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Abstract 
 

This study aimed to examine the effectiveness of the eye massaging device in promoting mind relaxation state based on alpha rhythm in 

brain. This study has been conducted involving 35 participants whose their brain signals were captured by an electroencephalography 

(EEG) machine whilst they undergoing resting state, eye massaging session and visual tasks designed to induced stress. The signal is 

analyzed using Discrete Wavelet Transform (DWT) and the major concern of the study, relative power of alpha was extracted from 

channel point O1 and O2. T-test analysis used to validate the differences of relative alpha power produced before and after using the 

device. Based on the results, the average values of relative alpha power collected for EEG signals before using the eye massaging device 

has been increased for both channel (O1: before = 17.601, after = 19.765, O2: before = 12.577, after = 14.783) with an increment of 

12.29% and 17.54% respectively. However, there is no enough evidence to prove that using the device give positive effect on improving 

participant’s relaxation state as there is only have 51.5% and 58.4% chances that the device might worked on mind relaxation state. 
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1. Introduction 

One of the most important senses in all living humans is the vi-

sion. In order to obtain continuously clear visual, all eye muscles 

are forced to work hard every time an eye is focused onto some-

thing. In a normal extraocular muscles system, there are 6 muscles 

to control the eye movements include superior rectus, superior 

oblique, medial rectus, inferior rectus, inferior oblique and lateral 

rectus [1] (see Figure 1). Whilst levator palpebrea muscle respon-

sibled to control the eyelid elevation [1]. Combination of these 

muscles will lead to various types of eye movements such as sac-

cade, fixation, visuals, pursuit, vestibular ocular eye, vergence and 

optokinetic [2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1: 6 type of muscles to control eye movements; superior rectus, supe-
rior oblique, medial rectus, inferior rectus, inferior oblique and lateral 

rectus [3] 

 

Nowadays, mobile phone has become a primary device for 

each individual as it has capabilities to perform Internet-based 

services and function like a computer (having an operating system 

capable of downloading and running applications) [4]. These 

items is ‘a must have’ item for everyone, either it is just for desire 

or the necessity. According to Prensky [5], younger generation 

nowadays are more kinesthetic and visual. Therefore, they com-

monly used their mobile communication technology for various 

online activities such as texting via over-the-top (OTT) platform 

such as WhatsApp, visiting social networking sites and getting 

information online [6]. 

However, high dependency on mobile phone also contributed 

to detrimental effects among youth such as they would go back if 

they left it back home and easily feel anxious if they did not do so, 

tend to waking up in the middle of the night just to check their 

phone, and could not last an hour without checking their phone 

after waking up [4]. Thus, it is no wonder Coghill [7] defined this 

device as “the most radiative domestic appliance ever invented”. 

 

Hence, the excessive usage of this device may results in eyestrain 

since the eye muscles tend to overstress due to these behaviors. 

One of the ways that has been produced to overcome this problem 

is eye massaging device. This device used the same concept with 

the massaging chair that uses small push button to massage the 

muscles around the eyes. It has many advantages such as easy to 

carry and can be used anywhere and anytime due to its compact 

size, as well as suitable to be used by all ages. 

 

Human brain can be divided into 3 major parts known as brain 

stem, cerebellum and cerebrum (see Figure 2). The brain stem is 

important for basic vital life functions such as heart rate, blood 

pressure, breathing, respiration system and consciousness [8], 

whereas the cerebellum which attached to the brain stem responsi-

ble for controlling motor functions, maintaining body balance and 

interpreting the information receive from sensory organs [9]. 

 

 

 

http://creativecommons.org/licenses/by/3.0/
http://www.sciencepubco.com/index.php/IJET
mailto:*fatinafiqafam@gmail.com


International Journal of Engineering & Technology 89 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: 3 major parts in human brain [10] 

 

Meanwhile, cerebrum whose also the largest part of the brain is 

divided into 4 lobes; frontal, parietal, temporal and occipital (see 

Figure 3) which specialized for performing respective functions as 

in Table 1 [8]. As the visual information is processed on the occip-

ital lobe, this study used channel points O1 and O2 in EEG sys-

tems analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3: 4 lobes in the human brain [10] 

 
Table 1: Brain lobes and their respective functions [8] 

Lobe Region Function 

Frontal 
Controls voluntary muscular functions, aggression, 
moods, motivation and smell reception 

Parietal 
Evaluate sensory information of pain, touch, taste, tem-

perature and balance 

Temporal 
Center for abstract thoughts and judgment decisions, 
involve in memory processes and evaluated hearing input 

and smell 

Occipital Receiving and interpreting visual input 

EEG is a process of capturing brain signal in the form of electrical 

waveform at various interest points on the head. The waveform is 

easily described as voltage fluctuations for every ionic current 

flow within the neurons and the brain [11]. The International Fed-

eration of Societies for Electroencephalography and Clinical Neu-

rophysiology has recommended the conventional electrode setting 

(also called 10- 20) for 21 electrodes [12] as shown in Figure 4. 

Each and every part of the point determines the different area of 

response from the brain. Hence, the areas of posterior region, both 

occipital lobes (channel points O1 and O2) which were affected by 

the visual tasks were specifically included during data analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4: Position of electrode on the EEG scalp with point labeled [12] 

2. Data acquisition 

2.1. Materials and method 

35 participants aged between 20 to 25 years old from School of 

Electrical Engineering, UTM with no history of medical condition 

participated in this experiment. They need to answer blind colour 

test and basic questionnaire before undergoing the experiment. 

The questionnaire is designed to obtain their basic personal infor-

mation and recorded their daily activities to detect if there is any 

factors that could affect the data collected such as eye fatigue due 

to less sleep and any heavy activities that may affects their eye 

muscles before undergoing the experiment. 

This experiment is fully conducted in a dark and closed room. 

Several precautions have been taken into account to minimize the 

noises such as the participant is advised to remain still and avoid 

any body movement while collecting the data. Further, strong 

electronic interference from a nearby emitter source (e.g. mobile 

phone) may created the interference sources. Thus, the mobile 

phone must be kept away from the equipment or turned off during 

experiment. 

The materials and tools used for this experiment were fixed for the 

whole time. Neurofax EEG-9200 machine and bipolar jack (see 

Figure 5) are connected together in order to acquire EEG signals. 

Both position and distance of all equipment used throughout this 

experiment is also labelled properly and is placed at the exact 

position for the whole time to minimize parallax error. The dis-

tance between the chair placed in front of the screen is 1 meter and 

is marked by the ‘X’ spotted on the floor (see Figure 6) is fixed 

throughout the experiment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5: Neurofax EEG-9200 machine and bipolar jack 
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Fig. 6: Distance of 1 meter is marked by the ‘X’ on the floor 

2.2. Experimental procedure 

The experimental procedure on EEG data acquisition was illus-

trated in Figure 7. Firstly, participant is required to seat comforta-

bly on the chair and the scalp electrode was attached on partici-

pant’s head. Then, their eyes need to be closed for 60 seconds in 

order to acquire EEG signals before using the eye massaging de-

vice. In relaxed condition, the eye muscles do not need to work 

hardly in order to give the best eye signals. Therefore, the signals 

should be in lower amplitude compared to stress condition. 

Then, the participant needs to undergo 3 visual tasks designed to 

create eye tiredness in this study. Each participant needs to under-

go all of the tasks in order to stressed out the eye muscles and 

interrupting their mind relaxation state. After the last task, they 

need to wear the eye massaging device for 5 minutes. Lastly, the 

EEG signals are recorded after the massaging session denoted as 

EEG after. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7: Experimental procedure on EEG data acquisition 

2.2.1. Eye massaging device 

The eye massaging device used in this study is shown in Figure 8. 

This device helps in reducing the eye strain, eye fatigue, insomnia, 

headache and improving the blood circulation of the eyes. This 

vibration massaging device is adapted from an ancient Chinese 

acupuncture treatment method with small push button to massage 

around the eyes. The massaging concept in this device is quite 

similar with the massaging chairs that use vibration to move the 

virtual ‘hand’ to massage the user. This device has 7 different type 

of vibrations with 3 modes for timer; 3, 5, and 10 minutes for each 

full cycle of usage.  

 
 

 

 

 

 

 

 

 

 

 
 

Fig. 8: Eye massaging device 

2.2.2. Visual tasks 

In this study, visual tasks have been designed based on 3 eye 

movements such as smooth pursuit, fixation and saccade to create 

eye tiredness. Each participant needs to undergo all of the tasks in 

order to stressed out the eye muscles and interrupting their mind 

relaxation state. The tasks were projected on the white screen 

using Microsoft Power Point slide throughout the experiment to 

avoid systematic error. 

Firstly, in smooth pursuit task, participant needs to look at the pen 

that is placed at the center of the screen. This position is marked as 

the reference point. The pen will move slowly to the right side and 

coming back to its reference point. The time taken for this move-

ment is 30 seconds. From the reference point, the pen moves slow-

ly to the left side of the screen for another 30 seconds. The total 

time duration for this task is 60 seconds. 

Secondly, fixation task is designed to look for another four eye 

movements; looking up right, looking up left, looking down right 

and looking down left. At the first moment, a red dot is appeared 

at the center of the screen. This position is marked as the reference 

point. The dot is then disappearing and it was consecutively re-

appear at different position randomly. The total time duration for 

this task is 60 seconds. 

For the last task, saccade is defined as fast and non-smooth track-

ing movements of the eyes [13]. One of the easiest ways to ob-

serve this type of eye movement is when the participant reads a 

text of paragraph. In order to stress out the eye muscles, the text is 

designed based on these specifications; small font size text and 

light grey contrast. The total time duration for this task is 60 sec-

onds. 

3. Data processing and analysis 

Firstly, Neurofax EEG-9200 machine is used to acquire the EEG 

signals. Then, they are converted to ASCII format to make it read-

able and easy to use in the analysis. In this study, value of relative 

alpha powers of the signals before and after using the eye massag-

ing device at channel point O1 and O2 have been extracted and 

analyzed using MATLAB software. T-test statistical method is 

used to validate the results obtained. Flowchart of this process is 

shown in Figure 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9: Flowchart of data analysis 

3.1. Discrete Wavelet Transform (DWT) 

In DWT, the original signals have to pass through both low pass 

and high pass filter before it decomposed into gamma, beta, alpha, 

theta and delta rhythm respectively. Table 2 summarized the de-

composition level with its related frequency and brain rhythm. 

The db4 chosen as a mother wavelet due to its capability to detect 

the changes occurred in EEG signals as well as give better accura-
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cy [14]. Since the sampling frequency of this experiment is 500 

Hz, the 7 decomposition level was used to extract brain rhythms 

aforementioned. According to Nyquist rule, the original signal 

have to be down-sampled by 2, hence the output signals having 

half the frequency’s bandwidth of original signals. Decomposition 

at level D1, D2 and D3 were considered as noise. Whilst decom-

position at level D4 represents gamma rhythm, D5 represents beta 

rhythm, D6 represents alpha rhythm, D7 represents theta rhythm 

and A7 represents delta rhythm. Since alpha rhythm is the only 

major concern in this study, only signals at decomposition level of 

6 (D6) was extracted in data analysis. 
 

Table 2: Decomposition of EEG signals into different frequency bands (Fs 

= 500 Hz) 

Frequency 
Range 

Decomposition Level Frequency Band 

250 – 500 D1 Noise 

125 – 250 D2 Noise 

63 – 125 D3 Noise 

31 – 63 D4 Gamma 

16 – 31 D5 Beta 

8 – 16 D6 Alpha 

4 – 8 D7 Theta 

0 – 4 A7 Delta 

Particularly for this study, alpha rhythm is included in the data 

analysis as it indicated relaxed awareness without any attention or 

concentration and it most frequently appeared in the posterior half 

of the head, usually found on the occipital region of the brain [12]. 

Hence, by comparing the EEG signals before and after using the 

eye massaging device at both channel point O1 and O2, relative 

alpha power for EEG signals after massaging session should show 

an increasing trend to prove that the participants were more re-

laxed and calm after using the device as higher alpha values leads 

to higher relaxation. 

Another major concerned in this study is beta rhythm whose most 

significantly appeared indicating active thinking, attention, focus 

on the outside world or solving concrete problems [12]. This par-

ticular brain rhythm is chosen to be investigated in this research 

because the participants were in active condition when undergoing 

the assessments, implying that they were fully awake as their brain 

were working actively compared to the asleep condition [16]. 

Therefore, the presence of beta rhythm is further analysed to in-

vestigate if the visual tasks can produce a stress condition towards 

mind relaxation state.  

4. Results and discussion 

4.1. Relative power of EEG signals 

4.1.1. Beta rhythm 

For this experiment, visual tasks were designed to induce stress 

towards eye muscles. In order to identify the effects of visual tasks 

towards brain signals, beta rhythm which indicated the tense-

activity of the brain cortex were analysed at channel point O1 and 

O2 as the visual tasks were related to visual processing. 

 

For the first task, participant is required to follow the direction of 

the pen slowly but steadily without moving his head, whereas the 

last task required them to read a text with small text sizes and low-

contrast grey text. The average values of relative beta power for 

Task 1 and Task 3 for both channel points were illustrated in Fig-

ure 10.  

 

Based on the figure below, for Task 1 condition, the average val-

ues of relative beta power for O1 (3.813) and O2 (2.500), mean-

while beta values for Task 3 condition were O1 (2.500) and O2 

(3.344). The values of the percentage changes when comparing 

both tasks did not showed not much difference in value, both with 

an increment of 37.84% and 33.76% respectively. As the average 

values at the end of visual tasks were higher, thus it can be con-

clude that the participant did undergo slightly pressure, psycholog-

ical discomfort, tension, anxiety and uncomfortable condition [17]. 

 

 

 

 

 

 

 

 

 

Fig. 10: Average value of relative beta power for EEG signals at both 
channel point O1 and O2 

 

However, they were many factors that could affect the data 

collected such as eye fatigue due to less sleep and any heavy activ-

ities that may affects their eye muscles before undergoing the 

experiment. This is supported by the answered given by partici-

pants in the questionnaires obtained. 43% of the participants slept 

before undergoing the experiment, followed by 40% have attended 

the class and 17% have eaten beforehand. Therefore, there is an 

uncertain factor in the fatigue condition felt by the participant at 

the beginning of Task 1. 

 

Besides, another factor to take into consideration is the aver-

age hours of sleeping at night. Only 32% of the participants were 

taking a good sleep at night, compared to 68% of the participants 

were less sleep the night before undergoing the experiment. 

 

The mean and standard deviation values of the relative beta 

powers for each task were summarized in Table 3. The results 

obtained reflected that the sample data have the lowest variation of 

dataset, thus the degree of data variation towards the main value 

were higher. Both results for each tasks tabulated below showed 

low standard deviation values, indicating that most of the data 

were very close to the average. 

 
Table 3: Mean and standard deviation of beta rhythm during visual tasks 

Channel 

Point 

Task 1 Task 3 

Mean 
Standard 

Deviation 
Mean 

Standard 

Deviation 

O1 3.813 2.742 5.256 3.331 

O2 2.500 1.444 3.344 2.790 

4.1.2. Alpha rhythm 

The results obtained from this study were significant and con-

sistent of alpha values at occipital lobe before and after using the 

eye massaging device. From Figure 11, 68% of the participants 

showed positive values, whilst another 32% show the negative 

value. Positive values indicated that the power for alpha value is 

higher (more relaxation) after using the eye massaging device and 

vice versa. 
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Fig. 11: Percentage of participants based on positive and negative effects 

of eye massaging device 

 

Referring to Table 4, the relative power of alpha rhythm 

around the channel point O1 (17.601) was significantly lower 

represents relaxed awareness state without attention and concen-

tration at this time and the power value was slightly increased by 

12.29% after massaging session. Whereas at channel point O2 

(12.577), the average value of EEG after increase by 17.54%. 

 
Table 4: Average values of relative alpha power for EEG signals at both 
channel point O1 and O2 

Channel Point 
Average Value of Relative Alpha Power 

EEG Before EEG After 

O1 17.601 19.765 

O2 12.577 14.783 

4.2. Statistical analysis 

For this study, t-test statistical method chosen to validate the pre-

liminary results obtained from EEG data acquisition in order to 

compare two different conditions (to see the significance or differ-

ence between them) [15]. The hypotheses made for this study was 

to deduce the effects of eye massaging device towards brain relax-

ation states as follows: 

 

a) Null hypothesis, H0: Using eye massaging device has no 

effect on improving participant’s relaxation state. 

 

b) Alternative hypothesis, H1: Using eye massaging device has 

a positive effect on improving participant’s relaxation state. 

H0 will be REJECTED if it fulfilled either one or both of 

these conditions: 

 

a) t-statistical > t-critical two-tails 

b) P(T≤t) two-tails ≤ α, where α = 0.05 

 

Referring to Table 4, null hypothesis for both channel point 

O1 and O2 were accepted since the values of t-statistical and 

P(T≤t) two-tails did not fulfilled both conditions mentioned before. 

Therefore, there is no enough statistical evidence to reject the null 

hypothesis. Hence, this test cannot be used to proof that using the 

eye massaging device give positive effect on improving partici-

pant’s relaxation state as there is only have 51.5% and 58.4% 

chances that the device might worked on mind relaxation state 

based on these 2 channel points. 

 
Table 4: The acceptance or rejection of null hypothesis, H0 

Channel 

Point 

Condition 
Null Hypothe-

sis, H0 
t-statistical > t-

critical two-tails 

P(T≤t) two-tails 

≤ 0.05 

O1 1.868 < 2.040 0.071 > 0.05 Accepted 

O2 0.899 < 2.040 0.376 < 0.05 Accepted 

 

 

 

 

This is supported by the findings obtained from the questionnaires 

answered beforehand. 17% of the participants felt energetic and 

fresh after using the device, whereas there is also another 17% of 

the participants felt tiredness. However, more than half of the total 

participants for both groups (66%) claimed they felt dizziness 

after the massaging session. 

Furthermore, based on the personal opinion on the effects of the 

device afterwards, range of the satisfaction showed that minority 

of the participants (25%) felt that the device is really effective in 

promoting relaxation, followed by 37% of the participants felt that 

the device is ineffective in promoting relaxation, whereas majority 

of the participants (38%) felt neutral after using the device. 

5. Conclusion  

Based on the results, 68% of the participants did undergo positive 

effects of eye massaging device, whilst the remainder showed 

negative effects toward the usage of this device. The average val-

ue of relative alpha power collected for the EEG signals before 

eye massaging session has been increased for both channels used 

(O1: 12.29%, O2: 17.54%). However, there was no enough evi-

dence from the statistical test to support the statement of the eye 

massaging device help to reduce the stress level in human brain. 

This study has several limitations such as it only focused on 3 

types of eye movements that are smooth pursuit, fixation and sac-

cade. Therefore, it is highly recommended that the visual tasks 

used to induce stress towards eye muscles should include another 

types of eye movements such as vestibular ocular eye, vergence 

and optokinetic. 

Besides, this study only focused on the teenager’s age of group. 

Thus, the scope of the participant can be broaden by including 

children, pre-teen and seniors in the future study. 
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