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Abstract

Stroop-task is one of the most popular studies to check the ability of decision-making and cognitive process during high interference activity in
the brain. In the incongruent Stroop-task, the difference between the colour that we read and the colour that we see produces high interference
activities in the brain. This research aims to analyse the activity differences in each part of the brain during colour-task and word-task. This
study investigates how well the ability of decision-making and cognitive process during high interference activities that occur in the brain.
Electroencephalography (EEG) can record brain activities by recording the brain waves. The results show that recognising the colour is more
difficult than that of the written words in the Stroop-task as indicated by statistical test with t-value greater than threshold value (t>2.0027) and
significant level of 0.05. This study concludes that the colour-task gives more interference effect than the word-task. The more interference

effect is produced, the more wrong decision-making is obtained.
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1. Introduction

Stroop-task is a type of test that makes interference in the
brain because the colour and the written word are not always
the same. Commonly, in a normal study, it is more difficult to
recognise the colour that we see (colour-task) than to
recognise the colour that we read (word-task). There are three
types of Stroop-task, i.e. neutral, congruent and non-congruent
Stroop-tasks [1]. The purpose of the Stroop-task is to evaluate
the ability of decision making and cognitive process during
interference activities inside the brain [2].

There are two parts of the brain, namely anterior cingulate
cortex and dorsolateral prefrontal cortex that are strongly
involved in the Stroop-task. Anterior cingulate cortex (ACC)
is the part to do error detection. It is located in the Brodmann
areas no. 24, 32 and 33 as depicted in Fig. 1. The main
function of ACC is to control the anatomy process. In Stroop-
task, this part is useful for error detection and conflict
detection with human decisions.  Dorsolateral prefrontal
cortex (DLPFC) is the part of the primate cortex which can be
found in both human and primate animal’s brains. This part
affects the ability of human working memory. This part is
active when someone is conducting an activity, cognitive
flexibility and another complex mental activity [3-6]. Both
ACC and DLPFC involve in brain cognitive process [6]. The
cognitive control during Stroop-task has significant effect on
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the activity of DLPFC [7]. In the Stroop-task, DLPFC helps
ACC to show a lot of activities during congruent and
incongruent Stroop-task [8].

Fig. 1. Brodmann's areas of the cortex [9]

Non-invasive methods have advantages to measure the
brain activities without making any scars in the human body.
Electroencephalography (EEG) is one of the non-invasive
devices to measure brain activities. This device uses brain-
wave signals as a reference to measure brain activities. To get
the brain-wave signals, the EEG measures brain’s
spontaneous electrical activities in a period time [10].

Event related potential (ERP) is a method to evaluate the
brain function. In some studies, ERP technique is one of the
common methods to measure the brain response during
cognitive task [11-13]. EEG data is useful in brain computer
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interface (BCI) to make direct communication pathway
between brain and external devices [1, 14-16].

Schack et al. [17] analysed EEG signals by comparing the
brain activities during congruent to that of non-congruent in
normal subject. ~ The mean-coherent analysis in this
experiment showed that there was significant activity
difference between congruent and non-congruent Stroop-tasks
around frontal lobe region. This study also showed that 13-20
Hz brain wave frequencies were strongly active during
incongruent task. However, this task used verbal response for
each case. As predicted, the tongue movement affected EEG
recording data.

Another experiment by Peterson et al. [3] used fMRI to
find the difference in brain activities during normal, congruent
and non-congruent Stroop-tasks. Since fMRI can produce
good image results of brain activities, they did some contrast
comparison between each task in each brain region. This
study found that incongruent Stroop-task produced reliable
interference effect. ~ Moreover, the interference during
incongruent Stroop-task had some effects on the accuracy of
the decision-making.

The verbal response was changed to movement response in
study by Szlcs et al. [18] This study aimed to reduce the
effect of tongue muscle movement for the EEG data. This
study showed there was more activity in motor region during
incongruent Stroop-task than that of congruent Stroop-task.
However, previous studies only compared the brain activities
among tasks that do not give much interference and that of
gave a lot of interferences in the brain. Therefore, these
studies only compared the decision-making process in two
different conditions.

With some modifications from previous studies, this
research compares the word-task and the colour-task. Both of
these tasks are parts of the non-congruent Stroop-task.
Therefore, both the tasks contain high interference level. This
study investigates the condition that gives more interference
effect leading to confuse the subjects more during decision-
making process without considering the relation between
times to finish the task with the frequency. In this study, the
subject response is changed from verbal response to hand-
movement response in order to reduce the effect of non-reflex
muscle movement. Since previous studies showed that the
ageing effect was related with brain-wave activity, visual
attention and working memory [19-21], the subjects are
limited to people with the same range of age.

Brain-wave frequency occurs when the brain is doing some
activities. In normal subjects, the range of the frequency is
from 0.5 to 50 Hz. There are five common types of brain-
wave frequency. Each frequency occurs in any human
activity. Only some subjects who have overrated ability can
produce a brain wave with more than 50 Hz (hyper-gamma
range [22, 23]. Beta-wave frequency range is also known as
concentration wave. This type of brain-wave occurs when
someone is doing an activity that needs high concentration,
such as analysis process, managing information and finding a
solution.  This type of brain-wave can affect someone
productivity [24]. The structure of this study is organised as
follows. Section Il describes the materials and experimental
method.  Section IIl presents the results and discussion
followed by conclusion in Section IV.

2. Materials and Methods

2.1. Subjects

In this research, data were taken from seven normal
subjects, all males and right-handed, with the range of age
from 21 to 24 from Neuroimaging and Neuroinformatics
laboratory, Kyushu University. For every task, the
incongruent Stroop-task by Zysett et al. [25] was used. EEG
POLYMATE V, an EEG portable was used to record the
brain-wave signal. The type of probe for each channel was
active electrode. The 10-20 EEG standards was used as the
reference for EEG measurement. The resistance level for the
entire channels must below 10,000 ohm. There were three
points used as references in this study. These points were
located at the nasion part, left and right ears.

2.2. Task Design

In the interface of the tasks as shown in Fig. 2, the subject
saw both WORD1 (upper word) and WORD?2 (lower word).
The tasks were designed with Visual Studio 2010 with BASIC
language programming. The subject needed to make a
decision if there was equal or non-equal case by pressing the
mouse to the decision button.

Case 1

os s Decision 1o task=EQUAL

.0 9 S|

o o o WOrd-task=NON- mfpp GO t0
BLUE Equal

Case 2

Decision ¢4or_task=EQUAL

Word-task=NON -

Equal

Goto

Fig. 2. The scheme of the Stroop-task recognition and decision making

After the subject was ready, the monitor showed black
screen with little dot in the middle of the screen. This little
dot was used as the attention point to the subject so that he or
she could not easily lost his or her focus. After 0.5 second,
WORD 1 appeared. The colour of WORD1 appeared
randomly, and so did the written word. However, only 4
primary colours were used in this test. They were red, green,
yellow and blue. WORD 1 was the Stroop-word, in which the
seen colour was not always same as the written colour. After
1 second, WORD?2 was shown in the monitor. WORD2 was a
neutral word that always had white colour, but the written
word appeared randomly. After WORD2 appeared, the
subject took his or her time to make a decision.

There were two types of task conducted by the subject
during the experiment, i.e. the word-task and the colour-task.
For the word-task, the subject needed to compare the word
that they read in WORD1 with the word that they read in
WORD?2. If the word that they read in WORD1 was the same
as that of in WORD2, the subject needed to press EQUAL
button. On the other hand, if it was not the same, the subject
needed to press NON-EQUAL button.

For the colour-task, the subjects needed to compare the
colour that they saw in WORD1 with that of in WORD2. If
the colour that they see in WORD1 was the same as that of
WORD?2, the subject needed to press EQUAL button.
Otherwise, the subject needed to press NON-EQUAL button.
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In Fig. 2, if the case 1 was part of the colour-task, the
subject needed to answer equal, because the colour of
WORD1 was the same as the written word in WORD2 (blue
and blue). If case 1 was part of the word-task, the subject
needed to answer non-equal, because the written word in
WORD1 was not the same as the written word in WORD?2
(red and blue). On the other hand, if the case 2 was part of the
colour-task, the subject needed to answer non-equal, because
the colour of WORD1 was the same as the written word in
WORD?2 (green and red). If case 2 was part of the word-task,
the subject needed to answer equal, because the written word
in WORD21 was not the same as the written word in WORD2
(red and red).

After the subject made the decision, the next case appeared
with the same procedure with the case before. After the
subject finished his or her 25th case of the Stroop-task, the
subject was given a 15 seconds break. The monitor showed a
countdown time until the next set of the task. With the same
pattern, the subject underwent the same procedure to make a
decision.

The time allowance for each task for each subject is shown
in Fig. 3. The subject has gotten 4 trials for each task. Each
trial contained 25 cases of Stroop-task. The time to make a
decision was unlimited, but all of the trials showed that the
subject needed from 1 to 2 minutes for each trial. There were
15 seconds break between each trial. This break was useful to
decrease the sequence mistake and made the subject more
relaxed for the next trial.

- Relax time (15 seconds)

Working time (1-2 minutes)

W
T O ~ W

Preparation time (unpredicted)

Fig. 3. Time allowance for 1 task

Band pass filter was used to reduce the wave that has the
frequency outside of the brain wave range. Notch filter was
used to reduce the probability signal of electricity source
mixed with the brain wave signal. The noise occurring from
the muscle movement, such as eye blink or eye movement
was reduced by using independent component analysis (ICA)
decomposition.

2.3. Data EPOCHs

To accurately get ERP results, the length time of the data
needs to be same. Therefore, it needs to adjust the length of
each data. This study extracted 2 EPOCHs from each trial.
Fig. 4 shows how to extract the EPOCHs from a set of each
task. Baseline data was used as the reference data when
subject was still in the concentration mode without a lot of
movements. Resting time between each trial was the best
duration time in this experiment to take role as baseline time.
The recorded EEG data showed the steadiest graph between
another range times.

Each EPOCH has 20 seconds of EEG data. The EPOCH
data were taken when the subject conducted the word-task or

the colour-task. The range of the time was taken from 20
seconds before resting time for the first scheme, and 40
seconds before resting time until 20 seconds before resting
time for the second scheme. Hence, each trial produced 2
EPOCHs.

Working time Relax time
est 1-2 min 15 sec

—
-€ -« >

Epochdatal  Epoch data 2 Baseline
20 sec 20 sec Line
14 sec

Even point

Fig. 4. EPOCH scheme for data analysis

This study used EEGLAB toolbox v 12.0.5 to analyse and
to plot the ERP results and data signal processing. This
toolbox was built by SCCN, University of San Diego, CA
[26].

3. Results and Discussion
3.1. Behavioural Result

From the seven subjects, 700 cases of word-task and
colour-task were solved. The percentage of right number of
right answer for word-task was 99.2% (SD=0.79) and colour
task was 79.14% (SD=2.91). The average time for a subject
to finish one set of the task (25 cases of either word-task or
colour-task) during colour task was 106.79 seconds (4.27
seconds for one case) and word task is 68.04 seconds (2.72
seconds for 1 case).

3.2. EEG Result
Fig. 5 shows the frequency spectrum of brain wave that
has been recorded during colour-task (green) and word-task

(blue) in decibel (dB).
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g. 5. The brain-wave spectrum in decibel (dB) during colour-task (blue) and
word-task (green)

As shown in Fig. 5, in both the colour-task and the word-
task, 30 Hz frequency signal was strongly recorded compared
to other ranges of frequency. The frequency spectrum
recorded during word-task was slightly higher than that of the
colour-task. Beta-wave frequency also strongly appeared than
that of the other types of brain-wave. It means that during
both of the tasks, all subjects needed to keep their focus.
From 42 EPOCHs which were recorded during the colour-
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task, there were only two weak EPOCHSs. Hence, these
EPOCHs were removed. This situation occurred because the
subject lost his or her concentration. From the same subject,
two EPOCHs in the word-task were also removed to make the
number of data between the word-task and the colour-task was
equal.

Fig. 6 shows the distribution map of 30 Hz brain-wave
frequencies during colour-task (left) and word-task (right)
after removing two EPOCHSs. It shows that during both of the
task, the intensity of 30 Hz brain-wave around the channels of
Fpl and Fp2 was the highest among the other channels. The
other channels that also have high intensity of 30 Hz brain-
wave were P4 and O1 channels. However, the intensity was
lower than that of the Fp1 and Fp2 channels.

Spectrum — CT, 30 Hz

opeLuun

Spectrum — WT, 30 Hz

Spectrum - w1, SUHZ

112
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106

101

95

90

Fig. 6. The distribution of 30Hz brain wave frequency that has been
recorded during colour-task and word-task

Table 1 shows the t-test score between colour-task and
word-task in every channel. The t-test score threshold was
2.0027 for 40 data with the significance level of 5%. If the t-
test score of one channel was greater than 2.0027, the activity
in that channel during the colour-task was lower than that of
the word-task. If the t-test score was lower than -2.0027, the
activity in that channel during the colour-task was higher than
that of the word-task. If the t-test score was between -2.0027
and 2.0027, the activity in that channel during the word-task
was no difference from that of the colour-task.

3.3. Discussion

Decision making is more difficult during the colour-task
compared to the word-task. It is indicated by the time
consumed and the wrong decision produced. It takes from 1.5
to 3 seconds longer to make a decision during the colour-task
than that of the word-task. During the word-task, the
maximum wrong decision that the subject makes is not more
than 2%. While in colour-task, the average of wrong decision
is around 21%. This study expects that both of the tasks have
the same interference level. However, the results show that
the colour-task produced extra interference effect, since the
colour-task was more challenging than the word-task.

Both of the tasks show that the beta brain wave was
strongly recorded. This study concludes that in the Stroop-
task, before the decision-making process, the subject needs to
concentrate for recognising either the word they read or the
colour that they saw. When the subjects conducted the
Stroop-task, the subjects needed to concentrate to concentrate
on the task for decision-making. Therefore, the beta-wave
was strongly active in this study. One of our data did not
show the high intensity of beta-wave frequency due to loss of
the subject’s focus during the undergone task. As a result, the
sequence errors have been found in this set of task. Therefore,
the decision-making in one case can affect to the next

decision-making. The break time between each set was
important to reduce the sequential wrong decision-making.

From Table 1, it can be seen that Fpl and Fp2 channels
have higher signal intensity than that of the other channels.
Fpl channel measures the attention focus of the subjects.
During the decision making process in both the word-task and
the colour-task, the subjects need to preserve their
concentration. Therefore, activities of 30 Hz brain wave in
Fpl channel were strongly recorded because the subjects
needed to take all their focus and attention to the task, thus
they cannot easily lose their concentration.

Table 1. T-test Score between Colour-task and Word-task for Each Channel

Channel T-test Score
Fpl 3.953
Fp2 4.0068

F3 2.047
F4 -0.067
C3 2.134
c4 0.092
P3 1.264
P4 2.088
0O1 1.430
02 1.766
F7 -0.651
F8 0.0977
T3 -0.473
T4 0.921
T5 -4.15
T6 1.851
Fz 2.601
Cz 3.448
Pz 1.061

The activity in Fp2 channel was also strongly recorded in
this study because the subjects needed to make a decision in a
short time. However, the t-test score for Fpl and Fp2
channels showed that the activity during word-task was higher
than that of the colour-task. The colour-task produced higher
intensity level than the word-task. Because of the interference
level, the subjects needed more time to make a decision
during the colour-task than that of the word-task. This study
finds that more interference we send to our brain can decrease
the accuracy in decision-making results.  Accuracy is
measured based on the number of correct answers given by
the subject according to the given instructions.

Moreover, all of the subjects cannot get a perfect score for
colour-task. The result shows that the intensity of the 30 Hz
brain-wave signal during colour-task was lower than word-
task. During this study, the error has affected in subject
attention. The number of right and wrong in the monitor tells
the subjects whether they make a right decision or wrong
decision. All subjects showed that they lost their attention for
the task after they knew that they made a wrong decision.
Some of the data also showed that this wrong decision had an
effect on the next decision-making. Therefore, the intensity of
brain-wave in Fpl channel during colour-task was lower since
a lot of errors that they make has affected on their attention
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level. In this study, the wrong decision also affected to
another decision-making process and this thing made the 30
Hz brain-wave during the colour-task lower than the word-
task. This result also relates to ACC working during the
decision-making process since the fMRI studies also showed
that the interference effect during the incongruent Stroop-task
also related to activities in ACC and dorsolateral regions [27].

Although the signal intensities recorded from P4 and O1
channels are not as high as that of the Fpl and Fp2 channels,
these channels show that the 30 Hz frequency has recorded
more than that of another channel.

P4 channel is active when someone does the non-verbal
reasoning, a human ability to make some responses for some
objects that he sees. In this experiment, subjects needed to
make a decision based on the case that they see. The visual
information makes the brain to do non-verbal reasoning
process before they make a decision. The right hemisphere of
the brain is the part of the brain that does non-verbal
reasoning process. Right hemisphere has the function to
understand the information that comes from images or spatial
relations. In our study, the subjects needed to make the
decision to recognise the colour or the word that they saw, so
they needed to extract the visual information before they made
the decision. Therefore, the P4 channel has a record to
produce the high signal intensity since the non-verbal
reasoning process in this region of the brain.

In subject’s brain, the occipital area is the first part of the
brain that receives the visual information. In this study, O1
channel has the high result of EEG record because the main
role of this part is to extract the information. Before making
the decision, the subjects need to choose if they want to
recognise the word that they read or that of colour that they
see. However, the occipital area recognises both of them,
after that the information is continued to ACC and DLPFC
region so this part can make the decision. The t-test score in
O1 channel shows that there is no significant difference in
activity at this channel for both of these tasks. It indicates that
even the colour-task produces more interference level than
that of the word-task, our brain still can do same level of
visual information recognition process. In other words, the
interference level which was produced in our Stroop-task
study did not have any effect for visual recognition process.

In the previous study, there was different activity in motor
cortex region during incongruent and congruent Stroop-task
[20]. In this study, only left motor cortex region (F3) has
different activity during colour-task and word-task (t-test
score = 2.1134). This study suggests that the incongruent
Stroop-task has an effect on both left and right motor cortex.
However, since all of the subjects use right-hand to make the
response, the left motor cortex has more interference effect
than the right motor cortex because the right part of body
sensorimotor locates near F3 channel [28].

4. Conclusion

In this study, the decision-making is the most important
thing to understand. This study concludes that incongruent
Stroop-task gives the interference level to disturb the attention
and decision-making process. Both of the tasks give high
interference level to the subjects. However, this study shows
that it is more difficult to recognise the colour than the written
word in the Stroop-word. Therefore, the interference level

increases when the subjects need to recognise the colour in the
Stroop-word. More interference effect produces a harder task,
so the time to make a decision during the colour-task is longer
than that of the word-task. More interference effect decreases
the ability to make a decision. As a result, the more wrong
decision appears during the colour-task than that of the word-
task. The wrong decision also disturbs the attention progress
of the subjects.

The Stroop-task requires the subjects to concentrate before
make a decision. However, the activities of both channels
(Fpl and Fp2) during the colour-task are lower than that of the
word-task due to some wrong decisions processes produced in
the colour-task.

In this study, the subjects need to extract the visual
information. Before the decision-making process, subjects
recognise the words that they read and colour that they see.
The right-hemisphere in parietal area and the left side of
occipital have responsible to do non-verbal reasoning and
visual information extraction. However, the amount of
interference effect produced in the Stroop-task does not have
any effect to information of visual recognition process.

In the next study, the relation between working memory
and decision-making process will be investigated. It is also
possible to compare the Stroop-task result between normal
subjects and Alzheimer subjects. The study has a potential
that the Stroop-task can be implemented to slow the decline of
brain activity in Alzheimer subjects.
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