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A B S T R A C T 

 

Introduction 

 

Working memory is a type of short-term memory which has a crucial 

cognitive function that allows storage of information across delay 

periods supporting ongoing and upcoming behaviors [1]. Working 

memory includes subsystem that store and manipulate visual images and 

verbal information, as well as central executive that coordinates the 

subsystems. It included visual representation of the possible moves, and 

awareness of the flow of information into and out of time [2]. Individual 

differences in working memory predict individual differences in a broad 

range of cognitive abilities, and this is because of both differences in the 

number of items that can be maintained and the ability to control access 

to working memory [3]. Particularly, in noisy environments listeners 

with hearing loss commonly report having difficulty understanding 

speech. Their difficulties could be due to auditory and cognitive 

processing problems [4]. There are many studies that show working 

memory capacity is correlated with a wide range of brain functions and 

higher order cognitive skills such as attention task, resistance of being 

distracted, sustained attention, reading comprehension, reasoning, 

problem solving and fluid intelligence [5, 6]. 

 

In the last 20 years, worldwide mobile phone subscriptions have 

increased from 12.4 million to over 5.6 billion, involving about 70% of 

the global population Electromagnetic field radiations from mobile 

phones may cause adverse health problems such as headache, sleep 

disorders, impairment of memory, lack of concentration, dizziness, 

increased frequency of seizures in epileptic children, brain tumors and 

high blood pressure [7]. These electromagnetic field radiations are 

mostly mediated into auditory pathway via the headphones. Listening to 

headphones while memorizing words triggered a mood-dependent effect 

that caused mental disruption, and therefore, a decrease in memory 

retention [8]. Women have been reported to be more subjective to 

hearing problems when compared with men but exhibited better hearing 

Working memory is a system that is responsible for transient holding and processing of new and already 

stored information. It also involves processing for reasoning, comprehension, learning and memory 

updating. Headphones are a pair of small loudspeakers that are designed to be held in place close to a user’s 

ear. They are electroacoustic transducers which convert electrical signals to a corresponding sound in the 

user’s ear. Several studies have recently shown a link between cognitive abilities and response to hearing 

aid and signal processing in the brain. Therefore, the relationship between headphone usage among healthy 

subjects become pertinent. This study is aimed at evaluating the effect of headphone on working memory 

using N-back task. One hundred (100) participants (55 headphone users and 45 non-headphone user’s) 

within the age range of 18-31 years were assessed. Participants were instructed to keep in memory, a series 

of letters and say “target” whenever there was a repetition of letter with exactly one intervening letter and 

to remain silent when any other letter appeared. The results of this study showed that there was no 

statistically significant difference in working memory between headphone and non-headphone users with 

p>0.05. In conclusion, this study revealed headphone use has no effect on working memory of the 

participants subjected to N–back test. 
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thresholds [9]. The present study aimed at investigating the possible 

adverse effects use of headphones caused to working memory in long 

term mobile headphones users. 

 

Methods 

 

I Participants 

 

Participants included 100 young students (55 headphone users and 45 

non headphone users) aged 18-31 years. The experimental group was 

made up of 19 males and 36 females, the control group was made up of 

21 males and 24 females.  Participants were recruited from Faculty of 

Medicine, Ahmadu Bello University, Zaria‒Nigeria. The baseline for the 

screening of subjects was obtained using a questionnaire with consent of 

the subjects. The inclusion criteria for the subjects were those using 

headphones for at least three years for the experimental group and those 

not using headphones for up to three years for the control group. Ethical 

clearance was obtained from Health Research Ethics Committee, 

Ahmadu Bello University Teaching Hospital Shika-Zaria, Nigeria, with 

reference number: ABUTH/HREC/UG/6. 

 

II Sample size 

 

Sample size was determined using the sample size calculator software 

G* Power version 3.1.9.2. An effect size of 0.7 was selected for the effect 

of headphone use on working memory. It was assumed that prolonged 

headphone use has moderate to large effect on working memory. The 

alpha level was set at 0.05 with a power of 0.95. The calculated total 

sample size was 110. 

 

III N-back task 

 

The N–back task (2–back target) was used to assess working memory. 

During the task, number of stimuli must be held in the mind at any one 

time to be varied constantly [10]. A single consonant was presented for 

500 milliseconds every 2 seconds in the middle of a computer screen 

[11]. The participants were instructed to match and identify the letter 

previously seen after an intervening letter (e.g. X–Y–X, X is a target 

letter or X–Y–K, K is a non–target). 

 

IV Statistical Analysis 

 

Data was presented as Mean ± SEM and analyzed using independent T-

test. Data for score by gender were presented as Mean ± SEM analyzed 

using one way ANOVA and Schaffer post hoc test for multiple 

comparison, values with p ˂ 0.05 were considered statistically 

significant. 

 

Results 

 

I Effect of Headphone use on Working memory between 

headphoneusers and nonheadphone users using N back test. 

 

In the present study, the mean value of headphone users was 59.49 ± 

1.25 and that of non–headphone users (control) was 62.64 ± 1.22. 

Statistical analysis of the finding demonstrated no statistically 

significant difference in working memory between the subjects using 

headphones and non-headphone users, [T (98) = 0.12 and p = 0.913] 

(Figure 1).  

 

II Gender Effect of Headphone use on Working Memory 

between Headphone Users and Non headphone users using N 

back test. 

 

We evaluated the effect of gender on prolonged use of headphone on 

working memory. The mean value of male headphone users was 56.68 

± 2.13 and male non–headphone users was 63.33 ± 2.09, while, mean 

value of female headphone users was 60.52 ± 1.53 and female non‒

headphone users was 62.45 ± 1.52. There was no statistically significant 

difference in working memory between male and female users and non–

users of headphones, [F (3, 96) = 2.208 and p = 0.92] (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Effects of prolonged use of headphone on working memory. 

The mean difference is not statistically significant, p >0.05, (N = 100). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Gender effect of prolonged use of headphone on working 

memory. 

The mean difference is not statistically significant, p >0.05, (N=100). 

 

Discussions 

 

The present study assessed effect of headphone on working memory. It 

has shown that there is no significant effect in working memory between 

headphone and non- headphone users. However, the study of Jurkovic et 

al. (2013) showed that memory recall and retention increased while 

listening to headphones [8]. The results of their findings were interpreted 

as an arousal response to the sound that enhances neurotransmission in 

certain pathways. Similarly, the findings of Salame, and Baddeley, 
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(1989) revealed that listening to sounds while attempting to perform a 

memory task caused mental disruption and therefore, a decrease in 

memory retention [12]. 

 

The results of gender effect of headphones on working memory in this 

study revealed no significant change between headphone users and non-

headphone users. When the two groups were compared and matched, the 

durations of using headphones which were further divided into duration 

of time and sex, the results demonstrated no statistically significant 

difference between the female headphone users when compared with 

their male counterparts. This is in conformity with the study of Rossi et 

al. (2009) who showed that, working memory is a limited capacity 

system that involves both storage and processing, that is, working 

memory allows a person to actively store task related information while 

concurrently carrying out other relevant processing [13]. The role of 

working memory in listener’s responses to headphones signal processing 

can be considered in the context of basic information processing models 

for speech. These models suggest that processing resources are both 

finite and shared. Listeners may have to allocate a greater share of 

processing resources to the recovery of degraded information at the 

auditory periphery in the case of degraded speech information, leaving 

fewer resources available for successfully processing and identifying the 

linguistic content in the message. That is, listeners may have to rely more 

on working memory to process the degraded signal, and when the 

working memory is reduced this processing may be more difficult. 

Recent studies have further expanded the scope and possible role of 

working memory for adjusting the allocation of executive control in 

dynamic environments. This was established by showing that 

information of a more abstract nature (including a behavior-guiding rule, 

or the occurrence of a conflict in information processing) can also be 

maintained in short-term memory [1]. 

 

Also, these findings agree with the study of Lutz and Pascale. (2010) 

who demonstrated that verbal learning during the exposure to different 

background music varying in tempo and consonance did not influence 

learning of verbal material [14]. They concluded that, there was neither 

an enhancing nor a detrimental effect on verbal learning performance (a 

form of working memory). Different cortical activations are evoked as a 

result of the different acoustic backgrounds. The reason for these 

different cortical activations is unclear. Compensatory mechanism such 

as masking might have played a vital role.  

 

Possible reason for the results of this study might be due to exposure of 

the control and the experimental groups to the same degree of noise in 

the same environment. Rudner et al. (2007) and Pamela et al. (2015) 

argued that, listeners must rely to a greater extent on cognitive 

processing to extract meaning from the auditory signal in situations 

where the incoming auditory information is deficient (as with 

background noise or other distortions to the acoustic signal) [15, 16]. In 

those situations, listeners with low working memory may be at a 

disadvantage. Indeed, subjects with high working memory have been 

shown to perform better than patients with low working memory under 

degraded listening conditions, such as when speech is rendered less 

audible by hearing loss masked by background noise. 

 

Conclusion 

 

This study revealed no significant effect of headphones on working 

memory of the students subjected to N‒back test. Hence, there is 

certainly a need for more studies and continuous surveillance. 
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