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                                                               Abstract 

Foot step noise is one of the most irritating noises in lightweight timber houses which are 
commonly in use in Sweden. Since irritating noise can cause stress and discomfort and has a 
great influence on human well-being and performance, a study was conducted on floor impact 
sound generated by walking, with the following objectives: 
 

• To evaluate the effects of following four factors -floor, ceiling, shoes and weight of 
walkers- on subjective perception and judgment of annoyance 

• To build a model based on the psychoacoustic descriptors and subjective judgment of 
annoyance. 

 
Two experiments were carried out using headphones and loudspeakers. The first experiment 
included 24 sounds, using 3x2x2x2 factorial design and comprising the “floor” at 3 levels and 
the other three factors (“ceiling”, “shoes” and “weight” of the walker), each at 2 levels. In this 
experiment headphones and 12 subjects were employed.  
 
In experiment 2, the loudspeakers, arranged and processed through cross-talk cancellation 
were used instead of headphones and 16 sounds (using 2x2x2x2 factorial design) and 12 
subjects were selected.  
 
Based on the results analysis, the following conclusions were derived: 
 

1. Loudspeaker seems to be a more suitable tool than headphone to evaluate subjective 
response to annoyance. 

2. The steel reinforced wooden type of floor when it is associated with unbolted-ceiling 
(“ceiling off”) has higher annoyance and loudness value. 

3. The role of the 250 Hz octave band seems to be very critical to analyse the floor 
impact sounds. Nevertheless, all octave bands from 63 to 8000 should be taken into 
account in order to predict the annoyance response.  

4. The fixed wooden type of floor is the most appropriate type of floor in terms of less 
annoying when a heavier walker (male walker) is considered. 

5. Walking of a male walker creates higher level impact sounds over all octave bands 
than female walker. 

6. Specific loudness is the best psychoacoustic descriptor for these sounds.  
 

 
Keywords; Floor impact noise, Subjective evaluation, Psychoacoustic parameters, Light 
weight floor. 
                                   

 

 

 

 



 III

                                             Acknowledgment  

I wish to acknowledge and thank the following who somehow helped me during this period of 

study in Luleå.    

Prof. Houshang Shahnavaz for all his guiding support over 18 month study. 

Prof. Anders Ågren and Dr. Örjan Johansson my supervisors in this project for their 

invaluable comments, guidance and help.  

Dr. Emma-Christin Lönnorth and other stuffs of department of human science in Luleå 

University for their services and teaching. 

Karin Johansson for recording the sounds and also providing information and data.  

Donatas Trapenskas, Thank you very much Donatas, for your assistance and guiding in the 

beginning of this project.  

Andy, Peter and other stuffs and doctoral students of noise and vibration division of Luleå 

University. 

All my classmates. We had a great time together and I learned very much from all of them.  

And finally my parents and friends in Iran and especially my brother Ali who supported me 

mentally and financially and he encouraged me to keep going from the beginning to the end. 

 

 

 

 

 

 

 

 



 IV

                                            LIST OF FIGURES 

Figure 1-1     Auditory field                                                                                               3 

Figure 1-2     Masking patterns                                                                                          4 

Figure 1-3     Equal-loudness contours for pure tones in a free sound field                      7 

Figure 1-4     Attenuation in diffuse and free field as a function of frequency                  8 

Figure 1-5     Temporal Partially masked loudness of a tone burst                                    9                           

Figure 1-6     Weighting factor for sharpness as a function of critical band rate              11                            

Figure 1-7     Sound quality evaluation by human and instrument                               14 

Figure 2-1       The Dummy head HMS III adjusted at the average seated listener          18                        

Figure 2-2      Walking track                                                                                               19 

Figure 2-3      Anechoic room with subject doing listening test                                        22 

Figure 2-4      Headphone HA II and HPS IV                                                                   24 

Figure 2-5      Equal appearing interval scale                                                          26 

Figure 2-6      Representation of main and interaction effects of factors                           28 

Figure 3-1     Mean annoyance response for 24 sounds                                                     32 

Figure 3-2       Mean annoyance response for 16 sounds                                                    34 

Figure 3-3     Plot of correlation between two experiments                                               35 

Figure 3-4     PCA analysis with octave band levels; plot of component weights             37 

Figure 3-5     Pareto Chart for fluctuation strength                                                   38 

Figure 3-6     Pareto chart for loudness                                                                              38 

Figure 3-7      Effects of   shoes on 250 Hz frequency octave band                                   40   

Figure 3-8      Effect of weight on octane bands                                                                 40 



 V 

Figure 3-9      Main effect of weight (walker or person) on annoyance response              41 

Figure 3-10      Interaction plot between floor type and ceiling                                         42 

Figure 3-11    Response square plot, representing mean annoyance in two conditions     43                          
                            of floors and two conditions of weights       
Figure 3-12   Response square plot, representing mean annoyance in two conditions      44  
                           of shoes and two conditions of weights                                                                                      
Figure 3-13   plot of observed against predicted model                                             46 

Figure A-1   Section through floor                                                                                     54 

Figure A-2   Comparison of three types of floor for without shoes, male/female              66           
                         and ceiling on/off                                                                                           67 
 

 

                                              

                                  

 

 

 

 

 

 

 

 

 

 

 



 VI

                                                 LIST OF TABLES 

Table 1-1    Relevant factors in health effects of noise                                                         2 

Table 2-1    Reverberation time in different frequencies in the room                                 17 

Table 2-2    Factorial design of independent variables                                                        21 

Table 3-1    Psychoacoustic values                                                                                      29 

Table 3-2    A-weighted level at different frequencies                                                        30 

Table 3-3    Psychoacoustical values for experiment 2                                                        31 

Table 3-4    Annoyance response mean-values and standard deviation for 24 sounds        32 

Table 3-5    Annoyance response mean values and standard deviation for 16 sounds         34 

Table 3-6    Correlation coefficients between psychoacoustic descriptors with                   36 
                        mean annoyance response 
Appendices 

Table A-1   Friedman test results                                                                                          55          

Table A-2    Kendalls’ W for annoyance response by sounds No                                         55 

Table A-3   ANOVA test for exp.1                                                                                       56 

Table A-4   Post-Hoc tests Based on Bonferoni method for exp. 1                                     56 

Table A-5   Correlation coefficient between ranking the 16 sounds between two               68 
                       Experiments 
Table A-6   ANOVA Table for annoyance response by sounds No (exp. 2)                       68 

Table A-7  Multiple range tests for annoyance response by sound No,                               68 
                       using LSD method (exp. 2) 
Table A-8   ANOVA table of factorial analysis (exp. 2)                                                      71                    

 

 

 



 VII

LIST OF CONTENTS 

Abstract                                                                                                                                  II 
Acknowledgment                                                                                                                  III 
List of figures                                                                                                                        IV 
List of tables                                                                                                                          VI 
 

1- Introduction                                                                                                 1                         

1-1- Health effect of noise                                                                                       1 
1-2- Sound quality                                                                                                                  2 
1-3- Recording Techniques                                                                                                    5 
1-4- Reproduction techniques                                                                                                6 
1-5- Psychoacoustic parameters                                                                                             7 
        !-5-1- Loudness (N)                                                                                                        7 
        !-5-2- fluctuation strength                                                                                             10      
       1-5-3- Roughness                                                                                                           10 
       1-5-4- Sharpness                                                                                                            11 
1-6- Psychological aspects of sound quality                                                                         12  
1-7- Sound quality instrumentation                                                                                      13 
1-8- Purpose of the study                                                                                                      15 
 
2- Method                                                                                                          17 

2-1- Recordings                                                                                                                       17 
2-2- Track and walkers                                                                                                            18 
2-3- Selection of independent variables (factors)                                                                    20 
2-4- Examine the recording sounds                                                                                         22 
2-5- Listening test                                                                                                                    22 
       2-5-1- Instructions                                                                                                            23 
       2-5-2- Subjects                                                                                                                  23 
       2-5-3- Instrumentation                                                                                                      23 
      2-5-4- Procedure                                                                                                                24 
2-6- Acoustical and psychoacoustical measurements                                                              25  
2-7- Scaling technique                                                                                                             26 
2-8- Statistical methods                                                                                                            27 
 
3- Results                                                                                                            30 

3-1- Acoustical and psychoacoustical measurement                                                                30                         
3-2- Annoyance response                                                                                                         32 
3-3- Correlation between two experiments                                                                              35 
3-4- Correlation between psychoacoustic parameters with subjective perception                  36        
        of annoyance 
3-5- PCA analysis                                                                                                                    37                          
3-6- Effect of independent variables (floor, shoes, ceiling and weight)                                  38 
        on psychoacoustic parameters 
3-7- Effect of each factor (floor, ceiling, shoes and weight) on octave bands                         40 



 VIII

3-8- Factorial analysis                                                                                                               42 
3-9- Multiple Regression Analysis                                                                                           45 
 
4- Discussion                                                                                                      47 

5- Conclusion                                                                                                     49  

5- Future study                                                                                                  50 

6- References                                                                                                     51 

7- Appendices                                                                                                    54 
 
Appendix 1; Instruction                                                                                                            54 
Appendix 2; construction of the floors and ceilings                                                                 55 
Appendix 3; Friedman test, Kendalls’ W, ANOVA and Post-Hoc tests                                  56  
                     based on Bonferoni method (exp.1)                                         
Appendix 4; Octave bands spectrum for 24 sounds                                                                  67 
Appendix 5; Correlation coefficient of ranking the 16 sounds between two experiments       69 
Appendix 6; ANOVA and Post-Hoc multiple comparison for exp. 2                                      69 
Appendix 7; Factorial analysis for exp. 2                                                                                 72 
                                                                                                                                                                               
 
 

   
                                                                                             
                                                     
 
 
  
  



 1 

1-Introduction  

Essentially, a residential building should provide a safe place to rest and to have peace. Thus, 

building acoustic and acoustic comfort inside the building, among other factors concerning 

building construction –e.g. stability, cost, thermal comfort etc. - plays an important role. 

Basically noise should not be transmitted to another part of the building where it might annoy 

the residents. Irritating noise can cause stress and discomfort. In particular, while sleeping, 

disturbance noise can appear as tiredness and distraction on the following day. In contrast, 

high quality sound and good acoustic environment has a great and positive influence on 

human well-being and performance (Sandelin, 1990). 

 Building multi-story wooden house using light-weight floor structures have been commonly 

in use in some countries such as Sweden. This type of floors construction are economically 

competitive compared to concrete heavy-weight floor structures due to the high degree of 

prefabrication and consequently, shorten the construction time (Samuelsson and Sandberg 

1998). One of the most irritating noises in multi-story buildings is the noise arising from foot 

step sound -which is basically at low frequency (Hammer and Nilsson, 1999) - in lightweight 

wooden buildings. The low frequency of this kind of sounds is especially of interest, why the 

effect of sounds influences the whole body in addition to the ears.  

1-1- Health effect of noise 

 The negative effects of noise on human health have been widely investigated. Although noise 

in extreme cases can damage the inner ear and causes hearing-loss but mainly, the effects of 

noise are perceptual and psychological ones, such as destroying performance, rest and sleep 

(Osada 1988).   

 The psychological damage occurs when the inner ear is overstimulated by a sound, so that, 

the organ of Corti is injured mechanically or biochemically.  On the other hand, noise can also 

indirectly and through the Cortex, affects the human performance and relaxation. Both direct 
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and indirect effects lead to perception of annoyance. Annoyance which is in fact, a feeling of 

being troubled and discomfort can in turn appeared in the form of negative psychological 

attitude toward the noise. Apart from the sound (noise) factors such as level, frequency, 

spectrum, fluctuation, intermittency, duration and so on, quantity and quality of health effects 

of noise depend also on human factors, including, age, sex, health state, occupation, 

personality, history of exposure and time of exposure (e.g. during work, study, sleep etc.). 

Figure1-1 summarizes the relevant factors in health effect of noise. 

              Noise factors                                    Human Factors                                    Health 

effects 

Noise level                                        Sex                                               Direct effects:    
Frequency spectrum                          Age                                                     Sensation 
Fluctuation of Level                          Health state                                        Masking 
Impulsiveness                                    Occupation                                         Hearing loss  
Intermittency                                      Personality                                  Indirect effects:       
Time of occurrence            X             History of exposure             =            Emotional effects 
Duration                                             Attitude                                              Sleep disturbance 
Direction                                            Situation;                                            Decreased performance 
Distance from source                                    Work, Study                            Physiological reaction   
etc.                                                                 Relaxation                       Integrated effects 
                                                                        Sleep                                      Annoyance   
                                                                        etc.                                          Behavioural reaction  

                   Table 1-1- Relevant factors in health effects of noise (Osada 1988) 

Indirect effects and perception of noise appearing in individual differences among people are 

as much influenced by personal factors as by noise factors, so it is sometimes difficult to find 

a reliable formula, explaining the annoyance response for all people. In this occasions, 

statistical methods such as multivariate analysis are applied (Osada, 1988).   

1-2- Sound quality  

Generally in building acoustic just like other product design, we have deal with sound quality. 

Quality of a product means suitability of that product with regard to specific pre-set demands 

(Bluert and Jekosch, 1997). Based on Bluert definition (1994), sound quality is ‘adequacy of a 

sound in the context of a specific technical goal and/or task’. Considering this, sound pressure 
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level or even A-weighted level can not be alone as the indicator of quality of a sound. At this 

point, psychoacoustics and cognition (psychological approach) come to consideration.  

Psychoacoustics is the science to explain the quantitative relation between acoustical stimuli 

and hearing sensations (Zwicker and Fastl. 1990). Applying psychoacoustics, we are able to 

visualize the relation between the physical parameters of a sound i.e. sound pressure level, 

frequency components, spectrum, duration etc. with human hearing system. Human hearing 

system has specific characteristic. For example, the equal energy emitted from a product can 

be perceived very different depends on frequency content, duration and so on. 

Figure 1-1 illustrates the frequency response of human hearing at different levels as well as 

the regions of speech and music. Solid and dashed lines represent the threshold of pain and 

quiet.  

                      
                                       Figure 1-1. Auditory field (Fastl, 1997)    
 

As it is seen, human hearing is more sensitive in the frequency range between 500 Hz to 5 

kHz and it falls down at lower and higher frequencies. Moreover, spectral and temporal 
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masking effects (see figure 1-2) which are again other characteristics of the human hearing 

system, also play a critical role in human perception of sound. 

 

 
Figure 1-2. masking patterns for white noise at different spectral density levels (left) and narrow-band                                
    noise centred at 1 kHz with a bandwidth of 160 Hz at different levels LCB (right). (Fastl H. 1997).   
 

Yet psychoacoustic data represent a solid basis for sound quality evaluation, thus, cognitive 

and aesthetic effects have to be taken into account. Sounds by themselves, are only signals 

and/or signs that inform the listener about the environment and events. This is the listener 

who judge upon the event or product based on his cognition, emotion and desired. The listener 

-having prior knowledge on a given product or event- compares the sound of product or 

auditory event with what he has in mind. Hence, a desirable sound should not only give 

information about the event or product, but also it should not be annoying and/or irritating. 

 Summing up all these points, sound quality assessment is a complex process and it requires 

knowledge on three different categories (Bluert and Jekosch 1997); 

1- Acoustics;  physical parameters of sound 

2- Psychoacoustics; relation between physical parameters and auditory perception of 

human hearing system 

3- Psychology; human factors e.g. cognition, emotion etc. involved in judgment and 

perception of the sound         
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Physical or acoustical factor can be measured and calculated thorough acoustical devices. 

However, psychoacoustical parameters such as loudness, sharpness etc would be estimated by 

psychometric methods. For this mean, human subject is involved and this sort of investigation 

is conducted in the laboratory and by the human judgement on a given sound (listening test). 

The third item (psychology) is again assessed by psychological methods and human 

judgement based on listening test and statistical analysis of the results, explained later in this 

chapter.  

1-3- Recording Techniques 

As it is mentioned, to assess a sound, we have to deal with three different categories. The first 

one which is acoustics, specific tools and instruments depend on the acoustic measurement, 

will be used, but the second and third one requires running listening test. It is often useful to 

record the sound and reproduce exactly the same sound if it is possible. This is simply due to 

better and more precise control the situation and environment of any experiment (listening 

test) in the laboratory. For instance, in the laboratory we can avoid and get rid of unwanted 

sounds (noise) to be presented to the subjects. Another positive point is that, recorded sounds 

enable us to playback the sound as long as we wish. Fortunately, nowadays digital audio 

equipment makes it possible to record and reproduce the sound in a correct and precise way. 

In contrast, the drawback of doing listening test in the laboratory is that -in this way- the 

subjects are not exposed to real or original atmosphere or environment. It could sometimes 

result in bias or unreliable judgement.  

 There are various recording methods available. One technique is monaural in which the 

sound is recorded by one microphone at one direction. This technique has time and frequency 

content, but lack of directional information. The stereophonic technique includes direction in 

one axis. Another technique is binaural technique in which recording includes information at 

three axis (left-right, front-back and top-down).  
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 In the binaural recording technique, a pair of microphones is placed in the ear canals of the 

listener or a copy of the human head (called artificial head or dummy head). This is due to the 

special shape of the human body -e.g. head, neck, shoulder, torso - and the fact that, the sound 

waves should pass through the same rout to reach the both ears as they do with the real human 

listener. For this reason, the commercial dummy head is shaped and sized as an averaged 

human being and with the head, shoulder, neck, torso and ears. However, this method is 

superior to other sound recording techniques, but it is not without drawbacks. For example, 

artificial heads represent the average which is not the case for all human with different sizes 

of the body (anthropometry). Also, the shape of the pinnae varies from one individual to 

another and consequently, the frontal localization is not proper, using this type artificial head 

(Trapenskas 1999, Shafiquzzaman Khan 1998).  

1-4- Reproduction techniques  

When we present the sound to the subject, depending on the recording techniques, the sound 

will be presented through one loudspeaker (monaural), a pair of loudspeakers (stereophonic) 

or several loudspeakers arranged based on a cross-cancellation system or headphone (binaural 

technology). In the case of binaural recorded sounds and reproduced by headphone, the right 

signals send to right ear and left signals to the left ear. By these means, the recorded sound is 

heard similar to the situation that the listener is listening to the real sound from localization 

and acoustical aspect. The two problems with headphones instead of loudspeakers are that, the 

headphones give less natural feelings of listening environment compared to loudspeaker, and 

second, the reproduction of sound at very low frequencies (<100 Hz) is better using 

loudspeaker than headphone (Shafiquzzaman Khan 1998).  

 In order to reproduce the sound recorded based on binaural technology by loudspeaker, it 

should be presented in such a manner that the sound signal from the left loudspeaker reaches 

only left and signals from right loudspeaker reaches only right ear (.Trapenskas 1999). It 
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demands an anechoic room for performing the listening test and a set of loudspeakers placed 

in the anechoic room so that cross-talk cancellation phenomenon (no reflection from the walls 

and at the centred-point of the loudspeakers) is existed.  

1-5- Psychoacoustic parameters             

 As it is mentioned previously, psychoacoustic researchers try to find a relation between 

acoustical signals and hearing sensations. To do so, psycho-acousticians applies various 

descriptors by which, acoustical signals specifications will later be explained. A number of 

descriptors have already been developed and some new ones are under development by new 

investigations in different field of psychoacoustics. The most well-know psychoacoustic 

descriptors are defined below:  

!-5-1- Loudness (N); 

Loudness is probably the most important and well-known psychoacoustic quantity, describing 

the human sensation and reaction to sound. Loudness depends not only on sound pressure 

level, but also on other factors such as temporal and spectral masking, band-width, frequency 

and duration. Figure 1-3 depicts the sensation of loudness in different frequencies. 

                         
     Figure 1-3- Equal-loudness contours for pure tones in a free sound field (Zwicker and Fastl. 1990) 
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In addition to loudness, loudness level is also important. Loudness level depends on both 

loudness sensation and physical parameters of a sound. ‘The loudness level (introduced 

initially by Barkhausen) is the sound pressure level of a 1 kHz tone in a plane wave and in 

frontal incident that is as loud as the sound itself; its unit is phone’. In diffuse field where the 

sound comes from all directions, the human hearing sensation is not equally sensitive to 

different frequencies. Figure 1-4 shows the dependence of loudness, coming from different 

directions, on frequency. As it can be seen, at low frequencies, this dependence on direction is 

negligible; however at higher frequencies than 500 Hz, direction dependence deviates from 

equality. 

                                    
   Figure 1-4- Attenuation necessary to produce the same equal loudness of a pure tone in a diffuse and 
                            in a free field as a function of the pure tone’s frequency (Zwicker and Fastl. 1990). 
 
 

 Another unit which is also commonly used is sone. One sone is defined as the level of 40 dB 

of a 1 kHz tone in free field condition. Sone and phone have the following relation; 

 

                                              S = 2(P-40)/10           (Equation 1-1) 

  Where P represents the phone value and S is the sone value.  

 In order to find a model to describe and estimate the loudness, man should take several 

factors influencing loudness into account. For instance, spectral masking effect of a narrow 

band noise appears in figure 1-2. The reason for spectral masking effect is that if we consider 

a pure tone, it excites the basilar membrane of the inner ear in a widespread area. This 

masking-as it is seen from figure 1-2 at higher frequencies has a shallow slope compared to 
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lower frequencies at which the slope of masking is steeper. Masking effect depends also on 

level of the sound.  

In addition to spectral effects, there also exist temporal masking effects on loudness. Figure 1-

5 indicates the temporal masking effect of a uniform-exciting noise on a 5 ms, 60 dB, 2 kHz 

tone burst. Where the ∆t is near 200 ms or more, no temporal masking effect would be 

appeared, whilst,, the loudness of the tone burst decreases dramatically down to around ∆t=5 

ms where the tone burst is completely masked  (it reaches zero).   

      

                           
     Figure 1-5- Temporal Partially masked loudness of a 5ms, 60-dB, 2 kHz tone burst. (UEN = Uniform 
                                                          Exciting noise) (Zwicker and Fastl. 1990). 
 

Regarding different effects on loudness, Zwicker and Fastl developed a model to estimate the 

loudness based on critical band rate in Bark (see equation 1-2).   

                                    

                                           N = ⌠0
24 Bark N´dz               Equation (1-2)   

 Where N’ is specific loudness in each critical band and its unit is sone/Bark. The specific 

loudness then is calculated by following equation;  

                N´ = 0.08 (ETQ/E0)0.23 [(0.5 + (E/ETQ)0.23 – 1]    Equation (1-3) 

 ETQ is the excitation level at threshold in quiet and E0 is the excitation value corresponds to 

reference intensity I0 = 10 -12 w/m2. E is the intensity level of the given critical band. 
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 Regarding temporal masking, excitation level and specific loudness in aforementioned 

relations should be treated as time-dependent values. 

 !-5-2- fluctuation strength;  

  Where the sound is not a steady-state sound but rather fluctuated or modulated, fluctuation 

strength or roughness –depending on modulation frequency- can be perceived. Up to 

modulation frequency of 20 Hz, fluctuation strength is dominant. Maximum fluctuation 

strength occurs at modulation frequency of 4 Hz.  

 The unit for fluctuation strength is vacil. 1 vacil is defined as a 1 kHz tone of 60 dB with a 

100% amplitude modulation of 4 Hz. Fluctuation strength is stimulated approximately by 

following formula; 

                                 F = ∆L / (fmod/4) (4/fmod)       Equation (1-4) 

Or more precisely by; 

 

              F = 0.008 ∫
Bark24

0
∆Ldz / (fmod/4) (4/fmod)   Equation (1-5)     

 

 

 1-5-3- Roughness; 

As it is stated, for higher modulation frequency (between 15-300 Hz) the sensation of 

roughness is perceived. Roughness reaches its maximum near 70 Hz modulation frequencies. 

The unit of roughness is expressed as asper and one asper is a 1 kHz, 60 dB tone that it is 

100% modulated at modulation frequency of 70 Hz. Roughness can be approximately 

calculated as follows;  
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                                  R = fmod ∫
Bark24

0
∆LE(z) dz                 Equation (1-6) 

fmod is the modulation frequency 

∆L is the temporal masking depth on the critical band rate 

 1-5-4- Sharpness:  

The sensation of sharpness represents how much a sound perceived sharp and shrill, against 

dull. According to this definition, the most important parameters influencing sharpness are the 

spectral content and the centre frequency of narrow band sounds. The unit of sharpness is 

acum and one acum is a narrow-band noise one critical-band rate wide at a centre frequency 

of 1 kHz having a level of 60 dB.  

 Sharpness is estimated by following equation; 

 

                S = 0.11 ∫
Bark24

0
N´g(z) zdz / ∫

Bark24

0
N´dz    Equation (1-7) 

Where S is sharpness, N’ is specific loudness and g is the weighting factor which is critical-

band rate dependent (see fig. 1-6). 

 

                          
   Figure 1-6-Weighting factor for sharpness as a function of critical band rate ((Zwicker and                        
Fastl.1990).             
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1-6- Psychological aspects of sound quality  

In foregoing sections, it is stated that sound quality assessment is a multi-layered problem. It 

is also mentioned that a high quality sound should be either informative or pleasant to the 

human subject. Psychological aspects of sound quality try to examine and search for the 

methods to evaluate quality of sound from the perception of human point of view.  

 There are a great number of methods used in psychology of sound quality. Generally, when it 

is known which property of the sound that is related to the sound quality, unidimensional 

methods will be used, in which, one physical variable (e.g. physically defined roughness) and 

one psychological attribute of the sound (e.g. roughness) are taken and subjects make the 

judgment on a unidimensional scale. On the other hand, when we have to deal with several 

dimensions in sound quality, we should use multi-dimensional methods (e.g. annoyance 

response to sound with respect to loudness, sharpness etc.).  

The methods applied on the design side of a unidimensional scaling method are (Guski, 

1997):  

a) constant stimuli 

b) paired comparison (e.g. Jeon, 2001, Nilsson and Hammer 1999 in floor impact noise) 

c) continuous scaling 

d) adjustment (e.g. Tashibana et al. 1988, Jeon 2000, in building acoustic and floor 

impact noise respectively) 

On the response scale side, there are three types of procedures: 

a) Magnitude estimation (e.g. Meunier et al. 2001, in evaluation of sound quality of 

vibrating surface, and Kuwano et al. 1988 in judgment of loudness and annoyance of 

different sounds) 

b) Unidimensional rating at equal intervals (e.g. Persson and Björkman 1988, in 

annoyance judgment of low frequency noise) 



 13 

c) Category partitioning scale (CP scale)   

For multidimensional following methods can be used: 

1) Unidimensional scale and statistical methods such as Multiple regression analysis, 

Principle component analysis etc. to combine the scales and make a relation between 

different parameters. 

2) Selected description method 

3) Similarity rating for pairs of sound 

4) Semantic differential method 

To analyse the results, different statistical analyses- depending on the method- are used such 

as factor analysis, cluster analysis, multiple regression analysis, principle component analysis, 

partial least square and so on.   

        

1-7- Sound quality instrumentation 

Basically, instrumentation tools offer advantages over human subject evaluation in many 

fields of science, including psychoacoustics. They can be standardized and also 

instrumentation methods lead to reproducible results. The difficulty linked to the 

instrumentation method for sound quality is the complexity of the task. As it is pointed out, 

sound quality is a multi-layered problem and it is related to various factors (see Figure.1-7). 

Therefore, any instrumental method should be able to quantify all these factors.  This is not 

the case at least at this time, since the instruments are commonly used today and have been 

developed based on psychoacoustical investigations -i.e. they have the same restrictions 

(Bodden, 1997).    

        
  .  
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Fig. 1-7- Sound quality evaluation by human (right), standard instrumentation (left) and 
instrumentation for sound-quality evaluation (bottom) [Bodden, 1997] 
 

Any instrumental device should provide an appropriate recording system and store the 

recorded sound in such a manner that, the user can reproduce it in a correct, reliable manner.  

 Various recording methods are discussed in section 1-3. To store the sound in a suitable way, 

digital signal processing is utilized to convert the analogue sounds to digital signals and then, 

store the sound on a digital tape or directly on a hard disk (Bodden, 1997). 

It is also possible to manipulate to sound. Thus, there are various instrumental devices to help 

the user to modify the sound characteristics. Among them, different types of filters, editors 

and signal generators are the most important ones.     

When the sound is recorded, the intention is to analyse the recorded signals. Instrumental 

devices offer different analyses in four groups;  

 1- Basic analysis, for example A,B,C-…weighted levels, octave band spectrum, etc.          

 2- Auditory models for signal representation such as FFT (Fast-Fourier-Transformation). 

 3- Psychoacoustic indices e.g. loudness, sharpness etc.  

 4- Combined indices e.g. Annoyance index. 
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 Regarding specific requirements, working environment, and personal preferences, one desires 

to select an appropriate sound quality tool.   

1-8- Purpose of the study 

 Although a lot of studies have been done on evaluating and quantifying environmental sound 

based on subjective perception and physical and psychoacoustical parameters, only a few 

have been done within residential buildings. Particularly investigations of impact sound due to 

the walking on the floor are rarely presented. 

 Tachibana et al (1988) examined loudness evaluations of sounds transmitted through the 

walls. They included that arithmetic mean values of the sound pressure level in octave bands 

from 63 Hz or 125 Hz to 4 kHz have a high correlation with the loudness and this value is a 

good single number for rating the airborne sound insulation performance of walls.  

 Jeon 2000 and Jeon et al 2002 studied objective and subjective evaluations of floor impact 

noise generated by tapping machine, bang machine and rubber ball and they developed a 

model for subjective loudness of this kind of sounds based on Zwicker loudness, unbiased 

annoyance and fluctuation strength, and also using ACF/IACF (Auto Correlation 

Function/Inner-Aural Cross-correlation Function) factors. 

 Hammer and Nilsson (June 1999, September 1999) investigated the floor impact noise 

generated by male and female walkers and tapping machine on 8 different types of 

lightweight and heavyweight floors. They reported that there is a higher correlation between 

subjective preference and a combination of Zwicker loudness and sharpness for tapping 

machine and male walker but not for female walker. 

 Since multi-story residential buildings, nowadays, are very common, and also floor impact 

noise has been recognized as the most irritating noise within these types of buildings, this 

study aims at evaluating floor impact noise and sound quality in residential buildings.  

 Hence, the objectives of this study can be briefly expressed as: 
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• To find out and evaluate the effects of four factors –floor type, ceiling, shoes and 

weight- on subjective annoyance. 

• To develop a model for subjective annoyance response based on psychoacoustic 

descriptors.         
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2- Method 

In this chapter, recordings, experimental procedure, subjects, instrumentation, scaling 

technique and statistical methods will be explained in details. 

2-1- Recordings   

This study consists of two experiments, but recording procedure is the same for all sounds 

stimuli.   

The recordings were performed in a room with the volume of 61.0 m3 where the reverberation 

time is as follows in different frequency bands for the room with steel-wooden beam floor 

type and without ceiling (unbolted ceiling). The Lw (level measurement with tapping 

machine) was 68 dB in this room. 

              Frequency Hz    Reverberation time (sec.) 

                               50                                 0.6   
                           63                                 0.8 
                           80                                 0.6 
                           100                               0.6   
                           125                               0.5 
                           160                               0.6 
                           200                               0.7 
                           250                               0.9    
                           315                               1.0 
                           400                               1.1 
                           500                               1.1 
                           630                               1.0 
                           800                               1.0 
                           1k                                 1.0   
                           1.25k                            1.0 
                           1.6k                              1.0 
                           2k                                 1.0 
                           2.5k                              0.9 
                           3,15k                            0.8 
                           4k                                 0.7 
                           5k                                 0.8 
        
            Table 2-1- Reverberation time in different frequencies in the room 
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In order to record the sounds in this study, binaural technology was used. Dummy head 

(artificial head) HMS III (Figure 2-1), manufactured by Head acoustics, with two 

microphones placed at two artificial ears was used. The height of the microphones (artificial 

ears) was adjusted at the height of the seated normal listener.  

 

                      
                 Figure 2-1- The Dummy head HMS III adjusted at the average seated listener 

 

  Recordings were performed at two positions (in the middle and in the corner) in the room for 

each of the factors (type of the floors, ceiling, shoes and weight of the walkers) as well as the 

different conditions (see section 2-3 for the conditions). The recordings were calibrated in 

diffuse field and at 94 dB level.  

 2-2- Track and walkers 

The walking loop is shown in figure 2-2. Each walker walked the displayed laps two times 

after a few seconds stop at the start point (S in figure 2-2).  
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                                              Figure 2-2- Walking track 

                                                    

 6 subjects (walkers) walked along the displayed loop. The weights of walkers are; 

Walker no.1-     71 kg. 
Walker no.2-     45kg. 
Walker no.3-     61kg.           
Walker no.4-     83kg.          
Walker no.5-     68kg. 
Walker no.6-     95kg.  

The necessary instructions were given to the walkers (e.g. to walk as usual way and not too 

heavy or fast and not too soft or slow). 



 20 

2-3- Selection of independent variables (factors) 

In this study following factors were chosen: 

1- One type of recorded position in the room (in the middle of the room).  

2- Three types of floor (see appendix 2). 

3- Two conditions of ceiling (ceiling on [bolted] & off [unbolted]). 

4- Two conditions of shoes (with & without shoes). Both walkers had worn soft winter shoes.  

5- Two conditions of weight (the heaviest [95kg] and the lightest [45kg] walker). 

Therefore, altogether 24 sounds (3 x 2 x 2 x 2) were selected for the first experiment.  

For the second experiment, the steel-wooden floor was eliminated (along with the other 

factors associated with that type. It means, 8 sounds were eliminated (See factorial design 

method in table 2-2). The reason for that was to stretch the scale and makes it easier for the 

subjects to rate and discriminate between the sounds. Also, the steel-wooden type of floor was 

recognized as extra-ordinary (very) annoying for an apartment building. 

 Therefore, in the second study the factors were reduced to 16 as follows: 

1- One type of recorded position in the room (in the middle of the room)  

2-Two types of floor (fixed and unfixed wooden type of floor)            

3- Two conditions of ceiling (ceiling on and off) 

4- Two conditions of shoes (with and without shoes) 

5- Two conditions of weight (the heaviest [95kg] and the lightest [45kg] walker) 

24 sounds for the first experiment are displayed in table 2-2 based on factorial design method. 
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Floor Ceiling Shoes Weight(person) 

1 1 -1 -1

1 1 1 -1

1 1 -1 1

1 1 1 1

1 -1 -1 -1

1 -1 1 -1

1 -1 -1 1

1 -1 1 1

0 1 -1 -1

0 1 1 -1

0 1 -1 1

0 1 1 1

0 -1 -1 -1

0 -1 1 -1

0 -1 -1 1

0 -1 1 1

-1 1 -1 -1

-1 1 1 -1

-1 1 -1 1

-1 1 1 1

-1 -1 -1 -1

-1 -1 1 -1

-1 -1 -1 1

-1 -1 1 1

    Floor:   1= steel-wooden       0= wooden (unfixed)           -1= fixed wooden    
Ceiling:  1= ceiling on (bolted to the floor)    -1= Ceiling off (unbolted to the floor) 
Shoes:   1= with shoes     -1= without shoes 
Weight (person):  1= highest /heaviest           -1= lowest/lightest 

                             Table 2-2- Factorial design of independent variables 
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2-4- Examine the recording sounds 

The 24 sounds in the first experiment were examined before the listening test. Around 8-10 

seconds from the second lap was selected for each sound.  

For the 16 sounds in the second experiment, the original period was selected for all sounds. It 

means around one minute for each sound.  

2-5- Listening test 

Both listening tests were carried out in LTU’s anechoic chamber. This was to avoid outside 

noise to interfere with the test stimuli. In the anechoic chamber, a video camera and a 

microphone were provided in the first experiment to set up the communication with the 

experimenter outside the room.  

                                          
                              Figure 2-3- anechoic room with subject doing listening test 
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2-5-1- Instructions 

The same instructions were administered to the subjects in both experiments. In the 

instruction, the subjects were asked to sit down for a few minutes to get used to the acoustic 

atmosphere and to answer four questions on their age, gender, hearing-loss and experience of 

living in an apartment building. (The full-text of instruction along with scales for all sounds is 

seen in appendix 1). 

2-5-2- Subjects  

12 subjects in the first experiment and another 12 subjects in the second experiment 

participated in the listening test. The subjects in the first experiment were all selected among 

the students of Luleå University of Technology and with different nationalities; however, 

subjects in the second experiment were all among the staff of Luleå University. Thus in the 

second experiment all subjects were Swedes. That is for the reason that, it has been found that 

there is a discrepancy over annoyance response and loudness and noisiness judgement 

between the people with different backgrounds, nationalities and culture (e.g. Kuwano and 

Namba, 1988). 

The subjects in the first experiment were 6 males and 6 females with the average age of 29 

years (range between 20-46 years old), and all had experience of living in apartment (range 

between 1-27 years) and none of them reported hearing-loss at any frequency. 

The subjects in the second experiment were 6 males and 6 females, with the average age of 37    

(range between 27 to 56 years). All had experience of living in apartment building except one, 

(between 0 to 25 years) and none of them reported hearing-loss at any frequency.      

2-5-3- Instrumentation 

First experiment; 

This test was performed using Head acoustics instruments (HPS IV, HSU, HMS III) and 

sounds were presented through headphones (HA II) to the subjects (see figure 2-4) 
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                                       Figure 2-4- Headphone HA II and HPS IV 

 

 

Second experiment; 

In this test, stereo loudspeakers were arranged and processed through cross-talk cancellation 

(Lexicon, digital controller MC-1), and DVD player (Pioneer DVD-717) with amplifier 

(ROTEL Model No.RB:1090) were used.  

 

2-5-4- Procedure 

Experiment 1- First, subjects were seated relaxed for a few minutes as they read the 

instructions. Afterwards, the headphones were put on by subjects and 3 sounds in highest, 

median and lowest level were presented to the subjects to familiarize them with sounds and 

test procedure. Then, the test sounds were presented randomly one after another to the 

subjects. The random numbers were taken from STATGRAPHICS software. Each sound was 
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played back until the subject made his/her judgment on that sound (almost 20-30 seconds) 

following by 10 seconds silent pause. The sounds were played back through the PC and the 

software Artemis. 

Experiment 2- First the sounds were converted to WAV format (sampling rate 44.1 kHz and 

16 bit resolution) and recorded on a CD. In this experiment, 16 sounds were presented 

randomly and with the original recordings’ period (around 50 seconds each). Furthermore, 

this time, the sounds were presented without cutting. Each sound was played only once and 

subjects made the judgment at the same time while the sound was playing.  

 

2-6- Acoustical and psychoacoustical measurements 

Acoustical and psychoacoustical measurements were carried out using Head acoustics 

analyser (Artemis). Following parameters were calculated: 

  - A-weighted level (single value and at each octave band) 

 - C-weighted level (single value and at each octave band 

 - Sound Pressure Level (SPL) (single value and at each octave band) 

 - Loudness vs. time (time-based loudness); Average of loudness variation over time. 

Loudness represents the human perception of acoustic signal volume on a linear scale.  

 - Specific loudness; Average of specific loudness (integral of loudness over 24 Barks). 

Specific loudness means loudness at a specific frequency or Bark. The loudness corresponds 

with the area under the curve of the specific loudness.  

 - Sharpness 

 - Roughness 

 - FFT (spectrum) 

 - Tonality 
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 - Fluctuation strength was calculated using C-weighted level vs. time spectrum and the 

equation 1-4 (section 1-5). 

 

2-7- Scaling technique    

 In this study, to assess subjective annoyance response, the method of equal appearing interval 

was used. Figure 2-5 displays this 11 points (ranging from 0-10) scale; 

                       
                            Figure 2-5- Equal appearing interval scale 
 
This method has the advantage that subjects need to make judgements individually on each 

stimulus, or in other words, only one judgment for each stimulus (Edwards 1983). Another 

advantage is that the parametric analysis method (such as arithmetic mean) can be used for 

this type of scale. 

Two end points were labelled as “not at all annoying” and “extremely annoying” (“inte alls 

störande” och “extreme störande” på svenska). This scale and labelling have been suggested 

for environmental noise (Fields et al, 2001).  

The standard deviation or Q value (interquartile range when the median is used) is a measure 

of variation of the distribution of judgments in this method. This value demonstrates the 

agreement among the subjects. Therefore small standard deviation or Q value indicates that 

the agreement among the subjects is high and vice versa (Edward, 1983). 
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2-8 Statistical methods 

 A great number of statistical methods were applied in this study. Kolmogorov-Smirnov test 

of normality was used to check the distribution of data. ANOVA test was used to see the 

differences between the sounds. The null hypothesis in this test was; 

H0: There are no differences between the sounds (stimuli) regarding annoyance response. 

H1: Sounds (stimuli) are different regarding annoyance response. 

Post hoc multiple comparison test was used to make comparison between the sounds in pairs. 

In other words, which of the sounds differ from the others using LSD and Tukey methods at 

0,05 and 0,01 significant level.  

Also the non-parametric method such as Friedman test was used to check and confirm the 

results (Sprent, 1989). 

 Pearson product moment correlation coefficient estimated the degree of linear association 

between loudness, A-weighted level and mean value of annoyance response. Kendall’s W 

coefficient of concordance estimated the degree of agreement among the subjects (Sprent and 

Smeeton 2001). 

Multivariate analysis; In this study, Principle Component Analysis (PCA) was used to find 

inter-relationships between psychoacoustical variables and A-weighted level over each octave 

band and annoyance response. A property of principle component analysis is that the 

variables are somehow correlated to each other. Hence, PCA decomposes the original data 

into orthogonal components. The first component explains the most of the variability in the 

data, while the second one which is orthogonal to the first component explains another part of 

the variability. The third component is again orthogonal to both the first and second 

components and this procedure will be continued until all variability in the data is explained 

(Shafiquzzaman Khan, 1998).  
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Factorial design: In this design method, independent variables, design in such a manner that, 

the effect of each factor (independent variable) is measured. To calculate this effect, all 

possible combinations of factors should be considered and the numbers of runs is based on 

number of factors (Box et al, 1978). So, each factor will be considered with all other factors at 

all possible levels (see table 2-2, section 2-3). The response is the dependent variable. 

Using factorial design analysis method, we calculate the main effect of each factor and also 

interaction between two or more factors. Figure 2-6 geometrically represents the main effects 

and also two and three factors interaction effects. 

                         
                         Figure 2-6- Representation of main and interaction effects of factors 
 
 

Multiple Regression Analysis: This method was utilized to build a model for subjective 

annoyance response based on psychoacoustical descriptors. 
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The Multiple Regression Analysis allows user to calculate a regression model between one 

dependent variable and one or more independent variables.  It is used to perform a stepwise 

regression.  Similar to the Simple Regression Analysis, multiple regression uses least squares 

to estimate the regression model. 

Software: In this study, statistical methods were performed in the software SPSS and 

STATGRAPHICS.    
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3- Results  

 3-1- Acoustical and psycho-acoustical measurements:  

Table 3-1 displays some of the measured acoustical and psychoacoustical parameters; 

Specific loudness, time-based loudness (see section 2-6), sharpness (von Bismarck, diffuse 

field), fluctuation strength and C-weighted level for experiment 1.  

                             

Specific 
loudness 

Time-based 
loudness (sone) Sharpness(acum)

Fluctuation 
Strength (vacil) 

C-weighted 
level (dB) 

1,05 0,85 1,2 4,19 65,7 

1,45 1,15 1 3,03 62,9 

2,55 1,85 1,2 3,57 74,6 

2,4 1,85 1,1 3,48 73,25 

2,05 1,3 1,2 3,64 65,95 

5,05 3 1 3,46 64,2 

5,1 2,55 1,4 4,65 73,1 

3,7 2,2 1,2 4,17 70,85 

1,45 0,95 1,4 4,06 72,5 

0,7 0,6 1,5 3,87 70,45 

2,2 1,35 1,4 4,6 74,8 

1,75 1,15 1,4 3,54 72,25 

1,15 0,7 1,5 4,58 71,6 

0,6 0,5 1,6 3,11 63,05 

1,35 0,95 1,4 3,83 75,05 

2,2 1,35 1,2 3,75 75,45 

0,95 0,65 1,6 4,05 70,1 

0,55 0,5 1,7 3,63 66,55 

1,85 1,2 1,5 3,66 72,3 

2,05 1,25 1,4 3,5 70,95 

1,35 0,8 1,6 3,9 70,9 

0,8 0,5 1,7 3,56 66,8 

1,85 1,05 1,5 3,9 71,7 

2 1,1 1,4 3,47 71,45 
                                   Table 3-1- Results of acoustical and psychoacoustical values 
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Table 3-2 shows the A-weighted level in dB at all octave bands from 31,5 to 16000 Hz. 

 

                    
Frequency 

31,5 63 125 250 500 1000 2000 4000 8000 16000 
sound 
No. 1 25,4 27,9 20,9 15,5 20,3 18,0 15,5 15,2 15 12,4 

 2 22,4 24,5 29 24 24,5 20,1 16,4 16 15 12,4 

 3 32,3 30,3 24,5 23,1 29,5 28,3 25,9 26 19,2 12,5 

 4 29,2 23,5 27,3 27 31,5 27,6 24,1 24,3 17,6 12,5 

 5 23,7 27,5 27,4 24,1 22,5 23,4 25,5 24,8 18,9 12,6 

 6 20,4 21,2 31,9 39,6 44,4 41,5 33,3 26,6 19,1 12,7 

 7 30,4 33 31,2 30,2 33,7 39,4 36,5 34,4 30,2 15,8 

 8 25,8 24,4 33,4 32,6 31,1 31,8 32,2 30,5 23,8 13,5 

 9 30,9 28,6 18,3 12,6 19,7 18,4 19,5 20,3 17 12,4 

 10 26,6 19,3 15,9 13,9 19,7 13,6 13,9 13,8 14,9 12,4 

 11 33,3 29,8 18,3 14,3 22,1 23,9 25,9 26,5 19,3 12,5 

 12 29,7 23,5 19,5 18,1 22,4 24,4 25,4 24,9 16,8 12,4 

 13 30,9 29,9 17,4 15,7 18,1 18,4 14,3 13 14,9 12,4 

 14 20,2 20,2 19,5 18,6 16,4 12 12,7 12,7 14,8 12,4 

 15 31,8 26,7 21 19,8 21,5 20,4 17,4 16,4 15,9 12,5 

 16 32,3 26,2 24,7 28,9 29,5 24,1 22,8 19,9 18,9 13,2 

 17 29,5 27 19,6 14,4 16,2 14,2 13,5 14,1 15 12,4 

 18 22,4 18,1 19,4 17,8 14,1 11,6 12,3 12,6 15 12,4 

 19 31,4 27,2 17,8 17,8 24,9 23,8 23,2 22,6 19,6 12,8 

 20 28,4 22,4 25,3 23,6 23,9 26,5 25,5 24,6 21,9 12,8 

 21 28,2 30,2 23,3 16,4 18,8 19,5 18,1 15,3 15 12,4 

 22 22 20,3 23,2 21 15,7 13,3 13 12,6 14,8 12,4 

 23 30,6 27,6 18,4 18,7 26,4 27,2 24,6 18,5 16,8 13,3 

 24 29,3 25,2 27,5 27,1 25 26,5 24 18,6 17,3 14,1 
                                      

                                  Table 3-2- A-weighted level at different frequencies 
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Table 3-3- shows the psychoacoustical values for experiment 2. 

   

 

                                Table 3-3- Psychoacoustical values for experiment 2 

                               

3-2- Annoyance response: 

Annoyance response was measured on an 11 points scale rated by subjects. Results were 

checked by parametric and non-parametric method, but the following discussion from now 

on, in this report is based on parametric statistics (results from ANOVA and Friedman test 

and Kendalls’ W are seen in Appendix 2). Post-Hoc multiple comparison test results is also 

seen in Appendix 2.       

The mean annoyance response and standard deviation for all 24 sounds are shown on table 3-

4. 

 

Sound 
No. 

Spec. 
Loudness 

Loudness 
time based Sharpness 

A-weighted  
level 

C-weighted 
level 

Fluctuation 
strength 

1 1,1 0,7 1,5 31,1 70,8 3,2 

2 0,6 0,5 1,6 26,5 69,2 3,6 

3 2,6 1,2 1,4 37,2 75,2 3,8 

4 2,4 1,2 1,4 36 72,6 3,4 

5 1,2 0,7 1,6 33 70,6 3,8 

6 0,7 0,5 1,6 27,2 63,2 3,2 

7 2,2 1,2 1,4 34,6 74,8 3,7 

8 2,6 1,4 1,3 36,6 74,6 3,4 

9 1 0,6 1,6 31,6 69,7 3,5 

10 0,6 0,5 1,6 26 65,2 3,4 

11 2 1,2 1,4 34,5 72,3 3,4 

12 1,9 1,2 1,4 34 70,8 3,1 

13 1,4 0,8 1,6 33,8 70,6 3,8 

14 0,8 0,6 1,7 28,4 66,2 3,4 

15 2 1,1 1,5 34,8 72,4 4 

16 1,8 1 1,4 33,3 71,4 3,3 
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Sound No. Average 

standard 
deviation 

1 3,92 1,93 
2 5,08 1,83 
3 6,83 1,95 
4 7,08 1,83 
5 6,5 2,24 
6 8,92 1,38 
7 7,92 1,38 
8 8,75 1,48 
9 3,5 1,78 

10 2,17 1,75 
11 4,92 1,93 
12 5,25 2,6 
13 2,92 1,62 
14 3 1,81 
15 4,08 2,02 
16 6,42 2,1 
17 3,42 1,44 
18 2,75 1,66 
19 5,67 1,87 
20 5,42 2,39 
21 4,25 2,14 
22 3,5 2,58 
23 5,08 2,19 
24 5,92 1,78 

                 

                 Table 3-4 - Annoyance response mean values and standard deviation for 24 sounds 

Figure 3-1 illustrates the plot of mean annoyance against 24 sounds.  
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                                  Figure 3-1- Mean annoyance response for 24 sounds 
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As it is seen from ANOVA test and Post-Hoc multiple comparison test (Appendix 2), there 

are significant differences between some stimuli (sounds). Also from the figure 3-1, it appears 

that stimuli belonging to steel-wooden type of floor and ceiling off (stimuli No. 5-8) have 

higher annoyance value than other stimuli. On the other hand, sounds number 10, 13, 14 and 

18 which have the least annoyance value belong to the fixed wooden and unfixed wooden 

beam floor.   

Mean annoyance response and standard deviation for 16 sounds (experiment 2) are shown in 

table 3-5. 

    

sound 
No. Average

Standard 
Deviation 

1 5,08 2,15 

2 2,92 2,15 

3 8 1,54 

4 7,58 1,24 

5 5,08 1,78 

6 2,83 1,53 

7 7,42 1,24 

8 8,08 1,62 

9 4,75 1,66 

10 3 1,76 

11 7 1,48 

12 6,67 1,87 

13 6,17 1,53 

14 4 1,28 

15 6,67 1,07 

16 7,08 1,56 
 

         Table 3-5- Annoyance response mean values and standard deviation for 16 sounds 

ANOVA and multiple comparison test results with 95% confidence LSD method are seen in 

Appendix 3. Figure 3-2 illustrates the plot of mean annoyance against 16 sounds.      
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As it is observed from the plot and ANOVA test in appendix 3, there is a significant 

difference between some of the sounds. 
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                                   Figure3-2 - Mean annoyance response for 16 sounds 

Again stimuli number 2, 6 and 10 (equivalent stimuli to stimuli number 10, 14 and 18 

respectively, in experiment 1) have lower annoyance values. On the other side, stimuli 3, 4, 7 

and 8 have the highest values. It will be shown later in this report that there is an interaction 

between weight and floor in which, stimuli belong to the wooden type (unfixed) of floor and 

the high weight walker (stimuli 3, 4, 7 and 8) have higher annoyance value compared to the 

light weight walker and the unfixed wooden floor (see section 3-8). In other words, walking 

the heavier person (male walker) on the unfixed wooden type of floor gives more annoyance 

perception than the lighter walker (female walker).  

 

3-3- Correlation between two experiments 

 The correlation of annoyance ranking on 16 sounds in both experiments was calculated. 

(Results of this calculation appear in Appendix 3). There was a statistically significant and 

high correlation between ranking orders of sounds in both experiments (r = 0,83). The small 

differences between ranks orders were due to the sounds which have more low frequency 

components in their spectrum (i.e. sound number 3 and 7). These low frequency components 
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were not perceived when the headphones were used. Figure 3-3 shows the scatter plot of 

annoyance response against 16 sounds in two experiments (Note that sound 9- 24 are 

respectively equivalent to 1-16 in experiment 2. It means, for instance, sound number 9 in 

experiment 1 is equivalent to number 1 in experiment 2 and so forth). 

   

Multiple X-Y Plot

Sound number in exp.2

Variables
exp.1
exp.2

0 4 8 12 16
2,1

3,1

4,1

5,1

6,1

7,1

2,8

3,8

4,8

5,8

6,8

7,8

8,8

 
       Figure 3- 3- Scatter plot, representing annoyance response (Two y- axis) in both experiments 
  
 

3-4- Correlation between psychoacoustic parameters with subjective perception of annoyance: 

The correlation coefficient between A-weighted, Non-weighted, C-weighted, loudness (time 

based and specific) and sharpness with mean annoyance for experiment 1 is as follows: 

SPL (non-weighted): not significant, 0,07 

Loudness (time-based): highly significant, 0,91  

Specific loudness: highly significant, 0,90 

A-weighted:  highly significant, 0,89        

Sharpness: not significant, -0,33 

C-weighted: not significant, 0,16 

The correlation coefficient between A-weighted, C-weighted, Non-weighted level (SPL), 

sharpness, time-based loudness and specific loudness with mean annoyance response for 

experiment 2 were also calculated. The correlation coefficients are appeared in table 3-6. 
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Psychoacoustic 

parameter 

Correlation Coefficient R-squared P-value 

A-weighted  0,97 93,88 percent 0,00 
 

C-weighted 0,902527 81,46 percent 
 

 0,00 
 

Sharpness -0,36 13,05 percent 0,17 
 

Time-based loudness 0,94 89,37 percent 
 

0,00 

Specific loudness 0,97 93,75 percent 0,00 

Table3-6- Correlation coefficient between psychoacoustic descriptors with mean annoyance response   

 

3-5- PCA analysis: 

Principle Component Analysis was utilized to find inter-correlation between the 

psychoacoustical parameters and all A-weighted octave band levels. 

As it is seen from figure 3-4 LN (loudness) and AN (annoyance response) have a high 

correlation and it is also associated with octave bands from 125 to 4000 Hz octave bands. 

Another similarity is found between fluctuation strength and L31,5 and L63 octave bands.   

 Similar results were found for experiment 1 and 2.  
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Plot of Component Weights
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                  Figure3-4- PCA analysis with octave band levels; plot of  component weights 
 
                   
3-6- Effect of independent variables (floor, shoes, ceiling and weight) on psychoacoustic 

parameters: 

 Effect of each factor on different psychoacoustic parameters was investigated. The results 

show that weight and interaction between the steel-wooden floor and ceiling on/off had 

significant effect (P< 0,1) on loudness. Also shoes had a significant effect on fluctuation 

strength (See figure 3-5), and in fact, fluctuation strength was higher without shoes compared 

to with shoes. 
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Standardized Pareto Chart for the fixed and unfixed wooden floor appeared in figure 3-6, 

illustrates the effect of interaction between shoes & weight as well as floor & weight on 

loudness.          

                            
                                     

Standardized Pareto Chart for fluctuation
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    Figure 3-5- Pareto Chart for fluctuation strength; Effect of shoes is the only significant factor      
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Figure 3-6- Pareto chart for loudness; Interaction between floor & weight and shoes & weight are          
significant 
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The result of this investigation on loudness was in good accordance with the annoyance 

responses.   

 

 3-7- Effect of each factor (floor, ceiling, shoes and weight) on octave bands: 

A-weighted level on each octave band is seen in Table 3-2. ANOVA was performed to 

investigate the effect of each factor on octave band levels.  

In low frequencies (31,5 and 63Hz), weight and shoes have prominent effects. At 125 Hz, 

different floors differ significantly in levels. At 250 octave band, all the main factors were 

significant and it seems to be a very sensitive and important octave band for this sort of 

sounds. For instance, in all 24 sounds, A- levels of with shoes were higher than without shoes 

conditions at 250 Hz: that is, the mean value for with shoes at 250 Hz is 24,3 dB(A) compared 

to 18,6 dB(A) for without shoes. Figure 3-7 shows this effect where each number at X-axis 

represents a pair of sounds that only in with/without shoes condition are different (for 

example sounds number 1 & 2 or sounds number 3 & 4. See table 2-2).      

In mid frequencies (500 and 1000) floor and weight, and in mid-high frequencies (2000, 4000 

and 8000) weight and interaction between floor and ceiling were the significant factors. 

Besides, the effect of shoes appeared on low frequencies, especially, 63 and 250 Hz, while the 

effect of interaction between floor and ceiling appeared on mid-high frequencies. Generally, 

the effect of weight was seen over all frequencies, where higher weight caused higher sound 

level. Figure 3-8 illustrates the effect of weight on octave bands.  
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Effect of shoes on 250 Hz frequency octave band
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                         Figure 3-7- Effects of   shoes at 250 Hz frequency octave band 
                               

        

Effect of weight on octave bands
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                                      Figure 3-8- Effect of weight on octave bands 
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3-8- Factorial analysis: 

Analysis of annoyance response based on factorial design was carried out using ANOVA. For 

both experiments, weight is a highly significant factor (figure 3-9). The higher the weight of 

the walker, the higher the annoyance of sounds created. It is also associated and proportional 

with loudness (section 3-6).      
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                 Figure 3-9- Main effect of weight (walker or person) on annoyance response 
 
  

For the first experiment with 24 sounds, it was found that there is an interaction between floor 

type and ceiling (P value= 0,00) in the case of steel-wooden type of floor with fixed and/or 

unfixed wooden floor. In other words, steel-wooden floor without ceiling is significantly more 

annoying than steel-wooden floor with ceiling. Figure 3-10 shows this interaction effect 

where diagonal line represents the steel-wooden floor and 1 & -1 represent with & without 

ceiling respectively. This interaction was not significant for the other two types of floors 

(fixed and unfixed wooden type) and it means, there was no significant difference between 
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fixed and/or unfixed wooden floor in two conditions of with or without ceiling, in particular, 

in the case of unfixed wooden floor.  
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                            Figure3-10 - Interaction plot between floor type and ceiling 
 

 Analysis of variance for experiment 2 is shown in Appendix 4. As it was observed from the 

ANOVA table, two interactions are significant. 

1. Interaction between floor and weight (person);  

Figure 3-11 shows that annoyance decreases from the fixed wooden type (-1 in abscissa figure 

below) to the unfixed wooden type of floor (1 in abscissa), when the walker with low weight 

(-1 in the figure below) is considered, whilst, it increases when the high weight walker is 

considered.  It means that the difference annoyance response between a combination of the 

unfixed wooden floor and the light weight walker with the unfixed floor and the high weight 

walker, was significantly more than the difference between the fixed wooden floor and the 

low or high weight walkers (see figure 3-11, right side of the rectangular has a bigger 

difference compared to the left side).           . 
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Square Plot for annoyance
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 Figure 3-11 – Response square plot, representing mean annoyance in two conditions of floors and two 
conditions of weights       

 
 

2. Interaction between shoes and weight (person); figure 3-12 illustrates the 

response interaction plot for this interaction (upper side compared to the lower side).  

As it appears, the mean annoyance response was actually the same with or without shoes, 

where the high weight walker is considered, while in the case of the low weight walker 

(female walker), without shoes was more annoying than with shoes.   
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Square Plot for annoyance
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Figure 3-12- Response square plot, representing mean annoyance in two conditions of shoes and two 
conditions of weights       
 
 

No three interaction was found to be significant in experiment 2.  

 

3-9- Multiple Regression Analysis 

Multiple regression analysis was performed to fit the data from subjective annoyance 

response into a model by which, the most of the variability in the data can be explained.  All 

possible combinations of psychoacoustic descriptors were examined in order to find the best 

model. Among the descriptors, those descriptors which have high correlation with annoyance 

are more likely to explain the variability. Apart from this idea, all descriptors were considered 

to build the model. 

For experiment 1 with 24 sounds and three types of floor, following models were obtained: 

1- Octave band A-weighted levels from 63 Hz to 8000 Hz; 

L63, L125, L250, L500, L1000, L2000, L4000, L8000  

R-squared = 97,53 percent 

R-squared (adjusted for d.f.) = 96,21 percent 
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 AN = -7,77 + 0,11 L4000 + 0,08 L500 + 0,076 L63 - 0,12 L8000 + 0,13 L2000 + 0,11 L250 - 

0,10 L1000 + 0,07 L125 

AN = Mean Annoyance,  

L63, L125, L250, L500, L1000, L2000, L4000, L8000 = the level over respectively octave bands 

2- LOG (Specific loudness), Fluctuation strength and Sharpness 

 R-squared = 92,29 percent 

R-squared (adjusted for d.f.) = 91,14 percent 

And the model based on that is: 

             AN = 7,74 - 0,42 SH - 0,92 FS + 3,02 LOG (LS) 

Where AN is Mean Annoyance, SH is Sharpness, FS is Fluctuation Strength and LS is Specific 

Loudness. 

For experiment two following models were built; 

1- LOG (Specific Loudness), Fluctuation Strength and Sharpness; 

R-squared = 97,92 percent 

R-squared (adjusted for d.f.) = 97,40 percent 

2- Sharpness and fluctuation strength were removed from the equation; specific loudness 

alone can explain the most of variability of data.  

LOG (Specific loudness) 

R-squared = 97,71 percent 

R-squared (adjusted for d.f.) = 97,54 percent 

Therefore, the following model is the best candidate for the final model; 

AN = 4,65 + 3,53 LOG (LS) 

Where AN is the Mean Annoyance and LS is the Specific Loudness. Figure 3-13 illustrates the 

observed versus predicted annoyance using this model; 
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                                          Figure 3-13- plot of observed against predicted model                         

4- Discussion 

There is no doubt that loudness is a very important psychoacoustic descriptor. There have 

been discussions on judgment of loudness, noisiness or annoyance of a sound and it has been 

revealed that there is a high correlation between annoyance and loudness (e.g. Hiramatsu et al. 

1988). On the other hand, subjective judgements on loudness and annoyance depend on many 

factors such as personal life and background, culture, exposure period and so on. 

Two main goals have been followed in this study;  

 

First, to determine the effects of four factors (floor, ceiling, shoes and weight) on subjective 

perception of sounds and also on psychoacoustical parameters (loudness, fluctuation 

strength).  

 

Second, to investigate which psychoacoustical descriptor/descriptors have high correlation 

with subjective perception of annoyance arising from these sounds and to build a model, 

describing this relationship. 
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 In this study, it was found that A-and C- weighted level and loudness have a high correlation 

with annoyance. Also it was revealed that loudspeakers are a more appropriate tool to 

evaluate subjective response to annoyance due to the fact that these sounds are basically low 

frequency sounds and headphones are not capable to give the correct results in this range of 

frequencies, since the effect of these sounds appear on the whole body. Although a field study 

is necessary to validate the results.  

 

PCA showed that the variations of loudness and annoyance have the same pattern and it is 

also in accord with the mid-high frequency octave bands from 125 to 4000 Hz.     

 

Factorial analysis of psychoacoustic parameter based on the four factors (floor, ceiling, shoes 

and weight) was carried out and it was indicated that floor has an effect on sharpness, 

roughness, loudness and A-level, while weight affects loudness and A-level. Moreover, the 

interaction between floor and ceiling has a significant effect on loudness.  

 

Studying the effect of floor, ceiling, shoes and weight on octave bands demonstrated that at 

500-1000 Hz floor and weight have prominent effect, but at the higher frequencies (2000 Hz, 

4000 Hz and 8000 Hz, interaction between floor and ceiling is more critical and in fact this 

interaction is in accordance with annoyance response. At the 250 Hz octave band all four 

factors are effective and in fact, it seems that this frequency is an important octave band to 

analyse these sounds. 

Analysis of annoyance response showed that the sounds belonging to the steel-wooden floor 

in combination with ceiling off (i.e. sound numbers 5, 6, 7 and 8 in experiment 1) are the most 

annoying sounds. On the other hand, the sounds belonging to the fixed wooden type of floor 

are the least annoying sounds, in particular, regarding a high weight walker.  
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Multiple regression analysis was performed to build the model. It was revealed that 97,5% of 

the variability in experiment 1 can be explained by the A-weighted levels over low to high 

frequency octave bands from 63-8000 Hz. Furthermore, in experiment 2, it was shown that 

97,7% of the variability can be explained only by specific loudness.   

 

5- Conclusion  

Briefly, the following conclusions are made in this study: 

1. Loudspeakers could be a more suitable tool than headphones to evaluate subjective 

response to annoyance. 

2. The steel reinforced wooden type of floor when it is associated with ceiling off has 

higher annoyance and loudness value. 

3. The role f 250 Hz octave band could be a critical octave band to analyse the floor 

impact sounds. Nevertheless, all octave bands from 63 to 8000 Hz should be taken 

into account in order to predict the annoyance response.  

4. The fixed wooden type of floor is the most appropriate type of floor in terms of less 

annoying when a heavier walker (male walker) is considered. 

5. Walking of a male walker (higher weight walker) creates higher level impact sounds 

over all octave bands than female walker (light weight walker). 

6. Specific loudness is the best psychoacoustic descriptor for these sounds.  
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6- Future study 

This study can be continued by following investigations: 

• To validate the obtained model for other types of floor 

• To investigate the possibility of using ACF/IACF factors to improve and/or make 

another model based on that method. 

• To study the annoyance response to floor impact sound in the presence of other 

sources of sounds (inside and outside the room)  

• To evaluate the possibility of applying another type of floor –insulator(s) or isolator(s) 

used in construction of floor and/or ceiling- to reduce the annoyance  

 

 

 

 

 

 

 

 

 

 

 



 51 

 

6- References  

- Blauert J. Jeckosch U. 1997, Sound quality evaluation_ A multi-layered problem, 

ACUSTICA. acta acoustica vol. 83, 747-753. 

-Bodden M., Instrumentation for Sound Quality Evaluation, ACUSTICA. acta acoustica vol. 

83, 775-783. 

-Box G. E. P., Hunter W. G., Stuart Hunter J., 1978, statistics for experimenters- An 

introduction to design, data analysis and model building, John Wiley, New York.   

- Edwards A. L. 1983, Technique of attitude scale construction, Prentice-Hall, N. Y.  

- Fastl H. 1997, The psychoacoustics of sound-quality evaluation, ACUSTICA. acta acoustica 

vol. 83, 754-764.   

- Fields J. M., De Jong R. G., Gjestlan T., Flindell I. H., Job R. F. S., Kurra S., Lercher P., 

Vallet M., Yano T., Guski R., Felscher-suhr U., Schumer R., 2001, Standardized general-

purpose noise reaction questions for community noise surveys: research and a 

recommendation, Journal of Sound and Vibration (2001) 242(4), 641-679   

- Guski R 1997, Psychological methods for evaluating sound quality and assessing acoustic 

information, ACUSTICA. acta acoustica vol. 83, 765- 774. 

- Hammer P., Nilsson E. 1999, On floor structures subjective impact sound transmission 

classes, Lund University, department of Engineering acoustics, Report TVBA-3102. 

- Hammer P., Nilsson E. 1999, Subjective evaluation of impact sound transmission through 

floor structures, Lund University, department of Engineering acoustics, Report TVBA-3103.  

- Hiramatsu K., Takagi K. and Yamamoto T., 1988, A rating scale experiment on loudness, 

noisiness and annoyance of environmental sounds, Journal of Sound and Vibration, 127(3), 

467-473. 



 52 

- Jeon J. Y. 2000, Subjective evaluation of floor impact noise based on the model of 

ACF/IACF, Journal of Sound and Vibration (2001) 241(1), 147-155.   

-  Jeon J. Y., Jeong J. H., Ando Y 2002, Objective and Subjective Evaluation of Floor Impact 

Noise, Journal of Temporal Design in Architecture and the Environment (2002) Vol. 2;No 1. 

-Kuwano S., Namba S., 1988, On the judgment of loudness, noisiness and annoyance with 

actual and artificial noises, Journal of Sound and Vibration, 127(3), 457-465.  

- Meunier S., Habault D, Canevet G., Auditory evaluation of sound signals radiated by a 

vibrating surface, journal of Sound and Vibration 2001, 247 (5), 897-915. 

- Osada Y. 1988, An overview of health effects of noise, Journal of Sound and Vibration 

127(3), 407-410.  

- Persson K., Björkman M., Annoyance due to low frequency noise and the use of the dB(A) 

scale, Journal of Sound and Vibration 127(3), 491-497.  

 -  Samuelsson M., Sandberg J. 1998, Vibrations in light weight steel floors, Swedish Institute 

of steel construction, Report 190:4. 

- Sandelin J. 1990, Research for a better acoustic environment, Swedish council for building 

research, Stockholm.  

- Shafiquzzaman Khan Md. 1998, Sound quality evaluation of heavy-duty engines in free 

field conditions, Doctoral thesis, Luleå University of Technology, Department of Human 

Work Science, Division of Environmental Technology 1998,16. 

-Sprent P. 1989, Applied nonparametric statistical methods, Chapman & Hall , New York.     

- Sprent P., Smeeton N. C. 2001, Applied nonparametric statistical methods, third edition 

CHAPMAN & HALL/CRC      

- Tachibana H., Hamada Y., Sato F., Loudness evaluation of sounds transmitted through 

walls-basic experiment with artificial sounds,  Journal of Sound and Vibration 127(3), 499-

506.  



 53 

- Trapenskas D.2002, Sound quality assessment using binaural technology, Doctoral thesis, 

Luleå University of Technology, Department of Human Work Science, Division of 

Environmental Technology 1999,61.  

- Zwicker E. & Fastl H., 1990, Psychoacoustics, facts and models, Berlin, Springer Verlag.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 54 

7- Appendices 

Appendix 1; Instruction 

Thank you for your participation in this study. 
 
Now, please sit down comfortable and relax for a few minutes to get used to the new acoustic 
atmosphere and then follow the instruction below:  
 
Purpose: The purpose of this listening test is to rate your perception of sound generated by 
your neighbours walking around in the apartment above you.   
 
Please kindly answer a few questions below: 
 
1- Age:                                     
2- Gender: 
3- Have you got hearing-loss in any frequency range (between 20 Hz- 20 KHz)?( bass or 

shrill)(low tone or high tone)   
4- Have you ever lived in an apartment building (or any house with at least 2 floors where 

someone else has been living above your room or apartment)? If yes specify for how 
long? 

 
 
Please carefully read the following instructions: 
 
Imagine you are sitting in your room alone and reading an important book (for instance you 
are preparing for the exam which you should take the following day) and totally free from any 
other noises (TV, Radio, Cassette and so on are all switched off.) while you are listening to 
these sounds.     
 
 
 First three sounds will be presented to you, in order to familiarize with the test procedure and 
the range of the loudness of the sound stimuli that will be presented. Use the following scale 
and mark a number (0-10) which best show your feeling against that noise.   
 
Please do NOT compare the noises to one another and just express your feeling 
INDEPENDENTLY for each sound. 
 
 How much does this noise disturb or irritate or annoy or bother or distract you? 
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Appendix 2; construction of the floors and ceilings 

Steel-wooden type; This type consists of wooden beam along with a small plank of steel 

inside the wooden beams in order to reinforce the beams. Figure A-1 illustrates the different 

parts of a floor and ceiling. The Ln,w (measurement with tapping machine) for this type of 

floor and ceiling off is 68 dB.   

 
                                             Figure A-1- Section through floor 
a; 22 mm particle board 
b; cork granule board 
c; 20 mm mineral wool, density 125 kg/m3 

d; spaced panel 
e; 140 mm mineral wool density 25 kg/m3 
f; resilient steel cross bar 
g; 13 mm plasterboard  
 

Wooden type (unfixed wooden type); this type is the same with steel-wooden type except 

that it has no steel plank inside the wooden beams. 

Fixed wooden type; this type is the same with wooden type except that it is fixed. It means 

layer b in figure A-1 is nailed to layer e or sometimes to the beams. 

Ceiling on (or with ceiling) means the g layer in figure A-1 is bolted to the floor. 

Ceiling off (or without ceiling) means the g layer in figure A-1 is not bolted to the floor. 

a 
b 
a 

c 
 
d 
 
e 
 
 
f 

g 
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Appendix 3; Friedman test, Kendalls’ W, ANOVA and Post-Hoc tests based 

on Bonferoni method        

                Table A-1- Friedman test results (exp. 1) 
                                    Ranks 

Mean Rank
VAR001 8,75
VAR002 12,88
VAR003 18,71
VAR004 19,88
VAR005 17,33
VAR006 22,88
VAR007 20,25
VAR008 22,42
VAR009 6,71
VAR010 2,46
VAR011 13,17
VAR012 13,50
VAR013 4,71
VAR014 6,38
VAR015 8,96
VAR016 17,46
VAR017 7,21
VAR018 4,04
VAR019 14,42
VAR020 13,63
VAR021 9,25
VAR022 6,79
VAR023 13,21
VAR024 15,04

                            
 
                           Test Statistics 
            
 
 
 
 
Kendalls’ W (concordance correlation coefficient or agreement among the subjects (exp. 1) 
 
 
Table A-2- Kendalls’ W for annoyance response by sounds No (exp.1) 
 
  Ranks 

Mean 
Rank 

VAR001 8,75 
VAR002 12,88 
VAR003 18,71 
VAR004 19,88 
VAR005 17,33 
VAR006 22,88 
VAR007 20,25 
VAR008 22,42 
VAR009 6,71 
VAR010 2,46 

N 12 
Chi-Square 204,153 

df 23 
Asymp. 

Sig.
,000 



 57 

VAR011 13,17 
VAR012 13,50 
VAR013 4,71 
VAR014 6,38 
VAR015 8,96 
VAR016 17,46 
VAR017 7,21 
VAR018 4,04 
VAR019 14,42 
VAR020 13,63 
VAR021 9,25 
VAR022 6,79 
VAR023 13,21 
VAR024 15,04 

 

Test Statistics 
N 12 

Kendall's 
W

,740 

Chi-
Square

204,153 

df 23 
Asymp. 

Sig.
,000 

a Kendall's Coefficient of Concordance 
                 
 
                  A-3- ANOVA for annoyance response by sounds No (exp.1) 
 
                 ANOVA 
                annoyance  

Sum of 
Squares

df Mean 
Square

F Sig.

Between 
Groups

983,802 23 42,774 11,454 ,000

Within 
Groups

985,917 264 3,735

Total 1969,719 287
 

                       

                      Table A-4- Post-Hoc tests Based on Bonferoni method for exp. 1 
Multiple Comparisons 
Dependent Variable: annoyance  
Bonferroni  

 Mean 
Difference 

(I-J)

Std. Error Sig. 95% 
Confidenc
e Interval

(I) 
SOUNDS

(J) 
SOUNDS 

Lower 
Bound

Upper 
Bound

1 2 -1,17 ,789 1,000 -4,16 1,83
3 -2,92 ,789 ,073 -5,91 ,08
4 -3,17 ,789 ,021 -6,16 -,17
5 -2,58 ,789 ,331 -5,58 ,41
6 -5,00 ,789 ,000 -8,00 -2,00



 58 

7 -4,00 ,789 ,000 -7,00 -1,00
8 -4,83 ,789 ,000 -7,83 -1,84
9 ,42 ,789 1,000 -2,58 3,41

10 1,75 ,789 1,000 -1,25 4,75
11 -1,00 ,789 1,000 -4,00 2,00
12 -1,33 ,789 1,000 -4,33 1,66
13 1,00 ,789 1,000 -2,00 4,00
14 ,92 ,789 1,000 -2,08 3,91
15 -,17 ,789 1,000 -3,16 2,83
16 -2,50 ,789 ,472 -5,50 ,50
17 ,50 ,789 1,000 -2,50 3,50
18 1,17 ,789 1,000 -1,83 4,16
19 -1,75 ,789 1,000 -4,75 1,25
20 -1,50 ,789 1,000 -4,50 1,50
21 -,33 ,789 1,000 -3,33 2,66
22 ,42 ,789 1,000 -2,58 3,41
23 -1,17 ,789 1,000 -4,16 1,83
24 -2,00 ,789 1,000 -5,00 1,00

2 1 1,17 ,789 1,000 -1,83 4,16
3 -1,75 ,789 1,000 -4,75 1,25
4 -2,00 ,789 1,000 -5,00 1,00
5 -1,42 ,789 1,000 -4,41 1,58
6 -3,83 ,789 ,001 -6,83 -,84
7 -2,83 ,789 ,108 -5,83 ,16
8 -3,67 ,789 ,001 -6,66 -,67
9 1,58 ,789 1,000 -1,41 4,58

10 2,92 ,789 ,073 -,08 5,91
11 ,17 ,789 1,000 -2,83 3,16
12 -,17 ,789 1,000 -3,16 2,83
13 2,17 ,789 1,000 -,83 5,16
14 2,08 ,789 1,000 -,91 5,08
15 1,00 ,789 1,000 -2,00 4,00
16 -1,33 ,789 1,000 -4,33 1,66
17 1,67 ,789 1,000 -1,33 4,66
18 2,33 ,789 ,933 -,66 5,33
19 -,58 ,789 1,000 -3,58 2,41
20 -,33 ,789 1,000 -3,33 2,66
21 ,83 ,789 1,000 -2,16 3,83
22 1,58 ,789 1,000 -1,41 4,58
23 ,00 ,789 1,000 -3,00 3,00
24 -,83 ,789 1,000 -3,83 2,16

3 1 2,92 ,789 ,073 -,08 5,91
2 1,75 ,789 1,000 -1,25 4,75
4 -,25 ,789 1,000 -3,25 2,75
5 ,33 ,789 1,000 -2,66 3,33
6 -2,08 ,789 1,000 -5,08 ,91
7 -1,08 ,789 1,000 -4,08 1,91
8 -1,92 ,789 1,000 -4,91 1,08
9 3,33 ,789 ,009 ,34 6,33

10 4,67 ,789 ,000 1,67 7,66
11 1,92 ,789 1,000 -1,08 4,91
12 1,58 ,789 1,000 -1,41 4,58
13 3,92 ,789 ,000 ,92 6,91
14 3,83 ,789 ,001 ,84 6,83
15 2,75 ,789 ,159 -,25 5,75
16 ,42 ,789 1,000 -2,58 3,41
17 3,42 ,789 ,006 ,42 6,41
18 4,08 ,789 ,000 1,09 7,08
19 1,17 ,789 1,000 -1,83 4,16
20 1,42 ,789 1,000 -1,58 4,41
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21 2,58 ,789 ,331 -,41 5,58
22 3,33 ,789 ,009 ,34 6,33
23 1,75 ,789 1,000 -1,25 4,75
24 ,92 ,789 1,000 -2,08 3,91

4 1 3,17 ,789 ,021 ,17 6,16
2 2,00 ,789 1,000 -1,00 5,00
3 ,25 ,789 1,000 -2,75 3,25
5 ,58 ,789 1,000 -2,41 3,58
6 -1,83 ,789 1,000 -4,83 1,16
7 -,83 ,789 1,000 -3,83 2,16
8 -1,67 ,789 1,000 -4,66 1,33
9 3,58 ,789 ,002 ,59 6,58

10 4,92 ,789 ,000 1,92 7,91
11 2,17 ,789 1,000 -,83 5,16
12 1,83 ,789 1,000 -1,16 4,83
13 4,17 ,789 ,000 1,17 7,16
14 4,08 ,789 ,000 1,09 7,08
15 3,00 ,789 ,049 ,00 6,00
16 ,67 ,789 1,000 -2,33 3,66
17 3,67 ,789 ,001 ,67 6,66
18 4,33 ,789 ,000 1,34 7,33
19 1,42 ,789 1,000 -1,58 4,41
20 1,67 ,789 1,000 -1,33 4,66
21 2,83 ,789 ,108 -,16 5,83
22 3,58 ,789 ,002 ,59 6,58
23 2,00 ,789 1,000 -1,00 5,00
24 1,17 ,789 1,000 -1,83 4,16

5 1 2,58 ,789 ,331 -,41 5,58
2 1,42 ,789 1,000 -1,58 4,41
3 -,33 ,789 1,000 -3,33 2,66
4 -,58 ,789 1,000 -3,58 2,41
6 -2,42 ,789 ,667 -5,41 ,58
7 -1,42 ,789 1,000 -4,41 1,58
8 -2,25 ,789 1,000 -5,25 ,75
9 3,00 ,789 ,049 ,00 6,00

10 4,33 ,789 ,000 1,34 7,33
11 1,58 ,789 1,000 -1,41 4,58
12 1,25 ,789 1,000 -1,75 4,25
13 3,58 ,789 ,002 ,59 6,58
14 3,50 ,789 ,004 ,50 6,50
15 2,42 ,789 ,667 -,58 5,41
16 ,08 ,789 1,000 -2,91 3,08
17 3,08 ,789 ,033 ,09 6,08
18 3,75 ,789 ,001 ,75 6,75
19 ,83 ,789 1,000 -2,16 3,83
20 1,08 ,789 1,000 -1,91 4,08
21 2,25 ,789 1,000 -,75 5,25
22 3,00 ,789 ,049 ,00 6,00
23 1,42 ,789 1,000 -1,58 4,41
24 ,58 ,789 1,000 -2,41 3,58

6 1 5,00 ,789 ,000 2,00 8,00
2 3,83 ,789 ,001 ,84 6,83
3 2,08 ,789 1,000 -,91 5,08
4 1,83 ,789 1,000 -1,16 4,83
5 2,42 ,789 ,667 -,58 5,41
7 1,00 ,789 1,000 -2,00 4,00
8 ,17 ,789 1,000 -2,83 3,16
9 5,42 ,789 ,000 2,42 8,41

10 6,75 ,789 ,000 3,75 9,75
11 4,00 ,789 ,000 1,00 7,00



 60 

12 3,67 ,789 ,001 ,67 6,66
13 6,00 ,789 ,000 3,00 9,00
14 5,92 ,789 ,000 2,92 8,91
15 4,83 ,789 ,000 1,84 7,83
16 2,50 ,789 ,472 -,50 5,50
17 5,50 ,789 ,000 2,50 8,50
18 6,17 ,789 ,000 3,17 9,16
19 3,25 ,789 ,014 ,25 6,25
20 3,50 ,789 ,004 ,50 6,50
21 4,67 ,789 ,000 1,67 7,66
22 5,42 ,789 ,000 2,42 8,41
23 3,83 ,789 ,001 ,84 6,83
24 3,00 ,789 ,049 ,00 6,00

7 1 4,00 ,789 ,000 1,00 7,00
2 2,83 ,789 ,108 -,16 5,83
3 1,08 ,789 1,000 -1,91 4,08
4 ,83 ,789 1,000 -2,16 3,83
5 1,42 ,789 1,000 -1,58 4,41
6 -1,00 ,789 1,000 -4,00 2,00
8 -,83 ,789 1,000 -3,83 2,16
9 4,42 ,789 ,000 1,42 7,41

10 5,75 ,789 ,000 2,75 8,75
11 3,00 ,789 ,049 ,00 6,00
12 2,67 ,789 ,230 -,33 5,66
13 5,00 ,789 ,000 2,00 8,00
14 4,92 ,789 ,000 1,92 7,91
15 3,83 ,789 ,001 ,84 6,83
16 1,50 ,789 1,000 -1,50 4,50
17 4,50 ,789 ,000 1,50 7,50
18 5,17 ,789 ,000 2,17 8,16
19 2,25 ,789 1,000 -,75 5,25
20 2,50 ,789 ,472 -,50 5,50
21 3,67 ,789 ,001 ,67 6,66
22 4,42 ,789 ,000 1,42 7,41
23 2,83 ,789 ,108 -,16 5,83
24 2,00 ,789 1,000 -1,00 5,00

8 1 4,83 ,789 ,000 1,84 7,83
2 3,67 ,789 ,001 ,67 6,66
3 1,92 ,789 1,000 -1,08 4,91
4 1,67 ,789 1,000 -1,33 4,66
5 2,25 ,789 1,000 -,75 5,25
6 -,17 ,789 1,000 -3,16 2,83
7 ,83 ,789 1,000 -2,16 3,83
9 5,25 ,789 ,000 2,25 8,25

10 6,58 ,789 ,000 3,59 9,58
11 3,83 ,789 ,001 ,84 6,83
12 3,50 ,789 ,004 ,50 6,50
13 5,83 ,789 ,000 2,84 8,83
14 5,75 ,789 ,000 2,75 8,75
15 4,67 ,789 ,000 1,67 7,66
16 2,33 ,789 ,933 -,66 5,33
17 5,33 ,789 ,000 2,34 8,33
18 6,00 ,789 ,000 3,00 9,00
19 3,08 ,789 ,033 ,09 6,08
20 3,33 ,789 ,009 ,34 6,33
21 4,50 ,789 ,000 1,50 7,50
22 5,25 ,789 ,000 2,25 8,25
23 3,67 ,789 ,001 ,67 6,66
24 2,83 ,789 ,108 -,16 5,83

9 1 -,42 ,789 1,000 -3,41 2,58
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2 -1,58 ,789 1,000 -4,58 1,41
3 -3,33 ,789 ,009 -6,33 -,34
4 -3,58 ,789 ,002 -6,58 -,59
5 -3,00 ,789 ,049 -6,00 ,00
6 -5,42 ,789 ,000 -8,41 -2,42
7 -4,42 ,789 ,000 -7,41 -1,42
8 -5,25 ,789 ,000 -8,25 -2,25

10 1,33 ,789 1,000 -1,66 4,33
11 -1,42 ,789 1,000 -4,41 1,58
12 -1,75 ,789 1,000 -4,75 1,25
13 ,58 ,789 1,000 -2,41 3,58
14 ,50 ,789 1,000 -2,50 3,50
15 -,58 ,789 1,000 -3,58 2,41
16 -2,92 ,789 ,073 -5,91 ,08
17 ,08 ,789 1,000 -2,91 3,08
18 ,75 ,789 1,000 -2,25 3,75
19 -2,17 ,789 1,000 -5,16 ,83
20 -1,92 ,789 1,000 -4,91 1,08
21 -,75 ,789 1,000 -3,75 2,25
22 ,00 ,789 1,000 -3,00 3,00
23 -1,58 ,789 1,000 -4,58 1,41
24 -2,42 ,789 ,667 -5,41 ,58

10 1 -1,75 ,789 1,000 -4,75 1,25
2 -2,92 ,789 ,073 -5,91 ,08
3 -4,67 ,789 ,000 -7,66 -1,67
4 -4,92 ,789 ,000 -7,91 -1,92
5 -4,33 ,789 ,000 -7,33 -1,34
6 -6,75 ,789 ,000 -9,75 -3,75
7 -5,75 ,789 ,000 -8,75 -2,75
8 -6,58 ,789 ,000 -9,58 -3,59
9 -1,33 ,789 1,000 -4,33 1,66

11 -2,75 ,789 ,159 -5,75 ,25
12 -3,08 ,789 ,033 -6,08 -,09
13 -,75 ,789 1,000 -3,75 2,25
14 -,83 ,789 1,000 -3,83 2,16
15 -1,92 ,789 1,000 -4,91 1,08
16 -4,25 ,789 ,000 -7,25 -1,25
17 -1,25 ,789 1,000 -4,25 1,75
18 -,58 ,789 1,000 -3,58 2,41
19 -3,50 ,789 ,004 -6,50 -,50
20 -3,25 ,789 ,014 -6,25 -,25
21 -2,08 ,789 1,000 -5,08 ,91
22 -1,33 ,789 1,000 -4,33 1,66
23 -2,92 ,789 ,073 -5,91 ,08
24 -3,75 ,789 ,001 -6,75 -,75

11 1 1,00 ,789 1,000 -2,00 4,00
2 -,17 ,789 1,000 -3,16 2,83
3 -1,92 ,789 1,000 -4,91 1,08
4 -2,17 ,789 1,000 -5,16 ,83
5 -1,58 ,789 1,000 -4,58 1,41
6 -4,00 ,789 ,000 -7,00 -1,00
7 -3,00 ,789 ,049 -6,00 ,00
8 -3,83 ,789 ,001 -6,83 -,84
9 1,42 ,789 1,000 -1,58 4,41

10 2,75 ,789 ,159 -,25 5,75
12 -,33 ,789 1,000 -3,33 2,66
13 2,00 ,789 1,000 -1,00 5,00
14 1,92 ,789 1,000 -1,08 4,91
15 ,83 ,789 1,000 -2,16 3,83
16 -1,50 ,789 1,000 -4,50 1,50



 62 

17 1,50 ,789 1,000 -1,50 4,50
18 2,17 ,789 1,000 -,83 5,16
19 -,75 ,789 1,000 -3,75 2,25
20 -,50 ,789 1,000 -3,50 2,50
21 ,67 ,789 1,000 -2,33 3,66
22 1,42 ,789 1,000 -1,58 4,41
23 -,17 ,789 1,000 -3,16 2,83
24 -1,00 ,789 1,000 -4,00 2,00

12 1 1,33 ,789 1,000 -1,66 4,33
2 ,17 ,789 1,000 -2,83 3,16
3 -1,58 ,789 1,000 -4,58 1,41
4 -1,83 ,789 1,000 -4,83 1,16
5 -1,25 ,789 1,000 -4,25 1,75
6 -3,67 ,789 ,001 -6,66 -,67
7 -2,67 ,789 ,230 -5,66 ,33
8 -3,50 ,789 ,004 -6,50 -,50
9 1,75 ,789 1,000 -1,25 4,75

10 3,08 ,789 ,033 ,09 6,08
11 ,33 ,789 1,000 -2,66 3,33
13 2,33 ,789 ,933 -,66 5,33
14 2,25 ,789 1,000 -,75 5,25
15 1,17 ,789 1,000 -1,83 4,16
16 -1,17 ,789 1,000 -4,16 1,83
17 1,83 ,789 1,000 -1,16 4,83
18 2,50 ,789 ,472 -,50 5,50
19 -,42 ,789 1,000 -3,41 2,58
20 -,17 ,789 1,000 -3,16 2,83
21 1,00 ,789 1,000 -2,00 4,00
22 1,75 ,789 1,000 -1,25 4,75
23 ,17 ,789 1,000 -2,83 3,16
24 -,67 ,789 1,000 -3,66 2,33

13 1 -1,00 ,789 1,000 -4,00 2,00
2 -2,17 ,789 1,000 -5,16 ,83
3 -3,92 ,789 ,000 -6,91 -,92
4 -4,17 ,789 ,000 -7,16 -1,17
5 -3,58 ,789 ,002 -6,58 -,59
6 -6,00 ,789 ,000 -9,00 -3,00
7 -5,00 ,789 ,000 -8,00 -2,00
8 -5,83 ,789 ,000 -8,83 -2,84
9 -,58 ,789 1,000 -3,58 2,41

10 ,75 ,789 1,000 -2,25 3,75
11 -2,00 ,789 1,000 -5,00 1,00
12 -2,33 ,789 ,933 -5,33 ,66
14 -,08 ,789 1,000 -3,08 2,91
15 -1,17 ,789 1,000 -4,16 1,83
16 -3,50 ,789 ,004 -6,50 -,50
17 -,50 ,789 1,000 -3,50 2,50
18 ,17 ,789 1,000 -2,83 3,16
19 -2,75 ,789 ,159 -5,75 ,25
20 -2,50 ,789 ,472 -5,50 ,50
21 -1,33 ,789 1,000 -4,33 1,66
22 -,58 ,789 1,000 -3,58 2,41
23 -2,17 ,789 1,000 -5,16 ,83
24 -3,00 ,789 ,049 -6,00 ,00

14 1 -,92 ,789 1,000 -3,91 2,08
2 -2,08 ,789 1,000 -5,08 ,91
3 -3,83 ,789 ,001 -6,83 -,84
4 -4,08 ,789 ,000 -7,08 -1,09
5 -3,50 ,789 ,004 -6,50 -,50
6 -5,92 ,789 ,000 -8,91 -2,92
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7 -4,92 ,789 ,000 -7,91 -1,92
8 -5,75 ,789 ,000 -8,75 -2,75
9 -,50 ,789 1,000 -3,50 2,50

10 ,83 ,789 1,000 -2,16 3,83
11 -1,92 ,789 1,000 -4,91 1,08
12 -2,25 ,789 1,000 -5,25 ,75
13 ,08 ,789 1,000 -2,91 3,08
15 -1,08 ,789 1,000 -4,08 1,91
16 -3,42 ,789 ,006 -6,41 -,42
17 -,42 ,789 1,000 -3,41 2,58
18 ,25 ,789 1,000 -2,75 3,25
19 -2,67 ,789 ,230 -5,66 ,33
20 -2,42 ,789 ,667 -5,41 ,58
21 -1,25 ,789 1,000 -4,25 1,75
22 -,50 ,789 1,000 -3,50 2,50
23 -2,08 ,789 1,000 -5,08 ,91
24 -2,92 ,789 ,073 -5,91 ,08

15 1 ,17 ,789 1,000 -2,83 3,16
2 -1,00 ,789 1,000 -4,00 2,00
3 -2,75 ,789 ,159 -5,75 ,25
4 -3,00 ,789 ,049 -6,00 ,00
5 -2,42 ,789 ,667 -5,41 ,58
6 -4,83 ,789 ,000 -7,83 -1,84
7 -3,83 ,789 ,001 -6,83 -,84
8 -4,67 ,789 ,000 -7,66 -1,67
9 ,58 ,789 1,000 -2,41 3,58

10 1,92 ,789 1,000 -1,08 4,91
11 -,83 ,789 1,000 -3,83 2,16
12 -1,17 ,789 1,000 -4,16 1,83
13 1,17 ,789 1,000 -1,83 4,16
14 1,08 ,789 1,000 -1,91 4,08
16 -2,33 ,789 ,933 -5,33 ,66
17 ,67 ,789 1,000 -2,33 3,66
18 1,33 ,789 1,000 -1,66 4,33
19 -1,58 ,789 1,000 -4,58 1,41
20 -1,33 ,789 1,000 -4,33 1,66
21 -,17 ,789 1,000 -3,16 2,83
22 ,58 ,789 1,000 -2,41 3,58
23 -1,00 ,789 1,000 -4,00 2,00
24 -1,83 ,789 1,000 -4,83 1,16

16 1 2,50 ,789 ,472 -,50 5,50
2 1,33 ,789 1,000 -1,66 4,33
3 -,42 ,789 1,000 -3,41 2,58
4 -,67 ,789 1,000 -3,66 2,33
5 -,08 ,789 1,000 -3,08 2,91
6 -2,50 ,789 ,472 -5,50 ,50
7 -1,50 ,789 1,000 -4,50 1,50
8 -2,33 ,789 ,933 -5,33 ,66
9 2,92 ,789 ,073 -,08 5,91

10 4,25 ,789 ,000 1,25 7,25
11 1,50 ,789 1,000 -1,50 4,50
12 1,17 ,789 1,000 -1,83 4,16
13 3,50 ,789 ,004 ,50 6,50
14 3,42 ,789 ,006 ,42 6,41
15 2,33 ,789 ,933 -,66 5,33
17 3,00 ,789 ,049 ,00 6,00
18 3,67 ,789 ,001 ,67 6,66
19 ,75 ,789 1,000 -2,25 3,75
20 1,00 ,789 1,000 -2,00 4,00
21 2,17 ,789 1,000 -,83 5,16
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22 2,92 ,789 ,073 -,08 5,91
23 1,33 ,789 1,000 -1,66 4,33
24 ,50 ,789 1,000 -2,50 3,50

17 1 -,50 ,789 1,000 -3,50 2,50
2 -1,67 ,789 1,000 -4,66 1,33
3 -3,42 ,789 ,006 -6,41 -,42
4 -3,67 ,789 ,001 -6,66 -,67
5 -3,08 ,789 ,033 -6,08 -,09
6 -5,50 ,789 ,000 -8,50 -2,50
7 -4,50 ,789 ,000 -7,50 -1,50
8 -5,33 ,789 ,000 -8,33 -2,34
9 -,08 ,789 1,000 -3,08 2,91

10 1,25 ,789 1,000 -1,75 4,25
11 -1,50 ,789 1,000 -4,50 1,50
12 -1,83 ,789 1,000 -4,83 1,16
13 ,50 ,789 1,000 -2,50 3,50
14 ,42 ,789 1,000 -2,58 3,41
15 -,67 ,789 1,000 -3,66 2,33
16 -3,00 ,789 ,049 -6,00 ,00
18 ,67 ,789 1,000 -2,33 3,66
19 -2,25 ,789 1,000 -5,25 ,75
20 -2,00 ,789 1,000 -5,00 1,00
21 -,83 ,789 1,000 -3,83 2,16
22 -,08 ,789 1,000 -3,08 2,91
23 -1,67 ,789 1,000 -4,66 1,33
24 -2,50 ,789 ,472 -5,50 ,50

18 1 -1,17 ,789 1,000 -4,16 1,83
2 -2,33 ,789 ,933 -5,33 ,66
3 -4,08 ,789 ,000 -7,08 -1,09
4 -4,33 ,789 ,000 -7,33 -1,34
5 -3,75 ,789 ,001 -6,75 -,75
6 -6,17 ,789 ,000 -9,16 -3,17
7 -5,17 ,789 ,000 -8,16 -2,17
8 -6,00 ,789 ,000 -9,00 -3,00
9 -,75 ,789 1,000 -3,75 2,25

10 ,58 ,789 1,000 -2,41 3,58
11 -2,17 ,789 1,000 -5,16 ,83
12 -2,50 ,789 ,472 -5,50 ,50
13 -,17 ,789 1,000 -3,16 2,83
14 -,25 ,789 1,000 -3,25 2,75
15 -1,33 ,789 1,000 -4,33 1,66
16 -3,67 ,789 ,001 -6,66 -,67
17 -,67 ,789 1,000 -3,66 2,33
19 -2,92 ,789 ,073 -5,91 ,08
20 -2,67 ,789 ,230 -5,66 ,33
21 -1,50 ,789 1,000 -4,50 1,50
22 -,75 ,789 1,000 -3,75 2,25
23 -2,33 ,789 ,933 -5,33 ,66
24 -3,17 ,789 ,021 -6,16 -,17

19 1 1,75 ,789 1,000 -1,25 4,75
2 ,58 ,789 1,000 -2,41 3,58
3 -1,17 ,789 1,000 -4,16 1,83
4 -1,42 ,789 1,000 -4,41 1,58
5 -,83 ,789 1,000 -3,83 2,16
6 -3,25 ,789 ,014 -6,25 -,25
7 -2,25 ,789 1,000 -5,25 ,75
8 -3,08 ,789 ,033 -6,08 -,09
9 2,17 ,789 1,000 -,83 5,16

10 3,50 ,789 ,004 ,50 6,50
11 ,75 ,789 1,000 -2,25 3,75
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12 ,42 ,789 1,000 -2,58 3,41
13 2,75 ,789 ,159 -,25 5,75
14 2,67 ,789 ,230 -,33 5,66
15 1,58 ,789 1,000 -1,41 4,58
16 -,75 ,789 1,000 -3,75 2,25
17 2,25 ,789 1,000 -,75 5,25
18 2,92 ,789 ,073 -,08 5,91
20 ,25 ,789 1,000 -2,75 3,25
21 1,42 ,789 1,000 -1,58 4,41
22 2,17 ,789 1,000 -,83 5,16
23 ,58 ,789 1,000 -2,41 3,58
24 -,25 ,789 1,000 -3,25 2,75

20 1 1,50 ,789 1,000 -1,50 4,50
2 ,33 ,789 1,000 -2,66 3,33
3 -1,42 ,789 1,000 -4,41 1,58
4 -1,67 ,789 1,000 -4,66 1,33
5 -1,08 ,789 1,000 -4,08 1,91
6 -3,50 ,789 ,004 -6,50 -,50
7 -2,50 ,789 ,472 -5,50 ,50
8 -3,33 ,789 ,009 -6,33 -,34
9 1,92 ,789 1,000 -1,08 4,91

10 3,25 ,789 ,014 ,25 6,25
11 ,50 ,789 1,000 -2,50 3,50
12 ,17 ,789 1,000 -2,83 3,16
13 2,50 ,789 ,472 -,50 5,50
14 2,42 ,789 ,667 -,58 5,41
15 1,33 ,789 1,000 -1,66 4,33
16 -1,00 ,789 1,000 -4,00 2,00
17 2,00 ,789 1,000 -1,00 5,00
18 2,67 ,789 ,230 -,33 5,66
19 -,25 ,789 1,000 -3,25 2,75
21 1,17 ,789 1,000 -1,83 4,16
22 1,92 ,789 1,000 -1,08 4,91
23 ,33 ,789 1,000 -2,66 3,33
24 -,50 ,789 1,000 -3,50 2,50

21 1 ,33 ,789 1,000 -2,66 3,33
2 -,83 ,789 1,000 -3,83 2,16
3 -2,58 ,789 ,331 -5,58 ,41
4 -2,83 ,789 ,108 -5,83 ,16
5 -2,25 ,789 1,000 -5,25 ,75
6 -4,67 ,789 ,000 -7,66 -1,67
7 -3,67 ,789 ,001 -6,66 -,67
8 -4,50 ,789 ,000 -7,50 -1,50
9 ,75 ,789 1,000 -2,25 3,75

10 2,08 ,789 1,000 -,91 5,08
11 -,67 ,789 1,000 -3,66 2,33
12 -1,00 ,789 1,000 -4,00 2,00
13 1,33 ,789 1,000 -1,66 4,33
14 1,25 ,789 1,000 -1,75 4,25
15 ,17 ,789 1,000 -2,83 3,16
16 -2,17 ,789 1,000 -5,16 ,83
17 ,83 ,789 1,000 -2,16 3,83
18 1,50 ,789 1,000 -1,50 4,50
19 -1,42 ,789 1,000 -4,41 1,58
20 -1,17 ,789 1,000 -4,16 1,83
22 ,75 ,789 1,000 -2,25 3,75
23 -,83 ,789 1,000 -3,83 2,16
24 -1,67 ,789 1,000 -4,66 1,33

22 1 -,42 ,789 1,000 -3,41 2,58
2 -1,58 ,789 1,000 -4,58 1,41
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3 -3,33 ,789 ,009 -6,33 -,34
4 -3,58 ,789 ,002 -6,58 -,59
5 -3,00 ,789 ,049 -6,00 ,00
6 -5,42 ,789 ,000 -8,41 -2,42
7 -4,42 ,789 ,000 -7,41 -1,42
8 -5,25 ,789 ,000 -8,25 -2,25
9 ,00 ,789 1,000 -3,00 3,00

10 1,33 ,789 1,000 -1,66 4,33
11 -1,42 ,789 1,000 -4,41 1,58
12 -1,75 ,789 1,000 -4,75 1,25
13 ,58 ,789 1,000 -2,41 3,58
14 ,50 ,789 1,000 -2,50 3,50
15 -,58 ,789 1,000 -3,58 2,41
16 -2,92 ,789 ,073 -5,91 ,08
17 ,08 ,789 1,000 -2,91 3,08
18 ,75 ,789 1,000 -2,25 3,75
19 -2,17 ,789 1,000 -5,16 ,83
20 -1,92 ,789 1,000 -4,91 1,08
21 -,75 ,789 1,000 -3,75 2,25
23 -1,58 ,789 1,000 -4,58 1,41
24 -2,42 ,789 ,667 -5,41 ,58

23 1 1,17 ,789 1,000 -1,83 4,16
2 ,00 ,789 1,000 -3,00 3,00
3 -1,75 ,789 1,000 -4,75 1,25
4 -2,00 ,789 1,000 -5,00 1,00
5 -1,42 ,789 1,000 -4,41 1,58
6 -3,83 ,789 ,001 -6,83 -,84
7 -2,83 ,789 ,108 -5,83 ,16
8 -3,67 ,789 ,001 -6,66 -,67
9 1,58 ,789 1,000 -1,41 4,58

10 2,92 ,789 ,073 -,08 5,91
11 ,17 ,789 1,000 -2,83 3,16
12 -,17 ,789 1,000 -3,16 2,83
13 2,17 ,789 1,000 -,83 5,16
14 2,08 ,789 1,000 -,91 5,08
15 1,00 ,789 1,000 -2,00 4,00
16 -1,33 ,789 1,000 -4,33 1,66
17 1,67 ,789 1,000 -1,33 4,66
18 2,33 ,789 ,933 -,66 5,33
19 -,58 ,789 1,000 -3,58 2,41
20 -,33 ,789 1,000 -3,33 2,66
21 ,83 ,789 1,000 -2,16 3,83
22 1,58 ,789 1,000 -1,41 4,58
24 -,83 ,789 1,000 -3,83 2,16

24 1 2,00 ,789 1,000 -1,00 5,00
2 ,83 ,789 1,000 -2,16 3,83
3 -,92 ,789 1,000 -3,91 2,08
4 -1,17 ,789 1,000 -4,16 1,83
5 -,58 ,789 1,000 -3,58 2,41
6 -3,00 ,789 ,049 -6,00 ,00
7 -2,00 ,789 1,000 -5,00 1,00
8 -2,83 ,789 ,108 -5,83 ,16
9 2,42 ,789 ,667 -,58 5,41

10 3,75 ,789 ,001 ,75 6,75
11 1,00 ,789 1,000 -2,00 4,00
12 ,67 ,789 1,000 -2,33 3,66
13 3,00 ,789 ,049 ,00 6,00
14 2,92 ,789 ,073 -,08 5,91
15 1,83 ,789 1,000 -1,16 4,83
16 -,50 ,789 1,000 -3,50 2,50
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17 2,50 ,789 ,472 -,50 5,50
18 3,17 ,789 ,021 ,17 6,16
19 ,25 ,789 1,000 -2,75 3,25
20 ,50 ,789 1,000 -2,50 3,50
21 1,67 ,789 1,000 -1,33 4,66
22 2,42 ,789 ,667 -,58 5,41
23 ,83 ,789 1,000 -2,16 3,83

* The mean difference is significant at the .05 level. 
 

Appendix 4; Octave bands spectrum for 24 sounds 
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Figure A-2- Comparison of three types of floor for without shoes, male/female and ceiling on/off  
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Appendix 5; Correlation coefficient of ranking the 16 sounds between two 

experiments: 

   Table A-5- Correlation coefficient between ranking the 16 sounds between two experiments 
                         Correlations 

VAR00003 VAR00004 
Spearman's 

rho
VAR00003 Correlation 

Coefficient
1,000 ,828 

Sig. (2-
tailed)

, ,000 

N 16 16 
VAR00004 Correlation 

Coefficient
,828 1,000 

Sig. (2-
tailed)

,000 , 

N 16 16 
                          **  Correlation is significant at the .01 level (2-tailed). 

 

Appendix 6; ANOVA and Post-Hoc multiple comparison for experiment 2 

 Table A-6- ANOVA Table for annoyance response by sounds No (exp. 2) 

 
                            Analysis of Variance 
----------------------------------------------------------------------------- 
Source             Sum of Squares     Df        Mean Square    F-Ratio      P-Value 
----------------------------------------------------------------------------- 
Between groups            619,812     15          41,3208         15,91           0,0000 
Within groups               457,0         176         2,59659 
----------------------------------------------- ------------------------------ 
Total (Corr.)                 1076,81      191 
 
 
   Table A-7- Multiple range tests for annoyance response by sound No, using LSD method (exp. 2) 
-------------------------------------------------------------------------------- 
Method: 95,0 percent LSD 
Sounds 
 No      Count     Mean              Homogeneous Groups 
-------------------------------------------------------------------------------- 
6              12        2,83333                         X      
2              12        2,91667                         X      
10             12        3,0                               X      
14             12        4,0                               XX     
9              12        4,75                              X     
5              12        5,08333                       XX    
1              12        5,08333                       XX    
13             12        6,16667                      XX   
15             12        6,66667                      XX  
12             12        6,66667                     XX  
11             12        7,0                            XXX 
16             12        7,08333                    XXX 
7              12        7,41667                    XXX 
4              12        7,58333                    XX 
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8              12        8,08333                      X 
3              12        8,16667                      X 
-------------------------------------------------------------------------------- 
Contrast                                   Difference           +/-  Limits 
-------------------------------------------------------------------------------- 
1 - 2                                     *2,16667              1,29829            
1 - 3                                     *-3,08333            1,29829            
1 - 4                                     *-2,5                    1,29829            
1 - 5                                      0,0                     1,29829            
1 - 6                                     *2,25                   1,29829            
1 - 7                                     *-2,33333             1,29829            
1 - 8                                     *-3,0                    1,29829            
1 - 9                                      0,333333            1,29829            
1 - 10                                    *2,08333            1,29829            
1 - 11                                    *-1,91667           1,29829            
1 - 12                                    *-1,58333           1,29829            
1 - 13                                     -1,08333            1,29829            
1 - 14                                     1,08333             1,29829            
1 - 15                                    *-1,58333           1,29829            
1 - 16                                    *-2,0                   1,29829            
2 - 3                                     *-5,25                   1,29829            
2 - 4                                     *-4,66667             1,29829            
2 - 5                                     *-2,16667             1,29829            
2 - 6                                      0,0833333            1,29829            
2 - 7                                     *-4,5                      1,29829            
2 - 8                                     *-5,16667              1,29829            
2 - 9                                     *-1,83333              1,29829            
2 - 10                                     -0,0833333           1,29829            
2 - 11                                    *-4,08333             1,29829            
2 - 12                                    *-3,75                   1,29829            
2 - 13                                    *-3,25                   1,29829            
2 - 14                                     -1,08333              1,29829            
2 - 15                                    *-3,75                   1,29829            
2 - 16                                    *-4,16667             1,29829            
3 - 4                                      0,583333              1,29829            
3 - 5                                     *3,08333               1,29829            
3 - 6                                     *5,33333               1,29829            
3 - 7                                      0,75                      1,29829            
3 - 8                                      0,0833333            1,29829            
3 - 9                                     *3,41667              1,29829            
3 - 10                                    *5,16667             1,29829            
3 - 11                                     1,16667              1,29829            
3 - 12                                    *1,5                     1,29829            
3 - 13                                    *2,0                     1,29829            
3 - 14                                    *4,16667             1,29829            
3 - 15                                    *1,5                     1,29829            
3 - 16                                     1,08333              1,29829            
4 - 5                                     *2,5                      1,29829            
4 - 6                                     *4,75                    1,29829            
4 - 7                                      0,166667              1,29829            
4 - 8                                      -0,5                       1,29829            
4 - 9                                     *2,83333               1,29829            
4 - 10                                    *4,58333              1,29829            
4 - 11                                     0,583333             1,29829            
4 - 12                                     0,916667             1,29829            
4 - 13                                    *1,41667              1,29829            
4 - 14                                    *3,58333              1,29829            
4 - 15                                     0,916667             1,29829            
4 - 16                                     0,5                       1,29829            
5 - 6                                     *2,25                     1,29829            



 71 

5 - 7                                     *-2,33333             1,29829            
5 - 8                                     *-3,0                     1,29829            
5 - 9                                      0,333333              1,29829            
5 - 10                                    *2,08333              1,29829            
5 - 11                                    *-1,91667             1,29829            
5 - 12                                    *-1,58333             1,29829            
5 - 13                                     -1,08333              1,29829            
5 - 14                                     1,08333               1,29829            
5 - 15                                    *-1,58333            1,29829            
5 - 16                                    *-2,0                    1,29829            
6 - 7                                     *-4,58333             1,29829            
6 - 8                                     *-5,25                  1,29829            
6 - 9                                     *-1,91667             1,29829            
6 - 10                                     -0,166667           1,29829            
6 - 11                                    *-4,16667            1,29829            
6 - 12                                    *-3,83333            1,29829            
6 - 13                                    *-3,33333            1,29829            
6 - 14                                     -1,16667             1,29829            
6 - 15                                    *-3,83333            1,29829            
6 - 16                                    *-4,25                  1,29829            
7 - 8                                      -0,666667            1,29829            
7 - 9                                     *2,66667              1,29829            
7 - 10                                    *4,41667              1,29829            
7 - 11                                     0,416667             1,29829            
7 - 12                                     0,75                     1,29829            
7 - 13                                     1,25                     1,29829            
7 - 14                                    *3,41667              1,29829            
7 - 15                                     0,75                     1,29829            
7 - 16                                     0,333333             1,29829            
8 - 9                                     *3,33333               1,29829            
8 - 10                                    *5,08333              1,29829            
8 - 11                                     1,08333              1,29829            
8 - 12                                    *1,41667              1,29829            
8 - 13                                    *1,91667              1,29829            
8 - 14                                    *4,08333              1,29829            
8 - 15                                    *1,41667              1,29829            
8 - 16                                      1,0                      1,29829            
9 - 10                                    *1,75                    1,29829            
9 - 11                                    *-2,25                   1,29829            
9 - 12                                    *-1,91667             1,29829            
9 - 13                                    *-1,41667             1,29829            
9 - 14                                     0,75                      1,29829            
9 - 15                                    *-1,91667             1,29829            
9 - 16                                    *-2,33333             1,29829            
10 - 11                                   *-4,0                    1,29829            
10 - 12                                   *-3,66667             1,29829            
10 - 13                                   *-3,16667             1,29829            
10 - 14                                    -1,0                      1,29829            
10 - 15                                   *-3,66667             1,29829            
10 - 16                                   *-4,08333             1,29829            
11 - 12                                    0,333333             1,29829            
11 - 13                                    0,833333             1,29829            
11 - 14                                   *3,0                      1,29829            
11 - 15                                    0,333333             1,29829            
11 - 16                                    -0,0833333          1,29829            
12 - 13                                    0,5                        1,29829            
12 - 14                                   *2,66667              1,29829            
12 - 15                                    0,0                        1,29829            
12 - 16                                    -0,416667            1,29829            
13 - 14                                   *2,16667              1,29829            



 72 

13 - 15                                    -0,5                      1,29829            
13 - 16                                    -0,916667            1,29829            
14 - 15                                   *-2,66667             1,29829            
14 - 16                                   *-3,08333             1,29829            
15 - 16                                    -0,416667            1,29829            
-------------------------------------------------------------------------------- 

denotes a statistically significant difference. 

 

Appendix 7; Factorial analysis for exp. 2 

                     Table A -8- ANOVA table of factorial analysis (exp. 2) 
 
Analysis of Variance for annoyance response - Type III Sums of Squares 
-------------------------------------------------------------------------------- 
Source                Sum of Squares     Df    Mean Square    F-Ratio         P-Value 
-------------------------------------------------------------------------------- 
MAIN EFFECTS 
 A:Floor                     2,08333           1        2,08333           0,80            0,3717 
 B:Ceiling                  4,08333           1        4,08333            1,57           0,2115 
 C:Shoes                   48,0                  1      48,0                  18,48           0,0000 
 D:Weight              456,333               1        456,333        175,67           0,0000 
 
INTERACTIONS 
 AB                            5,33333            1        5,33333           2,05           0,1536 
 AC                            0,0833333        1        0,0833333       0,03           0,8581 
 AD                           24,0833             1       24,0833            9,27           0,0027 
 BC                             1,33333           1         1,33333          0,51           0,4746 
 BD                             4,08333           1         4,08333          1,57           0,2115 
 CD                           56,3333             1       56,3333          21,69           0,0000 
 
RESIDUAL            470,167            181        2,59761 
-------------------------------------------------------------------------------- 
TOTAL (CORRECTED)              1071,92   191 
-------------------------------------------------------------------------------- 
All F-ratios are based on the residual mean square error. 
   


