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SUMMARY

Previous studies on brain activity during the completion of the Stroop
test focused mainly on finding differences between brain activity dur-
ing the completion of the congruent and incongruent parts of the test.
Based on the results of those studies, the key role of the DLPFC and
the ACC was emphasized in solving the cognitive conflict accompa-
nying the completion of the incongruent part of the Stroop task. Less
attention was paid to other areas of the brain that form a neurofunc-
tional system involved in the Stroop task. The aim of the study was
to examine brain activity during the completion of the non-interfer-
ential and interferential parts of the Stroop test.

Colour-word congruent (A), incongruent (B), and baseline (C) con-
ditions were presented in two ABC trials to 18 healthy, right-handed
study participants during 8 H2015 PET scans. SPM8 (Statistical
Parametric Mapping — http://www.fil.ion.ucl.ac.uk/spm/) was used
for a voxel-by-voxel analysis of the neuroimaging data.

Both A and B task performances are related to increased activity
in the area of the frontal lobes (the inferior frontal gyrus on both
sides and the right dorsolateral prefrontal cortex), areas of the me-
dial prefrontal cortex (including the cingulate gyrus), some areas
of the occipital lobes, and the temporal lobes, including the insula.
We can also observe some subcortical activation of thalamic and
cerebellar structures.

A similar activity pattern for most brain areas occurs during the non-
interferential and interferential parts of the Stroop test. In addition
to the prefrontal areas, which have so far been of the greatest in-
terest for researchers in terms of their significance in solving a cog-
nitive conflict, other cortical and subcortical areas are involved in
the completion of the Stroop test. Therefore, it can be concluded
that structural damage to or dysfunction of any of them affects per-
formance in the Stroop test.

Key words: intereference effect, cognitive conflict, prefrontal
cortex, cognitive inhibition
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INTRODUCTION

The Stroop test (Stroop, 1935) is a method for modelling a situation of cogni-
tive conflict, which is why it is used in studies of neural correlates of executive
attention as a cognitive control mechanism (Posner & Petersen, 1990). During
the Stroop test, participants are asked to name the colour of the font in a situation
when it is consistent with the meaning of the word (e.g., the word “yellow” is writ-
ten in yellow) and when the font colour is inconsistent with the meaning of the
word (e.g., the word “yellow” is written in green). The most important phenome-
non that occurs during the Stroop test is the effect of interference (Stroop, 1935;
McLeod, 1991), which consists of a prolonged reaction when a participant is
asked to name the colour of the font that is incompatible with the meaning of the
word. Stroop (1935) explained the effect of interference with the need to repress
the automated, perfectly-learned reaction to the meaning of the word. This fixed
reaction makes it difficult to choose a correct response to a new criterion, creating
a situation referred to in the literature as a situation of cognitive conflict.

The first results indicating the neural correlates of the Stroop test were obtained
in studies on people with lesions to the lateral prefrontal cortex of the right (Vendrell
etal., 1995) and left (Perret, 1974) cerebral hemispheres. As technology advances,
new opportunities for a more thorough examination of the CNS have appeared.
The current knowledge of the brain mechanisms underlying the completion of the
Stroop test and the effect of interference is based on data obtained in studies using
the following methods: PET — positron emission tomography (Pardo et al., 1990;
Bench et al., 1993; George et al., 1994; Carter et al., 1995; Taylor et al., 1997),
fMRI — functional magnetic resonance imaging (Bush et al., 1998; Peterson et al.,
1999; Carter et al., 2000; Leung et al., 2000; Banich et al., 2000; MacDonald et al.,
2000; Milham et al., 2001; Zysset et al., 2001; Gruber et al., 2002; Milham et al.,
2003), and MEG — magnetoencephalography (Ukai et al., 2002).

The majority of the results of the aforementioned studies (Pardo et al., 1990;
Bench et al., 1993; George et al., 1994; Carter et al., 1995; Bush et al., 1998; Pe-
terson et al., 1999; Carter et al., 2000; Leung et al., 2000; MacDonald et al., 2000;
Milham et al., 2001; Gruber et al., 2002; Milham et al., 2003), but not all of them
(Taylor et al., 1997; Banich et al., 2000; Zysset et al., 2001; Ukai et al., 2002),
emphasize that the interference effect is strongly associated with the increased
activity of the anterior cingulate cortex (ACC). The literature also describes an
extensive involvement of the prefrontal areas in the completion of the Stroop
test. Most researchers stress here the important role of the dorsolateral prefrontal
cortex (DLPFC) (George et al., 1994; Bush et al., 1998; Peterson et al., 1999;
Banich et al., 2000; MacDonald et al., 2000; Milham et al., 2001; Zysset et al.,
2001; Ukai et al., 2001; Milham et al., 2003), although there is also data that in-
dicates the activity of the frontal areas of the prefrontal cortex (aPFC) (Bench et
al., 1993; Carter et al., 1995; Zysset et al., 2001; Ukai et al., 2002) and the ventro-
lateral prefrontal cortex (VLPFC) ( Leung et al., 2000; Taylor et al., 1997; Banich et
al., 2000; Milham et al., 2001; Zysset et al., 2001). Other areas that are involved
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in solving the Stroop task according to study results are the (pre)motor cortex
(Pardo et al., 1990; Bush et al., 1998; Leung et al., 2000; Ukai et al. 2001), pari-
etal areas (Bench et al., 1993; Carter et al., 1995; George et al., 1994; Bush et al.,
1998; Peterson et al., 1999; Milham et al., 2001; Zysset et al. 2001; Ukai et al.,
2001.), temporal areas (Pardo et al., 1990; Bush et al., 1998; Peterson et al., 1999;
Leung et al., 2000; Zysset et al., 2001; Milham et al., 2003), occipital areas
(Pardo et al., 1990; Carter et al., 1995; George et al., 1994; Taylor et al., 1997),
the insular cortex (Carter et al., 1995; George et al., 1994; Leung et al., 2000),
and subcortical areas, i.e., the striatum (Pardo et al., 1990; George et al., 1994;
Peterson et al., 1999) and the thalamus (Carter et al., 1995; George et al., 1994;
Peterson et al., 1999; Leung et al., 2000).

A meta-analysis of the results of PET and fMRI neuroimaging examinations
conducted between 1990 and 2005 (Nee et al., 2007) indicates that two large
active areas in the left hemisphere are associated with the Stroop task. These
are the left dorsolateral prefrontal cortex (DLPFC), which extends towards the
inferior areas down to the insular cortex, and the medial frontal cortex, including
the anterior cingulate cortex (ACC), also of the left hemisphere. A cluster in the
posterior area of the left parietal cortex is also noteworthy. In the right hemi-
sphere, the areas associated with the Stroop test are the dorsolateral prefrontal
cortex and posterior areas of the cortex. However, these areas are not as ex-
tensive as in the case of the aforementioned areas of the left hemisphere. The
results of the meta-analysis also indicate the activity of the thalamus during the
Stroop test. The above neuroimaging data shows that the areas of the ACC and
the DLPFC should be considered important elements of larger neurofunctional
systems forming circuits, along with subcortical areas including the thalamus and
the basal ganglia (Joel & Wiener, 1994; Ridderinkhoff et al., 2004).

The aim of the study was to determine the brain activity of Poles during the
Stroop test, and thus to increase the usefulness of the Stroop test in neuropsy-
chological diagnostics.

MATERIAL AND METHODS

The study group consisted of 18 somatically and mentally healthy volunteers
(ten women and eight men). The mean age of the group was 35.5. All participants
demonstrated at least an average intellectual level, were right-handed, and cor-
rectly recognized colours. They were not addicted to any psychoactive substances.
Several procedures were involved in the categorization of the experimental group,
including a structured psychiatric interview, Raven’s Progressive Matrices test
(a version normalized for Polish conditions; Jaworowska & Szustrowa, 2007),
the Edinburgh Handedness Inventory (Oldfield, 1971), and the “Naming Colours”
clinical trial from the set of trials for the examination of cognitive processes in
patients with brain damage by Wtodzimierz tucki (1995). The study was ap-
proved by Bioethics Committee of Collegium Medicum in Bydgoszcz, The Nico-
laus Copernicus University in Torun.
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Study participants lay motionless in a PET scanner (Biograph mCT 128) with
a blocked head under darkened conditions and completed the computer version
of the Stroop task, which was adjusted for PET examination procedures. The
task consisted of three parts. The resting part required focusing the eyes on a
white cross displayed on a black background. The next two parts consisted of
36 words denoting colours, written in the colour congruent with the meaning of
the word (non-interferential part A), or written in a colour incongruent with the
meaning of the word (interferential part B). Participants responded verbally by
naming what colour font the words appeared in. The testing procedure was
based on the repeated measurement method; therefore, it consisted of a total of
eight scans (R-A-R-B-R-2A-R-2B): four times at rest (R), two times during the
performance of the non-interferential part of the Stroop task (A), and two times
during the performance of the interferential part of the Stroop task (B). The sub-
sequent parts of the test were separated by ten-minute breaks. Each subsequent
part of the test was connected with the intravenous administration of the H.O+s
marker at a dose of 350-500 MBq in the form of a bolus. Fifteen seconds after
the administration of the isotope, the scanning process started. This process
lasted for another 60 seconds, during which participants performed a specific
part of the cognitive task. The whole procedure was preceded by a CT exami-
nation (low dose) to correct the attenuation. The study was carried out in the De-
partment of Nuclear Medicine in the Franciszek tukaszczyk Oncology Centre in
Bydgoszcz.

The neuroimaging data obtained directly from the PET examination was re-
constructed into the DICOM format. The SPM8 software (Statistical Parametric
Mapping — http://www.fil.ion.ucl.ac.uk/spm/) was used for voxel analysis. The
standalone release of SPM8 (r5236) was used together with MATLAB Compiler
Runtime (MCR) v 4.13, which did not require a license for the MATLAB software.

RESULTS

The results were analyzed for the entire study group. Hypotheses were tested
using contrast analysis and the Student’s t-test was used to evaluate differences
between the mean brain activities in three experimental situations: at rest (R),
during the completion of the first part of the Stroop task (A), and during the com-
pletion of the second part of the Stroop task (B). Differences were assumed to
exist between brain activity at rest and during the Stroop task.

The results indicated that the peaks of activity during the interferential and
non-interferential parts of the Stroop task did not always concern the same struc-
tures (Table 1). The highest activity during the interferential part of the Stroop
task concerned the left supplementary motor area and the left and right precen-
tral gyri, while the peak of activity during the non-interferential part of the Stroop
task was highlighted in the right supplementary motor area and the right precen-
tral gyrus. In addition, the peaks of activity referred to the right superior temporal
gyrus and the areas of the left postcentral gyrus only during the non-interferential
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Tab. 1. AAL coordinates, maximum t-value (local maxima) of the activated regions for the baseline
vs. congruent(A) and baseline vs. incongruent (B) contrasts (p<0.05FWE)

Baseline vs. congruent Baseline vs. incongruent
. Peak voxel-level . Peak voxel-level
Coordinates . L Coordinates L N -
T-value V. significant activations T-value V. significant activations
XY; 2) ) . (XY; 2) . .
approximate region approximate region
Frontal lobes Frontal lobes
5.49 39 47 28 Frontal_Mid_R 5.2 42 47 28 Frontal_Mid_R
8.12 0 -1 64 Supp_Motor_Area_R 8.2 -3 8 49 Supp_Motor_Area_L
11.07 54 -4 40 Precentral_R 10.9 -48 -7 40 Precentral_L
10.5 57 -1 40 Precentral_R
Parietal lobes Temporal lobes
9.71 -51 -7 40 Postcentral_L 6.8 39177 Insula_R
Temporal lobes Subcortical
7.51 57 -31 1 Temporal_Sup_R 6.9 -2 -20 4 Thalamus_R
7.97 42 20 4 Insula_R 13.1 36 -61-26 Cerebellum_Crus1_R
Subcortical:
12.04 -36 -85 -17 Cerebelum_6_R
4.98 15-19 1 Thalamus_R

Note: AAL- Anatomical Automatic Labeling; FWE- Family Wise Error

Height threshold T = 4.33, Extent threshold of a cluster > 5 voxels

A-Baseline

5 10 15 20 25
Desicn matrix

B-Baseline

510 156 20 26
Desicn malix

Fig. 1. Similar areas of brain activity during congruent (A) and incongruent (B) Stroop task perfor-
mance -— MNI templates. Height threshold T = 4.33; (p<0.5 (FWE)); Extent threshold of a cluster

> 5 voxels

part of the Stroop task. The peaks of activity in the cerebellum area concerned
the superior frontal-medial lobule (cerebellum crus 1) on the right side for the in-
terferential part of the Stroop task and the structures of the superior posterior-
medial lobule on the right side (cerebellum crus 6) for the non-interferential part.

Although the peaks of activity did not always concern the same areas of the
brain, both parts of the Stroop task were associated with the stimulation of similar
areas of the brain (Figure 1).
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In both cases, the frontal and temporal areas were bilaterally activated. They
included prefrontal areas such as the superior frontal gyrus (Frontal_Sup_R)
and, more medially, the structures of the supplementary motor area (Supp_
Motor_Area_L/R) and the medial superior frontal gyrus (Frontal_Sup_Medial_L)
of the cingulate gyrus (Cingulum_Mid_L/R). The activity of the right middle frontal
gyrus (Frontal_Mid_R), which forms the dorsolateral prefrontal cortex, was also
significant. The bilateral greater stimulation of the precentral gyrus (Precentral_
L/R) and the inferior frontal gyrus (Frontal_Inf_ Oper; Frontal_Inf_ Tri; Front_
Inf_Orb), which further extended from the junction of the frontal and the temporal
lobes towards the middle and superior temporal gyri (Temporal_Mid_L/R, Tem-
poral_Sup_L/R), the superior areas of the temporal pole (Temporal_Pole_Sup_
L/R), and, more medially, the insular structures (Insula_L/R), is also noteworthy.
The activity also concerned the vast area of both cerebellar hemispheres and
some areas of the occipital lobes, including part of the superior, middle, and in-
ferior occipital gyrus (Occipital_Sup_L/R; Occipital_Mid_L/R; Occipital_Inf_L/R),
the lingual gyrus (Lingual_L/R), and the fusiform gyrus (Fusiform_L/R) in the left
and right cerebral hemispheres.

DISCUSSION

It was initially believed that the completion of the Stroop test was associated
primarily with the correct functioning of the frontal lobes (Perret, 1974). However,
studies using neuroimaging techniques have changed this perspective, and each
successive examination during exposure to the Stroop task provides valuable
information on the functional system involved in its completion (Ravnkilde et al.,
2002; Harrison et al., 2005; Bench et al., 1993; Carter et al., 1995; George et
al., 1994; Bush et al., 1998; Peterson et al., 1999; Milham et al., 2001; Zysset et
al., 2001; Ukai et al., 2002). Researchers, however, still devote their main interest
to the role of the prefrontal areas that they consider crucial for the processes of
dealing with cognitive conflict in the interferential part of the Stroop task, which
requires a greater involvement of executive attention (Bush et al., 1998; Bush et
al., 2000; Posner & Petersen, 1990; MacDonald et al., 2000). These studies often
leave out or discuss in a general way the role of other areas, cortical and sub-
cortical, that, along with the prefrontal areas, form the neurofunctional systems
that are activated during the Stroop task. Little attention is paid to the fact that
there are areas of the brain that are activated during both the non-interferential
and the interferential part of the Stroop task, which may be proven by, in addition,
the results of the experimental study presented in this paper. Therefore, if cog-
nitive functions are treated as a result of the interaction of many areas of the
brain, it can be assumed that damage to or the dysfunction of any of these areas,
including those used during both parts of the Stroop task, will have a significant
influence on test performance, including its interferential part. For this reason,
the following section presents information collected from the subject literature in
order to consider the possible significance of certain areas of the brain associ-
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ated with the completion of both parts of the Stroop task, which have been stim-
ulated during the conducted experimental study.

The activity of the occipital areas was the most expected in the case of expo-
sure to both tasks, as the presented material was of a visual nature. Bilateral
stimulation of the inferior, middle, and superior occipital cortex was related to the
transmission of visual information and its processing and synthesis, as well as
to the integration of visual information with information from other modalities.
The lingual gyrus and the fusiform gyrus (the medial areas of the occipital lobes)
were also involved in both parts of the Stroop task. Study results indicate their
involvement in the identification and processing of colours (Wang et al., 2013).
In both study situations, participants were asked to name the colour in which the
word was written, which required the colour of the presented stimulus to be iden-
tified. There is also data that points to greater activity of the lingual gyrus during
the interferential part of the Stroop task. This is explained by the need for a
greater level of concentration in the interferential part, when identifying the colour
of a written word that is incompatible with the meaning of the word, than in the
non-interferential part, during which the word’s colour is consistent with its mean-
ing (Carter et al., 1995).

The organization of the temporal lobes is very complex. Therefore, although
this area is usually treated as the hearing area, the results of studies of lesions
to the temporal lobe area indicate that they have an impact not only on auditory
perception, but also on visual perception, intellectual changes, and memory dis-
orders specific to modality or a certain type of material (Walsh, 2000). The ex-
tension of the bilateral stimulation of the temporal lobe areas (Temporal_Mid_
L/R, Temporal_Sup_L/R, Temporal_Pole_Sup_L/R) toward the medial area (In-
sula_L/R) during the completion of the Stroop tasks may be related to speech
production. Wernicke’s area, the area of understanding the speech of oneself
and of others (Lezak, 1995; Walsh, 2000), is located in the posterior area of the
superior, and partially middle, temporal gyrus (Temporal_Sup_L, Temporal_
Mid_L). People with damage to this area can produce speech, but often use in-
adequate words. Wernicke’s area has connections to the inferior frontal gyrus
(Frontal_Inf_ Oper_L), whose activity was also recorded during the completion
of the test. Broca’s motor speech area, which is related to the function of speech
formulation and production, is located inside of Wernicke’s area. Both areas are
active during speech production, which was required by the completion of the
Stroop task. Moreover, there is data that indicates the bilateral involvement of the
superior temporal gyrus, along with the insula, in decision-making processes con-
cerning the selection of appropriate responses (Paulus et al., 2005). Other data in
the literature (Dronkers, 1996) would attribute the activity of the insula during the
Stroop test to its involvement in planning, establishing sequences, and coordinat-
ing muscle contractions of the mouth when producing verbal responses.

As mentioned above, the prefrontal areas and their involvement in solving the
cognitive conflict in the Stroop test are the primary interest for researchers of
this subject. While reading the subject literature (Bush et al., 1998; Bush et al.,
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2000; Posner & Petersen, 1990; MacDonald et al., 2000), one may often be
under the impression that the dorsolateral prefrontal cortex and the cingulate
cortex play an important role mainly during the completion of the interferential
part of the Stroop task, and yet their activity is also recorded during the comple-
tion of the non-interferential part of the test (Carter et al., 1995; Posner & DiGiro-
lamo, 1998). Based on data from previous studies, the activity of the dorsolateral
prefrontal cortex (Frontal_Mid_R, Frontal_Sup_R) and its medial areas (Frontal_
Sup_Medial_L, Cingulum_Mid_L, Cingulum_Mid_R) registered in the experimen-
tal study are associated with generally understood executive functions and short-
term memory (Goldman-Rakic, 1987; Fuster, 1997; Owen, 1997; Miller & Cohen,
2001; Curtis & D’Esposito, 2004), as well as functions of executive attention
(Posner & Petersen, 1990). The middle area of the cingulate gyrus corresponds
anatomically to the dorsal area of the anterior cingulate cortex (Bush et al., 2000;
Palomero-Gallagher et al., 2008). It has extensive connections with structures
involved in cognitive processes, such as the DLPFC and the motor cortex areas.
It is involved in the processes of monitoring and selecting responses, both of
which are executive functions that are necessary for solving the situation of cog-
nitive conflict, e.g., in the Stroop task. Milham et al. (2002) explain the activity of
the cingulate cortex in both parts of the Stroop task by the occurrence of cognitive
conflict in the non-interferential part. When a study participant is asked to name
the colour in which a word is written, the participant is affected by information
concerning the meaning of the word in addition to information about the colour
of the font (congruent with the meaning of the word). This, consequently, requires
stronger cognitive control, and thus stimulates the associated brain structures.

Also noteworthy is the fact that the completion of both test tasks causes stim-
ulation in other frontal areas, e.g., the structures of the inferior frontal gyrus, the
primary frontal motor cortex, and the supplementary motor area of the right and
left hemispheres. In the source literature, both the right and left inferior frontal
gyrus (Frontal_Inf_Oper_R/L; Frontal_Inf_Tri_R/L; Front_Inf_Orb_R/L) are asso-
ciated with repressing automatic or habitual responses (Bunge et.al., 2002; Durston
et.al., 2002; Menon et.al., 2001; Garavan et.al., 1999; Rubia et.al., 1999; Konisi et.al.,
1998, 1999;Milham et al., 2002). Their activity during the test can be explained by
the participant’s need to repress the impulse to read out words during both Stroop
tasks in favour of naming the colour in which the words were written.

The precentral gyrus of the motor cortex is the voluntary movement area, but
through connections with Broca’s area, it is indirectly involved in speech
processes (Benzagmout et al., 2007; Fox et al., 2001; Wise et al., 1999). The
supplementary motor area (SMA) is often indicated by researchers as an area
that is activated during the Stroop task (Pardo et al., 1990; Ravnkilde et al.,
2002). This structure is primarily associated with the planning, selection, and co-
ordination of voluntary hand movements (Pickard & Strick, 2001). Therefore, its
stimulation during the completion of tasks requiring manual responses, €e.g., the
pressing of a button, would be justified. It turns out, however, that the supple-
mentary motor area is also activated in experimental situations where the answer
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is given verbally. This may be explained by the involvement of this structure in
speech production processes (Alario et al., 2006). There is also data that indi-
cates the involvement of the supplementary motor area in the processes of re-
pressing automated reactions, but the nature of this role is still unknown (review
of research cited in Aron, 2010).

The activity of the cerebellum during the Stroop task allows us to have another
look at this brain area in the context of its involvement in higher cognitive func-
tions. The cerebellum was once merely considered to be an area responsible
for coordinating movements initiated by the cerebral cortex and maintaining the
balance of the body (Gotab & Jedrzejewski, 1992). However, studies on the func-
tions of the cerebellum have shown that it is also involved in complex cognitive
processes (Timmann & Daum 2007; Tirapu-Ustarroz et al., 2011; Tedesco et al.,
2011; D’Angelo & Casali, 2012). Functions such as planning one’s actions, con-
trolling behaviour related to correcting one’s actions and repressing automatic
reactions, and the ability to switch attention were primarily associated with pre-
frontal areas of the cerebral cortex (Heyder et al., 2004). However, it turns out
that these processes also involve subcortical structures, including the cerebellum
(Jodzio, 2008). As a result of the clinical observations of patients with lesions to
the cerebellum, Schmahmann and Sherman (1998) identified a group of symp-
toms related to the emotional and cognitive sphere appearing in these patients.
This syndrome was called cerebellar cognitive affective syndrome (CCAS). It is
manifested in the cognitive sphere by disorders in areas such as executive func-
tions, visuospatial functions, and language functions. Over time, it has been
found that one of the main functions of the cerebellum is the acquisition of new
motor skills, including learning complex motor activities such as cycling or driving,
which allows it to relieve the cerebral cortex. A very important element of such
learning is the comparison of an intended activity with one that has been com-
pleted, which allows for error correction. Committing an error activates the cere-
bellum, or more specifically, Purkinje cells located in the cerebellum, for its
correction in the feedback mode (Doya, 2000). The completion of the first and
second parts of the Stroop task undoubtedly requires the comparison of the com-
pleted reaction with the required action as well as the possible correction of com-
mitted errors, which can activate the cerebellar structures. In addition, the
cerebellum has been proven to be involved in language functions, including the
processes requiring rapid naming. Deficits in this skill have been associated with
cerebellar dysfunctions in people with dyslexia (Dencla & Rudel, 1976; Raberger,
2003; Nicolson et al., 2001). The rapid colour naming required during the com-
pletion of both parts of the Stroop test forced by, among other things, thelimited
time of exposure to the stimulus, can also result in the activation of the cerebellar
structures. If, in accordance with previous conceptions, the cerebellum was to
be treated as the motor coordination area, its activity during the completion of
the Stroop task can be linked to the motor aspect of the action of giving verbal
answers, where the cerebellum is responsible for the fluency of speech and its
damage causes speech impairment, a symptom of which is scanning speech.
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However, in the context of the above-cited scientific reports, it seems that the
activity of the cerebellum during the Stroop test was not solely associated with
speech motor skills.

Another subcortical area that was activated during both Stroop tasks was the
thalamus. This activity is fully justified because of the responsibility of this cere-
bral structure for wakefulness and general stimulation, which is necessary for
performing any conscious action. Results of neuroimaging studies (Fiset et al.,
1999; Kajimura et al., 1999; Kimomura et al., 1996; Paus et al., 1997) confirm
the involvement of the thalamus in the above processes, as well as its involve-
ment in tasks that require the activation of attention processes. According to
some researchers, the increase in the activity of the thalamus is closely related
to the increase in the requirements of cognitive situations connected with the in-
volvement of attention processes (Carter et al., 1995).

The results and data from earlier neuroimaging studies presented in this paper
indicate that several cortical areas and some subcortical structures forming a
neurofunctional system are involved in the Stroop task. The areas of the DLPFC
and the cingulate gyrus should be treated in this case as elements of this system,
without diminishing their significant involvement in the processes of executive
attention. However, in addition to looking for neural correlates of specific cogni-
tive functions involved in the Stroop test, an important issue for the diagnostic
application of this neuropsychological tool is the translation of knowledge from
neuroimaging studies into quality markers of test performance. After the question
of which structures are responsible for specific cognitive functions, the next im-
portant question is how damage to a given structure affects test performance.
Such a question underlines the role of all of the structures that are active during
the Stroop test, including those that are used during both the interferential and
non-interferential parts of the Stroop task.

The primary limitation of the study, which could to a certain extent distort the
obtained results, was the relatively small number of participants, even though
similar numbers can be found in an analysis of the literature in the field of neu-
roimaging (Harrison et al., 2005; Egner & Hirsh, 2005; Zysset et al., 2001; Pardo
et al., 1990). However, the greater the number of measurements, the greater the
grounds for statistical inference. Therefore, in order to increase the number of
measurements, study participants performed both the non-interferential and in-
terferential parts of the Stroop task twice. This could have reduced the level of
the induced cognitive conflict as a result of the learning process (practice acqui-
sition) in the second measurements during the second part of the task. Conse-
quently, this may have weakened the image of activity of certain areas of the
brain during the statistical averaging of data. The issue of the impact of experi-
ence on changes in patterns of brain activity was raised in the study of Harrison
et al. (2005). Experience in coping with situations of interference reduces the
level of cognitive conflict, causing changes in the involvement of some areas
that are important in conducting the interferential part of the Stroop task. How-
ever, repeating the measurement is necessary from a technical point of view, as
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it significantly improves and strengthens the quality of the obtained image of the
brain in neuroimaging examinations.

CONCLUSION

The completion of the non-interferential and interferential parts of the Stroop
task is linked to the activity of similar brain structures. In addition to the prefrontal
areas, which have so far inspired the greatest interest among researchers in
terms of their involvement in solving cognitive conflict, other cortical areas are
involved in the completion of the Stroop test. These include the temporal lobes
and the motor cortex, including the supplementary motor area. The activity of
the subcortical structures, including the cerebellum and the thalamus, also turns
out to be significant. Together, they form a neurofunctional system. It can there-
fore be concluded that structural damage to or the dysfunction of any of the el-
ements of this system would affect a person’s performance on the Stroop test.
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