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ABSTRACT

In the present study we investigated changes in Event-Related Potentials (ERPs) during the Wisconsin Card Sorting
Test (WCST) in order to identify cognitive processes underlying the set-shifting aspects of the task and to determine test
sensitivity for frontal and prefrontal cortical areas. ERP’s were recorded from a sample of 20 healthy adults while they
performed a computerized version of the Grant & Berg (1948) version of the WCST, using 32-channel electroencephalo-
gram recordings. The ERP waveforms were calculated for the set-shifting trials, or more precisely for the 2"¢ and the 3™¢
trials in the WCST series (set change condition) and compared to those associated with the last two trials in a series be-
fore the set change (set unchanged condition). The results indicated changes in central frontal and parietal electrodes
during attentional set-shifting. More precisely, the P300 effect was replicated in this dataset, confirming the claim that
the WCST measures function of prefrontal cortical areas of the brain. However, the obtained wave resembled P3b indicat-
ing the working memory component of the task. The results suggest that the frontal and parietal cortical activity is espe-
cially involved in set-shifting during WCST performance. Therefore, these electrophysiological results are not consistent

with some recent studies that question the specificity of WCST as a measure of frontal and parietal lesions.
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Introduction

Neuropsychological tests have been used for many
years as the main technique to investigate cognitive and
intellectual function. Over the last sixty years research-
ers have used these tests to determine which brain areas
are involved in memory processes, cognitive control, and
emotions. The developing technology of modern neuro-
imaging methods and the improvement of neuropsy-
chological assessment instruments, correlates of cogni-
tive function have been extensively investigated for the
past twenty years. The prefrontal cortex (PFC) has long
been thought to play an important role in cognitive con-
trol or the ability to orchestrate thought and action in ac-
cordance with internal goals'. The PFC is a collection of
interconnected neocortical areas that sends and receives
projections from virtually all cortical sensory systems,
motor systems, and many subcortical structures. Neuro-
physiological studies in nonhuman primates have begun
to define many of the detailed properties of the PFC, and
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human neuropsychology and neuroimaging studies have
begun to provide a broad view of the task conditions in
which it is involved!. The integrative theory of PFC func-
tion states that the PFC is not crucial in performing sim-
ple behaviours, such as unexpected sound or movement,
that are relaying on so-called »bottom-up« processing.
Instead, the PFC is important when »top-down« process-
ingis needed or during intentional behaviour. The PFC is
critical to establish the mappings between sensory in-
puts, thoughts, and actions that are not automatic, but
controlled, and changing due to the demands of a given
situation. Such situations require so-called »rules of the
game«, internal representations of goals and the means
to achieve them'2. For over four decades, along with the
Stroop task, the Wisconsin Card Sorting Test (WCST)
has been one of the most distinctive tests of prefrontal
function®. The WCST was originally developed in 1948
by Grant and Berg as a measure of learning, problem
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solving, abstract reasoning and response strategies to
changing contextual contingencies®*. Later, Milner (1963)
demonstrated that the WCST is sensitive to frontal lobe
lesions which lead to extensive use of this test as an index
of frontal lobe executive dysfunction. There are several
versions of the WCST available today, but in its standard
form®®, a subject is asked to match a series of response
cards containing geometric figures to four reference cards
according to changing sorting principles. Geometric fig-
ures on response cards, as well as on reference cards,
vary according to three attributes: colour, form and num-
ber?. Each of them defines the correct sorting category at
varying time points during the test. During sorting, feed-
back is provided after each match indicating weather the
participant used a correct or incorrect sorting rule. When
subjects choose the correct rule they must maintain this
sorting principle (or set) across changing stimulus condi-
tions. After negative feedback they must change from the
previously successful sorting rule and learn the new cor-
rect one. The correct sorting category changes without
an announcement, after a fixed number of correct mat-
ches (usually after 10 consecutive correct responses).
The correct sorting rule changes in two series from col-
our to shape and then to number. Since the participants
do not know in advance that the rule is going to change,
they must learn to change the sorting principles or shift
set according to feedback’. Individual performance is as-
sessed on tree main measures: the number of perseve-
rative errors (i.e. when a subject continues to use the pre-
viously correct rule after receiving negative feedback),
the number of nonperseverative errors, and the number
of categories achieved (a category is achieved if a partici-
pant successfully matched 10 consecutive cards accord-
ing to a correct sorting category)?.

Successful WCST performance requires a number of
cognitive functions: visual discrimination for comparison
of the response cards to the referent ones; novelty detec-
tion; cognitive flexibility necessary for changing hypoth-
eses or cognitive set-shifting and modification of a behav-
ioural response set in accordance to changing contingen-
cies; capacity for planning or hypothesis setting; main-
taining the rule in working memory, as well as monitor-
ing response accuracy; and inhibition of a previously
correct task rule that governed behavioural responding®?
Early studies using the WCST showed worse perfor-
mance in patients with frontal lobe lesions than in pa-
tients with lesions in other brain areas or healthy con-
trols. Usually frontal lobe patients show more perse-
verative errors as well as fewer categories achieved indi-
cating the impairment of executive function®?. Many re-
cent clinical studies replicate findings of early studies
and point to poor WCST performance in patients with
frontal cortex damage. However, the validity of the WCST
as a test of exclusively frontal lobe dysfunction has been
questioned in many studies. Some patients with frontal
lobe lesions perform well on the WCST while some pa-
tients with lesions in non-frontal regions show poor
performance!® (Stuss et al., 2000). Thus, WCST perfor-
mance appears to be impaired after damage to temporal,
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subcortical, hipoccampal and cerebellar regions®. Simi-
larly, studies using neuroimaging techniques such as
positron emission tomography (PET) and functional mag-
netic resonance imaging (fMRI) also have not shown con-
sistent results and point to the WCTS’s failure to dis-
criminate patients with prefrontal lesions from patients
with lesions in other areas of the brain3. As mentioned
above, WCST performance includes many different abili-
ties and for better understanding of WCST performance
and brain structures that it engages, it is necessary to de-
fine and isolate specific cognitive processes included in
WCST performance. Among many of them cognitive
set-shifting is considered to be a crucial one®*7 and is be-
lieved to rely upon dorsal prefrontal cortex (dPFC) acti-
vation3. Set-shifting is considered to be impaired in fron-
tal lobe patients due to the inability to release attention
from previously relevant perceptual dimension, and to
re-engage in a new, previously irrelevant dimension!!
(Owen et. al, 1993). In the WCST set-shifting occurs
when a sorting principle changes (i.e. from colour to
shape) and subjects must shift their attention (set) from
the previously correct sorting category to a new one. It is
thought that the shift in cognitive strategies is essential
while receiving feedback on the accuracy of sorting, espe-
cially in the case of negative feedback, while the other
cognitive processes involved (i.e. updating information in
working memory, inhibition of the previously correct
rule, reasoning, decision making) likely occur after card
presentation!?>1* Although neuroimaging studies have
shown localization of activation, they have not been able
to separate and precisely indicate when in the brain spe-
cific processes included in the WCST performance occur,
due to their poor temporal resolution. The magnetoence-
phalogram (MEG) allows recording of brain activity in a
millisecond timeframe along with relatively good spatial
resolution. Using MEG'2, compared brain activity elic-
ited by negative and positive feedback, and the presenta-
tion of cards following them. They found differences in
brain responses to negative and positive feedback 460-640
ms after feedback presentation in the dPFC and the mid-
dle frontal cortex. Incorrect card matching elicited grea-
ter MEG activation than correct card matching in the
dPFC, supramarginal gyrus, middle and inferior frontal
gyrus (190-220 ms and 300-440 ms). Similar results
were obtained in a MEG study by Periafiez and collea-
gues'® who found greater foci of activation during shift
trials in the inferior frontal gyrus (100-300 ms), anterior
cingulate cortex (200-300 ms and 400-500 ms) and sup-
ramarginal gyrus (300-400 ms and 500-600 ms). These
results reveal activation in frontal and posterior areas in-
volved with shifting and updating of information in wor-
king memory at different time points®.

Similar to MEG, electroencephalography (EEG) also
provides a continuous measure of brain activity in milli-
seconds, which is essential for analyzing the set-shifting
that happens very fast. Scalp recorded Event-Related Po-
tentials (ERPs) have been successfully employed as a
method to explore fast brain dynamics underlying atten-
tion and working memory in humans'® In ERP experi-
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ments with the WCST the underlying component is the
P300 (a positive wave with the maximal amplitude at 300
ms after stimulus presentation). The P300 component is
one of the first event-related components reported in the
literature but the research that followed has shown that
it came in different flavours'” Studies of the P300 have
been based on different probabilities of stimuli and task
relevance in various conditions, i.e. on the difference be-
tween rare and frequent stimuli in the oddball paradigm.
Context-updating theory takes the P300 to be an index of
brain activity related to the revision of the mental repre-
sentations induced by incoming stimuli, i.e. an attention
driven process of comparing the new stimulus with the
one in working memory'®. However, the context-updat-
ing model does not account for the results reported in
paradigms with more than two stimuli. While the »clas-
sic« P300 (also called P3a) is obtained with a ,,deviant”
stimulus in a sequence of frequent »normal« stimuli'?, if
a third stimulus is added and the participant has to dis-
tinguish between the rare distracter and rare target
stimuli to which he has to respond, a different waveform
is elicited for the target stimuli, usually labeled P3b. As
these results cannot be interpreted in terms of context
updating, the resource allocation hypothesis?® accounts
for the differences in amplitude and latency depending
on how demanding the task is (and, roughly, how much
resources have to be allocated for the task). More de-
manding tasks reduce the amplitude and lengthen the
peak latencies of the P300, which results in P3b in a
more demanding three stimuli task. In standard ERP
protocols frontal (P3a) and posterior (P3b) components
of the P300 are described as two independent indices of
attention processing — P3a is usually related to bot-
tom-up, exogenous, stimulus-driven or involuntary pro-
cessing of novel non-target distracters, and P3b as an in-
dex of top-down, endogenous or voluntary processing of
target events?!. Barcel6?! argues that those standard
ERP protocols interpret any attention switches as invol-
untarily or exogenously generated by the non-target
events. Since subjects need to respond to target stimuli
and ignore any distracting stimuli that are not task-rele-
vant, there is no actual shift in the attention set. So he
proposes using dual-task or task-switching paradigms to
explore ERPs to non-target events (such as feedback cues
in the WCST protocol) that signal a voluntary attention
shift. A cue prompting task-switching evokes a number
of different executive processes that are known as task-
-set reconfiguration?? after which a new task set must be
maintained until the next switch is required?3. In order
to study these processes with the ERP technique Barceld
and colleagues developed a task-switching paradigm, the
Madrid Card Sorting Test?1:24-26 which overcomes some
inadequacies of the standard WCST. Negative feedback
in the WCST/MCST protocol that signals unpredictable
shifts to a new task rule evoke frontally distributed P3a
potentials (300-400 ms) and posterior longer latency P3b
potentials (350-600 ms) sensitive to the task dema-
nds?2425, The authors suggest a differential role of these
P300 components in cognitive set-shifting: frontal P3a as
an index of switching (and reallocation of attentional re-

sources to the new task set) and posterior P3b as an in-
dex of updating of task-sets in working memory.In this
study we further investigated the ERP components un-
derlying attentional set-shifting during WCST perfor-
mance and explored the assumption that it relies on ex-
ecutive function of the frontal lobe. Larger ERP activa-
tion was expected during the set-shifting trials (early tri-
als in the WCST series) than during the late WCST trials
in which set maintaining is required. Also, we expected
these differences in ERP activation to be larger in frontal
compared to non-frontal brain areas. We decided to in-
clude healthy individuals with average results on cogni-
tive tasks to examine ERP activity underlying WCST
performance. This would provide control subjects for fu-
ture investigation of the WCST performance and related
ERP activity in neurological and psychiatric patients.
This study is the first research in a Croatian population
with these parameters and we decided to examine heal-
thy subjects because they have a more homogeneous
level of behavioural performance than clinical samples.

Subjects and Methods

Participants

Twenty healthy adults (mean age 28.1, SD 2.8, range
24-34 years), of both sexes (5 males, 15 females) took
part in the experiments. They had equivalent levels of
education and they were right-handed (right-handedness
was tested with the Edinburg Handedness Inventory?’.
All participants had normal or corrected-to-normal vi-
sion. They had no history of psychological or neurological
diseases, or drug abuse. All participants gave written in-
formed consent approved by the ethical committee of
PhD study in Language and Cognitive Neuroscience. The
consent sheet contained detailed description of the cour-
se and purpose of the experiment. The participants re-
ceived no money or credits for the participation in the ex-
periment. The dataset of one participant was not used in
the analysis due to the large artefacts caused by skin po-
tentials.

General procedure

The participants were invited to the electrophysio-
logical laboratory, where the event-related potentials du-
ring the WCTS were measured. The preparation proce-
dure (placing the electrodes, the instructions) lasted 20
minutes, after which the participants were comfortably
seated in an electromagnetically shielded booth. The test
lasted between 10 and 15 minutes, depending on the par-
ticipant (there was no time limit for the participant to
press the response button that triggered the program to
show the feedback and the new card). Participant should
answer with right hand if they want to press right button
and with left hand for left button. Finally, the procedure
of removing electrodes lasted 5 minutes. After each ex-
periment, the participants were shown their results re-
garding the behavioural performance on the test.
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Stimuli

The computerized version of the WCST was used,
provided by NeuroStim Inc (CARDSORT), version of
Berg and Grant, 1948, which was designed to test »ab-
stract behaviour« and »shift of set«?. It is an integral
part of the stimulus presentation software of the Neuro-
Scan NuAmps EEG amplifier and NeuroScan audio-video
stimulator (Stim II software). The software allows for
manipulating some of the features of the test: number of
trials and rule-change conditions. In this experiment the
rule changed after 10 correct responses and each condi-
tion (colour, form and number) was given ten times.

In each trial a single choice card was presented at the
right bottom corner of the screen and the subject had to
match it to one of the four reference cards that remained
displayed on the upper part of the screen. The screenshot
of the stimuli is given in Figure 1. Immediately after the
response, written positive or negative feedback was pro-
vided depending on whether the matching was correct or
incorrect. The feedback appeared on the upper centre
part of the screen in white letters on the black back-
ground. At the same time a new choice card was pre-
sented starting a new trial. The monitor was located 1.5
m in front of the subject and each card formed an angle of
1.26 high and 1.19 wide?®.

Participants were asked to match the choice card in
each trial with one of the four reference cards by pressing
the corresponding button on the response box (the far
left button for the far left card, far right button for the
far right card and so on). Unlike the original WCST pro-
cedure, participants were instructed of the three possible
sorting rules, and that the correct rule would change
from time to time without prior notification, and that
they would have to change their response rule according
to the provided feedback. Participants performed the
WCST with the criteria (colour — form — number) chang-
ing in random order. There was no time limit for choos-
ing the place for the given card. The feedback (»Correct«
or »Incorrect«) was given immediately after the response,
above the four cards. Prior to EEG recording, partici-
pants practiced the task for about 5 minutes to ensure
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Fig. 1. The screenshot of the test with the 4 presented cards (up-

per row) and one response card (lower). The card can be »placed«

under 2 (number criterion), 3 (colour criterion) or 4 (form crite-

rion). These criteria changed after ten cards were presented and
were unknown to the participants.
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that they had understood the instructions and to reduce
their anxiety

Data Analysis

The EEG signal was recorded with the 36 canal Neu-
roScan NuAmps amplifier with a sampling rate of 1 kHz.
It was corrected for ocular artefacts, filtered with a low
pass filter of 30 Hz and high pass filter of 0.01 Hz. Due to
a large amount of artefacts, data from one participant
were excluded from further analyses. For the remaining
19 participants the signal was averaged in the interval
-100 to 1000 ms around the stimuli (the moment of the
presentation of the feedback and the new card). Brain
Products’ Vision Analyzer was used to obtain the aver-
aged waveforms and topographic distribution.

Since set-shifting occurs after the negative feedback,
which follows incorrect matching of the first card in a
new set, there is a 50% chance that the participant would
correctly match the card in the second trial (since there
are two new possibly correct rules). If they match the
card incorrectly, negative feedback is provided again, and
in the third trial healthy subjects should match the card
according to the one remaining rule which proves to be
correct one. Participants then maintain that rule, i.e.
they continue to match cards according to that rule in
the remaining trials of the set, and each match is fol-
lowed by the positive feedback. Accordingly, 2"d and 34
trials of the WCST series were averaged together as
set-shifting trials into set change WCST waveforms (cri-
terion change condition), and the last two trials were av-
eraged together into set unchanged WCST waveforms
(criterion unchanged condition).

A three-way repeated measures Analysis of Variance
(ANOVA) with condition (set change vs. set unchanged),
lobe (3 levels: frontal, central and parietal) and hemi-
sphere (3 levels: left, middle and right) for the mean ERP
amplitudes in the time interval of 250-350 ms since the
predicted frontal activity associated with set-shifting is
expected to fall in this interval (P300) was used to ex-
plore the predicted frontal activity associated with set-
-shifting trials.

Results

Grand averages of 19 participants show a clear P300
component on the relevant frontal and central electrodes
(Figure 2). The slow P3 wave and its long latency indi-
cate the P3b component?.

The distribution of the P300 is frontal, parietal and
central as shown on the topographic maps (Figure 3).
The maps are based on the difference wave, i.e. the dif-
ference in the amplitudes between the two conditions
(cond. 2 (set-change) — cond. Set unchanged 1). The maps
clearly show that the activity reaches its peak in the
200-300 ms interval (e. g. at 218 ms at the Cz electrode),
lasts for about 200 ms (200-400 ms) and that the P300
effect fades out between 500 and 600 ms.
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Fig. 2. The difference in amplitude of the P300 between set chan-

ge WCST trials (criterion change condition) and set unchanged

WCST trials (criterion unchanged condition) (positivity is plot-
ted downwards).

The results were statistically analysed using repeated
measure ANOVA with three within-group factors: Condi-
tion (set change vs. set unchanged) Lobe and Hemi-
sphere. Since Lobe and Hemisphere factors are 3-level
factors (Frontal-Central-Parietal and Left-Middle-Right,
respectively) the data were analysed in a 2x3x3 matrix.
The mean amplitude in the relevant time interval (250-350
ms after the feedback and new stimulus presentation)
was taken as the dependent variable on 9 electrodes in
order to cover all relevant lobes and hemispheres (F7, Fz
and F8 for the frontal lobe, T3, Cz and T4 for central
electrodes (where T3 and T4 were positioned above left
and right temporal lobes, centrally) and TP7, Pz and
TP8 for parietal lobe (again, TP7 and TP8 were posi-
tioned above temporo-parietal regions). The analysis ap-
plied here is common for ERP studies and is recom-
mended in Luck (2005). The overall results (F-values and
significance levels) are shown in Table 1.

The analysis showed that there is a significant main
effect of the condition (set change vs. set unchanged).
The post hoc test (Duncan) showed that the effect was
significant over the middle and right hemispheric elec-

TABLE 1
THE ANOVA RESULTS OF THE WCST EXPERIMENT

Effect SS df X F P
Condition 22.8 1 22.8 1520 0.001*
Lobe 107.2 2 53.6 1290 0.000*
Hemisphere 764.2 2 382.1 30.36 0.000*
Cond*Hemisphere 22.2 2 11.1 2.68 0.083

SS: sum of squares, df: degrees of freedom, X: mean squares, F:
F-values and p: significance (*) at the <0.05 level

300 - 400 ms 400 - 500 ms 500 - 800 ms
—_— —T—— —
24w oV 24

Fig. 3. Topographic distribution of the P300 (difference wave).

trodes, but only centrally and parietally and on the mid-
dle frontal electrode (Fz). Both main effects of lobe and
hemisphere proved to be sigificant, which means that the
effect is constrained to particular (mainly middle and
right, central ad parietal) topographic locations (EEG
does not provide brain localization data). This analysis is
consistent with the distribution map of P300 (Figure 3)
showing a broad central positive peek around 300 ms
with a slight right hemisphere maximum. The interac-
tion between condition and lobe factors was not found to
be significant and the condition*hemisphere interaction
can be regarded only as marginally significant.

These results are graphically represented on Figure 4.
While the left graph corresponds to the broad distribu-
tion of the P300 effect over frontal (significant only on
Fz), central and parietal areas, the graph on the right
side shows a slight right hemispheric dominance in this
task (more positivity over the middle and right hemi-
spheric electrodes, the biggest effect, i. e. the difference
between experimental conditions on the right hemisphe-
ric electrodes). However, with the condition*hemisphere
interaction p=0.083, these results can be regarded as
marginally significant, at best.

Discussion

The aim of this research was to examine by using
ERP techniques whether the WCST, which has been used
for more than 40 years in clinical and experimental psy-
chology, actually measures executive function of the fron-
tal lobe. Our results demonstrate larger P300 amplitudes
associated with early WCST trials when set-shifting oc-
curs compared to late WCST trials when participants
need to maintain the previously chosen sorting rule. The
obtained P300 component resembles P3b, which is inter-
preted as reflecting working memory and memory stor-
age processes>2123, Namely, during the task the partici-
pants have to memorize the sorting rule. Working mem-
ory is localized in prefrontal, parietal and frontal region

517



A. Havelka Mestrovi¢ et al.: Electrophisiology During WCST, Coll. Antropol. 36 (2012) 2: 513-520

COND LOBE; Unweighted Means
Current effect: F(2, 24)=1,2803, p=27020
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Fig. 4. Mean amplitudes in the 250-350 ms interval.

(hippocampus region), and our results show a working
memory component during the execution of the task.
Our results are consistent with previous findings in stud-
ies that explored ERP activity related with the WCST
performance. In an earlier study with healthy volunteers
performing a WCST variant, namely the Madrid Card
Sorting Test (MCST), Barcel6 and colleagues’ compared
ERP responses associated with process of searching and
shifting attention to a new sorting rule during early tri-
als (2nd and 3rd) in the WCST series (extra dimensional
shifts) and to the process of maintaining attention to the
relevant category in late trials (6th and 7th) towards the
end of the series (intradimensional shifts). They found a
stronger negative field potential (120-180 ms) at the left
fronto-temporal region during early WCST trials and
suggested that it might reflect the activation of the left
dPFC. Both early and late WCST trials elicited the P3a
component (300-350 ms) over frontal areas but there
were no task effects on its amplitude or latency, which
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the authors explained as an index of attention orienting
to every new sorting card in the series. Also, they found
that both early and late WCST trials elicited large P3b
waves (350-450 ms) over posterior regions although its
amplitudes were larger during late WCST trials, proba-
bly reflecting context-updating process (updating of the
memory representation). In another study? the authors
demonstrated a gradual build-up during post-shift trials
(i.e. when subjects need to maintain a successful rule), in
addition to a decrease in P3b amplitude over posterior
association cortices during early WCST trials in which
set shifting occurs. Since it was not observed when the
new rule was externally prompted in a control task, the
authors concluded that the reduction in the P3b ampli-
tude was related to an endogenously generated shift in
the perceptual rule used to sort cards, and that its grad-
ual build-up represents reconfiguration of the attention
set i.e. stimulus-response mappings in working memory.
Although they reported significant changes in P3b asso-
ciated with the set or attentional shifting, the results in
the above studies differ from those obtained in our study.
In contrast to our results that show a larger P3b ampli-
tude during set-shifting trials (i.e. when the rule or crite-
rion according to which cards need to be sorted is chan-
ged) compared to trials in which subjects need to maintain
the rule, and the criterion remains unchanged, Barcelé
and colleagues found a reduction in P3b amplitude for
set-shifting trials and its increase towards the end of the
WCST series. This can be explained by the fact that in
the earlier studies by Barcel6 and colleagues ERPs were
calculated time-locked to the presentation of a new card
and not to feedback events when set-shifting is hypothe-
sized to occur. Unlike the MCST used in the above de-
scribed studies that allows separating the occurrences of
different WCST events over time, the WCST version that
was used in this study does not allow this. More precisely,
in the version that we used, after the participant pressed
the button in order to match the response card to the
chosen reference card, feedback was immediately pro-
vided and at the same time a new choice card was pre-
sented. Thus, it was impossible to separate ERP activity
related to feedback and card presentation events. How-
ever, based on later studies of ERP components related to
WCST performance, we believe that our findings of in-
creased P3b amplitude in the early, set-shifting WCST
trials was associated with the negative feedback event
that prompted subjects to change the task set. Thus, in
later studies, Barcel6 and colleagues3®3! measured ERP
responses to contextual cues time-locked to feedback
events and to target events time-locked to the card-
-matching stage of WCST performance. This revealed a
number of ERP components related to various cognitive
processes involved in set-shifting or task-switching. Feed-
back cues signalling unpredictable shifts to a new task
rule (i.e. negative feedback) evoked frontally distributed
P3a potentials (300-400 ms). It has to be noted that al-
though this cue was the same in all shift trials, the P3a
amplitude did not diminish over successive task blocks.
So, in addition to its relation to bottom-up processing of
novel non-targets under a fixed task-set, it could also be
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related to top-down or voluntary attention control. In
our study, this P3a component was not obtained, proba-
bly due to the problems of the WCST version that we
used mentioned above. However, feedback cues also evo-
ked longer latency P3b potentials (350-600 ms) that
were sensitive to the number of rules held in memory
(greater P3b amplitude in tasks with three rules than
two) and to the subject’s ability to predict the next task
rule (decrease in P3b amplitude between first and second
feedback cues that signalled maintenance of the chosen
rule i.e. positive feedback). These results, although more
extensive, are congruent with our findings of decreased
P3b amplitude in late WCST trials or the set unchanged
condition when participants need to maintain the chosen
rule. Barcel6 and colleagues?3%3! interpreted these two
P300 components as representing different components
in cognitive set-shifting: frontal P3a as an index of swit-
ching (and reallocation of attentional resources to the
new task set) and posterior P3b as an index of updating
of task-sets in working memory. Differences in scalp dis-
tribution and intensity of ERP components between
early and late trials in the WCST, i.e. between extra- and
intra-dimensional set shifts are considered to reflect acti-
vation of a category representation in working memory
along with inhibition of the previous category that occurs
during set-shifting®1631, Other ERP components are re-
lated to and modulated by processes that occur before
and after set shift such as task-set maintenance over tri-
als and task-set implementation at card onset?.

The P3b effect obtained in this study reflects in-
creased working memory processing related to set-shift-
ing or task-shifting. However, the limitations of the stim-
ulus presentation software (simultaneous presentation
of the new card and the feedback for the previous one)
and only one ERP component obtained, do not allow for
more fine grained temporal analysis of the processes in-
volved in the WCST. On the other hand, the fact that the
P3b component has been obtained even with the original
WCST supports the robustness of the processes involved
and make the WCST a suitable tool for studying atten-
tion and memory processes. In addition to ERP studies
that demonstrate both frontal and posterior distribution
associated with set-shifting, numerous neuroimaging stu-
dies also point to widespread brain activation associated
with WCST performance. The vast majority of these
studies report increased activation in prefrontal regions,
especially in dorsolateral prefrontal cortex (DIpFPC) but
activation is also reported in the ventromedial prefrontal
cortex (vmPFC), and the orbitofrontal cortex (OFC). The
laterality of this prefrontal activation is still not clear.
However, these studies have also shown the activation of
the inferior parietal lobes, temporo-parietal association
cortex, as well as in the primary and secondary associa-
tion visual cortices. In some studies activity was also
found in the mid-thalamus, the basal ganglia, the para-
hippocampal gyri, and the hippocampus proper®’. How-
ever, these studies didn’t isolate brain activity related es-
pecially to set-shifting events during WCST performance,

so it is not clear which specific cognitive processes in-
creased activity in particular brain regions.

Konishi®? used an event-related fMRI method to cap-
ture brain activation as a consequence of set-shifting in a
computerized version of the WCST, since fMRI allowed
them to isolate and localize this component of the test.
They found shift-related activation in the posterior part
of the bilateral inferior frontal sulci and explained it as
the updating contest of working memory and, possibly,
response inhibition function. In addition to the pre-
frontal activation, they found a lesser amount of set-
-shifting related activity in the parietal cortex, bilateral
supramarginal gyri and the anterior cingulate cortex.
Similarly, in another fMRI study using an adapted task
design, Monchi et al.? compared brain activity associated
with the receiving of feedback and card matching. Re-
sults demonstrated increased activity in the mid-dPFC in
response to either positive or negative feedback when
current information was compared to earlier events sto-
red in working memory®3-%, Beside this, the mid-vPFC,
caudate nucleus, and mid-dorsal thalamus showed in-
creased activity associated specifically to the negative
feedback. Furthermore, increased activity in the left
putamen, left posterior PFC, posterior parietal cortex,
prestriate cortex and right lateral premotor cortex was
associated to card matching after negative feedback,
while the lateral premotor cortex, bilaterally, and the left
posterior parietal cortex showed increased activity asso-
ciated to card matching after positive feedback3334, It ap-
pears that set-shifting is not exclusively related to frontal
lobe activity, but includes posterior areas. This posterior
activity may be reflected in the P3b component obtained
in our study.According to an integrative theory of PFC,
visual information takes a circuitous route, traveling
from the opposite inferior temporal (IT) cortex to the
ipsilateral PFC in each hemisphere and then down to the
»blind« IT cortex. This was confirmed by severing the
PFC in the two hemispheres and eliminating the feed-
back, which abolished the IT activity and disrupted task
performance. Therefore, the results of our study are in
accordance with the above integrative theory of PFC
since they show greater activity in right hemisphere
while performing the set-shifting tasks. However, the
EEG is not a reliable method for the localization of brain
function.

Future studies of ERP activity underlying the WCST
performance should include comparisons of different age
groups to determine age-related changes in the cortical
activity associated with set-shifting processes as well as
comparison of healthy subjects to psychiatric and neuro-
logical patients to investigate how specific impairments
affect these cognitive processes.

Conclusions

In this study we have shown that the WCST can be
used in neuropsychological practice as a valid instrument
for measuring prefrontal and frontal cognitive function
such as attention, judgment, decision making and work-
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ing memory. The results reveal a significant P300 effect
by manipulating the novelty of the sort criteria. The
strongest P300 effect was obtained frontally over the
right hemisphere and medially which corresponds to
other studies. Current models of cognitive control point
to the significant role of the prefrontal cortex in »top-
-down« processes, which include voluntary attention and
control, and reasoning abilities. The results of our study
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ELEKTROFIZIOLOSKI KORELATI KOGNITIVNIH SPOSOBNOSTI TIJEKOM RIJESAVANJA

WISCONSIN TESTA SORTIRANJA KARATA (WCST)

SAZETAK

U provedenom istrazivanju ispitivali smo promjene u elektrofizioloskom odgovoru tehnikom evociranih potencijala
(ERP) tijekom rijesavanja testa sortiranja karata kako bi pokazali koji kognitivni procesi su u podlozi promijene seta
misljenja i uvidjeli koliko je test zaista osjetljiv na promijene u frontalnim i predfrontalnim regijama korteksa. Evoci-
rani potencijali su mjereni kod 20 zdravih odraslih osoba koje su bile desnjaci tijekom ra¢unalnog rijeSavanja WCST-a
(verzija Grant i Berg, 1948). Snimanje je provedeno sa 32 kanalnim elektroencefalografom. Otklon evociraniog poten-
cijala mjeren je tijekom promjene seta misljenja, toénije u drugom i treéem odgovoru na testu i usporedivan je sa zadnja
dva prethodna odgovora (promjena seta misljenja/bez promjene seta misljenja). Rezultati ukazuju na promjene u cen-
tralnim i parijetalnim elektrodama tijekom promjene seta misljenja, odnosno usmjeravanja paznje. To¢nije, P300 efekt
je dobiven $to nam upucéuje da WCST zaista mjeri funkcije predfrontalnih struktura korteksa. Nadalje, P3b amplitude
nam ukazuje i na mjerenje radnog pamcenja tijekom rjesavanja testa sortiranja karata. Zaklju¢no, rezultati upucuju na
frontalnu i parijetalnu kortikalnu aktivnost tijekom promjene seta misljenja na testu sortiranja karata. Elektrofiziolo-
ki rezultati nisu konzistentni s prethodnim istrazivanjima koja proucavaju ovu karakteristiku testa sortiranja karata
kao pokazatelja frontalnih i parijetalnih lezija.
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