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Abstract

Assessment of the working memory performance is important to assist in the design of an
effective pedagogical technique that suits the requirements of each learner. Most researchers
used bulky equipment and an invasive technique to study working memory performance. The
use of non-invasive electroencephalogram (EEG) to examine the working memory status
directly from the brain is very limited. This paper describes the analysis of EEG signals during
working memory tasks using power spectral density to identify the suitable frequency range
for examining the working memory performance. The recorded EEG signals were filtered to
remove the unwanted signals. Power spectral density was computed on four frequency band
signals to identify the signal strength at each location on the scalp and to examine the brain
active regions. Results from the analysis showed that the low-frequency theta could reveal
the working memory status for all activities. The findings in this work can be used to develop
an EEG-based Working Memory Assessment system that can assist educators to strategise in
helping learners to succeed academically.

Keywords: Brainwaves, Power Spectral Density, Bandpass filtering, Fast Fourier Transform,
Theta Band, Alpha Band.

Introduction
Working memory is one of the predictors of academic success. It is an area in the brain where
knowledge and abilities are acquired and a variety of complex cognitive tasks are performed.
It enables human to recall and manipulate a limited amount of stored information in a short
duration (Braddely et al., 2010). Numerous researchers have studied the working memory to
find a suitable technique that can improve it. (Gao et., 2010) investigated the relation
between control attention and spatial working memory. (Gillete, 2007) used computerized
statistical tests to assess the working memory capacity in the self-ordered selection paradigm.
According to (Alzubhi et al, 2003) the working memory can be improved using an interactive
game-based learning approach.

Electroencephalogram (EEG) can be used to monitor the working memory status
during the learning process. It contains a large amount of information on brain functionality,
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disorder and others. EEG signals provide several advantages; it is non-invasive and
neurological activities can be recorded close to real-time. EEG signal has five frequency bands;
delta (0.5-4Hz), theta (4-8 Hz), alpha (8-14 Hz), beta (14-30Hz) and gamma (above 30Hz) (Abo-
Zahhad et al., 2015).

Theta and alpha bands are the common frequencies used in the study of working
memory. (Moran et al., 2010) studied the working memory performance of the human brain
in theta and alpha bands obtained from Magnetoencephalogram (MEG) during visual working
memory retention. Dai et al (2017) analysed the theta and alpha band cortical EEG signals
during working memory using statistical analysis and then characterized the topology
properties of the brain functional network in the frequency bands. To the best of our
knowledge, very few studies employed the non-invasive EEG to monitor the working memory
status and used power spectral density (PSD) to analyse features of the EEG signals with
working memory information. Tumari et al (2012) identified the working memory impairment
using Wavelet transform.

This paper describes the analysis of EEG signals obtained during working memory tasks
using PSD. Three types of task in the computer-based assessment were first designed before
they were employed in the EEG signal acquisition.

Method

A. Subject Recruitment

There were twenty normal subjects participated in this study. All participants are a male adult
and their age range is 23 to 25 years. The subjects are in good health and have normal colour
vision. The objectives and procedure of the study were explained to the subjects and consent
form was given to them before the EEG recording was performed.

B. Computer-Based Assessment Design

The computer-based assessment was designed to examine whether the subject can
remember what they have seen. It was developed using Powerpoint. There are three tasks
given to each subject, which were remembering three different objects, the scene of image
and a series of letters. The total number of the questions that were asked from the tasks were
fifty.

Task 1 and task 2 were developed by referring to Cognifit website. In task 1, the game starts
with three common shapes displayed on the screen as shown in Fig. 1. The objects were
presented for 4 seconds (Abdullah et al., 2011). This time duration is chosen for an immediate
memory test. Our memory can capture and store information in less than 1 second when
viewing a pictured scene or reading a sentence (Potter, 1993). Four choices of answers were
then displayed on the screen for the subject to choose as shown in Fig 2. There were ten
qguestions prepared for this task.
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Fig.1: A sample of question in Task 1

BOx HExO

Fe@ xO08

Fig. 2: A sample of answer choices

In task 2, an image of a scene was displayed on the computer screen for approximately 6
seconds for the subject (see Fig. 3). While the image is presented, the subject must try to
remember the objects, their quantity and colour. After 6 seconds, the image disappeared and
the subject has to answer the questions. Fig. 4 shows some of the questions that must be
attempted by the subject. This task comprises five images and there were four questions for
each image.

Task 3 is a series of letter memorisation which was developed based on the previous work
(Onton et al., 2005) with some modifications. The long and short letters were displayed on
the computer screen alternately. At the beginning of each letter, there is a fixation symbol
which has to be viewed by the subject for 5s. Then, a series of letters were displayed in 1.4s
for each letter as shown in Fig. 5. The black coloured letters need to be memorized while the
green coloured should be ignored. A 2s for the maintenance period was provided for the
subject to rehearse the identities of the letters silently. After the maintenance period, the
subject has to respond to the questions. There are twenty questions for this task.
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Fig. 3: A sample of image shown to the subject in Task 2

' How many people
:::sr;';?:fe & stroct lame on standing at the bus stop?
YES One
NO Two

Three
None

.' Which car’s door was
open? What color of the bus?

White
Green
Blue
Red

The red car
The white car
Mo car has open door

Fig. 4: Questions and answers displayed in task 2

Memorize
Maintenance
Fixation period
- | M T G P W
— > -—»
5s 1.4s / 2s
Ignore

Fig. 5: A series of letters in task 3

C. EEG Data Acquisition

The EEG signal was acquired using Neuroelectrics Enorbio 32. Six dry electrodes were
positioned on the scalp at Fp1, Fz, Cz, Pz, 01, and O2 as shown in Fig. 6. The ground electrode
used was located at the Cz. These electrode placements are the standard International EEG
10-20 system and related to the working memory. The location Fp1 and Fp2 are for attention,
Fz is for working memory, Pz is for cognitive processing and O1 and 02 are for visual
processing. The EEG signal was recorded during relaxing and performing the tasks at a
sampling frequency of 500 Hz.

Fig. 6: The locations of electrode used in the work.
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Fig. 7 shows the sequence of activities that the subject carried out during EEG
recording. Initially, the subject was rest for three minutes to clear the memory from
previous activities and start fresh. Then, the instructions were displayed on the laptop
screen for the subject to read followed by the questions for each task. During performing
the tasks, the subject has to respond by clicking the mouse using their right hand.

Rest for 3 mins

v

Observe and

Answer the
questions

Rest for 1 min

remember 3
different objects l
Observe and
Answer the remember a series
questions of letter
Rest for 1 min Answer the
i questions

Observe and -
remember image Rest for 1 min

of a scene
i

Fig. 7: The sequence of activities during EEG recording.

D. EEG Signal Processing Analysis

The recorded EEG signal contains interferences such as eye blinks, baseline drift, power line
interference and others that have to be removed. In this study, a high pass filter with the cut-
off frequency of 0.5 Hz was used to remove the baseline drift. Then a bandpass filter was
employed to extract the signal that contains the information of working memory. The signals
were filtered at four frequency ranges; 4-5 Hz, 6-7 Hz (Kropotov, 2019), 8-9 Hz and 10-12 Hz.
The 4-7Hz is a low-frequency theta which is used for capturing working memory activity (Dai
et al., 2017). Fast Fourier Transform (FFT) was then computed to analyze the EEG signal using
equation (1). Power Spectral Density (PSD) was performed to identify the energy and strength
of the signal using equation (2), followed by the computation of the average PSD. The whole
process is illustrated in Fig 8.

- J".'-_l -
X(k) = oo x(m). W (1)
where X(k) is the coefficients that lie in the range of 0<k<(N-1), x(n) is the signal and W;7* is a
periodic function.

POG) = 1% P + 1%y /7] (2)
where k=1, 2, ........ (f— 1)
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EEG
signals ——

High pass filtering
to remove baseline
drift

—

N

Bandpass filtering
to capture EEG
signals

P

)

.| Frequency Analysis

using FFT

Spectral Analysis

using PSD > Features

Fig. 8: Process of analyzing the EEG signal

Results and Discussion

Fig. 9 shows the power spectrum of the EEG signals of a subject obtained from channel Fz
at low-frequency theta (4-5Hz), higher frequency theta (6-7Hz), low-frequency alpha (8-9 Hz)
and higher frequency alpha (10-12Hz) during relax. It is observed that the signal is strong at
the higher alpha band (see Fig. 9(d)). This shows that the subject is in relaxing mode. For some
subjects, the theta band signal strength is the highest indicating that the subjects are in deep
relaxation. During working memory tasks, the signal strength is highest at low-frequency
theta and the strength degrades as the frequency increases as shown in Fig. 10. The
observation at low-frequency theta during working memory is in agreement with those
reported by (Kropotov, 2005; Onton et al., 2010).

Power Spectrum of a Subject During Rest Power Spectrum of a Subject During Rest Power Spectrum of a Subject During Rest Power Spectrum of a Subject During Rest
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(c)

002 4 6 8 02 M BB D
Frequency (Hz)
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Fig. 9: PSD of EEG signal obtained during relax at (a) 4-5Hz (b) 6-7 Hz (c) 8-9 Hz and (d) 10-12
Hz frequencies

Power Spectrum of a Subject During Working Memory Tasks
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Fig. 10: PSD of EEG signal obtained during working memory task 1 at (a) 4-5Hz (b) 6-7 Hz (c)
8-9 Hz and (d) 10-12 Hz frequencies

Table 1 shows the average PSD for all electrode placements computed at 4-5Hz during
working memory tasks 1, 2 and 3. Fp1 produces the highest average PSD for all tasks which
show that the subjects give full attention during the activities. Task 1 provides the highest
average PSD (79.8 dB/Hz) at Fz indicating that the working memory of the subjects is more
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active during task 1 compared to other tasks. There is not much difference in the strength of
the EEG signals at Pz for all tasks. Based on the strength of the EEG signals at Pz, 01, 02, Fz
and T7, taskl is the best task to be used in the examination of the working memory and other
related brain regions performance via EEG compared to other tasks.

TABLE 1 : Average PSD Obtained during Working Memory Tasks at 4-5 Hz

Electrode Average PSD (dB/Hz)
placements |  Task 1 Task 2 Task 3
Pz 74.78 74.69 74.43
01 76.71 76.63 75.89
02 78.26 78.15 75.49
Fz 79.80 76.80 78.09
Fpl 82.66 82.85 84.25
T7 77.43 77.35 75.80

The findings of this study which are the suitable electrode placements and working
memory tasks can be employed in the EEG-based memory assessment system. This study only
used six electrode placements to observe the activity of the working memory. Even though it
is sufficient, in designing the pedagogical strategies by referring to the EEG-based assessment
system results, another memory types which are verbal memory and spatial memory have to
be included to produce a comprehensive teaching strategy. Therefore, it is recommended
that the electrode locations T3, P3 and P4 (Grigore, 2017) are employed in future research to
assess the learners’ memory performance.

Conclusion

The spectral analysis of EEG signals during working memory tasks of three types has been
described in this paper. The EEG signals during relax and working memory tasks were divided
into four frequency bands and analysed using PSD. It was found that the low-frequency theta
could reveal the working memory status for all activities. Other analysis methods can be
investigated in future work with the inclusion of a few more electrode placements associated
with verbal memory and spatial memory.
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