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In this study, it is aimed to determine the effects of different modes N-back test which is one
of the measurement tools frequently used in measurement of working memory, on the
Electroencephalography (EEG) and Eye-tracker data. Eight healthy volunteers participated in
this study. The volunteers performed tasks inducing stress and mental fatigue for almost 4
minutes. Each experimental task consists of 72-seconds stress and fatigue inducing 1-position
back, 2-position-color and 2-position-image test sessions and three evaluation sessions
performed for task. During these sessions, the volunteers were assessed using EEG, Eye
Tracker and Visual analogue scale (VAS). VAS was also used to evaluate perceived stress and
mental fatigue before and after the N-back test. Power values of EEG signals from volunteers
for different test modes were evaluated according to test scores in theta, alpha, beta, and low
gamma bands. According to the obtained results, the power values in each subband of the EEG
change according to the test mode and the test scores. Beta, alpha and theta frequency bands’
power in the frontal cortex (AF7+AF8) increased with the n back test score and difficulty level
of the game. When the task gets harder, it shows that the heat map of eye tracking is spread
over a wider area. The VAS scores for both mental fatigue and stress increased after the N-
back test with low and high test scores. According to the graphical results obtained from EEG
with subjective evaluation, stress and mental fatigue increased with N-back tests. These results
help understanding of the physiological changes of stress and mental fatigue and contribute to

improve new approaches to assess stress and mental fatigue.

1. INTRODUCTION

The working memory term means to a brain system that
supplies temporary storage and manipulation of information
necessary for complex cognitive tasks [1].

The working memory is a controlled attention that is
responsible for keeping the information in memory for a long
time and for protecting it against interference. The memory
capacity is the term used to describe the functioning of the
working memory system at the level of individual differences.

Working memory ability has been described as a significant
constituent of complex academic skills, containing written
expression, reading comprehension, language comprehension
and mathematical computation in literature.

The researchers used behavioural measures that reliably
revealing their neural activation patterns and can easily be
correlated with the process of cognitive processing.
Computerised measures such as the N-back tests are well
convenient for this aim. The N-back tasks have become
prototypical measures in functional neuroimaging studies of
working memory [2].

Physiological measures can be used for continuous
monitoring of workload levels. The most important
physiological areas to measure workload in the literature are
cardiac activity, eye activity, respiratory activity, brain activity
and speech measures.

It may be useful in environments to monitor performance
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level in cognitive tasks. The EEG has the potential to identify
changes in cognitive load in tasks that require continuous and
intensive attention distribution. EEG waveforms generally are
classified to their amplitude, frequency, and shape. Frequency-
dependent classification is most preferred [3].

It is reported that there is a correlation between work or
memory workload and EEG power values in theta and alpha
bands. Behavioural measures verify that differences in
workload are really practiced with an increase in N-back level,
task performance decreases and subjective workload increases
[4]. In the literature, alpha has been considered to indicate
mental effort since the decrease in alpha band power is related
to an increase in workload [5-8]. Although the affected region
changes depending on the task and modality, alpha reduction
in parietal regions is observed in effortful and attentive
processing [9, 10].

EEG theta (4-8 Hz) band has been related with workload.
In some studies, evidences of the relationship between theta
and mental effort or working memory processes have been
presented [11-13]. Theta energy rises as task requirements
increase [14-17]. The increase of theta activity is most
profound on frontal electrode locations.

Eye tracking and head movement detection are widely
investigated. They are considered because they provide easier
usage than other methods such as EEG / ECG signals [18]. The
relevance between eye movements and brain processes
(cognition etc.) is known for a long time. The authors [19]
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determine whether users are looking at the proper objects from
the collected eye-movement data. There are various
techniques for visualizing the data recorded by using eye-
tracker such as provide a simple plot of the pupil’s coordinates
to time and plot raw eye movements in 2-D with the stimulus
image as the background [20].

Fixation maps use/present the information in a more proper.
Generally, fixations are represented by using circles, and
saccades are represented with lines connecting the circles [21].

VAS (10-point scale) is also designed to assess perceived
stress before and after the N-back test. This scale is especially
well suited for the clinical evaluation of the self-reported stress
[22].

The aim of this study is to examine the eye movement’s
behaviour and brain electrical signals during the N-back task
in different modes, to compare the results and to associate the
results with successfully.

2. METHOD

2.1 Ethic statement

The study was approved by the Medical Ethical Committee
of the Akdeniz University and the experiment was undertaken
in compliance with national legislation and the Declaration of
Helsinki.

2.2 Participants

Eight adults (2 female and 6 male) with a mean of 31+ 7.3
(mean + standard deviation) years, ranging from 24 to 41 years,
took in the experiment. All of the volunteers had normal
sleeping patterns, had normal or corrected-to-normal vision,
no history of psychiatric complaints and were right hand.

2.3 Experiment design and acquisition systems

Participants assessed stress and mental fatigue using VAS
before and after the N-back test. Participants were applied N-
back test while EEG and Eye Tracker signals were recorded.
An outline of the aimed process is shown in Figure 1.

A published study [23], indicates that a memory task called
dual N-back develops working memory (short-term memory)
and fluid intelligence. N-back is a game based on a
scientifically proven way of improving intelligence, memory
and the ability to focus.

Barker and Bialystok [24] proposed to processed
differences among bilingual and monolingual young adults on
an emotion N-back task. Pergher et al. [25] reported on a study
on mental workload where young and older adults executed an
N-back task. Results of referred study were displayed
differences in P300 amplitude, theta and alpha band power
during N-back test in young and older.

EEG Records EEG Filter Wavelet Determine of Evaluation of
for Different | | (0.5-40Hz) [ Decomposition |—» Sub-Bands [S Results
N Back Modes Band pass (u, B, etc.)
&
Eye Tracking Records Otbtain
for - Heat Map
Different N Back Modes

Figure 1. The outline of the experimental task

We used an open source software is called Brain Workshop,
v.4.8.1 [26]. Participants completed three N-back tasks
(Position single task, Position-Color 2-Back task and Position-
Image 2-Back task, respectively). In each task level, a total of
24 trials were presented, wherein each one appeared after
every 3 seconds. Switching from one task level to other was
marked by a rest period three minutes.

Figure 2. A sample screenshot for position 1-back task

N-back is a memory test in which N indicates that previous
stimuli should be remembered. Firstly, a square was appeared
every 3 seconds in one of nine different positions on a regular
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grid on the screen. The participant has to respond by using the
keyboard when the position of the currently displayed frame is
the same as the one previously presented. This type of a
workload is comparable to monotonous monitoring tasks
where the participant has to maintain his attention at the same
level task (“l-back position”) [27]. A sample screenshot for
position 1-Back task is shown in Figure 2.

Position, Color 2-Back task means that the spatial and color
visual stimulus are presented at the same time. Two memory
tests were performed at the same time, and the previous two
(2) spatial and color (red, blue, green, black, yellow etc.)
targets should be remembered separately.

Position, Image 2-Back task means that the spatial and
image visual stimulus are presented at the same time. Two
memory tests were performed at the same time, and the
previous two (2) spatial and image targets should be
remembered separately.

If the position/color or position/image of the currently
displayed frame is the same as the previous two targets, the
gamer must press appropriate button.

Figure 3 shows Muse electrode locations. This brain sensing
headband is a technology of electroencephalography. EEG is
non-invasive and harmless method for recording the electrical
activity of groups of brain cells.



The used EEG headband (Muse EEG headband) has 5
electrodes: a FPz reference electrode and 4 electrodes which
can be measured from AF7, AF8, TP9, TP10 (in the
international 10-20 system) regions located in the frontal and
temporal cortex of the brain.
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Figure 3. EEG electrodes locations [28]

For eye tracking record, we used a Tobii Dynavox PCEye
Mini eye tracker, which has eye tracking (gaze point, eye
position, etc.) IR image stream at 30 Hz. The mobile EEG
device was attached to the subjects and the eye tracker was
calibrated to eye gaze.

2.4 Signal processing

The EEG and eye gaze signals were recorded respectively
for participants during the performance of playing N-back test.

EEG signals were acquired with a sampling frequency of
256 Hz. They were then filtered using Butterwoth bandpass
filter. These signals were decomposed using the 6-level
wavelet with Daubechies 4 (db4). Daubechies level 4th (db4)
has the smallest error value in the EEG signal processing
compared to other types of mother wavelet [29, 30]. Db4
decomposition of an EEG data with 6 levels of details (D1 ...
D6). The sub-band ranges in Hz are approximately: D1=64-
128 Hz; D2=32-64 Hz; D3=16-32 Hz; D4=8-16 Hz; D5=4-8
Hz; D6=0-4 Hz; A6=0-4 Hz [31]. Then, the EEG data were
divided into the lower frequency bands shown in Table 1.
Finally, the power values of these subbands were calculated
logarithmically.

Table 1. EEG frequency bands

EEG Bands Frequency Range (Hz)
Low Gamma (y) 32-40 Hz
Beta (B) 16-32 Hz
Alpha (a) 8-16 Hz
Theta (0) 4-8 Hz
Delta (3) 0.5-4 Hz

* The gamma subband represents the low gamma band in the next sections.

3. RESULTS

In the study, power values of EEG signals from participants
for different modes of N-back test were evaluated according
to test scores in theta, alpha, beta and gamma bands. EEG data
of 2 participants were corrupted. Therefore, the EEG data
analysis was assessed using only 6 participants' data. Figure 4
shows the variation of the power of the EEG signals received
during the N-back test, for the different bands, the average of
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all 6 participants, and the average of 3 participants with the
highest and lowest scores.
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Figure 4. The variation of the power of the EEG signals
received during the N-back test (a) gamma, (b) beta, (c)
alpha, (d) theta bands

As shown in Figure 4, the power average of the EEG signals
of 3 participants with the highest test score for all bands is
higher than the average of the 3 participants with the lowest
score. Also, the difference between the average of the power
values of 3 participants with the highest and lowest scores is
high in all bands in the AF8 channel for all modes of N-back
test.
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In N-back tasks, attendees can either correctly press a button
in response to targets, incorrectly press a button in response to
non-targets, and incorrectly do not press a button in response
to targets [32]. Scores were calculated as the number of correct
responses divided by the sum of the whole responses. Results
of the Position 1-Back (Task I), Position Color 2-Back (Task
1), and Position Image 2-Back (Task III) scores are shown in
Table 2.

Figure 5 shows that n the change of the power of the EEG
signals according to the average of all 6 participants for
different N-back tests and frequency sub-bands.

Table 2. Results of the N-back scores

Volunter SCORES
Task I | Task I1 Task I
1 100 81 56
2 100 57 Mean: 29
3 100 50 62.67 | Mean: 23
4 100 46 Mean: | 50.00 15
5 100 37 37.33 41
6 100 29 21
7 100 54 * 57
8 100 45 22
Mean 100 49.33 33

* 7. and 8. participants * EEG data were corrupted.

For all N-back tests and frequency bands, the EEG power
changes in the AF8 region changed in the same way. The
changes in AF7 are the same for alpha and theta band and they
are different from beta and gamma.
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Figure 5. The variation of the power of the EEG signals according to the average of all participants for different n back tests,
(a) gamma, (b) beta, (c) alpha, (d) theta bands

Figure 6 shows that the variation of the power of the EEG
signals received during the N-back test according to the
average of all 6 participants and electrodes region. During
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position 1 back test, the AF8 region is slightly more dominant
for the beta and gamma bands. However, the AF7 region is
more dominant in all other test types and subbands.
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Figure 6. The variation of the power of the EEG signals received during the N-back test according to the average of all
participants and electrodes regions, (a) gamma, (b) beta, (c) alpha, (d) theta bands
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Figure 7. The variation of the power of the AF7+AF8 EEG signals according to n back tests

Figure 7 shows that the variation of the power of the
AF7+AF8 EEG signals according to n back tests. The scores
of the participants for position 1-back, position color 2-back
and position image 2-back tests are 100.00, 49.88 and 33.00
respectively. The beta, alpha and theta powers (except gamma
band) have also increased with the increase of the N back test
difficulty.

We used One-Way Anova tests to examine possible
differences in EEG power (used mean values) between AF7
and AF8 regions. Test results and graphic of the average power
are shown in Table 3 and Figure 8, respectively. The AF7
region is more dominant than AF8. From Table 3 it was
observed as EEG power between AF7 and AF8 regions
showed significant difference at 0.05 (p=0.041).

Figure 9 shows that the sample heat map (from one
participant) results for 1-back and 2-back tests. The obtained
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heat-map results generally show that the participants are
focused on one or two point for the 1-back test, they usually
focus on more points for the 2-back test.

Figure 10 shows that VAS score comparison between the
before and after all the tasks in terms of mental fatigue and
stress. The acquired results show that the VAS scores for both
mental fatigue and stress increased after the N-back test with
low and high test scores.

Table 3. Comparison of average EEG power of the two
electrodes at three N-back tasks

Parameters AF7 Region AF8 Region p-value
(Mean35td) (Mean45td)
EEG Power 1.5840.62 1.3540.69 0.041*
(*) significant at p <0.05



Figure 8. The average power of the EEG signals at AF7 and
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VAS Scores

WAS Scores WVAS Scores

WAS Scares

6 I Gefore
[ After

Stress Mental Fatigue
Average of 8 Volunteers for Position 1-Back (100.00 %)

o

=

Stress Mental Fatigue
Average of 4 Volunteers with High Scores for Position Color 2-Back (60.50 %)

[ Before

. [ Avter . .

Stress Mental Fatigue
Average of 8 Volunteers for Position Color 2-Back (49.88 %)

o

=

L I Before J

. (I Ater .

Stress Mental Fatigue
Average of 4 Volunteers with Low Scores for Position Color 2-Back (39.25 %)

(b)

o

=

498

[ Before

. [ Adter . .

Stress Mental Fatigue
Average of 4 Volunteers with High Scores for Position Image 2-Back (45.75 %)

VAS Scores
wn

=

I Eefore

. [ ~iter . .

Stress Mental Fatigue
Average of 8 Volunteers for Position Image 2-Back (33.00 %)

o

WAS Scores

=

L I Ecfore ]
. . [ Ater . .

Stress Mental Fatigue
Average of 4 Volunteers with Low Scores for Position Image 2-Back (20.25 %)

(c)

tn

WAS Scores

=

Figure 10. VAS score variations between the before and
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4. CONCLUSION

In this study, it is aimed to determine the effects of different
modes N-back test which is one of the measurement tools
frequently used in measurement of working memory, on the
Electroencephalography (EEG) and Eye-tracker data. Eight
healthy volunteers participated in this work. They performed
mental fatigue and stress inducing tasks. Each task contains
72-seconds stress and mental fatigue inducing 1-position back,
2-position-color and 2-position-image test sessions and three
evaluation sessions performed. During these sessions, the
volunteers were assessed using EEG, Eye Tracker and Visual
analogue scale (VAS). VAS was also used to evaluate
perceived stress and mental fatigue before and after the N-back
test.

The obtained results of this study show that significant
influence different N-back task modes. In particular, all tested
N-back modes for volunteers with high test scores, the power
values in the AF8 channel are higher than those with lower
scores.

Power values of EEG signals from volunteers for different
test modes were evaluated according to test scores in theta,
alpha and beta bands. According to the obtained results, the
power values in each subband of the EEG vary according to
the test mode and the test scores. Beta, alpha and theta
frequency bands’ (except gamma band) power in the frontal
cortex (AF7+AF8) increased as the N-back test score
increased and the play became more difficult.

When the test becomes difficult, it shows that the heat map
used for eye tracking is spread over a wider area. The acquired
heat-map results by eye-tracker device usually shows that the
participants are focused on one or two point for the 1-back test.

It is aimed to determine the differences that different N-
back tests make in focusing on the screen by using eye tracer
heat maps. Thus, when the difficulty level and modes of the
N-back test change, focus differences can be determined.

The VAS scores for both mental fatigue and stress increased
after the N-back test with low and high test scores.

According to the graphical results obtained from EEG with
subjective evaluation, n back tests increased stress and mental
fatigue. These results help understanding of the physiological
changes of stress and mental fatigue and contribute to develop



new methods to assess stress and mental fatigue. In this study
only the results for position-1-back, position-color-2-back and

position-image-2-back modes

were evaluated. Similar

analysis can be performed in different N-back tasks.
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