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INTRODUCTION 
 

The advancement of brain imaging tools contributes increment 

of research related to brain function and process. The need for 

brain research to better understand its structure, roles, and 

factors that influence its performance is vital. 

Electroencephalography (EEG) is often utilized to measure and 

record the brain’s electrical signal (Dadebayev et al., 2021; 

Jackson and Bolger, 2014). EEG is widely preferred because it 

is portable, accessible, affordable, short signal acquisition 

duration, non-invasive, non-painful, and non-harmful to the 

subject (Rashid et al., 2020). The raw EEG signal requires to be 

processed to obtain the time-frequency features. The EEG signal 

is commonly decomposed into specific frequencies associated 

with particular behaviors, awareness levels, arousal levels, and 

sleep states. This specific frequency is defined as the brain 

rhythms, which can be divided into five types: alpha rhythm, 

beta rhythm, theta rhythm, gamma rhythm, and delta rhythm 

(Suresh et al., 2014; Zhuang et al., 2009). Table 1 describes the 

specific state of these rhythms and their related properties.  

The investigation of the influence of audio stimulation on 

memory performance is usually based on behavioral data, which 

limits the understanding of its association with brain activities. 

Hence, this research aims to determine the connection between 

behavioral data and brain activities to gain better information 

about memory. Many types of audio stimulation have been 

tested to determine their effectiveness on cognitive and memory 

performance. For instance, classical music (Lange-Küttner and 

Rohloff, 2020; Limyati et al., 2019; Silva et al., 2020), rock song 

(Bugter and Carden, 2012; Wang et al., 2020; Yeoh and North, 
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Discovering brain activities during mental and cognitive assessments is interesting research 

work. It aids people in understanding how the information is stimulated and processed in the 

brain. This recent work aims to investigate brain activities using electroencephalography 

(EEG) under audio and verbal memory assessment stimulation. Besides, the effect of audio 

on verbal memory performance was investigated based on behavioral data and its association 

with EEG patterns. The subject was required to memorize a list of words at three difficulties 

level under control conditions, listening to their favorite song, and exposure to ambient noise. 

The brain signal was acquired during the memorizing period using an EEG machine based 

10-20 electrode placement system. The raw EEG signal was filtered using a Butterworth 

bandpass filter at 4 to 40 Hz. After that, the brain rhythms of alpha, beta, gamma, and theta 

were extracted from the EEG signal. The mean voltage and relative rhythm power were 

obtained to determine their pattern under provided stimulation. The findings indicated that 

the mean EEG voltage and relative rhythms power were the highest and the most influenced 

under audio stimulation for all assessment phases compared to the control condition. The 

relative rhythm power showed the increment and decrement trend relative to the control 

condition. Theta rhythms exhibit the highest relative power with the maximum value found 

in ambient noise stimulation. The behavioral data revealed that the subject memorized better 

the word lists in ambient noise conditions. 
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2010), sentimental song (Aubé et al., 2013; Nineuil et al., 2020), 

pure music (Su and Wang, 2010), white noise (Daud and 

Sudirman, 2017; Söderlund et al., 2010), pink noise (Hatayama 

et al., 2021), and many more. Meanwhile, the cognitive 

assessment such as spatial tasks (Pecci et al., 2016; Raouf and 

Raiesdana, 2020), mathematical questions (Cranmore and 

Tunks, 2015; Incognito et al., 2022), and visual memory 

(Abrahan et al., 2021; Moltrasio et al., 2020) had been used. 

Some audio provides a positive effect, while some have a 

negative effect or null effect. Due to this, it has attracted 

researchers worldwide to discover the effect of audio 

stimulation on cognitive and memory performance. 

The brain has three main types of memory processes: 

sensory, short-term, and long-term (Ballesteros, 1999; Tyng et 

al., 2017). Figure 1 shows the types of human memory. Human 

memory is an essential mental process that gains many 

implications in life. The person needs a good memory to 

remember the meaningful event and enable to perform various 

tasks and achieve desired goals. The information acquired from 

stimuli will be detected by human senses: sight, hearing, touch, 

smell, and taste. The sensory memory is created and 

immediately processed in the brain at this stage. The information 

is stored in sensory memory for less than one second. Then, the 

information is encoded into short-term memory, and some are 

transferred to long-term memory. The storing process of 

information in the brain can be disturbed by a few factors such 

as cognitive, environmental, emotional, meta-memory, and 

physical state (Martín Gómez, 2016; Zhuang et al., 2009). As a 

result, it leads to the disremembering or forgotten condition. 

Therefore, investigating memory and its influential factors is 

required to reduce disremembering and improve memory 

performance. This recent research work determines 

environmental factors’ effect on memory performance using 

verbal assessment. Verbal memory is often considered a short-

term memory class that reflects the ability of the person to hold 

the verbal information in the brain for a brief amount of time 

(Echaide et al., 2019). Verbal memory is vital in individual life 

because every day, the person engages with verbal information 

in working, learning, shopping, and other daily activities. 

Hence, it is necessary to discover which environmental 

condition is the best for verbal memory that can be applied by 

the person when deal with verbal information 
 
MATERIALS AND METHOD 
 

This section describes the criteria of subjects, type of stimuli, 

materials, and equipment used, experimental process, data 

processing, and features extraction procedures. Figure 2 

represents the research framework for this study. 

Table 1  Brain rhythms and it related properties (Rashid et al., 2020; Suresh Manic et al., 2014). 

 

 

Fig.1 Stages of information process in memory (Daud & Sudirman, 2022). 
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Criteria of Subjects 

 

Fourteen college students with ages ranging from 22 to 24 

(mean: 22; standard deviation: 0.48) years old were selected for 

the experiment. Seven of them are males, and seven are females. 

All of them are well-conditioned, have no hearing problem, are 

not hypersensitive to audio stimulation, have normal sight, and 

have no memory-related disease. They were required to 

complete the ethical consent form, demographic information, 

and survey questions about learning activities. The procedure of 

the experiment was explained to the subject before it began. The 

experiment was conducted in control and acoustically insulated 

room. This research work was approved by Malaysia National 

Medical Research Register, No. 21-02365-GVD.  

 
Verbal Assessment and Testing Environments 

 

The verbal assessment based on the list of words was selected in 

this research. Three phases of task difficulties were chosen to 

determine the subject’s capability to memorize the words. The 

assessment was divided into phase 1: easy level, phase 2: 

medium level, and phase 3: high level. The easy level 

assessment contains five words that are routinely applied, 

whereas the medium level consists of ten words that combine 

the word routinely and are seldom used. Meanwhile, the high 

level contains sixteen words that combine the word routinely 

and are seldom used. The testing environments were divided 

into three conditions: silent/control, listening to a favorite song, 

and listening to ambient noise. The audio was played using the 

external speaker, and volume was controlled at 200% of VLC 

media players. The subjects were exposed to the audio during 

the memorizing process. 

 
Experimental Process and EEG Signals Recording 

 

The subjects were required to fill up the required forms and 

instructed to limit their movement during the data acquisition 

process to reduce the noise. After all the equipment and material 

 
Fig. 2 Illustration of a research framework for discovering the effect of environments on verbal memory. 

 

 

Fig. 3 Flow of experiment. 
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had been set up, the subject was asked to follow the instruction 

given in the provided stimulation program. The memorization 

began with the control condition, followed by listening to 

ambient noise and a favorite song. They were given 1 minute to 

memorize and rest for 2 minutes before recalled back the words. 

The recalling duration was 1 minute. The task given started with 

an easy level, followed by medium and high levels. The flow of 

the experiment was summarized in Figure 3. 

The EEG machine (Neurofax 9200, USA) used 10-20 

electrode placement (Figure 2) with two electrodes referencing 

A1-left and A2-right mastoid, recording the brain signal during 

the memorization period. The EEG signal acquired from 19 

(Fp1, Fp2, F3, F4, F7, F8, Fz, T3, T4, T5, T6, C3, C4, Cz, P3, 

P4, Pz, O1, and O2) selected electrodes that placing on the head 

scalp of subjects. The EEG system was set to 70 hertz of 

amplifier high-pass filter, 500 hertz of sampling rate, 10 

microvolts of sensitivity, 0.3 seconds of time constant, Aav of 

reference, an average of EEG pattern, and impedance ≤ 10 

kiloohms. The raw EEG signals were saved in ASCII format and 

exported in Matlab R2021b for further processing. 

 
EEG Signals Pre-processing and Features Extraction 

 

Even though extra precautions had been taken during 

acquisition, the raw EEG signals were still contaminated with 

noises. Therefore, the noises need to be removed to avoid the 

confusion of EEG real information. This work used a 

Butterworth bandpass filter with 4 to 40 hertz to remove low-

frequency and high-frequency components of noises. The low-

frequency noise comes from eye movements and blinking, 

whereas high-frequency noise is associated with muscle 

movements. After filtration, the EEG signals were decomposed 

into alpha, beta, theta, and gamma rhythms using a bandpass 

filter. Then, the mean of EEG voltage and relative power was 

extracted from each rhythm. Finally, the behavioral data were 

obtained from recalled words. 
 
RESULT AND DISCUSSION 
 

This section describes the effect of control, a favorite song, and 

ambient noise on verbal memory based on brain rhythms 

activities and behavioral data.  

 

Effect of Stimulation on Brain Rhythms 

 

The mean EEG voltage and relative power were calculated from 

alpha, beta, theta, and gamma rhythms. The delta rhythm was 

excluded from analysis because it is more related to sleep 

behavior, which is not involved in this study.     Table 2 and 

Figure 4 show the relative power in different environments and 

assessment phases. 

The highest mean EEG voltage was found at ambient noise 

stimulation for phase 1 and favorite song for phase 2. 

Meanwhile, a similar highest mean value was found for phase 3 

at the control and favorite song. The difference in mean EEG 

voltage was not obvious between each environmental condition 

and phase. The EEG voltage is an alternating voltage that 

measures ionic current flow through the brain’s neurons. Higher 

EEG voltage indicates a more significant flow of ionic current 

from activated neurons. In Table 2, a slight high in ionic current 

flow was observed under audio stimulation for all assessment 

phases, except for high level difficulty, including control 

condition. Therefore, it can be stated that the audio stimulation 

had more influence on the ionic current flow of the neuron 

compared to the control condition. 

Brain rhythms represent the repetitive and distinct patterns 

of aggregated neuronal activity associated with particular 

actions of sleep states, awareness, and arousal levels. It can be 

divided into several types depending on its characteristics, as in 

Table 2. According to Table 2, the theta rhythm exhibited the 

highest relative power at 3500-5000, followed by the alpha 

rhythm with the range 1000-2000. On the other hand, the lowest 

relative power was observed for gamma rhythm. The theta 

rhythm was the most influential because the study involved 

memory-related activities. As mentioned earlier, the theta 

represents memory formation and processing; therefore, high 

theta activities were found. Meanwhile, the gamma activities 

were the lowest because this work does not involve high 

cognitive function. This work only requires the subject to 

memorize the list of words, which does not need high critical 

thinking and spatial ability.  

The alpha rhythm in Table 2 and Figure 4 associated with a 

relaxed state showed that the relative power was the highest 

when subjects listened to their favorite song for all assessment 

phases. High relative alpha power represents subjects more 

relaxed memorizing the words while exposed to a favorite song. 

 Table 2 EEG features at various stimulation.
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The subjects feel more comfortable in this state because of their 

emotion that they like the song. However, it cannot be stated that 

either it benefits the verbal memory performance or not because 

it may lead to a loss of interest for the subject in memorizing the 

words. They may focus more on songs than the required task. 

The lowest relative alpha power was observed at the control 

condition for phase 1 and ambient noise for phase 2 and phase 

3. This result revealed that the subject’s relaxation state was 

disrupted under control/silent conditions for memorizing easy 

level assessment. They may feel bored in the control condition 

because the easy level assessment does not need their full 

attention to memorization because the words are commonly 

used. For medium and high level assessment, the subject felt 

disrupted when listening to ambient noise while memorizing 

because they needed to split their focus by listening to audio or 

remembering. Later, the discussion on behavioral data will aid 

in exact determining the influence of environmental conditions 

on verbal memory assessment.  

Beta activities are related to people’s attention, alertness, and 

arousal level. Table 2 and Figure 4 showed that the highest 

relative beta power had a similar environmental condition with 

relative alpha power. The highest relative power of beta 

activities was observed at favorite song stimulation for all 

phases. It indicated that the subject needed to focus on the task 

while listening to the song. The relative power difference for the 

favorite song was a bit higher compared to the control condition. 

The percentage difference was 20% for phase 1 and phase 2, and 

18% for phase 3. The control condition exhibits the lowest 

relative beta power for easy assessment, which means less 

attention and alertness were required to memorize the words. In 

contrast, the ambient noise gained the lowest relative beta power 

for both medium and high level assessments. It indicated that 

lower attention and alertness level was a need for memorizing 

when listening to ambient noise compared to other conditions 

when the task difficulty increases. Loading more verbal items to 

be memorized reduce the attention/alertness in exposure to 

ambient noise compared to the control condition due to the 

subject’s ability to filter out the noise and give priority to task 

instead of audio. 

Gamma rhythm is associated with higher sensory 

processing, higher mental activity, and activities that are related 

to movement. It seems that the relative gamma power obtained 

the highest value at ambient noise stimulation for phase 1, 

whereas phase 2 and phase 3 were found at favourite song 

stimulation. The assessment phases were influenced by audio 

stimulation more than the control condition. High relative 

gamma power in audio stimulation occurred due to more 

sensory information that needs to be processed by the brain. In 

this case, the sensory information came from hearing (audio 

stimulation) and sight (verbal assessment). In the control 

condition, the sensory information was only sourced from sight 

responsiveness, which led to low relative gamma power. In 

comparison with audio stimulation, it seems that the favorite 

song more influenced gamma activities when memorizing items 

often and seldom used. Among the assessment phases, phase 1 

obtained the highest values for all environmental conditions, 

meaning high sensory information had been processed.  

The occurrence of theta rhythm in the brain represents 

memory formation, information processing, working memory, 

sensorimotor integration, relaxed and meditative state of mind. 

Therefore, the brain can determine the success of loaded items 

to be registered and processed based on theta power. High 

relative theta power indicated high information had been 

processed and memory formed. Table 1 and Figure 4 observed 

that the highest relative theta power was at ambient noise for 

phase 1 and phase 3, whereas the favorite song exhibited the 
highest at phase 2. The percentage difference of relative power 

was 8% for the ambient noise of phase 1, 7% and 31% for the 

favorite song of phase 2 and phase 3, respectively. Relative theta 

power revealed that the brain could produce more theta rhythm 

when subjects memorized the easy and high level assessment 

under ambient noise stimulation. Meanwhile, high theta 

activities were observed at the favorite song for medium level 

 

Fig. 4 Relative power of a) alpha rhythm, b) beta rhythm, c) theta rhythm, and d) gamma rhythm at different environmental 
conditions and assessment phases. 
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assessment. Therefore, it can be stated that more memorized 

items can be registered and processed in the brain when subjects 

were exposing to audio stimulation. This could be related to 

subjects’ arousal, alertness, and emotion, where they felt 

disrupted by the presence of audio that required them to be more 

focused and alerted on tasks and filter the audio.  
 
Behavioural data 

 

Table 3 shows the percentage score of verbal memory 

assessment for control and audio stimulation phases 1, 2, and 3. 

It seems that different memorizing ability was found at different 

stimulation. The subjects can memorize better under ambient 

noise stimulation for the easy and high level of assessment, 

whereas the highest score was found for the favourite song of 

medium level. Based on the score result, the easy level achieved 

the highest percentage compared to the medium and high levels. 

This could be due to a characteristic of the task that often used 

words that easily made subjects memorize. The subjects 

managed to remember all the words under ambient noise, 

followed by control (98%) and favourite song (95%). 

Meanwhile, the percentage score of medium and high levels was 

below 80% due to increased task difficulty. Increasing the 

number of words to be remembered had reduced subjects’ 

memory performance. However, exposure to audio stimulation 

can improve memory performance, which means more words 

can be remembered compared to the control condition. Through 

the result, it can state that ambient noise was the most 

appropriate environmental condition for memorizing items 

related to verbal memory. 

 
CONCLUSION 
 

The work describes the effect of environmental conditions such 

as control, a favourite song, and ambient noise on verbal 

memory performance. It had been found that the subjects 

managed to memorize better under audio stimulation than in 

control. The most effective condition was ambient noise which 

obtained the highest mean score. This can be correlated with 

brain activities. It can be seen that the relative theta power was 

higher for almost assessment, where this rhythm represents the 

information processing and memory formation. During listening 

to ambient noise, more theta rhythm can be found in EEG signal, 

indicating that the loaded word through visual can be registered 

and appropriately processed in the brain. Besides, the disruption 

of emotions and mood when exposed to ambient noise forces 

subjects to focus more on the task, as can be seen from relative 

alpha and beta power. Listening to favourite songs reduced the 

subjects to entirely concentrating on assessment because they 

were more attracted to the song. Although like that, the 

memorizing performance of subjects was still better when 

listening to the favourite song compared to the control condition. 

Meanwhile, the relative gamma power indicated that verbal 

information caught by the subject’s eyes could be processed 

better in audio stimulation. The brain rhythms were more 

affected when exposed to audio stimulation than in the control 

condition because audio loads more items/information that 

needs to be processed by the brain. The results indicated that the 

ambient noise was the most appropriate audio to be listened to 

for memorizing verbal memory items. The finding from this 

work can guide researchers in conducting research related to 

brain behaviour and stimulation influence and propose an 

environment suitable for learning verbal items. However, this 

research still requires further improvement, such as increasing 

the number of subjects, varying the assessment types, extracting 

more EEG features, and proposing other types of audio 

stimulation for better comparison.  
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