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1 Introduction 

According to definition, noise is an unwanted and un-
pleasant type of sound that could impact human activities 
and bring them into instability[1]. Exposure to noise asso-
ciated with the injuries has become a public health issue in 
recent years. In addition to having adverse impacts on the 
hearing system, noise may also lead to other harmful health 
effects on the people, such as sleeping disturbance, impair-
ment of cognitive performance in children, cardiovascular 
and pulmonary diseases, type 2 diabetes, adverse birth out-
comes, and annoyance[2-4]. The effects of noise on humans 
depend not only on the physical characteristics of the noise, 
including the sound pressure level, frequency content and 
etc., but also on the physical, physiological, and psychologi-
cal body systems reactions[5].  

The ear is a sensitive organ of the human body that its 
structure in the process of the evolution and passing of the 
many years changed and at this time we can say the design 
of the human ear is one of nature’s engineering marvels[6]. 
The ear has three regions called the outer, middle, and inner 
ear. The first two are solely concerned with sound transmis-
sion to the inner ear, which houses the transducer called the 
cochlea that converts fluid motion to action potentials. The 
auricle (pinna) and the ear canal, located on the outer side of 
the ear, collect and focus sound waves on the eardrum (tym-
panic membrane)[6].  

Effects of ear canal on the sound pressure levels has 
been demonstrated by previous studies. Asady and et al. 
showed that ear canal could increase the level of sound 
pressure at different frequencies in both genders[5]. Also, 
Jia-Lin and et al. study showed that the sound pressure level 
difference between the outlet of external auditory canal and 
eardrum is different and these differences are more signifi-
cant in the frequencies <=1500 Hz[7]. Djupesland and et al. 
study had same findings[8]. In all these studies which were 
performed in the field of acoustical roles of the human ear’s 
different parts, the sound pressure level was the important 
parameter but it seems that no study was done on the psy-
choacoustical roles of the different parts of the human ear 
until now. The term psychoacoustics is generally defined as 
the study of listeners’ responses to sounds. More specifical-
ly, psychoacoustics looks for statistical and causal rela-
tionships between certain physical properties of sounds and 
certain properties of human responses[9]. Same as the phy-
sical parameters of sound like sound pressure level(dB) 
psychoacoustic has its own parameters for calculation and 

measurements, most practical of them are loudness, 
sharpness, roughness fluctuation strength and tonality 
[10, 11].  

So, the purpose of this study was to see that the psy-
choacoustic parameters including loudness, sharpness,  
roughness and fluctuation strength could changes signifi-
cantly in the effects of human ear canal and gender had an 
important role on theses probable changes or not.  

 
2 Method 

White and sinusoidal noises each at 3 sound pressure levels 
(SPLs), including 75, 85, and 95 dBA, were used as the 
stimulus sound pressure levels (SSPLs). The speakers that 
were located in front of the participants had a distance of 1.5 
meters from them and a height 87 centimeters from the lab 
ground. Labview software (V 2012), with the data acquisi-
tion card (DAQ) made by USA National Instrument Co 
(model MC-3642), was used for playing and measurement 
and calculating of the psychoacoustic parameters including 
loudness(phone), sharpness(acum), roughness(asper) and 
fluctuation strength(vacil). The psychoacoustic parameters 
were measured outside (cavum part of the external ear) and 
inside (at 2.0 cm depths from the entrance to the ear canal) 
of the right ear of each participant using the Moore method. 
This measurement was done with using of labview software. 
A circular-shaped microphone with a 2-millimeter diameter 
was used for this purpose. The time duration of 10 seconds 
(10 s) was considered for all the psychoacoustic parameters 
measurements. 
 
3 Results 

Out of 60 participants, 30(50%) was men. Most of them 
41(68.3%) were BSc, eighteen (30%) MSc and one (1.7%) 
subject was PhD level student. The age means and standard 
deviation (Mean ± SD) of all participants was 22.77 ± 2.60 
years old.  Also, the mean and standard deviation (Mean ± 
SD) for height, weight and BMI (Body Mass Index) of all 
participants were 171.55 ± 9.65 cm, 64.30 ± 11.39 kg, 21.3 
± 2.95 respectively. 

Comparison of the psychoacoustic parameters in the si-
tuation of the exposure to the different kind of noises and 
different sound pressure levels between two genders were 
not statistically significant (all P>0.05).  

For sinusoidal noise the mean of all studied psychoa-
coustic parameters at the different SSPLs were the almost 
same, these findings were seen for the white noise too. The 
repeated measures ANOVA test results showed for both 
sinusoidal noise and the white noise in all three studied 
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SSPLs the differences of four studied psychoacoustic para-
meters between outside and inside of participants ear were 
not statistically significant (all P values>0.05). 
 
4 Discussion 

Our findings showed that the human ear canal could not 
change the psychoacoustic parameters, and the gender had 
not effective role on this phenomenon in the other words the 
mean comparison of psychoacoustic parameters between 
outside and inside ear of both genders was not statistically 
significant. This finding was against of our hypothesis, that 
was the human ear canal like the sound pressure level in 
total or in the different frequencies could change the psy-
choacoustic parameters but this hypothesis was not support-
ed by this study results. Actually, our hypothesis was ac-
cording to the other study findings like Park et. al study 
showed in frequencies 3 kHz, 4 kHz, and 6 kHz and for 
people older than 30 years, hearing thresholds between both 
genders are statistically difference while this difference in 
the 4 kHz frequency was larger than other frequencies[12]. 
Also gender differences in the association between hearing 
loss and cognitive function was seen in the Huang and et al. 
study[13]. This kind of differences was seen in the Wasano 
and et al. study too[14]. We realized that both gender ear 
functions in the field of psychoacoustic are same and we can 
say that gender differences in sound perception is free from 
external hearing system differences. In other words, external 
hearing system of the humans dose not have any effects on 
the perceived sound quality and this parameter are more 
related to the sound pressure level, loudness, frequency 
content, level fluctuation, pure-tone components, and impul-
siveness[15].  

Also, our results showed that the psychoacoustical be-
haviors of the human ear canal does not change with change 
in the stimulus sound types and also sound pressure levels. 
It seems that changes of sound pressure levels at different 
frequencies in the role of human ear canal [5, 16] are not 
effective on the psychoacoustic parameters in other words 
psychoacoustical characteristic of the human ear canal are 
independent from the sound wave types and pressure levels. 
We did find the same articles to compare our findings with 
them.  

 
5 Conclusion 

It seems that human ear canal did not have any effects on 
the psychoacoustic parameters and as far as can be say that 
noise annoyance that is related to the psychoacoustics para-
meters[17] does not change in the role of human ear canal. 
Also, both genders ear canal behaves same in related to the 
psychoacoustic parameters. 
 
Acknowledgments 

The authors would like to thank all students who participat-
ed in this study. The study has been reviewed and accepted 
by the ethics committee at the Isfahan University of me-
dical sciences (No. IR.MUI.MED.REC.1399.771) 

 

References  

[1] Nassiri P, Monazam M, Fouladi Dehaghi B, Ibrahimi Ghavam 
Abadi L, Zakerian SA, Azam K. The effect of noise on human 
performance: a clinical trial. The international journal of occupa-
tional and environmental medicine. 2013;4(2):87-95. 

[2] Li X, Dong Q, Wang B, Song H, Wang S, Zhu B. The Influ-
ence of Occupational Noise Exposure on Cardiovascular and Hear-
ing Conditions among Industrial Workers. Sci Rep. 
2019;9(1):11524. 

[3] Bagheri Hosseinabadi M, Khanjani N, Ebrahimi MH, Mirbadie 
SR, Biganeh J. The effects of industrial noise exposure on lipid 
peroxidation and antioxidant enzymes among workers. Int Arch 
Occup Environ Health. 2019;92(7):1041-6. 

[4] Basner M, Babisch W, Davis A, Brink M, Clark C, Janssen S, 
et al. Auditory and non-auditory effects of noise on health. Lancet. 
2014;383(9925):1325-32. 

[5] Asady H, Fuente A, Pourabdian S, Forouharmajd F, Shokrolahi 
I. Acoustical role of ear canal in exposure to the typical occupa-
tional noise levels. Medical journal of the Islamic Republic of Iran. 
2021;35:58. 

[6] Sundar PS, Chowdhury C, Kamarthi S. Evaluation of Human 
Ear Anatomy and Functionality by Axiomatic Design. Biomimet-
ics. 2021;6(2):31. 

[7] Liu JL, Qin XL, Wang LH, Liang CY, Jiang T. [Measurement 
of sound pressure level at outlet of external auditory canal and 
eardrum]. Zhonghua lao dong wei sheng zhi ye bing za zhi = 
Zhonghua laodong weisheng zhiyebing zazhi = Chinese journal of 
industrial hygiene and occupational diseases. 2003;21(5):353-5. 

[8] Djupesland G, Zwislocki JJ. Sound Pressure Distribution In 
The Outer Ear. Acta Oto-Laryngologica. 1973;75(2-6):350-2. 

[9] Guski R, Blauert J. Psychoacoustics Without Psychology? 
Review of General Psychology. 2009;8:265-72. 

[10] Poveda-Martínez P, Ramis-Soriano J. A comparison between 
psychoacoustic parameters and condition indicators for machinery 
fault diagnosis using vibration signals. Applied Acoustics. 
2020;166:107364. 

[11] Engel MS, Fiebig A, Pfaffenbach C, Fels J. A Review of the 
Use of Psychoacoustic Indicators on Soundscape Studies. Current 
Pollution Reports. 2021;7(3):359-78. 

[12] Park YH, Shin S-H, Byun SW, Kim JY. Age- and Gender-
Related Mean Hearing Threshold in a Highly-Screened Population: 
The Korean National Health and Nutrition Examination Survey 
2010–2012. PLOS ONE. 2016;11(3):e0150783. 

[13] Huang B, Cao G, Duan Y, Yan S, Yan M, Yin P, et al. Gender 
Differences in the Association Between Hearing Loss and Cogni-
tive Function. American Journal of Alzheimer's Disease & Other 
Dementias®. 2020;35:1533317519871167. 

[14] Wasano K, Kaga K, Ogawa K. Patterns of hearing changes in 
women and men from denarians to nonagenarians. The Lancet 
Regional Health - Western Pacific. 2021;9:100131. 

[15] Crocker MJ. Handbook of noise and vibration control: John 
Wiley & Sons; 2007. 

[16] Yu JF, Cheng WD. Effect of Canal Depth on Sound Pressure 
Level Distribution in Human Bilateral Ears. Applied Mechanics 
and Materials. 2012;145:63-7. 

[17] Ellermeier W, Zeitler A, Fastl H, editors. Predicting annoy-
ance judgments from psychoacoustic metrics: identificable versus 
neutralized sounds. Proc of 33rd Intern Congress on Noise  

 

Canadian Acoustics - Acoustique canadienne Vol. 51 No. 3 (2023) - 177


	Occupational and environmental noise - Bruit environnemental et au travail
	psychoacoustic parameters and ear canal role siamak pourabdian, adrian fuente, mehdi jalali, ali ahmadi, fatemeh ansari, farhad forouharmajd


