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Does the abstract thinking have a significant role in the relationship
between extraversion and evoked brain potentials?

SANJA TATALOVIC VORKAPIC and MERI TADINAC

Considering the significant number of inconsistent results regarding the relationship between extraversion and
evoked potentials within the Eysencks’ arousal theory, a possible significant role of some other variables such as
attention, task modality and difficulty, and intelligence level has been analyzed. The aim of this study was to analyze
the relationship between extraversion and its electrophysiological correlates, taking into account the intellectual
level of subjects. Forty-three female psychology students, within the age range 19-23 years, participated in the study.
Extraversion was measured by EPQ-R and abstract thinking by ATT. The evoked brain potentials (N1, P2, N2, P3, &
SW) were elicited by a standard visual oddball paradigm, in two measurement trials for each subject, using two oc-
cipital and two parietal electrodes. Correlation analyses of extraversion and evoked potentials partialized for abstract
thinking have shown that the intellectual level of subjects represented a significant part of the extraversion-evoked
potentials relationship, especially in the SW-latency parameter. Overall, the findings implied the great importance of
analyzing individual differences in electro-cortical activity using the measures of both personality and intelligence,
as both of them could play a significant and complex role in subjects’ cortical arousal.
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Evoked potential (EP) recording procedures are among
several methods used to provide measures of explanatory
constructs for personality and intelligence. The constructs
of interest in this study are arousal (for personality dimen-
sions, especially extraversion), and information-processing
speed and neural efficiency (for intelligence). The possible
influence of introversion/extraversion on event-related po-
tentials has been the subject of a number of studies (Lindin,
Zurrén, & Diaz, 2007), as well as the often determined
shorter latencies and smaller amplitudes of EPs in sub-
jects with superior mental performance (Ladish & Polich,
1989; Polich, 1998; Polich & Herbst, 2000) in the studies
of various experimental or correlation designs. The electro-
physiological correlates relevant to those study aims were
established by the EP-method, also used in this study. The
evoked brain potentials represent voltage fluctuations that
are associated in time with some physical or mental occur-
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rence (Picton et al., 2000). A stimulus, visual or auditory,
evokes a potential change in the cerebral cortex, which can
be further analyzed within different time-windows accord-
ing to the type of the task used. Each EP-component has
its specific latency and amplitude parameters, as well as its
specific psychological meaning, which are presented in Ta-
ble 1 (only EP-components relevant for this study have been
shown, for other details see Polich, 1993).

Table 1
Evoked potential components, their latency range and
psychological meaning

EP-component Latency range Psychological meaning

N1 50 msec Selective attention

P2 80-100 msec Early information processing

N2 170-200 msec Automatic extraction and deter-
mination of stimulus’ properties
target detection, reaction time

P3 250-600 msec Allocation of attention and work-
ing memory updating

SWA 1000 msec, Before the stimulus presentation,

duration: 3-4 min while participants wait for the task

Note. Adapted from Polich, 1993.
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Extraversion and EPs

Eysenck’s (1967) arousal theory postulates that the
degree of extraversion is inversely related to the cortical
arousal, i.e., introverts have both a higher level and stronger
reactivity of reticulo-cortical arousal than extraverts. Fur-
thermore, because of their greater reticulo-cortical arousal,
it has been hypothesized that introverts should have larger
EP-amplitudes, especially amplitudes of cognitive EP-com-
ponents, such as P300-wave (Eysenck, 1994; Mathews &
Gilliland, 1999), and this hypothesis has been confirmed
for both auditory (Bruneau, Roux, Perse, & Lelord, 1984;
Stelmack, Achorn, & Michaud, 1977; Stelmack & Camp-
bell, 1974; Stelmack & Geen, 1992; Stelmack & Michaud-
Achorn, 1985) and visual event-related potentials (Soskis &
Shagass, 1974; Stenberg, Rosen, & Risberg, 1988, 1990).
However, other empirical findings are rather inconsistent
due to the various variables of task demands and different
habituation levels in extraverts and introverts (Stelmack &
Michaud-Achorn, 1985; Stenberg, 1994; Stenberg, Rosen,
& Risberg, 1990; Tatalovi¢ Vorkapié, 2005, 2010; Tatalovic¢
Vorkapi¢, Tadinac, & Rudez, 2010). Besides, the unspe-
cific reticulo-cortical arousal proposed by Eysenck (1967)
has been complemented by the effort system suggested by
Beauducel, Brocke, & Leue (2006), and Brocke, Tasche, &
Beauducel (1996, 1997). The authors proposed that, when
the level of subject’s arousal was above or below the op-
timal functioning level, mismatches might be produced
between the current cognitive state and the required target
state. Therefore, the P300-amplitude, proposed as a pos-
sible effort system index (Mulder, 1986), would decrease
in the situation when energy resources were not available
for processing or evaluating the stimuli because the same
energy resources were dedicated to the effort system to
compensate for the supra- or suboptimal levels of arousal.
This new aspect of psychological-functional role of P300 is
very interesting, as it brings a wider meaning that could be
more useful in studies investigating complex intelligence-
personality relationship in the electrophysiological context,
than the earlier one: “P300-amplitude represent the index of
brain activity that is required in the maintenance of working
memory when the mental model of the stimulus environ-
ment is updated” (Donchin, Karis, Bashore, Coles, & Grat-
ton, 1986, p. 256).

Intelligence and EPs

There are a lot of inconsistent results considering the
relationship between EP-latencies and personality. Some
studies have determined significantly shorter EP-latencies
as the measure of a greater information-processing speed in
extraverts (Doucet & Stelmack, 2000; Tatalovi¢ Vorkapic¢ et
al., 2010). Doucet and Stelmack (2000) explained their find-
ings by the P3-latency sensitivity to the task demands—when
the task demands were low and tended to induce monotony,
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the differences between extraverts and introverts changed
direction and P300-latency became shorter in extraverts.
Our previous findings (Tatalovi¢ Vorkapic et al., 2010) were
explained by the nature of introverts as “geared to inspect”
and extraverts as “geared to response” (Brebner & Cooper,
1985), resulting in significantly longer P3-latencies in in-
troverts than extraverts. Therefore, it is clear that EP-laten-
cy, especially the P3-latency, is sensitive to the cognitive
processing demands of the task. On the other hand, in the
EP studies of biological substrates of intelligence, the su-
perior intelligence performance was mainly related to faster
information-processing or shorter EP-latencies (Barrett &
Eysenck, 1994; Bates & Eysenck, 1993; Eysenck, 1987,
Osaka & Osaka, 1980; Rhodes, Dustman, & Beck, 1969;
Widaman, Carlson, Saetermoe, & Galbraith, 1993; Zur-
ron & Diaz, 1998), higher EP-amplitudes (Eysenck, 1987;
Haier, Robinson, Braden, & Williams, 1983; Josiassen, Sha-
gass, Roemer, & Slepner, 1988; Osaka & Osaka, 1980; Rho-
des et al., 1969; Shagass, Roemer, & Straumanis, 1981) and
better neural efficiency, i.e., more efficient use of the cortex
(Fink, Schrausser, & Neubauer, 2002).

Extraversion, intelligence, and EPs

Considering the complex relationship between personal-
ity and intelligence in context of other relevant psychologi-
cal or psychophysiological variables, it has been determined
that individual differences in extraversion have a moderate
influence on the relationship between intelligence and cor-
tical activation (Fink et al., 2002). The established pattern
suggested that during cognitive activity extraverts were
more likely to produce activation patterns in line with the
neural efficiency hypothesis (i.e., less activation in more
intelligent participants), whereas at rest introverts showed
inverse relationship between intelligence and cortical ac-
tivation. In another words, at rest the hypothesized lower
cortical arousal in extraverts as compared to introverts was
only found in the low IQ group, whereas during the task
performance only brighter subjects matched the hypothesis
(Fink et al., 2002). Generally, there was a tendency for the
participants involved in a task to show shorter latencies and
higher amplitudes of earlier components of evoked poten-
tials: N1, P2 and N2. Concerning the P3-wave and other late
EP-components, their relationship with personality proved
to be more complex (Stelmack & Houlihan, 1995), probably
due not only to the complexity of the task or to the attention
level, but also to intelligence. Taken together, these findings
suggest that subjects’ intellectual level represents a signifi-
cant part of the relationship between extraversion and EP-
measures of cortical activation, raising a question whether
the observed individual differences in cortical arousal could
be mainly ascribed to personality traits or to the intelligence
level of subjects.

For the purpose of exploring the role of general intel-
ligence ability (G) in the EP-extraversion relationship, in



TATALOVIC VORKAPIC and TADINAC, Extraversion, evoked brain potentials, abstract thinking, Review of Psychology, 2011, Vol. 18, No. 2, 63-70

this study it was operationalized by the construct of abstract
thought. This ability to manipulate ideas and symbols has
often been investigated using the nonverbal problem solving
tasks. Therefore, the aim of this study was to examine the
relationship among latency and amplitude of the EPs (N1,
P2, N2, P3 and SW), measured by a simple visual oddball
task, extraversion, and abstract thought. This relationship
will be studied separately for the EP-amplitudes measured
in the first and second trial, and for each of the electrodes.
Taking into account the previous findings, it was assumed
that the EP-extraversion relationship would be affected by
the level of abstract thinking in subjects, especially in the
context of late EP-components.

METHOD

Participants

Forty-three female psychology students from the De-
partment of Psychology, Faculty of Humanities and Social
Sciences in Rijeka, within the age range 19-23 years (M =
20.5, SD = 1.32), participated in the study. They were all
naive to electrophysiological studies, right-handed and re-
ported no visual or neurological/psychiatric problems. The
subjects received course credits for their participation in the
study.

Extraversion and abstract thought measurement

Extraversion was measured by the extraversion scale
from the standardized version of the Eysenck’s Personal-
ity Questionnaire (Eysenck & Eysenck, 1994), consisting of
23 items on which subjects answered choosing between Yes
or No. This study confirmed the earlier satisfactory levels
of reliability—Cronbach alpha for extraversion was .89. Ab-
stract thought was measured by the Abstract Thinking Test,
ATT (Kulenovi¢, 2003), which is a nonverbal test, designed
for measuring the level of symbol manipulation and induc-
tive reasoning. It consists of 60 items divided in three sub-
scales with different complexity level. The result on each
of the subtests is the sum of the correctly solved problems.
The internal consistency of ATT showed satisfactory lev-
els: Cronbach Alpha for the total ATT result was a = .83
(Kulenovi¢, 2004), and in this study a = .79.

EP-measurement and procedure

After completing the personality and intelligence test-
ing, all subjects were engaged in the evoked brain poten-
tials measuring. The visual oddball paradigm has been used
in two trials for evoking brain potentials: N1, P2, N2, P3,
and SW. The measurement took place within a 3-months
period, always at the same time, using the device Medelec/

TECA Sapphirell 4E (Medelec, Vickers Medical, & Teca
Vickers Medical, 1996) with five Ag/AgCl disc electrodes.
According to 10-20 system, two occipital (O1 & O2) and
two parietal (P3 & P4) electrodes referred to Fz were used.
The electrode impedance was kept below 5 k€ and the filter
bandpass was 0.1-50 Hz.

A pattern reverse binocular full-field stimulation was
performed in a dark, quiet room using a 16x16 checkerboard
pattern, 70 cm away from the nasion, with 1 Hz frequency
and 100% contrast. Subjects were instructed to look at the
centre of the monitor and to react to the rare (target) stimuli
(checkerboards consisting of the smaller quadrangles) by
pressing the pen, and to ignore frequent (nontarget) stimuli
(checkerboards consisting of the larger quadrangles).

The marking procedure of the amplitudes and laten-
cies of the EPs (N1, P2, N2, P3, and SW) was performed
manually, using a cursor, by the same medical technician
for both trials. To provide a higher quality of data, the ef-
fect of the latency jitter should be avoided for the EPs to be
more stable over trials (Coles, Gratton, Kramer, & Miller,
1986; Hoormann, Falkenstein, Schwarzenau, & Hohnsbein,
1998). Therefore, in the second trial they were marked by
the same latencies as those from the first trial, resulting for
each participant with a same EP-latency for both trials, but
different EP-amplitudes.

RESULTS AND DISCUSSION

Extraversion, abstract thinking, and event-related
potentials measurement

The group average for the extraversion results (M =
15.5; SD = 5.4) was a little higher than the average obtained
on the Croatian standardization group (M = 14.2; SD =4.7).
This result was expected since the subjects in this study
were psychology students. Considering the ATT results,
the determined group average (M = 39.6; SD = 5.8) was
higher than the one obtained on the standardization group
(M =33.5; SD = 8.2). The comparison among mean results
on the three ATT-subtests showed that students achieved
the highest result in the first ATT-subtest (M = 14.4; SD =
2.6), the medium in the second one (M = 13.2; SD = 2.9),
and the lowest in the third AT T-subtest (M = 12; SD = 2.7).
This finding is logical since the task complexity level rises
from the first to the third ATT-subtest. The Kolmogorov-
Smirnov test of conformity (K-Sz) showed the distributions
of extraversion and ATT variables to be normal. Finally, the
mean amplitudes and latencies of all EPs (N1, P2, N2, P3
and SW), measured in two trials, were determined accord-
ing to their points of maximum negativity or positivity. All
the mean EP-amplitudes and EP-latencies were within the
expected range (for details see Tatalovi¢ Vorkapi¢, Tadinac,
Kulenovi¢, & Busko, 2008).
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The relationship among extraversion, EPs, and abstract
thought

To analyze the complex relationship among extraver-
sion, intelligence, and brain potentials, zero order correla-
tion analyses were performed. Furthermore, to analyze the
role of abstract thinking within the extraversion-EP rela-
tionship, the partial correlations were calculated. In most
cases the Pearson coefficient correlation was calculated.
However, because of the significant deviations of some EP-
distributions from the normal distribution, Spearman coef-
ficient of correlation was used in these cases: N2-latency on
P3 (K-Sz=1.93, p=.01), N2-latency on P4 (K-Sz=1.94, p
=.01), N2-amplitude in the first trial on O1 (K-Sz = 1.43, p
.03), N2-amplitude in the first trial on O2 (K-Sz = 1.46, p
=.03), and N2-amplitude in the second trial on O2 (K-Sz =
1.35, p =.05). As none of the correlations of P2 and P3 with
other variables were significant, they were omitted from the
following tables.

Extraversion—abstract thinking relationship. Zero or-
der correlations of extraversion with first, second, and third
ATT-subtest, and the total ATT-result, were .19, .22, -.17
and .12, respectively. Generally, it was determined that there
was no significant correlation between students’ level of ex-
traversion and their level of abstract thinking. This result
was expected since a great number of previous studies of
intelligence-personality relationship had obtained similar
findings (Sternberg & Ruzgis, 1994). They pointed out that
intelligence is not related to personality in any meaningful
way. Those rare differences that had been found were ex-
plained by the different pathways in introverts and extraverts
use regarding their actual performance on various kinds of
tests. In another words, since the performance on the intel-
ligence tests was used for measuring intelligence, person-
ality might have influenced the performance itself rather
than the abstract intellect. Therefore, other factors such as
vigilance, fatigue, arousal, etc., may play a significant part
and must be taken into consideration within the research of
personality-intelligence relationship (Eysenck, 1994). The
working speed is another important factor found to be sig-
nificantly positively correlated with extraversion (Eysenck,
1967). Furthermore, in the replication of Furneaux’s experi-
ment, Eysenck (1959) analyzed the performance parameters
of extraverts and introverts using a nonverbal intelligence
test. He found that extraverts showed a greater work decre-
ment on the intelligence test by taking longer to obtain the
correct solution towards the end of the test as compared to
introverts, and by giving up more easily towards the end.
Overall, the differences between extraverts and introverts
might be more apparent in the performance parameters than
in the total score. Since extraverts tended to be faster but
less accurate than introverts (Eysenck, 1947), their differ-
ent features were mutually compensated, as reflected in
their equal total scores. Besides, our sample was small and
proved to be very homogeneous in both extraversion and
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Table 2
Correlations between extraversion and evoked potentials (N1, N2, SW)
Extraversion
Evoked Zero order Partial correlations controlled for:
potentials correlations ATT1 ATT2 ATT3 ATTE
LO1 -.19 -13 =22 -18 -.18
LO2 -.19 -13 -22 -18 -.18
LP3 -.10 -.10 -.10 -13 -.09
. LP4 -.10 -.10 =11 -.13 -.09
§ A101 .01 .01 .02 -.03 .03
g AlO2 -14 -16 -17 -.14 -15
£ AIP3 20 19 .16 20 19
S AlpP4 12 .10 08 12 .10
Z  A201 -.06 -.05 -.03 -.10 -.04
A202 -20 -22 -22 -19 21
A2P3 17 13 13 .16 15
A2P4 .23 .20 .16 22 21
LO1 .00 .02 -.01 .00 .00
LO2 .00 .02 -.01 .01 .00
LP3 -.29 -.08 -.04 -.08 -.08
- LP4 -.30% -.09 -.05 -.08 -.08
2 Alol -.08 -.05 -.03 -.05 -.05
g AlO2 -.04 -1 -.06 -.06 -07
§ AIP3 2 24 23 19 24
& AlP4 26 28 25 26 26
“  A201 _15 1 -1 15 13
A202 -.19 -.20 -.15 -.19 -.18
A2P3 .20 21 .20 .18 21
A2P4 39k 38k 38wk 37 A0**
=
% LO1 -.35% SA42%% 30%k 3% -.39%*
g« LO2 -.35% -40%* 38k 34% -.38%*
s LP3 -28 -.29 -.30 -25 -.30%
= LP4 -28 -29 -30 -24 -.30%*
wn

Note. ATT1 = the first ATT-subtest; ATT2 = the second ATT-subtest; ATT3
= the third ATT-subtest; ATTZ = ATT total; A = amplitude; L = latency;
01, 02, P3, P4 = two occipital and two parietal electrodes sites.

*p<.05. %% p< .0l

abstract thinking, which could be another reason contribut-
ing to lower correlations. Therefore, in the future studies it
would be wise to use subjects with a wider range of person-
ality traits and abstract thinking level. Finally, it is interest-
ing to attract attention to opposite patterns of relationship
determined between extraversion and average results on
ATT3—the first two subtest of ATT (also the ATT total result)
showed positive relationship with extraversion while ATT3
showed negative. Therefore, it would be very interesting to
explore their relationship within future experimental design
of task difficulty and test duration manipulation.

Extraversion—EP relationship. Zero order and partial
correlations between extraversion and EPs are shown in
Table 2. Analyzing the zero order correlations between ex-
traversion and EPs it can be seen that N2-latency measured
on one parietal electrode P4 (+=-.30, p > .05) and SW laten-
cies measured on both occipital electrodes O1 (r =-.35, p >
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.05) and O2 (r = -.35, p > .05) showed significant negative
correlations with extraversion. More extraverted students
showed shorter N2- and SW-latencies, i.e., they needed a
shorter time for automatic extraction and determination of
stimulus’ properties target detection, shorter reaction time
and shorter time before they were ready for the next task.
It could be proposed that precognitive N2-component and
the resting SW activity reflect the specific performance
parameters of extraverts/introverts: greater working speed
(Eysenck, 1967) and the characteristic of “geared to react”
(Brebner & Cooper, 1985) being specific for extraverts. No
significant correlations were found between extraversion
and P3-component, which is contrary to our expectations
and the results from our previous study, where significant
negative correlations between extraversion and P3-laten-
cies were determined (Tatalovi¢ Vorkapi¢, 2009; Tatalovic¢
Vorkapi¢ et al., 2010). As the methodology was the same,

Table 3
Correlations of the ATT total and ATT subtests with evoked potentials
(N1, N2, SW)

Abstract thinking test

Evoked potentials

ATTI ATT2 ATT3 ATTE
LOl _38%x 12 04 -.08
LO2 -38%x 12 04 -.08
LP3 -.04 .00 -17 -.09
_ LpP4 -02 02 -15 -07
S AlOl .00 -05 .22 13
S AlO2 10 13 -.02 10
S AIP3 11 26 -.03 16
S AlP4 13 .19 -.02 14
Z  A201 -.06 12 -20 -18
A202 10 07 05 10
A2P3 25 24 -.08 19
A2P4 20 35+ -.05 24
Lol -11 05 .03 -01
LO2 -11 .05 03 -0l
LP3 -01 -19 06 -07
. Lp4 -01 -19 .06 -.08
g AlOL -03 -13 03 -.06
2 AlO2 24 01 -.03 .10
§ AP -.06 -05 -20 -14
& AlP4 -05 .09 -.04 .00
Z  A201 23 221 05 -18
A202 05 -20 01 -07
A2P3 -.06 02 -16 -.09
A2P4 A1 07 22 -.02
=
g LO1 24 A1 .10 21
& L02 20 08 .09 17
g LP3 04 .05 26 16
2 LP4 04 .05 26 16
wn

Note. ATT1 = the first AT T-subtest; ATT2 = the second AT T-subtest; ATT3
= the third AT T-subtest; ATTE = ATT total; A = amplitude; L = latency;
01, 02, P3, P4 = two occipital and two parietal electrodes sites.

*p<.05.**p<.0l.

the only explanation lies in the smaller sample used in this
study, leading to a very restricted variability.

Abstract thinking—EP relationship. The results of ab-
stract thinking-EP relationship are presented here (Table 3)
only briefly to enable the easier understanding of the com-
plex personality—EP—intelligence relationship, as they are
explained in detail in our earlier study (Tatalovi¢ Vorkapic¢
et al., 2008). Contrary to our expectations, only three signif-
icant correlations between abstract thinking and EPs were
determined. Those students who showed higher abstract
thinking level also needed a significantly shorter time for
selective attention (N1-latency on O1 and on O2), and had
a significantly higher N1-amplitude on one parietal elec-
trode. As we have emphasized ecarlier (Tatalovi¢ Vorkapié¢
et al., 2008), further research into the relationship between
EPs and abstract thinking is needed, using more trials, more
complex tasks within different oddball paradigms, and more
adequate electrophysiological apparatus.

Extraversion—EP relationship controlled for abstract
thinking: Partial correlation analyses. Finally, trying to an-
swer our main question, it can be seen (Table 2) that abstract
thinking played a significant role within the extraversion—
EP relationship, especially in the relationship of extraver-
sion and late EP-components. Firstly, analyzing the relation-
ship of N1-component and psychological variables (Table
2), it was determined that significant negative correlations
between averages on Nl-latency and the first ATT-subtest
lowered the negative correlation between extraversion and
N1-latency when the ATT1 was singled out or partialized.
In another words, a part of the N1 latency-extraversion re-
lationship could be ascribed to abstract thinking. A similar
pattern could be observed in the correlation analyses of ex-
traversion-N1-amplitude in the second trial on P4-electrode
after partializing for the effect of average results on ATT2,
which showed a significant positive correlation with N1-
amplitude on P4-electrode.

Furthermore, this pattern could be observed within the
relationship of extraversion with N2-component and SW
activity latency. However, before analyzing the extraver-
sion—SW latency relationship when partialized for abstract
thinking, an interesting finding must be emphasized. Even
though a significant negative correlation was determined
between extraversion and N2-latency on P4-electrode (r =
-.30, p > .05), implying the shorter time for automatic ex-
traction and determination of stimulus’ properties target de-
tection, including shorter reaction time in extraverts, when
analyzing the same relationship partialized for abstract
thinking, it ceased to be significant. Even more interesting
is that this change in the extraversion-N2 latency relation-
ship could not be ascribed to the direct partializing effect of
abstract thinking, as its correlations with N2-latency were
rather small. Possible explanations for this effect could be
the variability effects, the measurement effect, or could be
related to the earlier mentioned effort system (Beauducel et
al., 2006; Brocke et al., 1996, 1997). The observed changes
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within the extraversion-N2-intelligence relationship could
be explained within the effort system context, where chang-
es in the subjects’ functioning level of cognitive engage-
ment significantly influence and moderate the relationship
between extraversion and N2-latency. However, since the
authors who have proposed the system effort model dealt
only with P3-component, its applicability to other EP com-
ponents could only be hypothesized (Beauducel et al., 2006;
Brocke et al., 1996, 1997), and further research is necessary
to examine the possibility of widening of this model.

Finally, the greatest changes could be observed in the
extraversion-SW latency relationship on all the electrodes
when partializing for abstract thinking. Extraverts showed
shorter latencies while waiting for the stimulus presentation
or between trials while resting, and this negative correla-
tion was even higher when partialized for abstract thinking.
It is interesting to notice that this change did not happen
when partializing for the effect of the ATT3 subtest—the one
with the highest task difficulty. This is in accordance with
the idea from previous studies (Stenberg, 1994; Tatalovi¢
Vorkapi¢ et al., 2010) that task difficulty is a very impor-
tant variable in analyzing the extraversion—EP relationship.
Based on this finding it could be speculated that abstract
thinking moderates the extraversion-SW relationship in the
monotonous situations, but not in the situations when a more
difficult task is used. This idea has its roots in the neural effi-
ciency hypothesis (Fink et al., 2002), i.e., the assumption of
more efficient use of the brain in high 1Q individuals. Fink
et al. (2002) found significant IQ by extraversion interac-
tions during rest and cognitive activity in the lower alpha
band. They proposed that during certain cognitive activities
extraverts were more likely to produce activation patterns in
line with the neural efficiency hypothesis (i.e., less activa-
tion in more intelligent participants), whereas at rest the in-
troverted group displayed this inverse relationship between
1Q and cortical activation. This neural efficiency hypothesis
was confirmed only during the task performance and only in
the group of brighter individuals, which could be related to
our finding. There were no changes in the extraversion—-SW
latency relationship after partializing for abstract thinking
in the situation of longer engagement in the task and the
situation of greater task difficulty. This finding suggests the
need for further studies that would vary task difficulty in
different modalities and use different operationalizations of
intelligence or other tests. Furthermore, this implies a need
for larger samples and greater heterogeneity in both extra-
version and intelligence range of the subjects.

CONCLUSION

As it was shown, no significant correlations between
students’ level of extraversion and their level of abstract
thinking were found in this study, which was in accordance
with our expectations based on previous findings. However,
although it seems that intelligence is not related to personal-
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ity in any meaningful way, their relationship with evoked
brain potentials seems to be rather significant. The zero
order and partial correlation analyses showed that some
part of the N1 latency-extraversion relationship could be
ascribed to abstract thinking. A similar pattern could also
be observed in the analyses of correlation between extra-
version and N1-amplitude, N2-component and SW activity
latency. Furthermore, extraverts showed shorter latencies
while waiting for the stimulus presentation or between trials
while resting, and this negative correlation was even higher
when partialized for abstract thinking.

Despite the limitations of this study, such as low task
difficulty, one task modality, small number of electrodes,
and sample homogeneity in both extraversion and abstract
thinking, there are clear indications that subjects’ intelli-
gence level can moderate the relationship between extraver-
sion and EPs. In the interdisciplinary field of investigating
evoked brain potentials and psychological variables similar
studies are very scarce, which adds to the novelty and im-
portance of our results. In conclusion, as it seems that the
intellectual level of subjects has a significant role within the
extraversion-EPs relationship, especially in the SW-latency
parameters, our findings imply a need for analyzing and in-
terpreting individual differences in cortical arousal by using
the measures of both personality and intelligence.
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