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" Abstract: The aim of this study was to investigate the relationship between P300, evoked' by a
standard visual oddball paradigm, and extraversion measured by the Eysenck Personality Ques-
:tionnaire (EPQ-RA). The sample consisted of 54 subjects, all female, right-handers, in the age
. range 19-23 years. P300 was measured using occipital and parietal electrodes in two repeated
tials for each subject. Regardless of the trial block, the electrode site effect was significant for
both latencies and amplitudes. A tendency towards lower P300-amplitudes emerged in the second
trial, implying a habituation effect. Subjects with higher extraversion showed significantly shorter
P300-latencies recorded on the parietal group of electrodes (P, and P,). However, as a more
prominent relationship in the same direction was determined between the extraversion subtrait
adventurousness and P300-latency, the effect of extraversion could be mainly attributable to
adventurousness. The findings are discussed in terms of arousal theory and task demands.
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brain activity were discovered and the first
proposal that . individual differences in

INTRODUCTION
. brain activity could be related to personal-

e -psychophysiology of personality
des all studies of the biological basis
rsonality exploring the physiological
ocesses underlying trait-like differences
psychological functioning (Fulgosi,
4).-In' order to analyze the correlation
veen the psychological and the physio-
al aspects of human behavior, various
thods of measuring ANS or CNS activ-
ave been used (Hugdahl, 1995). This
ation has been established and investi-
ted ‘ever since methods for measuring

is article was accepted before May 1, 2008, in
ordance with previous publishing rules.

ity traits' was made long ago (Lemere,
1936). Among the numerous analytical
approaches in research into abilities and
personality, the type of analysis studying
phenotypic surfaces in an attempt to identi-
fy their biological basis is called top-down
analysis (Nyborg, 1997). Within this field
of research there have been many disagree-
ments both about the traits that could best
serve as the putative correlates of the mea-
sured brain activity and the measures of
brain activity that could best serve as the
biological markers of a certain personality
trait. With the development of psychophy-
siology in the last four decades the emerg-
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ing literature ¢an be seen to be increasingly
focused on extraversion in the former role
(Stenberg, 1994). Many researchers have
agreed on extraversion’s having a major
place in the theoretical framework of basic
personality dimensions (Costa, McCrae,
1992; Eysenck, 1992) as well as on its
being genetically based (Eysenck, 1967;
Zuckerman, 1991),

The clearest explanation of the relation-
ship between extraversion and its biologi-
cal basis is found in Eysenck’s theory of
personality (1957, 1967). Eysenck made
the assumption that extraversion was re-
lated to cortical arousal, with introverts
having chronically higher levels of arousal
than extraverts - low amplitudes and high
frequencies of alpha rhythm as measured
by EEG. Although Eysenck’s assumption
has been basically supported within EEG
research, there are still many inconsisten-
cies left to be cleared up (Gale, 1983;
Gale, Edwards, 1983). They concern not
only the limitations of EEG use or the
interaction effects with the intensity of the
given stimuli, showing faster habituation
and faster decline of alpha rhythm in extra-
verts (Stelmack, 1997), but also the per-
sonality measure used (O’Gorman, 1984).
The evidence has shown the trait of impul-
sivity to be more strongly related to low
arousal than is extraversion (Stenberg,
1992, 1994). Also, it was determined that
those subjects who got bored easily and to
a greater extent (which has been defined as
adventurousness) also showed significantly
higher EP-amplitudes (Rust, 1975) and,
more specifically, higher P300-amplitudes
(Hansenne, 1999), which showed a signifi-
cant relationship between those two vari-
ables. Because of the more significant
relationship between impulsivity and psy-
choticism on the one hand, and stronger,
clearer and more stable relationship be-
tween adventurousness and extraversion

on the other, greater emphasis was put in
this study on this second relationship
(Stenberg, 1994).

A relatively new measure of brain activ-
ity - event-related potentials - has recently
been used to investigate the heightened
perceptual sensitivity in introverts found in
various studies (Siddle, Moorish, White,
Mangan, 1969; Stelmack, Campbell,
1974). The event-related potentials (ERPs)
are time-locked, i.e. they appear in a pre-
cisely determined period after the given
stimulus that has been determined by the
nature of the cognitive task used, and
mostly in one part of the human cortex, in
contrast to spontaneous EEG waves
(Polich, 1993). As predicted by arousal
theory, introverts showed higher ampli-
tudes in both auditory (Bruneau et al.,
1984; Stelmack, Campbell, 1974; Stelmack
et al., 1977; Stelmack, Michaud, 1985;
Stelmack, Geen, 1992) and visual ERPs
(Soskis, Shagass, 1974; Stenberg, Rosen,
Risberg, 1988; Stenberg, Rosen, Risberg,
1990). However, the obtained effects have
been significantly modified by psychologi-
cal factors such as attention and habitua-
tion (Stelmack, Michaud, 1985; Stenberg
etal., 1990; Stenberg, 1994).

P300, which accompanies cognitive pro-
cessing, including the activation of atten-
tion mechanisms and changes in working
memory, is the most widely investigated of
the psychologically important ERP compo-
nents (Picton, 1980). P300 does not reflect
the physical parameters of stimuli, is not
always connected to the appearance of the
stimulus, is evoked by unexpected stimuli
and does not appear if the stimuli are not
relevant for the subject (Polich, 1998). As
regards its neural model, P300 shows a
fronto-parietal activation, where its sub-
components P3a and P3b can be measured
using a more precise and sophisticated
apparatus (Polich, Kok, 1995; Polich,
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4). However, its functional significance
nd role remain unsolved. Donchin and
es (1988) propose that P300 appears
hen there is a need to update the internal
el of the environment in the working
mory.. Verleger (1988), on the other
and, has suggested, within his context
sure . hypothesis, that P300 appears
n the perceptual epoch is closed, being
reflection of confirmation rather than of
ised, subjective expectancies. The dom-
int view..today is the hierarchical model
P300. psychological-functional role,
re P300 does not reflect one psycho-
process. but rather the interrelation
een’ activation and deactivation - pro-
es that have impact on only some of
regulatory mechanisms in the brain
et-al., 2000). Therefore, P300 does
present: a unique component, but the
ty of more neural generators that are
taneously active.

in the physiology of extraversion
as. been proved to be an adequate
of . cortical activity . (Stelmack,
990).:It has been widely measured
itory or visual oddball paradigm
sk of simple stimulus discrimina-
aring such a task the subject listens
ks at) a sequence of tones (visual
uli), where one tone (visual stimulus)
ally. the target. The subject’s task is
ess a button on hearing (seeing) the
t stimulus (Polich, 2004). The ratio-
for expecting differences between
verts and introverts to emerge in the
Iball task has its basis in the finding that
iverts have a faster habituation rate
orman, 1977; Ditraglia, Polich, 1991)
more rapid decline in vigilance tasks
nding sustained attention (Keister,
Laughlin, 1972). Therefore it is ex-
ted that introverts will better sustain
attention during an oddball task that
uces -monotony, resulting in higher

amplitudes in the averaged ERPs. This
assumption has been confirmed in some
studies (Daruna, Karrer, Rosen, 1985;
Wilson, Languis, 1999; Polich, Martin,
1992), but if habituation was avoided or
response requirements were kept high, the
P300 differences between extraverts and
introverts disappeared or even changed
direction (Cahill, Polich, 1992; Orlebeke,
Kok, Zeillemaker, 1989; Stenberg, 1994).

The aim of this study was to examine the
relationship between P300 and extraver-
sion in a visual oddball paradigm. The first
problem was to compare P300-amplitudes
and P300-latencies between extraverts and
introverts in the first trial block. Consider-
ing the above-mentioned habituation ef-
fects, our second problem was to explore
their role on the basis of the comparison
between the first and the second trial block
results. Additionally, as some of the evi-
dence suggested a significant positive
relationship between P300-amplitude and
impulsivity (Stenberg, 1994), this relation-
ship was also examined.

METHOD
Subjects

A tota]l of 54 female subjects (M = 20.5
years, SD = 1.28, range: 19-23) were se-
lected from a preliminary sample of 91
undergraduate students from the Depart-
ment of Psychology in Rijeka. They were
all right-handed, naive to electrophysiolog-
ical studies, and reported no visual or neu-
rological/psychiatric problems. The sub-
jects received course credit for their par-
ticipation in the study.

On the basis of their scores on the EPQ
R/A Extraversion scale, the subjects were
divided by the Median criterion in two
groups: the first one with low results on
the Extraversion scale (<17, N = 27) and
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the second one with high results on the
Extraversion scale (=17, N = 27). A similar
division was made for the Impulsivity (<6,
N = 29; >6, N = 25) and Adventurousness
scales (<10, N = 26; 210, N = 28).

Questionnaires

Levels of extraversion and giving social-
ly desirable answers were measured by
Eysenck’s Personality Questionnaire -
Revised version, EPQ-RA (Eysenck, Ey-
senck, Barrett, 1985), its standardized
version (Eysenck, Eysenck, 1994), to be
precise. This instrument consisted of 106
items and has also measured psychoticism,
neuroticism, addiction and criminality.
Item analysis in this study confirmed earli-
er satisfactory levels of reliability: Cron-
bach Alpha for extraversion was 0.89 and
for the social desirability scale 0.68.

Levels of impulsivity and adventurous-
ness were measured by Eysenck’s Per-
sonality ~Questionnaire - Impulsivity,
Venturesomeness and Empathy, EPQ-IVE
(Eysenck et al., 1985), its standardized
version (Eysenck, Eysenck, 1994), to be
precise. It consisted of 54 items and be-
sides those two personality traits it has also
measured empathy. Item analysis has also
confirmed previous levels of reliability:
Cronbach Alpha for impulsivity was 0.74
and for the adventurousness scale 0.79.

Finally, the control variable of depression
was measured by the Depression scale
D-92 (Krizmanié, Kolesarié¢, 1994). It
consisted of 22 items and subjects an-
swered on a four-point Likert scale. In this
study computed Cronbach Alpha for this
scale was 0.88.

Apparatus and Procedure

After the general instruction and filling
out of the described questionnaires, each

nent was marked in the second trial by the
same P300-latency as the one from the first
ial. Therefore, for each subject there was
the same P300-latency (as measured in one
ialonly) in both trials and different
00-amplitudes. Examples of the aver-
ed and artifact-corrected ERP curves for
ie subject in the first and the second trial
ocks are shown in Figure 1.

subject was measured for the evoked brain |
potential P300 in two repeated trials. All
recordings were made in the space of four "
months, always on Wednesdays and al-
ways at the same time - noon. Because of
the limited laboratory time at our disposal, |
subjects came to the laboratory once a
week in groups of 4-6, and each of them
underwent two repeated trials, with an
intertrial interval of 2 minutes. P300 re-
sponses were elicited by the standard visu--
al oddball paradigm, chosen because of its

not

RESULTS

Personality Variables

The group average for the EPQ R/A
Extraversion (M = 15.5; SD = 5.4) did
substantially differ from the one
obtained on the Croatian standardization

smaller monotonous effect on subjects. A hrows i RS2 028 e
Medelec/TECA Sapphire" 4E device with gMP W 135 129358 48
five Ag/AgCl disc electrodes was used shie 50 19 T 2 Tes B oo
The active electrodes were placed on O,, Lo s 399, 25, T, 0 sht o
ONq wuu and mu» Among.&sm to 10-20 m%mHoBv, NE oS Huw Nmm »mw amw mmp mmmmwcm
and referred to F,. The electrode im- AT 6,58 B8 8 W

pedance was kept below 5k and the filter

bandpass was 0.1-50 Hz. A pattern reverse

binocular full-field stimulation was per-

formed in a dark, quiet room using a .

16x16 checkerboard pattern, 70 cm away Tec/TECR Sapphire 11 FO4/89 :

from the nasion, with 1Hz frequency and o

100% contrast. Fifteen percent of stimul

were infrequent (target) checkerboards

(consisting of small quadrangles), whereas o el % R B E S
the remaining ones were frequent (nontar e s 0 184 Sl e e T
get) checkerboards (consisting of big : C e e i H5s e e T e
quadrangles), presented in random order R A S .- S S )
Subjects were instructed to look at the red At o ¥ B B S,
circle in the center of the monitor and to P2 S AP WU 10 T3 476 -8.67 oot

react to the target stimuli by pressing the
pen.

The marking of the amplitudes and laten
cies of the P300-component was per
formed manually, using a cursor, by the
same medical technician for both trials. In
the first trial, the first major positive peak

Hedelec/TECA Sapphire 11 FR4/89
Llinic ¥ave

between 300-600 msec for the rare stimul
was identified as the P300 response and
was marked. To avoid the effect of latency
jitter (Coles et al., 1986; Hoormann et al.
1998), and to make the P300-componen
more stable over trials, the P300-compo

gure 1. An example of a recorded P300-wave (above: a sharpened marked P3-wave
red in a first trial block; below: a sharpened marked P3-wave measured in a se-
ial block) in the visual oddball paradigm with intertrial interval of 2 minutes
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group (M = 14.2; SD = 4.7), nor did those
for EPQ IVE/A impulsivity (M = 7.0;
SD = 3.4) and adventurousness (M = 9.2;
SD =3.6), M = 9.0; SD =42 and M =
8.7; SD = 3.9, respectively). According to
the Kolmogorov-Smimov test of conformi-
ty, the distributions of all personality vari-
ables were normal. There was no signifi-
cant correlation between age and any of
the personality variables.

ERP Results

Mean amplitudes and latencies of the
P300 are shown in Table 1. They were
determined for the point of maximum
positivity in the 300-600 msec range. The
basic principle for marking the P300-wave
in the first trial block was the peak ampli-
tude, which was marked only after mark-
ing all other ERP components. Due to the
technical limitations of the device used, the
possibility of a latency jitter could not be
avoided by using the Woody filter method,
and the P300-latencies were therefore
made constant over trial blocks and used
for marking the P300-wave in the second
trial block. Although a lot of valuable
information was lost in this way, an addi-
tional reason for using this method was

Table 1. Means and standard deviations for amplitudes and latencies of P300-wave
measured in the first and the second trial block for the whole sample (N = 54)

evidence of a very small impact of habitua-

tion on latencies (Polich, 1989; Lin, Po-
lich, 1999; Bruin et al., 2000), especially
when pauses between the trial blocks were
very short (1-2 minutes). The tendency o
P300-amplitude decrease in the second

trial block, indicating a habituation effect
can be seen in Figure 2.

The statistically significant difference
between occipital and parietal electrodes in

the first trial block were found in th
P300-latencies (O, - Pyt = 2.96, p

|

001; O, - P,: t; = 3.00, p < .00L; 0,-P,
tsy = 3-11, p<.001; O, - P, ts; =3.16
p < .001), as well as in the P300-ampli
tudes (O, - Py ts;, =5.36,p <.001;0, - P,

Na 54
The first trial

P300-amplitude on O2 electrode

|t

The second triat

tsy = 5.03, p<.001; Op-Psl tsy= 527
p < .001; O, - Pt = 5.00, p < .001
Similar results were obtained in the secon ,
trial block.

t (O, and P,) hemispheres.
there was no difference between left
hemisphere for P3-amplitude (ts5
94) in the second trial.

alysis of the habituation effect, a
 decline in P300-amplitude in
d trial block was found only on
ectrode (1,5, = 2.32, p < .05).

Hemispheric Differences

Using t-test for dependent measures,
hemispheric differences in the latency and
amplitude of the P300-wave were studie
In the first trial no significant difference in
P3-latency (ts; = 49, p < .62) and P3-am-
plitude (ts; = .09, p < .93) was determined
in those variables between the left (O, and

re 2. Stem-and-Leaf Plot of P300-amplitude measured in the first and second trial
at O, electrode - the habituation effect could be observed

The Relationship between P300 and
Personality Variables

The correlations of P300-latencies and
P300-amplitudes with personality variables
are shown in Table 2. It can be seen that
P300-latencies recorded on the parietal

The correlations (r) between personality measures of Extraversion, Impulsiv-
turousness, and Latencies and Amplitudes of P300-wave on 4 electrodes (O,
, and P,) in the first trial block on the whole sample (N = 54)

Electrode 0, O, b, P, P3L | P3A | P3L | P3A | P3L | P3A | P3L | P3A
P300 P3A | P3L | P3A | P3L | P3A | P3L | P3A | P3L on0, | 0n0, | on0, | on0, | onP, | onP, | onP, | onP,
e M | 45 |4128| 46 |413.7| 92 |389.1| 92 |388.8 o | 10 | .20 | -10 | -31* B | 3% o
e D | 29 @29 62 [(443)] 69 |(655)| (73) | 65.7) 6 | 5 | 16 | 04 | -23 05 -2 o
9. M | 38 3.5 8.9 9 -11 23 | 09 | -23 | -a8** | -18 | -48%% | -08
sD | 632) @27 (6.8) ) o
Legend: : . ectrode sites: two occipital (O, and O,) and two parietal (P, and P)

Electrode sites: two occipital (O, and O,) and two parietal (P, and P,)

P3A: P300 amplitude, P3L: P300 latency
M: Mean, SD: Standard deviation

A: P300 amplitude, P3L: P300 latency

<.05; ¥ p<.01

3: extraversion, I: impulsivity, A: adventurousness
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electrodes showed a significant negative
correlation with both extraversion and
adventurousness. There was no significant
correlation between the P300-amplitude
and any of the personality traits, nor was
there correlation between impulsivity and
any of the P-300 measures.

A repeated measures ANOVA was per-
formed to examine the differences in
P300-waves between groups with high and
tow levels of extraversion and adventur-
ousness. Significant main effects of extra-

430
420
410 o
=
W 400
[
[~
L]
T
2
[N
380
370
Low Adventwrousness High Advetwrousness
aBim\\\\\\\m|.
b ———~ ~ 8
400) \
—_ \
m \
\
S~ \
> g0l \
8 N
: N
\
360
a SR
340,
T [+53 B 7
Electrode sites

Figure 3. P300-latency in function of Adventurousness (up) and Adventurousness and

four electrode sites (O,, O,, P, and P,) (down)

version were found neither for P300
cy (F(1) = 3.82, p = .06) nor for P300
plitude (F(1) = 0.09, p = .76), while a sig-
nificant effect of adventurousness wa
found only for the P300-latency (F(1)
11.13, p =.002)

This finding, illustrated in Figure 3
due to the P300-latencies recorded on the
parietal electrodes, which were significant-
ly shorter for subjects with a high level of
adventurousness than those with a low
_.o<n_ of adventurousness.

Legend:
1-Low
Adventurousness
group of subjects

2 - High
Adventurousness
group of subjects

Legend:

A low level of
Adventurousness

A high level of
Adventurousness

-laten-
am-
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DISCUSSION

'RP Results

e determined P300 amplitudes and
ncies were within the expected range
amplitudes >10uV, latencies 300-600
msec), regardless of the electrode or the
trial block (Table 1).

 The statistically significant differences
were obtained between the occipital and
parietal electrodes: the P300-latencies were
shorter, while the P300-amplitudes were
higher on the parietal (P,, P,) than on the
occipital (O,, O,) electrodes in both trial
blocks. This finding has confirmed the
expected P-300 topography, the expecta-
tion being based on the defined centro-
. parietal neural generators of the P300-
vave, leading to the clearest recordings of
ic P3 on the parietal electrodes (Polich,
}. No hemispheric differences in .the
00-amplitudes have been determined,
though the earlier findings had shown a
reater activation of the right hemisphere
1an the left in the classical oddball task,
rded mostly on anteromedial locations
% F, C,, C,) (Alexander, Polich, 1995;
exander et al., 1995, 1996; Polich, Hof-
an, 1998; Hoffman, Polich, 1999). This
Id be the consequence of recording the
00 with only five electrodes: F,
und electrode), O, and O, (occipital)
;-and P, (parietal), which is a stan-
procedure for recording the visual
-wave with the device we have used
shire! User Manual, 1996). We have,
e, no recordings from the anterior
des, which usually reflect hemi-
differences in activation.

gnificant decrease in the P300-am-
only on the O, electrode in the
rial block, indicating a habituation
as expected, as the occipital elec-

is

trodes are those corresponding to the neu-
ral basis of the visually evoked potentials
(Dabié-Jefti¢, Mikula, 1994). This finding
suggests that a high level of monotony was
induced by the employed visual task, lead-
ing to differences in P300-amplitudes
between extraverts and introverts.

The Relationship between P300 and
Personality Variables

The finding of a significant correlation
between extraversion and P300-latency
confirms the theoretical assumption about
introverts being more cortically aroused
than extraverts, which is manifested in
their faster cognitive processing and short-
er P300-latencies. This hypothesis has
been confirmed in the work of Brebner
(1983, 1990), where introverts have also
shown shorter P300-latencies compared
with extraverts, while at the same time
having longer reaction times. This was
explained by the nature of introverts as
“gseared to inspect” and eXtraverts as
"geared to respond” (Brebner, Cooper,
1985). Doucet and Stelmack (2000) have
used the measures of P300-latencies, reac-
tion time and movement time, while vary-
ing the type of task (four types made up of
(in)congruent and (in)compatible charac-
teristics). Their results showed significant-
ly longer P300-latencies in extraverts than
introverts in three-types of task, but in the
simplest one (congruent compatible) the
extraverts showed shorter P300-latencies
than introverts. This finding suggested that
P300-latency was very sensitive to task
demands - when they were very low and
tended to induce monotony the differences
between extraverts and introverts changed
direction and P300-latency became shorter
in extraverts. Our results support the no-
tion about the effects of task demands: the
classical visual oddball task we used was
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low demanding and the pause between the
two trial blocks was very short, inducing
monotony (as already shown by the ob-
served habituation effect).

The analyses including advénturousness
show that the observed weak relationship
between extraversion and P300-latency
could be attributed to this trait, which is
subsumed under extraversion. The faster
cognitive processing in highly adventurous
subjects could be related to their character-
istics of readiness and openness for new
and unusual situations. They also exhibit
the tendency to take risks while being
completely aware of this risky behavior,
which requires one to be highly focused
and organized, and to take control in such
situations. As highly impulsive subjects
lack that kind of planning, advance orga-
nizing, and proactive behavior in general,
it is not surprising that no correlation has
been found between ' P300-latency and
impulsivity.

CONCLUSION

The expected P300-topography was con-
firmed, as significantly longer latencies
and significantly lower amplitudes were
recorded on the occipital electrodes com-
pared with those recorded on the parietal
ones. A tendency of P300-amplitude de-
crease in the second trial block, indicating
a habituation effect, has been determined
only on the O, electrode. No significant
correlations were established between
either extraversion or adventurousness and
P300-amplitude. But subjects with higher
levels of extraversion and adventurousness
showed significantly shorter P300-laten-
cies recorded on the parietal electrodes
(P, and P,) compared with those with low-
er levels of these traits. The relationship
between adventurousness and P3-latency
was more prominent, so the effect of extra-

“used in the research, when clearer inter-
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. and introverted/extroverted personality types.
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MILLER, G.A., 1986, Principles of signal acquisi-
ion and analysis. In: M.G.H. Coles, E. Donchin,
S.W. Porges (Eds.), Psychophysiology: Systems,
processes and applications (pp. 183-221). New
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COSTA, P.T., McCRAE, R.R., 1992, Four ways
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primjena {Evoked cortical potentials - Basic assump-
tions and clinical use]. Zagreb: Skolska knjiga.
DARUNA, J.H., KARRER, R., ROSEN, AlJ,
1985, Introversion, attention, and late positive com-
_ponent of eventrelated potentials. Biological
Psychology, 20, 4, 249-259.
~ DONCHIN, E., COLES, M.G.H., 1988, Precom-
mentary: Is the P300 component a manifestation of
context updating? Behavioral and Brain Sciences,
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EYSENCK, H.J., 1965, The structure of human
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asic. Personality and Individual Differences,
7-673.
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version could be mainly attributable to
adventurousness. Finally, there was discus-
sion of how findings could be explained in
terms of the variability in task demands

pretation could be obtained by using more
complex oddball tasks and technically
more advanced devices for recording the
evoked brain potentials. This could also
enable researchers to explore the more
specific functional role of P300-wave
viewed either as a cognitive index or as a
physiological index of certain personality
traits.
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