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ABSTRACT 
The effect of nicotine on the working memory of smokers has 
not been carried out using Electroencephalogram (EEG) 
alone, a non-invasive technique that can detect brain activities 
via electrodes placed on the scalp.  This paper describes the 
effects of nicotine on short-term memory and working 
memory of non-smoker and smoker through 
Electroencephalogram (EEG) obtained during two working 
memory tasks. The EEG signals were filtered to remove 
interferences and to acquire the working memory information. 
The signals were analysed using Fast Fourier Transform 
(FFT) and Power Spectral Density (PSD) to obtain the 
frequency and power spectrum of EEG signals during the 
working memory trials. It was found that EEG signal strength 
at frontal area, particularly Fz and F3 was lower before 
smoking than after smoking. However, it could not reach the 
level of cognitive performance of non-smokers. The results 
show that EEG is suitable for monitoring the working 
memory performance through cognitive tasks.  
 
Key words:brain signals, power spectrum, nicotine effect, 
working memory, short-term memory.  
 
1. INTRODUCTION 
Addiction to smoking is caused by nicotine in the cigarette 
that is sedative and stimulant. Nicotine can make the mind and 
body more active due to the release of adrenaline from adrenal 
glands stimulation. It also allows the release of brain chemical 
called dopamine which makes the smoker brain change.  
Studies have shown that cognitive performance and 
concentration can be improved and enhanced after consuming 
nicotine [1, 2]. However, in the absence of nicotine for 12 
hours, the attention and cognitive abilities of 
nicotine-dependant persons will be impaired [3].  
 
A few studies have investigated the effect of nicotine on brain 
function and performance [1]-[7]. Ernt et al [3] used statistical 
analysis to examine the effect of abstinence from smoking on 
working memory through two cognitive tasks namely 
two-letter search and logical reasoning. Warbrick et al [2] 

 
 

compared the conventional analysis and simultaneous 
electroencephalogram (EEG)-functional Magnetic Resonance 
Imaging (fMRI) analysis to detect nicotine effect on brain 
function. fMRI is bulky and requires the injection of 
radioactive to produce brain images which is not comfortable 
to the patients. None of the studies used EEG as a single 
modality to examine the effect of nicotine on working 
memory. 
 
EEG is an electrophysiological monitoring method that 
detects electrical activity in human brain via electrodes 
attached to scalp. EEG has been used in researches to detect 
drowsiness [8], monitor concentration in the classroom [9], 
diagnose sleep disorder [10], recognise familiar faces [11] and 
others. Some researchers have employed EEG to monitor 
alertness and memory performance [12], [13] with the 
exclusion of nicotine. Chris Berka, et al [13] proposed 
real-time analysis of EEG to monitor status of alertness, 
cognition, and memory. Klimesch et al. [9] reported that EEG 
alpha and theta oscillations could reflect cognitive and 
memory performance. A study carried out by B. Schack, et al 
[14] have found that theta-gamma EEG rhythms could 
indicate short-term memory processing, using the Sternberg 
task with random figures and number words. 
 
Working memory is responsible for the short-term storage and 
manipulation of information necessary for higher cognitive 
functions, such as language, planning and problem solving. 
There are two types of processes involve in working memory; 
executive control and activate maintenance. The executive 
control includes manipulation of encoding and information 
retrieval in working memory whereas activate maintenance 
keeps information available. According to Cohen et al [15], 
the prefrontal and parietal cortex play a role in active 
maintenance. The working memory storage uses the 
mechanisms that underlie perception which are the parietal 
and temporal lobes [16]. 
 
This paper describes the effects of nicotine on short term and 
working memory identified through EEG. EEG signals were 
recorded from smokers and non-smokers and the analysis was 
carried out using Fast Fourier Transform (FFT) and Power 
Spectral Density (PSD). 
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2. METHODOLOGY 
The research was conducted in four stages which include 
Protocol Design of EEG Signal Recording, Data Acquisition, 
Signal Processing and Signal Analysis. Twelve subjects; 
smokers and non-smokers aged between 22-25 years were 
participated in this study. The subjects are healthy and have 
normal colour vision. Consent form was given to the subject 
and the recording protocol was explained in detail before the 
signal acquisition was carried out. 
 
2.1 Protocol Design of EEG Signal Recording 
 
The room for recording the EEG signal must have normal 
interior lighting and with minimal obstruction between the 
speaker and subject. Before the recording was performed, the 
subject was asked to sit comfortably on a chair in front of a 
notebook which displays the questions designed using 
Microsoft PowerPoint. There were two tasks for the subject to 
be performed; shape sequence task and 2-back task. For each 
task, the subject has to answer a few questions and the total 
questions are thirty. Two different sets of questions are 
prepared for the smokers to answer before and after smoking. 
The smokers are asked not to smoke for 2 hours before the 
trial to study the effect of abstinence [17]. During the 
execution of these tasks, the subject must be in silent mode, 
meaning that they are not allowed to talk.  The signal 
recording commenced once the first task was executed. 
 
In the first task, the subject was asked to relax for 3 minutes 
before answering the questions. The instructions for each task 
were first displayed on the screen and read by the subjects. 
Then, the trials commenced. The subject was given 1 minute 
to relax between each trial as shown in Table 1. The questions 
in task 1 were designed to examine working memory and 
cognitive performance and developed by referring to Cognifit 
website [18]. 

Table 1: Tasks and Activities 

Trial Task Activity 
1 1. Remember 

shape 
sequence 

i. Relax for 3 minutes 
ii. Read the instruction 

displayed on the notebook 
screen. 

iii. Answer the question. 
iv. Repeat step (ii) & (iii) until 

all questions are answered. 
2 2. Two-back 

test 
i. Relax for 1 minute 

ii. Read the instruction 
displayed on the notebook 
screen. 

iii. Answer the question. 
iv. Repeat step (ii) & (iii) until 

all questions are answered. 
As the trial starts, the subject was presented with three 
common shapes in sequence.  A sample of shape sequence in 
the question in task 1 is shown in Figure 1. Each shape 
sequence was shown for 4 seconds [19]. The shape sequence 
was selected to test memory response immediately because 
the effect of memory may occur in less than 1 second when a 

person views a picture or reading a sentence [20]. Then, the 
subject was allowed to choose the answer from the multiple 
choices presented on a slide (see Figure 2) for 5 seconds. 
There are ten questions in trial 1. 

 
Figure 1: A sample of shape sequence in the Task1 question 

 

Figure 2: A sample of multiple-choice answer. 

The second task questions were developed to test short-term 
memory. The questions were designed based on [17] with 
minor modifications. As the first task, the instruction is 
displayed on the first slide. A block will appear randomly on 
one of the slots of 3x3 grid with a fixed empty slot at the 
centre. The interval between the appearance and 
disappearance of the block is at interval of 1.4 seconds. The 
subject has to remember the previous 2 position of the block 
and then select the correct position from the multiple choices 
given. If there are 4 transitions in the question, the correct 
answer will be the 2nd transition. Figure 3 shows a sample of 
the question for this task. This task includes twenty questions. 

 
Figure 3: A sample of block appearance in the Task 2 question. 
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2.2 Data Acquisition 
 
EEG signals were recorded using EnobioNeuroelectrics 
Instrument Controller (NIC) with dry electrodes located at 
32-placements. The dry electrodes, integrated into the EEG 
cap, were located on the scalp according to the international 
10-20 system [18] at locations Fp1, Fp2, AF3, AF4, F7, F3, 
Fz, F4, F8, FC5, FC1, FC2, FC6, T7, C3, Cz, C4, T8, CP5, 
CP1, CP2, CP6, P7, P3, Pz, P4, P8, PO3, PO4, O1, Oz, O2 as 
shown in Figure 4. The selected channels for example F3, F4 
were for short-term memory, channel Fz is for working 
memory, P3 and P4 was for spatial memory, Pz for cognitive 
processing, and O1, O2 for visual memory. The sampling 
frequency used was 500 Hz. 

 
Figure 4: The locations of electrode used to record the EEG signals. 
 
2.3. EEG Signal Processing and Analysis 
 
The recorded EEG signals contains artifacts such as baseline 
drift [21], power line interference and signals from other part 
of the body that need to be removed. High pass filter was used 
to remove the baseline drift bandpass filter with the bandpass 
frequency range of 4-12 Hz was used to extract the signals 
that contain information on the working memory activities. 
To analyse the frequency content of the raw and filtered 
signal, spectral analysis was carried out using Fast Fourier 
Transform (FFT). The FFT was computed using (1). 
 
푋(푘) = 푥(푛).푊           (1) 

where X(k) is the coefficients that lie in the range of 
0≤k≤(N-1), x(n) is the signaland 푊  is a periodic function. 
 
The energy and signal strength of the signals were identified 
by computing the Power Spectral Density (PSD) using (2). 
Using PSD, the information on the frequency points that have 
strong and weak frequency variations can be extracted [22]. 
 
푃(푋 ) = [|푋 | + |푋 | ]           (2)   

where k= 1, 2, ……..( − 1) 

 
3. RESULTS AND DISCUSSION  
 
Figure 5 shows a sample of the frequency and power spectrum 
of the non-smoker, smoker before smoking and smoker after 
smoking obtained at F3 during relax. The frequency of EEG 
signals of non-smokers and smokers is in the range of 9 to 12 
Hz. The amplitude of power spectrum of the non-smokers (68 
to 71 dB/Hz) is higher than those of smokers during relax. 
Before smoking, the strength of the EEG signals is lower than 
that of after smoking. This indicates the nicotine has an effect 
on the memory even during relax. This result is confirmed by 
the average PSD taken from 12 subjects (non-smokers and 
smokers) as shown in Table 2. The average PSD after 
smoking is higher than that before smoking but it cannot 
exceed the average PSD of non-smoker. 
 
Table 3 shows the average PSD of EEG signals of 
non-smokers and smokers during working memory trial of 
task1 and task 2 obtained from seven channels; F3, F4, Fz, P3, 
P4, O1 and O2. Comparing the average PSD from the 
channels, it can be seen that channel F3 and Fz produce the 
same trend where the average PSD of non-smokers is higher 
than that of smokers during performing both tasks and taking 
nicotine increases the PSD of the smokers. The channels 
could show the effect on the nicotine on the short-term 
memory and working memory and demonstrate how active 
the memory of the non-smokers and smokers is. Channels P3, 
P4, O1 and O2 do not show similar trend in the results. The 
channels are associated with spatial memory and visual 
memory. 

 
(a) 

 
(b) 

 

(c) 

Figure 5: The frequency and power spectrum of (a) non-smoker, (b) 
smoker before smoking and (c) smoker after smoking at F3 during 
relax. 
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Table 2: Average PSD during relax and working memory trial 
Subjects Average PSD (dB/Hz) 

Relax 
(F3 channel) 

Working Memory 
Trial 

(Fz Channel) 
Non-smoker 70.34 68.09 
Smoker 
(before 
smoking) 

63.33 64.39 

Smoker (after 
smoking) 

64.96 66.33 

 

Table 3:Average PSD at various channels during working memory 
trials 

El
ec

tr
od

e 
Po

sit
io

ns
 

Average PSD (dB/Hz) 
Task 1 Task 2 

Non-s
moke

r 

Smoker 
before 

Smokin
g 

Smok
er 

after 
Smok

ing 

Non-s
moker 

Smoke
r 

before 
Smoki

ng 

Smok
er 

after 
Smok

ing 
F3 67.84 64.34 64.66 66.45 61.72 66.08 
F4 64.75 63.11 64.30 64.57 62.17 65.00 
Fz 66.89 64.64 66.78 68.09 64.39 66.33 
P3 62.24 65.27 63.37 64.74 61.67 65.30 
P4 62.70 65.36 61.34 64.23 61.86 63.80 
O1 61.09 63.39 62.57 65.29 63.07 64.02 
O2 64.24 65.68 65.96 65.71 63.12 64.53 

5. CONCLUSION 
 
The nicotine effects on working memory using EEG signals 
of non-smoker and smoker before and after smoking have 
been described in this paper. The effect of nicotine on short 
term memory was tested by conducting two trials, the shape 
sequence task and 2-back task.  PSD was employed to 
determine the signal strength and detect the working memory 
status with the absence and presence of nicotine. It was shown 
that F3 and Fz produce the highest PSD when conducting 
working memory trials for both non-smokers and smokers and 
reveal that the cognitive performance of a smoker is improved 
after consummation of nicotine, but it is below than that of 
non-smoker. This shows that EEG is a suitable tool for 
monitoring the working memory status and the nicotine 
effects on the working memory.  
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