The intracere-
bral volume is partitioned in 6  239 voxels at 5 mm 

Fig. 2. Grand averaged difference waveforms computed for target minus standard difference (solid black line) and non-target 
minus standard difference (dashed black line) at 5 midline electrodes (Fz, FCz, Cz, CPz, and Pz).
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spatial resolution. The sLORETA images represent 
the standardized electric activity at each voxel in 
neuroanatomic MNI space as the exact magnitude of 
the estimated current density. Anatomical labels as 
Brodmann areas are also reported using MNI space, 
with correction to Talairach space (Brett et al. 2002). 
The full description of the method can be found in 
Pascual-Marqui (2002). The proof of its exact, zero-
error localization property is described by Pascual-
Marqui (2007, 2009). The sLORETA images corre-
sponding to P3a and P3b components were defined as 
the mean current density values for intervals between 
250–400 ms post-stimuls and between 400–700 ms 
post-stimulus, respectively. Statistical significance of 
differences for sLORETA images elicited by the tar-
get and non-target stimuli was assessed with statisti-
cal nonparametric mapping tests for paired samples 
with correction for multiple comparisons, imple-
mented in the version of sLORETA used (Nichols 
and Holmes 2002).

RESULTS

Event-related potentials

The P3a amplitude obtained in response to target 
stimuli was significantly smaller than the P3a evoked 
by non-target stimuli. Maximal amplitudes of the P3a 
elicited by targets and non-targets were recorded at the 
vertex. This result is in close agreement with previous 
studies suggesting a link between activity of the fron-
tal cortex and generation of the P3a component. The 
amplitude of the target P3b was significantly larger 
than the P3b evoked by non-target stimuli. In both 
cases a typical topography with the maximum over 
parietal locations were observed. All these findings 
are confirmed by the statistical analyses presented in 
the next subsections. These effects are illustrated in 
Figures 1 and 2.

Amplitude of P3a

The amplitudes of the P3a component were initially 
assessed with a two-factor ANOVA (stimulus × loca-
tion). Results obtained from the analysis suggest that a 
more pronounced P3a component was recorded in 
response to non-target stimuli when compared to tar-
gets, resulting in significant main effect of stimulus: 
F1,27=7.53, P=0.011, when tested across 5 midline sites. 

Similarly, we found more pronounced non-target P3a 
response, as compared to target P3a, when analysis 
was restricted to vertex values: F1,27=11.03, P=0.003. 
This difference is illustrated in Figures 1 and 2, which 
show ERP responses to target and non-target stimuli at 
midline electrodes. At the same time, a highly signifi-
cant main effect of electrode location was also observed, 
F4,108=17.71, P<0.0001, ε=0.431. This effect suggests 
that P3a amplitude was substantially different over the 
5  midline electrodes, which was confirmed by post-
hoc comparisons. The lowest values were obtained for 
the frontal Fz electrode, and a gradual increment was 
observed from the frontal location to the vertex, where 
the maximal P3a response was measured. Values 
obtained at parietal electrodes were lower in compari-
son to vertex but the difference did not reach signifi-
cance. Similar topographies were observed for P3a 
elicited by target and non-target stimuli, which was 
confirmed by non-significant stimulus × location 
interaction, F4,108=1.31, P=0.331, ε=0.514. This effect is 
illustrated in Figure 3, which shows the P3a distribu-
tion. 

Amplitude of P3b

A similar two-factor ANOVA (stimulus × location) 
was performed for the P3b amplitude. Obtained results 
show that higher P3b amplitude was recorded in 
response to target stimuli when compared to non-tar-
gets. However, this difference did not reach the level of 
significance [main effect of stimulus: F1,27=3.02, 
P=0.094 when tested for 5 midline electrodes]. 
However, when amplitudes of P3b obtained at the pari-
etal Pz electrode was analyzed, significantly higher 
values were obtained for target stimuli in comparison 
to non-targets: F1,27=27.44, P<0.0001.  Simultaneously, 
a highly significant main effect of location was 
observed: F4,108=67.02, P<0.0001, ε=0.411. Topography 
of the P3b component in response to targets and non-
targets is illustrated in Figure 3. Amplitude of P3b 
elicited by targets and non-targets was found to be 
maximal at parietal locations and progressively 
increased from frontal to parietal regions. This effect 
was confirmed by post-hoc analysis. What should be 
also noticed, is the greater increase of P3b amplitude 
along the saggital plane for target in comparison to 
non-target stimuli, confirmed by a significant stimu-
lus  × location interaction: F4,108=7.72, P=0.001, 
ε=0.482. 
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Fig. 3. ERP topographical maps showing voltage differences and corresponding sLORETA three dimensional maps of 
voxel-by-voxel t-statistics representing target minus standard difference (upper panel) and non-target minus standard differ-
ence (lower panel). The sLORETA scales show negative (blue) and positive (red) t-values for which the alpha is significant 
after Holmes’ correction for multiple comparisons.
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Source localization – Standardized Low 
Resolution Electromagnetic Tomography 
(sLORETA)

P3a component

The rare targets and the rare non-targets produced 
widespread activation within the frontal, parietal, tem-
poral and occipital brain areas between 250 and 400 
ms after stimulus onset. Significantly increased bilat-
eral activity of several brain areas was found in 
response to target stimuli when compared to standards. 
The most pronounced differences were found within 
the lateral frontal lobes (inferior, middle and superior 
frontal gyrus) as well as for the medial part of frontal 
cortex (the medial frontal gyrus and anterior cingulate 
gyrus). These brain regions appear to be the major 
neural sources of P3a component. A similar effect was 
also observed for the insula on both sides of the brain. 
Slightly smaller but still significant increases of brain 
activity elicited by targets was also recorded within 
left and right parietal lobes (inferior parietal lobule, 
angular gyrus, supramarginal gyrus, cingulate and 
posterior cingulate gyri), bilaterally within the tempo-

ral areas (superior, middle, inferior temporal gyri, and 
fusiform gyrus), as well as within the occipital cortex 
(superior, middle and inferior occipital gyri, cuneus). 
These effects are illustrated in the top left panel of 
Figure 3. 

We obtained a similar pattern of results when the 
brain response to non-targets was contrasted with 
activity elicited by standard stimuli for the interval 
between 250 and 400 ms after stimulus onset. Again, 
significantly higher bilateral activation within the lat-
eral (inferior, middle, and superior frontal gyrus) as 
well as the medial frontal cortex (medial frontal gyrus 
and anterior cingulate gyrus) was observed. Higher 
bilateral activations of the parietal lobes (inferior pari-
etal lobule, angular gyrus, supramarginal gyrus, cin-
gulate and posterior cingulate gyrus), the temporal 
areas (superior, middle, and inferior temporal gyrus, 
fusiform gyrus), and the occipital cortex (superior, 
middle and inferior occipital gyrus, cuneus) were 
observed in response to non-targets when contrasted to 
activity elicited by standard stimuli. These findings 
are illustrated in the bottom left panel of Figure 3.

These results suggest that the overall pattern of 
activity measured within the P3a latency window is 

Fig. 4. ERP topographical maps showing voltage differences and corresponding sLORETA three dimensional maps of 
voxel-by-voxel t-statistics representing target minus non-target difference, corresponding to the P3a (left panel) and the P3b 
(right panel) latency windows. The sLORETA scales show negative (blue) and positive (red) t-values for which the alpha is 
significant after Holmes’ correction for multiple comparisons.
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highly similar for target and non-target stimuli. Hence, 
we compared sLORETA images obtained for the tar-
gets and non-targets to localize the brain regions dif-
ferently activated by these stimuli. Direct comparison 
of the sLORETA current source density maps acquired 
for P3a interval revealed several brain areas where 
higher activation was observed bilaterally in response 
to non-targets compared to targets. Specifically, we 
found increased activity within the frontal region 
(inferior, middle, and superior frontal gyri, anterior 
cingulate and cingulate gyri, as well as medial frontal 

gyrus) and within temporal areas (parahippocampal 
gyrus and uncus). We also found significantly greater 
activation of the orbital gyrus and insula, but only in 
the right hemisphere. Other areas in which significant 
differences were found are summarized in Table I and 
illustrated in the left panel of Figure 4.

P3b component

The widespread bilateral activation of frontal, pari-
etal, temporal and occipital brain areas were also 

Table I

Differences in brain activation within P3a and P3b latency windows

Comparison Brain area BA
MNI coordinates

t-score Comparison Brain area BA
MNI coordinates

t-score
X Y Z X Y Z

target vs.  
non-target
P3a (250–400 ms 
post-stimulus)

right MeFG 6 10 0 65 -3.36 target vs.  
non-target
P3b (400–
700 ms post-
stimulus)

right SPL 5 20 −45 60 4.18

left MeFG 6 −5 −5 65 -3.27 left SPL 5 −20 −45 60 3.86

right SFG 6 10 -5 70 −3.35 right PCL 4 5 −40 70 4.17

left SFG 6 −5 0 70 −3.26 left PCL 4 −5 −40 60 4.15

right CG 24 5 −5 50 −3.33 right postCG 4 10 −35 70 4.16

left CG 24 −5 −5 50 −3.25 left postCG 4 −10 −40 60 4.10

right MFG 6 15 5 65 −3.30 right preCG 4 35 −25 65 3.19

left MFG 6 −15 −10 65 −3.10 left preCG 4 −35 −20 45 3.11

right PCL 31 5 −15 50 −3.25 right SFG 6 20 −10 70 3.16

left PCL 31 −5 −15 50 −3.19 left SFG 6 −20 −5 70 3.11

right ACG 25 5 5 −5 −3.17 right IPL 40 30 −60 45 3.10

left ACG 25 −5 15 −10 −3.08 left IPL 40 −35 −35 45 3.14

right preCG 6 10 −20 70 −3.14 right PCG 31 5 −55 30 3.13

left preCG 6 −10 −20 70 −3.03 right MeFG 6 5 −5 60 3.09

right PHG 34 15 0 −15 −3.01 left MeFG 6 −5 −5 65 3.11

left PHG 28 −15 −5 −15 −3.02 right preCU 31 10 −55 30 3.09

right Reg 11 5 15 −20 −3.00 left preCU 19 −15 −85 40 3.11

right Ins 13 30 15 15 −2.97 right CG 31 5 −60 30 3.10

right IFG 47 15 20 −15 −2.94 left CG 31 −5 −40 30 3.11

left IFG 47 −15 20 −15 −2.85

right PCG 23 5 −30 25 −2.94

left PCG 23 −5 −30 25 −2.92

Brain regions showing decreased activation for target vs. non-target stimuli within the P3a latency window (250–400 ms) and increased activation 
for target vs. non-target stimuli within the P3b latency window (400–700 ms) at significance level (P<0.05).
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observed when sLORETA images obtained for the 
interval between 400 and 700 ms after stimulus onset 
in response to rare targets and rare non-targets were 
compared to those elicited by frequent standard stimuli. 
Specifically, exposition of the target stimuli leads to 
most evident increase of activation within the parietal 
lobes (superior parietal lobule, inferior parietal lobule, 
postcentral gyrus, posterior cingulate gyrus). This 
finding suggests that these brain areas are major neural 
sources of the P3b component. A similar bilateral effect 
was obtained for the lateral frontal areas (inferior, 
middle and superior frontal gyrus) as well as for the 
medial part of the frontal cortex (medial frontal gyrus 
and anterior cingulate gyrus). This effect was also 
observed for the insula on the both side of the brain.

Slightly smaller but still significant effect was also 
recorded bilaterally for the temporal areas (superior 
temporal gyrus), as well as in case of the occipital cor-
tex (fusiform gyrus, cuneus). These effects are illus-
trated in the top right panel of Figure 3.

Similar pattern of results within the same latency 
interval (400–700 ms post-stimulus) were obtained 
when brain responses to non-targets were compared to 
activity elicited by standard stimuli. We observed sig-
nificantly higher bilateral activation within the parietal 
(superior parietal lobule, posterior cingulate gyrus) 
and frontal cortex (superior frontal gyrus, middle fron-
tal gyrus, inferior frontal gyrus, medial frontal gyrus 
and anterior cingulate gyrus). More pronounced acti-
vation of the temporal areas (superior temporal gyrus) 
was also observed in response to non-targets c.f. stan-
dard stimuli. These findings are illustrated in the bot-
tom right panel of Figure 3.

Obtained results let us suggest that the overall pattern 
of activity measured within the P3b latency window is 
comparable for target and non-target stimuli. Therefore, 
we compared sLORETA images obtained for the targets 
and non-targets to localize the brain regions differently 
activated by these stimuli. Direct comparison of the 
sLORETA current source density maps acquired for the 
P3b interval revealed several brain areas where higher 
activation was observed bilaterally in response to tar-
gets when compared to non-targets. Specifically, we 
found increased activity within the parietal region 
(superior parietal lobule, inferior parietal lobule, para-
central lobule, postcentral gyrus, posterior cingulate 
gyrus) and within frontal areas (superior frontal gyrus, 
medial frontal gyrus). Additionally, we also found sig-
nificantly greater activation of the precuneus and 

cuneus. Other areas, in which significant differences 
were found, are summarized in Table I and illustrated 
in the right panel of Figure 4.

DISCUSSION

The main aim of the present study was to establish the 
neural generators of the P3a and P3b by recording ERPs 
in a three-stimulus oddball task which previously has 
been successfully used to elicit these components sepa-
rately (Wronka et al. 2008). The results of our study 
confirmed recent findings that the P3 complex obtained 
in response to rare targets and rare non-targets can be 
differentiated according to its amplitudes measured over 
frontal-central and parietal sites (Comerchero and Polich 
1999, Katayama and Polich 1999). Specifically, when our 
experimental instruction demanded to attention resourc-
es be allocated to discrimination of auditory stimuli, 
evident P3 deflections were obtained for both target and 
non-target stimuli. In both cases, the P3 complex was 
divided into early P3a and late P3b components by sub-
tracting ERPs elicited by standard tones from ERPs 
recorded in response to the targets or non-targets. The 
amplitude of the early frontal P3a was found to be larger 
when elicited by non-targets than targets. It is important 
to note that the frequency difference between the non-
target stimulus and the frequent standards was twice the 
difference between targets and standards. This effect 
extends previous findings suggesting a relationship 
between stimulus deviance and the magnitude of the P3a 
response (Wronka et al. 2008). Generally, the larger is 
the mismatch between physical characteristics of the 
presented stimulus and the passively formed neuronal 
trace, the more intense is the initial attention engagement 
reflected in the P3a component (Näätänen 1990).  

In contrast to this, amplitude of the P3b recorded at 
parietal sites to targets was larger than to non-targets. 
This result is consistent with many previous reports 
(see Polich and Criado 2006, Polich 2007, for a review), 
suggesting that P3b component can be related to the 
process of voluntary stimulus evaluation which is 
based on matching between the neuronal model of 
perceived stimulus and the previously formed atten-
tional template of the relevant event. Our results are 
also in line with the suggestion that the neural genera-
tor of the P3b can be located mainly within the parietal 
and temporal cortices. Maximal amplitudes of this 
component elicited by target and non-target were 
obtained over parietal sites.
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LORETA results obtained in our study indicated 
that the P3a component of the ERP can be related to 
increased activity within a widely distributed brain 
network, located predominantly within the frontal cor-
tex. Activation of additional brain areas located within 
the parietal, temporal and occipital regions was also 
found for the P3a latency window. A highly similar 
pattern of effects was obtained for the target stimuli as 
well as for the non-targets, which is in line with the 
results from analysis of the ERP data, showing compa-
rable topography of this component elicited by targets 
and non-targets. What is important in this context is 
our finding that activity within dorsolateral and medi-
al parts of the frontal lobes can be directly linked to 
differences in scalp recorded P3a. Specifically, ampli-
tude of P3a was greater in response to non-targets than 
targets in our study. At the same time, activity of the 
medial part of the frontal lobes was higher for the non-
targets than targets. This finding indicates that the 
frontal cortex plays an important role in generating the 
P3a component. Therefore, it is reasonable to suggest 
that the activity in the dorsolateral and medial frontal 
areas can be directly related to initial attention reallo-
cation following detection of stimulus change. 

These findings correspond closely to previous 
reports from neuroimaging studies where distracter 
processing was linked with increased activation of 
both frontal and parietal brain areas (Ebmeier et al. 
1995, Kirino et al. 2000, Kiehl et al. 2001, Bledowski 
et al. 2004). Similarly, recent source localization stud-
ies also report neural origin of the P3 in the same set 
of brain areas (Anderer et al. 2003, Mulert et al. 2004, 
Barry and Rushby 2006, Volpe et al. 2007, Wang et al. 
2010, Bocquillon et al 2011). This is also consistent 
with the previously reported effect of P3a diminish-
ment as the result of frontal lobe lesions (Knight 1984). 
Our results are also in line with data reported from 
studies where intracerebral potentials elicited in an 
auditory oddball paradigm were measured in patients 
(Baudena et al. 1995).  

Results obtained in this study indicate also that 
major sources of the P3b component can be located 
more posterior in comparison to the P3a, which is con-
sistent with recent LORETA studies (Barry and Rushby 
2006, Volpe et al. 2007). We found that the scalp 
recorded P3b component can be related to enhanced 
activity of a broad neural network including frontal, 
parietal and temporal cortical regions. It should be also 
noted that much larger activation was observed in 

response to targets than to non-targets. This effect 
closely corresponds to differences obtained in scalp 
recorded EEG in our study where amplitude of the 
target P3b was larger than the non-target P3b. These 
findings are in line with previous reports where P3b to 
stimuli demanding overt or covert response was con-
sistently larger than to both standard and distracter 
stimuli (Polich and Criado 2006). Enhanced activation 
of similar structures was also reported in neuroimag-
ing studies (Ebmeier et al. 1995, Kirino et al. 2000, 
Kiehl et al. 2001, Bledowski et al. 2004). 

Taken together, our results suggest that both P3a and 
P3b stem from activation of broad neuronal networks 
located within the frontal, parietal and temporal lobes. 
This network is activated when distinctive change in 
the environment takes place, resulting in initial atten-
tion engagement. The more salient is the stimulus, the 
more intense is this bottom-up process, and the more 
pronounced is its electrophysiological correlate – the 
P3a component. The larger is the mismatch, between 
the presentation of the actual stimulus and the neu-
ronal trace related to previously perceived stimuli, the 
greater is the involuntary attention switch. In contrast 
to this, activity linked with P3b generation can be 
rather related to the later phase of information process-
ing, when the neuronal model of the perceived stimu-
lus is confronted with the voluntarily maintained 
attentional trace of the relevant event (Näätänen 1990). 
The more advanced this process is, the greater is the 
P3b amplitude. 

It was recently suggested that generation of the P3a 
and the P3b components can be linked with the phasic 
activation of the neuromodulatory locus coeruleus–
norepinephrine (LC-NE) system (see Nieuwenhuis et 
al. 2005 for details). It is important to note that the 
conditions when specific phasic activity of LC-NE 
system can be observed closely correspond to condi-
tions under which P3 responses are measured. 
Specifically, LC activity in monkey have been investi-
gated in the visual oddball task and it was found that 
LC neurons were phasically activated selectively by 
presentation of the target stimuli and only weakly or 
not at all by presentation of non-target stimuli. 
Moreover, amplitude of the LC neurons’ phasic 
response to targets was affected by probability in a 
way similar to the P3. Novel stimuli typically elicit an 
LC phasic response and this response habituates 
quickly with repeated presentations. It should also be 
noted that there is evidence suggesting that brain 
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regions innervated by NE are broadly consistent with 
areas involved in P3 generation. Moreover, the latency 
differences between the frontal P3a and the more pos-
terior P3b might be explained by the anatomy of nora-
drenergic fibers, which first innervate the frontal cor-
tex and then continue caudally to more posterior corti-
cal areas. Other neuromodulatory systems can also 
play an important role in P3 generation and therefore 
should be investigated more thoroughly. Specifically, 
available evidence suggests that P3a is related to fron-
tal attention system mediated by dopaminergic activi-
ty. Parkinson disease patients who demonstrate 
decreased level of dopamine show also deficient P3 
measures. Results from pharmacological studies have 
suggested that dopamine level is related to amplitude 
and latency of P3 (see Polich and Criado 2006 for 
details). 

CONCLUSIONS

In conclusion, our results support the hypothesis that 
frontal P3a and parietal P3b components of the ERP 
reflect two different processes within human brain. 
Frontal P3a can be linked with the initial allocation of 
attention. The topography of this component as well as 
source localization data obtained in this study suggest 
that neural sources of P3a are located within the frontal 
lobe and anterior cingulate cortex. Our results also sug-
gest that parietal P3b can be connected to the effortful 
evaluation of stimulus meaning. Thus, P3b is generated 
when the neuronal model of the stimulus is compared 
to the voluntarily maintained attentional trace of a rel-
evant event. Major neural sources of the P3b were 
found within parietal lobe and posterior cingulate cor-
tex. Our results are in line with the suggestion that both 
processes engage widespread networks of frontal and 
temporal-parietal cortical areas.
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