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Abstract
The sound of a door opening on a vehicle has a main influence on psychological comfort and 

affective satisfaction for the vehicle. This study aims to evaluate the auditory pleasantness of the 
door opening sound and to derive the sound parameters, which can optimize that pleasantness. 
Fourteen different door opening sounds were selected and recorded. Participants evaluated each 
recorded door opening sound with the designed questionnaire. Three main results were obtained. 
First, the questionnaire was developed to evaluate the auditory pleasantness of door opening 
sound based on five affective attributes: ‘loud’, ‘sharp’, ‘rough’, ‘clear’, and ‘satisfy’. These were 
selected through previous literature review and expert interviews. Second, ‘Loudness’, ‘sharpness’, 
‘roughness’, ‘fluctuation strength’, and ‘tonality’ were selected as the psychoacoustic parameters. 
These parameters were found to be the important dimensions for the perception of door opening 
sound. Each affective attribute was related to psychoacoustic parameters by correlation analysis. 
Finally, the authors developed a model to predict subjective response to the door opening sound 
through regression analysis. In the incidence of ‘loud’, ‘sharp’, and ‘rough’, high R2 values were 
shown. Multiple regression was used to create a model to predict auditory pleasantness. The 
psychoacoustic parameter ‘loudness’ was shown to have a major effect on auditory pleasantness. 
The parameters ‘loudness’, ‘sharpness’, and ‘roughness’ were shown to affect the attributes of the 
door opening sound. The result of this study was an optimal model, created through psychoacoustic 
parameters, to predict the auditory pleasantness of door opening sounds  

Keywords: door opening sound, sound quality, psychoacoustic, auditory pleasant model, 
affective engineering.

INTRODUCTION
Current marketing strategies of automobile manufacturers have been changed to emphasize the 

emotional satisfaction customers get from their vehicles {Genta, 2014 #55}(Genta et al., 2014). 
Vehicle customers prefer more comfortable surroundings. Therefore, manufacturers try to design 
a quieter car and reduce the noise perceptible to drivers (Gonzalez et al., 2003; Leite et al., 2009; 
Nykänen and Sirkka, 2009; Takami et al., 2008). There are many ongoing studies to reduce the 
noise level from interior and exterior sources such as engine, warning system, HVAC, and so on. 
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There are also recent studies of sound perception to ensure that various noises and sounds are 
pleasant, and as soft as possible, to increase the comfort felt by passengers (Yoon et al., 2012; 
Zobel, 1998). 

Various sound sources (such as hood, door, trunk, fuel door, and sunroof) all produce different 
and unique sounds when being operated (Kim et al., 2015). Among the moving part sounds, door 
operating sounds are always heard by drivers and passengers every time they get in and out of 
the vehicle. Further, it is the first sound that buyers hear after purchasing the vehicle (Shin et al., 
2013). To provide better customer satisfaction, it is important to study the relationship between the 
door operating sound and the feelings of drivers. In a previous research of vehicle door operating 
sounds, a door closing sound has been actively studied with psychoacoustic parameters to predict 
human feelings and to model the relationship between specific sounds (Filippou et al., 2003; 
Hamilton, 1999; Lee et al., 2007; Parizet et al., 2008). The door operating sound is classified as 
door closing and opening sounds. These have different characteristics and physical parameters 
from each other. Furthermore, a previous research on door opening sounds was limited to the 
investigation of physical parameters  (Sellerbeck and Nettelbeck, 2004). 

Therefore, it is necessary to study door opening sounds in relation to user pleasantness. As 
mentioned earlier, most studies have researched door closing sounds. Therefore, the door opening 
sound is studied using psychoacoustic approach based on previous research on door closing 
sounds. The aim of this study is to identify the relationship between psychoacoustic parameters, 
affective attributes, and the pleasantness felt by drivers from vehicle door opening sounds, and to 
build a prediction model of the pleasantness drivers feel for the sound. 

The experiments were conducted in three steps: (1) interviews and literature reviews to determine 
the affective attributes suitable for the description of drivers’ satisfaction with, and feelings about, 
the  perceived door opening sound; (2) an auditory affective test based on the verbal attribute 
Magnitude Estimation (Bech and Zacharov, 2007) for the development of models for prediction 
of perceived auditory satisfaction based on psychoacoustic metrics; and (3) development of an 
optimal model for sound quality of door opening sound based on psychoacoustic metrics.

This study will determine the affective quality for the door opening sound by using statistical 
analysis. Initially, ANOVA was conducted to investigate the significant difference between the 
demographic variables and the affective attributes for each door opening sound. After the ANOVA, 
correlation analysis was conducted to investigate the relationship between psychoacoustic 
parameters, affective attributes, and overall satisfaction. Finally, regression analysis was used to 
build the prediction model of drivers’ satisfaction from the door opening sound for each affective 
attribute.

METHOD
The procedure of this study is described in Figure 1. First, door opening sounds of 14 vehicles 

were recorded. Next, the psychoacoustic parameters and affective attributes were selected through 
a literature review and expert interview. Consequently, the subjective evaluation survey was created 
based on the selections, and a listening experiment was conducted. Lastly, statistical analyses were 
conducted in order to develop an auditory affective model of door opening sound.
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Figure 1. Procedure of the entire research analysis.

Stimuli
In this experiment, fourteen 4-door vehicles from international consumer vehicle manufacturers 

were used to record door opening sounds. Information about the vehicles used in this experiment 
is provided in Table 1. The recording was conducted in an anechoic chamber at Hyundai Motors 
Corporation to minimize noise effects and record the sound in a free filed condition as shown in 
Figure 2. A B&K recording microphone was installed parallel to the door handle of the driver›s 
side. It was located 20cm away from the lateral side and 20cm away in a posterior direction. A 
squadriga II Acoustic Head was used for the recording (based on the front door handle).

A literature review was conducted on psychoacoustic parameters, which had been used in other 
researches for the operating sound of a vehicle door (Aures, 1985, 1985; Terhardt, 1968; von 
Bismarck, 1974; Zwicker and Fastl, 2013). Five psychoacoustic parameters were selected based 
on the review: loudness, roughness, sharpness, tonality, and fluctuation strength. The range of each 
psychoacoustic parameter was as follows:  loudness - 1.19 - 9.47 sone, roughness - 0.04 - 0.61 
asper, sharpness - 1.94 - 6.34 acum, tonality - 0.65 - 1.03 tu, and fluctuation strength - 0.63 - 6.19 
vacil. The sound parameters used in this study are explained in Table 1. 

Table 1. Information of vehicle and stimuli using the experiment.
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Figure 2. Recording environment in anechoic chamber.

Selection of affective attributes
In this study, twenty affective attributes were selected based on affective adjectives from the 

literature review to assess feelings when a person listens to the vehicle sounds (Altinsoy and 
Jekosch, 2012; Cheng et al., 2005; Zwicker et al., 1991). Eleven experts working in the department 
of Vehicle Test, Door Design, Sound Design, and Noise, Vibration, and Harness (NVH) research 
at Hyundai Motor Corporation were interviewed to develop prominent variables of door opening 
sounds among the selected adjectives. The experts had an average age of 36.4 years, and all had 
more than five years of working experience in the related field. All of the 14 door opening sounds 
were played to the experts.

The purpose of the expert interview was to find the appropriate affective attributes that describe 
and express the feelings of people when listening to the door opening sounds. The interviews 
were carried out in the Namyang Research Center of Hyundai Motor Corporation. The sounds 
were played by a Carat-Ruby2 amplifier and with AKG headphones for each interviewee. The 
sounds were played randomly to the interviewees without any information about the sounds. After 
listening to the sounds iteratively 5 times, the interviewees were asked to answer the following 
questions. 1. What is a good sound of a vehicle door opening? 2. Which design parameters are 
related to that good door opening sound? 3. How do you feel about this door opening sound? 4. 
How do you want to describe or express the sound with affective attributes? 5. List any additional 
adjectives that should be considered apart from the pair of adjectives selected through the literature 
review. Each interview was conducted for 60 minutes. As a result of interviews, five-affective 
attributes were selected: ‘Loud’, ‘Clear’, ‘Rough’, ‘Sharp’, and ‘Satisfy’.



180 Sound quality evaluation for vehicle door opening sound using psychoacoustic parameters

Participants
A total of thirty-one subjects (16 males and 15 females) participated in the jury test. The 

participants’ ages varied from 27 to 45 years old, and their average age was 36.7 years. All subjects 
were employees at Hyundai Motor Company, and 15 of the participants worked in a related acoustic 
field. Each subject listened to the 14 sounds of a vehicle door opening five times, each in a random 
order using the AKG headphones. Their subjective responses to each sound were measured against 
the five adjectives by a 7-point semantic differential scale based on results of the interviews in 
Table 2. The sequence of evaluation was followed by playing the recorded door opening sounds 5 
times in a random order to the evaluation participants. They evaluated the sound according to their 
subjective feelings.

Table 2. 7-point semantic differential questionnaire using the experiment.

Results

Judgements of affective attributes in a jury test
In Figure 3, the mean and 95% confidence interval of the affective attributes are presented for 

each door opening sound. ANOVA was conducted to verify any significant differences between 
affective attributes and demographic variables in Table 3. There was no significant difference found 
between affective attributes and demographic variables (gender, age group, and subjects working 
with acoustic field and others; p<0.05). Thus, it is possible to conclude that the demographic 
variables may be generalized or even neglected in door opening sound evaluation.

Table 3. Result of ANOVA between affective attributes and demographic variables.
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Figure 3. Mean and 95% confidence intervals of judgments of

affective attributes for 14-door opening sounds.
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Correlation of sound quality evaluation between affective attributes
Correlation analysis was conducted to identify the relationship between the affective attributes. 

The analysis results of the relationship are based on Pearson’s coefficient as presented in Table 
4. Three of the affective attributes (‘Quiet-Loud’, ‘Dull-Sharp’, and ‘Smooth-Rough’) are highly 
correlated to the affectivity ‘Dissatisfy-Satisfy’. ‘Clear’ showed a low correlation with all other 
affective attributes, especially with the target affectivity ‘pleasant’. Therefore, ‘Unclear-Clear’ was 
excluded from designing the final prediction model of drivers’ affectivity.

Table 4. Correlation of R2 coefficients between subjective

responses for the semantic differential scales.

Correlation of sound quality evaluation between psychoacoustic models
The relationship between psychoacoustic parameters was also identified using correlation 

analysis. The Coefficient results for correlations between the parameters, R2, are presented in 
Table 5. The parameters, sharpness, roughness, and loudness are highly correlated to each other, 
whereas fluctuation and tonality are not. The highest correlation was shown between loudness and 
roughness (R2=0.96).

Table 5. Correlation of R2 coefficients between psychoacoustic models of the sounds under study.

Correlation of sound quality evaluation between psychoacoustic and affective attributes
Table 6 shows the correlation between the psychoacoustic parameters and the affective 

attributes. From the R2 values, it is recognized that the affective attributes ‘Dissatisfy-Satisfy’, 
‘Quiet-Loud’, and ‘Smooth-Rough’ are highly correlated with the parameters loudness, sharpness, 
and roughness.

As shown in Table 7, there is more than one psychoacoustic parameter that is highly correlated 
with the affective attributes. Each psychoacoustic parameter is plotted with the most correlated 
affective attribute based on the result in Table 7. As shown in Figures 4 (a) and (b), it can be 
identified that there is no correlation between fluctuation strength and ‘Smooth-Rough’, and also 
between tonality and clear.
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Table 6. Correlation of R2 coefficients between subjective responses and psychoacoustic parameters.

In Figure 5, the affective attribute scores of ‘Quiet-Loud’, ‘Dull-Sharp’, and ‘Smooth-Rough’ 
are increasing as the psychoacoustic parameters loudness, sharpness, and roughness increase.

The affective attribute ‘clear’ has a low correlation with all psychoacoustic parameters. This 
result implies that ‘clear’ is not an appropriate affective attribute to test a door opening sound in a 
vehicle. In contrast, the psychoacoustic parameters ‘loudness’, ‘sharpness’, and ‘roughness’ have 
high correlation with ‘Dissatisfy-Satisfy’. Consequently, fluctuation strength and tonality will be 
excluded when building the satisfaction model of door opening sound in vehicle.

Figure 4. Scatter plot: (a) fluctuation strength on the x-axis and ‘Smooth-Rough’ value on the 
y-axis; (b) tonality on the x-axis and ‘Unclear-Clear’ value on the y-axis.
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Figure 5. Scatter plot: (a) loudness on the x-axis and ‘Quiet-Loud’ value on the y-axis; (b) sharpness on the x-axis 
and ‘Dull-Sharp’ value on the y-axis; (c) roughness on the x-axis and ‘Smooth-Rough’ value on the y-axis.
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Multiple linear regression of sound quality evaluation
The relationships between each affective attribute and the psychoacoustic parameters were 

derived from stepwise multiple linear regression (MLR) due to high correlation between ‘loudness’, 
‘sharpness’, and ‘roughness’. The tables below show the regression results of the prediction model 
for each affective attribute against the parameters (Tables 811-). In the case of multiple significant 
models, regression equations with higher R2 were written. 

In Figure 6, the relationship is presented between subjective responses for ‘Dissatisfy-Satisfy’ 
value and the prediction value from regression analysis. As shown in the graph, it can be noted that 
there is very little difference between the subjective responses and the prediction value.

Figure 6. Normal P-P plot of regression standardized residual for ‘Dissatisfy-Satisfy’ and 
prediction of these responses by Eq. (1). The linear line in the graph means that predicted scores 

with subjective evaluation and experiment result were equal.

‘Loudness’ and ‘roughness’ have a major effect on the ‘pleasantness’ of the door opening sound 
(R2=.955). This result confirms that ‘loudness’ and ‘roughness’ are among the sound parameters 
that increase ‘pleasantness’. Therefore, this model is appropriate to predict auditory satisfaction of 
vehicle door opening sounds. The regression equation for this model is presented in Eq. (1):

(1)

In each of the affective attributes, the result of multiple linear regression is presented as follows. 
First, Eq. (2) refers to the ‘Quiet-Loud’ scale, which can be modeled using loudness (R2=.915). 
The variable ‘loud’ is the prediction of the subjective response regarding the ‘Quiet-Loud’ scale. 

(2)
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Second, Eq. (3) refers to the dull/sharp scale, which can be modeled using loudness and 
sharpness (R2=.961). The variable ‘sharp’ is the prediction of the subjective response regarding 
the ‘Dull-Sharp’ scale.

(3)

Finally, Eq. (4) refers to the smooth/rough scale, which can be modeled using roughness 
(R2=.926). The variable ‘rough’ is the prediction of the subjective response regarding the smooth/
rough scale.

(4)

Table 7. Result of MLR between Dissatisfy-Satisfy and psychoacoustic parameters (R2=.923, 
p=.000, R2=.955, p=.000).

Table 8. Result of MLR between Quiet-Loud and psychoacoustic parameters (R2=.915, p=.000).

Table 9. Result of MLR between Dull-Sharp and psychoacoustic parameters (R2=.933, p=.000, R2=.961, p=.000).

Table 10. Result of MLR between Smooth-Rough and psychoacoustic parameters (R2=.926, p=.000).
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CONCLUSION
This study was conducted based on the statistical method to identify the relationship between 

psychoacoustic parameters and subjective evaluations of vehicle door opening sounds. Three 
statistical methodologies (ANOVA, correlation, and regression analysis) were used in this study.  

First, ANOVA identified that there are no significant differences in subjective evaluation 
between each affective attribute and the demographic variables depending on different door 
opening sounds. As a result, demographic variables should not be used as evaluation indices for 
further research of the door opening sounds of a vehicle.

Second, correlation was used to show the relationship between affective attributes and 
psychoacoustic parameters. The results identified that all the affective attributes had a negative 
effect on ‘pleasantness’. The affective attributes ‘loud’, ‘sharp’, and ‘rough’ were highly related 
to ‘pleasant’ (R2=.941, .892, .875). The psychoacoustic parameters ‘loudness’, ‘sharpness’, and 
‘roughness’ were highly related to ‘pleasant’ (R2=.943, .916, .842). 

Finally, through multiple linear regression using the stepwise method, the psychoacoustic 
parameter with the biggest effect on ‘pleasant’ was identified as ‘loudness’. In a previous study 
on door closing sounds, ‘loudness’ and ‘sharpness’ were identified as the major psychoacoustic 
parameters that affect ‘pleasant’ as a door opening sound (Cheng et al., 2005). Each affective 
attribute can be predicted by psychoacoustic parameters as follows: ‘loudness’ for the quiet/loud 
attribute, ‘loudness’ and ‘sharpness’ for the dull/sharp attribute, and ‘roughness’ and ‘sharpness’ for 
the smooth/rough attribute. Examination of the relationship between psychoacoustic parameters of 
door opening sounds and ‘pleasant’ was done through multiple linear regression. The prediction rate 
of our model was 92.3%. Therefore, if a researcher wants to evaluate and predict the ‘pleasantness’ 
of door opening sounds, it would be appropriate to use multiple linear regression based on the 
parameters in this study.

Recent researches on the feelings and emotions obtained from various products and services 
(especially vehicles) have indicated various methods to select affective attributes. Examples are 
literature review, focus group interview (FGI), social network analysis (SNA), and others. SNA 
and the diary recording method (DRM) were used to select affective attributes based on user 
experience in (Maguire, 2001; Vermeeren et al., 2010). This study can be developed further by 
using those methods to select the affective attributes based on drivers’ experiences and to conduct 
comparative analysis with other research. 

Additionally, other various contexts or scenarios that door opening sounds occur in should be 
considered for further experiments. Considering other sound metrics such as kurtosis and sound 
pressure level (SPL) can benefit the model. In order to improve the accuracy of the model for 
predicting auditory satisfaction, there are many other parameters and psychoacoustic metrics being 
developed for research about affective feelings in the field of vehicle sound (Fastl, 2006). These 
parameters can be utilized as evaluation parameters to further study the door opening sounds of a 
vehicle. 

By applying the three statistical analyses used in this study, the optimal value in the sound 
quality parameters of door opening noise should be predicted more effectively. This analysis can 
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also be used to establish criteria for useful and meaningful sound quality levels. It can also be 
further developed as a guideline for building a prediction model of perceived overall satisfaction. 
This method can be applied to the various other sounds from a vehicle such as engine and HVAC 
sounds. Finally, this study is also useful for manufacturers and sellers to identify consumers’ 
affective feeling for a vehicle.

References
Altinsoy, M. E. & Jekosch. U. 2012. The semantic space of vehicle sounds: Developing a semantic 

differential with regard to customer perception. Journal of the Audio Engineering Society 60(120-13:(2/.

Aures, W. 1985. Berechnungsverfahren für den sensorischen Wohlklang beliebiger Schallsignale. Acta 
Acustica united with Acustica 59(2):130- 141.

Repeated Author. 1985. Ein berechnungsverfahren der rauhigkeit. Acta Acustica united with Acustica 
58(5):268- 281.

Bech, S. & Zacharov. N. 2007. Perceptual audio evaluation-Theory, method and application. John Wiley & 
Sons.

Cheng, C. C., Wu, F. T., Yang, K. W., Lin, F. Y., Pan, K. L., & Chen, Y. Y. 2005. Development of the 
methodology to improve automotive door closing sound. Proceedings of the Institution of Mechanical 
Engineers, Part D: Journal of Automobile Engineering 219(1):1- 10.

Fastl, H. 2006. Psychoacoustic basis of sound quality evaluation and sound engineering. In The Thirteenth 
International Congress on Sound and Vibration 37.

Filippou, T. G., Fastl, H., Kuwano, S., Namba, S., Nakamura, S., & Uchida, H. 2003. Door sound and 
image of cars. Fortschritte der Akustik 29:306 -308.

Genta, G., Morello, L., Cavallino, F., & Filtri, L. 2014. The Motor Car: Past, Present and Future. Springer 
Science & Business Media.

Gonzalez, A., Ferrer, M., De Diego, M., Pinero, G., & Garcia-Bonito, J. J. 2003. Sound quality of low-
frequency and car engine noises after active noise control. Journal of Sound and Vibration 265(3):663-
679.

Hamilton, D. 1999. Sound quality of impulsive noises: an applied study of automotive door closing sounds. 
SAE Technical Paper 1999- 01- 1684.

Kim, W., Ryu, T., Lee, Y., Park, D., & Yun, M. H. 2015. Modelling of the Auditory Satisfaction Function for 
the Automobile Door Opening Quality. The Japanese Journal of Ergonomics 51:S478-S483.

Lee, H., Kwon, O. J., & Lee, J. 2007. Modeling of door slam noise index by using sound quality metric. SAE 
Technical Paper 2007- 01 -2394.

Leite, R. P., Paul, S., & Gerges, S. N. 2009. A sound quality-based investigation of the HVAC system noise 
of an automobile model. Applied Acoustics 70(4):636- 645.

Maguire, M. 2001. Methods to support human-centred design. International journal of human-computer 
studies 55(4):587 -634.

Nykänen, A. & Sirkka, A. 2009. Specification of component sound quality applied to automobile power 
windows. Applied Acoustics 70(6):813- 820.



Woonjoon Kim, Donggun Park, Yong Min Kim, Taebeum Ryu, Myung Hwan Yun189

Parizet, E., Guyader, E., & Nosulenko, V. 2008. Analysis of car door closing sound quality. Applied 
Acoustics 69(1):12 -22.

Sellerbeck, P. & Nettelbeck, C. 2004. Door operating sound improvement based on jury testing and system 
analysis. Proceedings of the CFA/DAGA 4:977 -978.

Shin, T. J., Park, D. C., & Lee, S. K. 2013. Objective evaluation of door-closing sound quality based on 
physiological acoustics. International Journal of Automotive Technology 14(1):133 -141.

Takami, K., Ishimitsu, S., Nakagawa, S., & Asami, T. 2008. Subjective evaluation of accelerating car 
interior noise using brain magnetic field. Journal of the Acoustical Society of America 123(5):3722.

Terhardt, E. 1968. Über akustische rauhigkeit und schwankungsstärke. Acustica 20(215- 224):37 -38.

Vermeeren, A. P., Law, E. L. C., Roto, V., Obrist, M., Hoonhout, J., & Väänänen-Vainio-Mattila, K. 
2010. User experience evaluation methods: current state and development needs. In Proceedings of the 
6th Nordic Conference on Human-Computer Interaction: Extending Boundaries. ACM 521 -530..

von Bismarck, G. 1974. Sharpness as an attribute of the timbre of steady sounds. Acta Acustica united with 
Acustica 30(3):159- 172.

Yoon, J. H., Yang, I. H., Jeong, J. E., Park, S. G., & Oh, J. E. 2012. Reliability improvement of a sound 
quality index for a vehicle HVAC system using a regression and neural network model. Applied Acoustics 
73(11):1099 -1103.

Zobel, G. P. 1998. Warning tone selection for a reverse parking aid system. In Proceedings of the Human 
Factors and Ergonomics Society Annual Meeting 42(17):1242 -1246.

Zwicker, E. & Fastl, H. 2013. Psychoacoustics: Facts and models. 22: Springer Science & Business Media.

Zwicker, E., Fastl, H., Widmann, U., Kurakata, K., Kuwano, S., & Namba, S. 1991. Program for 
calculating loudness according to DIN 45631 (ISO 532B). Journal of the Acoustical Society of Japan (E) 
12(1):39- 42.

Submitted: 18/10/2016
Revised    : 30/11/2016
Accepted  : 25/03/2016      



190 Sound quality evaluation for vehicle door opening sound using psychoacoustic parameters

تقييم جودة ال�سوت

Psychoacoustic عند فتح باب المركبة با�ستخدام معلمات

ونجون كيم*، دونغقون بارك*، يونغ مين كيم*، تايبيوم ريو** و ميونغ هوان يون*

* ق�سم الهند�سة ال�سناعية، جامعة �سيول الوطنية، 742-151 �سيول، كوريا الجنوبية
** ق�سم الهند�سة ال�سناعية والإدارية، جامعة حنبت الوطنية، 719-305، كوريا الجنوبية

الخلا�صة

تقييم  اإلى  الدرا�سة  النف�سية والر�سا الح�سي نحوها. تهدف هذه  الراحة  تاأثير رئي�سي على  له  المركبة  باب  فتح  اإن �سوت 

مدى الر�سا ال�سمعي نحو �سوت فتح باب المركبة وا�ستنباط معلمات ال�سوت التي يمكن اأن تُح�سن من درجة هذا الر�سا. تم 

للا�ستبيان  مُ�سجل وفقاً  بتقييم كل �سوت  البحث  الم�ساركون في  لفتح باب. وقام  اأربعة ع�شر �سوتاً مختلفاً  اختيار وت�سجيل 

اأولً، تم تطوير ال�ستبيان لتقييم مدى الر�سا ال�سمعي نحو �سوت فتح  المُ�سمم لذلك. تم الح�سول على ثلاث نتائج رئي�سية. 

خلال  من  ال�سمات  تلك  اختيار  تم  الباب بناءً على خم�س �سمات ح�سية: "�ساخب" و"حاد" و"غليظ" و"وا�سح" و"مريح". 

مراجعة الن�شرات ال�سابقة واإجراء مقابلات مع خبراء في هذا المجال. ثانياً، تم اختيار "جهارة ال�سوت" و"الحدة" و"الغلظة" 

هامة  اأبعاد  هي  المعلمات  هذه  اأن  ووجدنا   .Psychoacoustic كمعلمات  اللونية"  و"الدرجات  التذبذب"  و"قوة 

لإدراك �سوت فتح الباب. وكانت كل �سمة ح�سية مرتبطة بالمعلمات ال�سمعية الب�شرية عن طريق تحليل الرتباط. واأخيراً، قام 

الموؤلفون بتطوير نموذجًا للتنبوؤ بال�ستجابة الذاتية ل�سوت فتح الباب من خلال تحليل النحدار. ففي �سمات "�ساخب" و"حاد" 

R2 عالية. تم ا�ستخدام النحدار المتعدد لإن�ساء نموذج للتنبوؤ بمدى الر�سا ال�سمعي. وقد ثبت اأن معلمة 
قيم  و"غليظ"، ظهرت 

"جهارة ال�سوت" لها تاأثير كبير على مدى الر�سا ال�سمعي. واأظهرت المعلمات "جهارة ال�سوت" و"الحدة" و"الغلظة" تاأثير 
Psychoacou -  على �سمات �سوت فتح الباب. وكانت نتيجة هذه الدرا�سة نموذج اأمثل، تم اإن�ساوؤه من خلال معلمات

الباب. فتح  اأ�سوات  نحو  ال�سمعي  الر�سا  بمدى  للتنبوؤ   tic
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