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ABSTRACT

It is an increasing interest in product sound quality (PSQ) within the industry. A new
product should not only have low noise in order to fulfil laws and regulations, it should
also have the “right” sound in order to be more appealing to the costumer.

Research has been conducted in the area of PSQ at Chalmers University of Technology
(CTH) for a number of years. In this work a panel of selected listeners have been
established, which is used to evaluate various subjective aspects of the experience of
sound. The group consists mainly of students in the field of technology.

At SIK — the Swedish Institute for Food and Biotechnology (SIK) analytical sensory
panels have been used since the middle of the 20™ century in both research and
commercial projects for the evaluation of sensory properties such as taste, aroma and
texture. The current panel consists of selected and trained persons specialized in this
area. However, it has not previously been used for listening tests.

In this study a selection method for assessor candidates to PSQ sensory panels have
been created. The method focuses on the discrimination of sounds due to different
psychoacoustic variables, e.g. loudness, roughness, sharpness. The method has then
been applied to the analytical sensory panel at SIK and the CTH panel in order to
validate it as well as to see if any differences between the two panels could be detected.

The results obtained by the selection method show only small differences between the
two panels. However, there were quite large variations among the assessors’ individual
discrimination skills.

Keywords: Sound Quality, Sound Character, Psychoacoustics, Sensory Evaluation,
Perceptual Evaluation, Jury Testing, Assessor Selection
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1 Introduction
1.1 Background

A specific product sound is a fundamental and desirable feature of a new product and
customer surveys has shown that the acoustic properties of a product are an important
factor. It determines the image of a product, profiles a product against competitors,
influences the costumer’s satisfaction with a product, and the costumer’s decision on
selecting and buying a product. As a consequence the industry shows an increasing
interest in product sound quality (PSQ) since it can be an efficient way to strengthen
their market position and to achieve an advantage over competitors [1].

A new product should not only have low noise in order to fulfil the legal regulations,
it should also have the “right” sound for the product in question. Sound that is
unwanted is normally classified as noise and when designing products the noise
should be as low as possible in order to reduce the negative effects of sound.
However, sound can also be an important carrier of information. The sound from a
machine for example can inform the user if there is something wrong with it, or give
information on when it is time for maintenance.

To provide for the increased interest in PSQ many organizations have started research
programs in order to understand how sound and its perceived qualities affect humans
in their daily life. The ultimate aim for researchers in this field is to eliminate the
listening tests used today and replace them with predictive models that can accurately
estimate the human perception of sound. However, no such model has been
successfully established and therefore listening tests are still an essential part of PSQ
evaluation [2].

For instance, research has been conducted in the sound quality area for a number of
years at the Chalmers University of Technology (CTH) where a research group is
focusing on various aspects on PSQ. In this work a listening panel has been
established, which is used to evaluate various subjective aspects of the experience of
sound. The listening panel at CTH consists mainly of students in the field of
technology, which means that the panel might not be representative for the population
as a whole.

At SIK the Swedish Institute for Food and Biotechnology (SIK), a subsidiary to SP
Technical Research Institute of Sweden, sensory panels for the evaluation of e.g. taste,
aroma and texture have been used since the middle of the 20™ century in both research
and commercial projects. These panels consist of either trained persons specialized in
the area (i.e. analytical sensory panel), or representative consumers statistically
selected with respect to the product of interest (i.e. consumer sensory panel).
However, none of these panels have been used for listening tests before.
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1.2  Objective

The main objective of this master thesis work was to investigate whether the existing
analytical sensory panel at SIK, which today mainly is used for the evaluation of taste,
aroma and texture also could be used in the evaluation of product sounds.
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2  Theory
2.1  Product Sounds

Most products emit sounds in one way or another and this is not merely a negative
attribute to be reduced or eliminated. Often those sounds can either be intended to
give the user information or just a consequence of the product operating/running.
Either way, it is an attribute that can be used for positive product presentation [3].

Some parts of the sounds produced may be expected and is likely to be accepted as
characteristics of the product unless they are too loud. They let us know what is
happening in the product and may reinforce our sense of product quality. Sound may
also be a product identifier. If a new product comes along that sounds very different
from similar existing products there may be a problem with the acceptance since the
consumers expect that products of a certain type will sound in a certain way.
Furthermore, some sounds are uncharacteristic of the product and the user will not
regard such a sound in the same light as the characteristic sounds. Such a sound might
be the result of a problem that will lead to the failure of the product and the user will
have concerns about using such a product. Even if somehow the user becomes
convinced that breakdown or danger is not imminent, the sound will be attention
grabbing and make the user unsatisfied with the product. This means it is not the
loudness of uncharacteristic sounds that is the problem, it is their presence that is the
problem and they should be eliminated or made undetectable.

The acceptability and desirability of a product are affected by attributes that generally
fall into three different categories, Resource Commitment, Functionality and
Aesthetics, as seen in Figure 2.1. Within each category there is a set of attributes or
features that may or may not be of importance for the product in question. The sound
generated by a product is part both of Functionality and Aesthetics [3, 4].

Initial cost
Productivity

Training

Resource
commitment

Maintenance

Reliability

Functionality

Friendliness

Aesthetics Sound

(cotour ) rorm ) reel ]

Figure 2.1 The connections between different product attributes [3].
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Depending on their nature the emitted sounds can roughly be categorized into three
different groups, passive, running/operating or signal sounds.

Passive sounds are produced when the product is touched but not operating (e.g. doors
open/close, etc.). These sounds are very important because they affect the costumers
purchase decision and the immediate image of the product.

Running/operating sounds are produced when the product is running or operating and
are not aimed at providing the user with any specific information. However,
sometimes the running/operation sounds will provide information (e.g. when a motor
needs maintenance etc.). The running/operating sounds affect the comfort and the
reliability of the product.

Signal sounds are produced when the product is running or operating and are aimed at
providing the user with information. It can for example be the beep from the
microwave oven when done etc [4].

2.1.1 Product Sound Quality and Product Sound Character

The quality of a product’s emitted sounds is often defined in line with the following
definition proposed by J. Blauert and U. Jekosch:

“Product-sound quality is a descriptor of the adequacy of the sound attached to a
product. It results from judgements upon the totality of auditory characteristics of the
said sound — the judgements being performed with reference to the set of those
desired features of the product which are apparent to the users in their actual
cognitive, actional and emotional situation. ”’[5]

This definition states that sound quality is a percept, and as a consequence has both
subjective and objective parts. The percept is product specific and relates to the
appropriateness and acceptance of a sound in a certain situation for a certain product,
this in turn implies a scale for sound quality in which listeners can make consistent
judgements, which may then be incorporated into a physical scale for the component
sounds for that product [3, 6, 7].

However the general term sound quality is often insufficiently defined and used
ambiguously. Because of this it is not always understood properly [7]. Therefore a
major distinction is done in this work between the quality and character of product
sounds, hence product sound quality (PSQ) and product sound character (PSC) [6].

PSQ refers to the subjective opinions, i.e. preference or good/bad judgements. Such
judgements are highly dependent on individual factors such as taste differences,
situational factors such as expectations, and non-auditory input such as visual
influences and vibration [6].

PSC refers to the sensory properties of a sound, i.e. how loud, rough, sharp etc. it is.
Those properties are invariant across individuals, cultures and situations and therefore
a fairly reliable perceptual estimate [6]. Many of the psychoacoustic metrics described
in Chapter 2.1.2 are measures of PSC.

The relationship between PSQ and PSC is shown in Figure 2.2 together with their
individual constituents.
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Figure 2.2 The relationship between PSQ, PSC and their constituents [6].

2.1.2 Psychoacoustics

Psychoacoustics is the science where parameters of acoustic waves are related to
attributes of auditory events. It thus investigates the relation between people’s
reactions to sounds to the physical stimulus that causes the sound (i.e. pressure
fluctuations in the air). The perceptual reaction to a sound is internal to the subject
and psychoacoustics relates the perception to an objective internal scale and then to
external objective physical metrics of sound [1, 3, 5].

A basic problem concerning the psychoacoustic indices is their validity. The relation
between the indices and the physical sound has been derived from listening tests using
specific sounds, and in general the resulting index can only be applied to the same
type of sounds. Another issue present is that they are defined as monaural indices,
which mean that they are calculated for each ear independently. In contrast the human
auditory system combines signals from both ears, and therefore the binaural indices
might differ from the monaural. As consequence psychoacoustic applications can be
helpful, but only if the user has the right psychoacoustic experience and expertise [1].

In most cases the psychoacoustic metrics are poor indicators of PSQ but fairly good
measures of PSC and therefore they play an important role in sound quality
engineering [6, 8].

Loudness

Loudness is categorized as an intensity sensation and strongly affects the perceived
PSQ [8, 9].

It is the only psychoacoustic metric that has been standardized so far and there are two
major definitions commonly in use, established by Stevens and Zwicker respectively.
Both definitions share the explanation of loudness as the attribute of a sound that can

CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2011:15



be ordered on a scale extending from quiet to loud. The standardized definitions can
be found in ISO 532 A and I1SO 532 B [2, 3, 10].

The basic unit of perceived loudness is sone, which is defined as the loudness of a 40
dB 1 kHz tone. In order to compensate for the effect of frequency on the perceived
loudness it is also expressed in loudness level measured in phons. Loudness level is
given by the sound pressure level of a tone at 1 kHz, which is equally loud to the tone
being presented. The relation between loudness level and loudness is determined at 1
kHz [3].

Loudness cannot be measured directly since it is a perceptual quantity, although it can
be estimated through listening tests or through the use of models developed to predict
its subjective impression. The loudness level is frequency dependent and can be
estimated for any sound, but best known are the loudness levels for different
frequencies of pure tones. Lines which connect points of equal loudness in the hearing
area are often called equal-loudness contours, see Figure 2.3 [2, 9].
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Figure 2.3 Equal-loudness contours [9].

Fluctuation Strength and Roughness

When listening to a 100% amplitude-modulated tone the listener will experience three
different sensations as the modulation frequency increases, see Figure 2.4. At low
modulation frequencies, from 1 to around 20 Hz, the loudness intensity changes up
and down and the listener experiences a loudness fluctuation. This sensation is known
as fluctuation strength. The maximum perceived fluctuation strength arises at
approximately 4 Hz [8, 9, 11].

The unit for fluctuation strength is vacil. One vacil is defined as a 60 dB, 1 kHz tone
that is 100% amplitude-modulated at 4 Hz [9].

When the modulation frequency reaches about 15 Hz the perceived loudness
fluctuations start to disappear and instead the sound is perceived as rough, this is the
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sensation of roughness. It reaches its perceived maximum at around 70 Hz and the
upper limit is located at about 300 Hz. As the modulation frequency is increased even
higher the listener starts to hear separate pure tones without any effects due to the
amplitude modulation [9-11].

Fluctuation strength Pure tone
f_l_1 | 5

" — e
1 1 1 1 \l\ 1 5
1 L] T L] T Ld
4] 10 20 30 300 Modulation frequency [Hz]

| J
Y
Roughness

Figure 2.4 The relationship between fluctuation strength and roughness with respect
to the modulation frequency.

The unit of roughness is asper. One asper is defined as the roughness produced by a 1
kHz tone of 60dB which is 100% amplitude modulated at 70Hz [9].

Sharpness

Sharpness describes the high frequency components of a sound and plays a prominent
role for the perceived sound quality. A sound that contains mainly low frequencies
will feel dull and if it contain mainly high frequencies it will feel sharp. If the right
amount of sharpness is given it will give the product a character of powerfulness.
However, if the sound is to sharp it will be perceived as aggressive [8, 10, 12, 13].

The unit for sharpness is acum. One acum is defined as a narrow-band noise one
critical-band wide at a centre frequency of 1 kHz having a level of 60 dB [9].

Tonality

Tonality describes the tonal character, i.e. the “tone-t0-noise” ratio, of a signal. There
exist several models for tonality. However, the perceived tonality varies among
individuals. Therefore it is suggested that tonality should be subjectively assessed
[10].

Additional and Composite Metrics

In addition to the psychoacoustic metrics discussed, a number of additional quantities
have been suggested in the literature. Specific sound quality indices for specific
applications seem to be more reasonable than the basic metrics. Those indices might
consist of a weighted combination of standard signal analysis indices, psychoacoustic
indices, or even newly developed specific indices. It can be expected that some of
these types of indices have been developed, but are not published and kept
confidential due to have an advantage on the competitive market [1, 10].

Examples of additional and composite metrics are: Sensory pleasantness,
impulsiveness, rumble noise, subjective duration and rhythm [10].
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2.2 Sensory Evaluation

In the field of sensory evaluation humans are used as “measuring instruments” in
order to evaluate consumer products with respect to the human senses (sight, touch,
aroma, taste and hearing) [14].

There are mainly two purposes of implementing sensory evaluation. First there is
product preference, i.e. which product will be more favourable or less favourable to
the consumer in accordance to production quality, power, sound etc. Secondly it is to
determine certain design features or degree of modification of a manufacturing
process [3].

Sensory evaluation has been implemented in the food industry for quite some time,
e.g. at SIK since the mid 20™ century. Among others it also has been used by the
automotive industry which has put a lot of emphasis into the development of product
sounds and overall sound quality in cars. However, other industrial sectors still have a
great potential to develop their use of sensory evaluation [1].

2.2.1 Sensory Evaluation Techniques

The purpose of the study will affect just about every aspect of the experimental design
and the interpretation of the achieved response data. The testing should be carried out
under a careful experimental design so that the evaluation of the results can be done in
a proper and objective way.

Depending on the area of interest in the study there are a number of key standards that
define certain aspects of sensory evaluation. These are quite well defined in terms of
their domain and application as well as their usage. When such a standard exist, it
should be consider whether the method is suitable for the task in question instead of
developing a new method [2, 3].

There are a lot of variables to consider when designing/performing a sensory
evaluation, the type of test to be used, the number of assessors and the duration of the
test etc. Depending on the aim of the study the number of assessors and the time
required can vary substantially. Hence, the test will in most cases be broken up into
more than one session [3].

There is no limitation to what stimulus that can be used in a study as long as it can be
well motivated and stimulates the selected response attribute. However, there is a
practical limit to the number of variations that can be allowed in the stimulus set. For
an experiment to be carried out in a reasonable amount of time no more than four or
five components should be used [2, 3].

2.2.2 Sensory Panels

In sensory evaluation mainly two types of panels are used, the consumer panel and the
expert/analytical panel. The consumer panel consist of assessors whom in most cases
meet no particular criterion, i.e. naive assessors, and it is often used if the aim of the
study is product preference etc. If the aim of the study instead is towards design
features etc. a panel of selected and trained assessors, i.e. expert or specialized expert
assessors, are often used.
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Depending on the aim of the study a consumer panel can consists of just a few
assessors up to several hundred in order to get statistically valid results. This is due to
the fact that assessors differ in sensory abilities, interests, ability to work as test
subjects, and so on. The results obtained also tend to be highly subjective due to the
assessors’ lack of training in the relevant field of interest. If a trained expert panel is
used the number of assessors can be substantially reduced. For listening studies the
number of assessors can be reduced up to a factor 7 according to Bech. The results
generated by an expert panel are also more objective in their nature since the assessors
are trained to ignore their personal preferences. In the remainder of this report the
main focus is on the expert panel and its assessors [2].

The ability of the individual assessor relates to his/her capability to rate the presented
stimuli in a reliable and repeatable manner. This can be assessed through an
evaluation of the subject’s performance during some sort of selection procedure or by
analysis of the subject’s performance following an experiment. Also some practical
topics like logistics etc. are indirectly very important since it is essential that an
assessor is available, prompt and reliable for the purpose of completing an
experiment. Guidance on the selection, training and monitoring of assessors can be
found from several standards and in literature outside the field of this report, e.g. a
well formulated structure for assessor categorisation widely employed in the sensory
analysis of food products can be found in ISO 8586-1 and 1SO 8586-2, see Table 2.1
for a summary. The standardised approach presented here is well structured and
rigorous and is almost directly applicable when it comes to the evaluation of sound

2].

Table 2.1 Summary of assessor categories as defined in 1ISO standard 8586-2 [2, 15].

Assessor Definition
Category
Assessor Any person taking part in a sensory test

Naive assessor A person who does not meet any particular criterion

Initiated A person who has already participated in a sensory test
assessor
Selected Assessor chosen for his/her ability to carry out a sensory test
assessor
In the general sense, a person who trough knowledge or experience has competence
Expert to give an opinion in the fields about which he/she is consulted (Please note that the

term expert does not provide any indication regarding the qualification or suitability
of the individual to perform sensory tests)

Selected assessor with a high degree of sensory sensitivity and experience in sensory
Expert assessor methodology, who is able to make consistent and repeatable sensory assessments of
various products

Expert assessor who has additional experience as a specialist in the product and/or

Specialized process and/or marketing, and who is able to perform sensory analysis of the product

expert assessor and evaluate or predict effects of variations relating to raw materials, recipes,
processing, storage, ageing, and so on.
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3  Method

3.1  Assessor Selection Procedure

The recruitment process of assessors for sensory evaluation can be divided into two
parts. The first part is to obtain general information about the subject. This can for
instance be done by an interview or a questionnaire. Subsequently a screening
procedure is performed in order to assess the subjects suitability [16].

As there is yet no standardized selection procedure for assessors with respect to
listening skills a new approach to assessor selection was created. The selection
procedure was mainly designed with the intent to be performed at the SIK premises in
Gothenburg with the equipment available.

The selection procedure was partially based on the Generalised Listener Selection
procedure by Mattila, Zacharov and Isherwood et al. [2], ISO 8586-1 [16], ISO 8586-
2 [15] and NT ACOU 111 [17].

The assessor selection procedure was divided into three separate blocks aiming at
selecting the best suited assessors due to certain criteria in each block. A
questionnaire was used in the first block in order to do a background check and the
screening procedure was divided into an audiometric test and a listening test, see
Table 3.1 for a schematic overview of the three blocks.

Table 3.1 Schematic overview of the Assessor Selection Procedure

Assessor Selection Procedure

1) Questionnaire 2) Audiometric Test 3) Listening Test
e  Known hearing loss e Normal hearing e Discrimination
e Interest e Repeatability
o Availability e  Quantification

The selection of the SIK and CTH panels was performed using the same procedure.
In the case of any deviations from this method it will be indicated in the text.

3.1.1 Questionnaire

A questionnaire was created based on previous work by Bech, Zacharov [2, 18], Trost
and Hultdker [19]. The aim of the questionnaire was to exclude assessors with a
known hearing loss, lack of interest and/or motivation. The subjects were also asked
about their availability to attend the practical parts of the study.

In some questions the questionnaires sent out to the two panels differed slightly due to
the nature and experience of the panels, see Appendix B and Appendix C for a
complete exposition.

The questionnaires were sent out via email to all assessors in both the SIK and CTH
panels.

10 CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2011:15



3.1.2 Audiometric Test

An audiometric test was conducted in order to find out about the assessors hearing
level. Due to the audiometric equipment and facilities used the assessors were only
tested for a deviation of 20dB hearing level, i.e. normal hearing in the interval 125 to
8000 Hz [20].

Prior to the test a short oral introduction about the test was given to each assessor.

All audiometric tests were carried out in an office at SIK during 2009-2010 with the
PC-based screener audiometer Oscilla USB-300 and AudioConsole software from
Inmedico (www.inmedico.com), see Figure 3.1.

Figure 3.1 PC-based screener audiometer Oscilla USB-300".

3.1.3 Listening Test

A listening test aims at testing the assessors’ ability to discriminate between a number
of sound stimuli as well as to and quantify them in accordance to a given scale. Also,
by doing a number of replicates for each judgement the assessors’ ability to repeat
their judgements are tested.

The listening test was divided into three separate blocks with a short break in between
each subsequent block. Each block was further divided into two or three sub tests each
testing for one dependent variable at a time. A schematic overview of the listening test
can be found in Table 3.2.

The listening test was made up of two test types, triangle and intensity tests. Triangle
tests were chosen due to their simplicity and aimed to test the assessors’
discrimination skills. Intensity tests were chosen in order to test the assessors’
quantification skills.

1 Courtesy of Inmedico A/S
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Table 3.2 Schematic overview of the listening test.

Block I Block 11 Block 111
Independent
variable Part | Part 11 Part 111 Part IV Part V Part VI Part VII
level
Relative Relative - - .
1 reproduction | reproduction AM-period: | - AM-period: | AM-period: | o0 e | pink Noise
_ _ 0.250s 0.250s 0.018s
level=0dB level=0dB
Relative Relative Sound 1 +
2 reproduction | reproduction AM-period: AM-period: AM-period: | Tone: 200Hz| White Noise
P _ P _ 0.207s 0.207s 0.014s (RRL -25dB)| HPF4000Hz,
level=-2dB level=-2dB RRL -20dB
Relative Relative . . - Tone: 600H So_und 2+
. reproduction | _reproduction AM-period: | AM-period: | AM-period: one. 2| White Noise
level=-3dB level=-3dB 0.185s 0.185s 0.013s (RRL -20dB) I—FiaF;I{:EO;)gdHé
. . : Sound 3 +
Relative Relative . . i Tone: une 2
- - AM-period: AM-period: | AM-period: 1000Hz White Noise
4 reproduction | - reproduction | "% qa 0.098s 0.011s HPF8000Hz,
level=-7dB level=-7dB (RRL -15dB) RRL -20dB
Relative -
5 reproduction Al\g-ggglsod.
level=-10dB '
Dependent . )
Loudness Fluctuation Strength Roughness Tonality Sharpness
Variable
Left: Sine
sweep 300Hz
. to 500Hz
pmplitude | (RRLOAB) | Pink Noise +
sample Pink Noise Amplitude Modulated (100%) | Right: Sine | VVhite Noise
(100%) 440Hz pure tone (High Pass
440Hz pure | sweep 900Hz Filtered)
tone to 700Hz
(RRL 0dB)
+ Tone
Test Type Triangle Intensity Triangle Intensity Triangle Triangle Triangle

In the listening test the following parameters were used: Loudness (discrimination and
quantification), Fluctuation Strength (discrimination and quantification), Roughness
(discrimination), Tonality (discrimination) and Sharpness (discrimination).

The presentation order for the loudness, fluctuation strength and roughness triangle
tests were chosen in a way where the difficulty level of the judgements got harder and
harder step by step?. However this was not the case for the tonality and sharpness
triangle tests where the presentation order was chosen in a more randomized way. For
a full review of the presentation order see Appendix G. For the intensity tests the
presentation order was randomized.

2NB due to a human error this is not the case for roughness, see Table 3.5
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All listening tests were performed in the SIK sensory lab during spring 2010. The
equipment used can be found in Appendix A and a picture of one of the test booths
can be found in Figure 3.2.

Figure 3.2 One of the booths in the sensory lab at SIK.

Designing the Sounds

All sounds used in the listening test were primarily generated in Test Tone Generator
by Esser Audio (www.esseraudio.com), see Figure 3.3. Additional components and
mixing were done using the software presented in Table 3.3. The duration of all sound
samples were two seconds.

Table 3.3 Software used for sound design.

Test Tone Generator v.4.32 by Esser Audio
Multi Tone Generator v.1.81 by Esser Audio
Filtered Noise Generator v.1.0 by Esser Audio

Audacity 1.2.6
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Figure 3.3 Screenshot of Test Tone Generator.

During the development process of the listening test a number of test runs were
conducted with a number of individuals in order to get the sound levels right as well

as the formulation of the questions.

Loudness

Pink noise was used for the loudness sound samples. The loudness levels for the four
sound samples were chosen in a way so the relative differences were achieved in
accordance with Table 3.4 for Part 1. As can be seen the relative differences for each
pair goes from a fairly large difference of 7 dB down to a quite small difference of 1

dB.

Table 3.4 Relative differences in loudness level between sound samples.

Sounds  Relative difference in loudness level
2-3 1dB
1-2 2dB
1-3 3dB
3-4 4dB
2-4 5dB
1-4 7dB

In Part Il an additional fifth sound was added with a relative loudness level found in

Table 3.2.
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Fluctuation Strength and Roughness

For fluctuation strength and roughness a similar approach as for loudness was used. A
pure sine tone with a frequency of 440 Hz was chosen as a base for the sound
samples. The tone was then 100% amplitude modulated with the modulation periods
found in Table 3.2 and the relative differences in modulation period between the
samples can be found in Table 3.5.

Table 3.5 Relative differences in modulation period between sound samples for
fluctuation strength and roughness.

Sounds  Fluctuation Strength  Roughness

2-3 0.022s 0.001s

1-2 0.043s 0.004 s

1-3 0.065s 0.005's

3-4 0.087s 0.002's

2-4 0.109 s 0.003's

1-4 0.152s 0.007 s
Tonality

For the tonality test a sound composed of two sine sweeps was used, 300 to 500 Hz
for the left ear and 900 to 700 for the right ear. Then additional tones were added in
accordance with Table 3.2.

Sharpness

Pink noise was used as a base for the sharpness sound samples. Then high pass
filtered white noise was added to the sound samples in order to get a increased level
of sound energy in the higher frequencies, see Table 3.2.
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4 Results and Analysis

From here on the assessors from the SIK panel are labelled SIK_XX and the assessors
from the CTH panel are labelled CTH_XX (XX denote the number each assessor are
allotted to be identified and followed during the selection procedure).

The results of the two panels are treated individually in order to observe if there are
any differences between the two. Further the assessors are also examined individually
in order to verify the selection procedure. A summary of the number of assessors
during the different steps of the selection procedure can be found in Table 4.1.

All tests were carried out during 2009-2010 at the SIK premises in Gothenburg,
Sweden. No consideration has been taken in accordance concerning the gender of the
assessors. The assessors from the SIK panel were compensated with salary (approx.
180Skr/hour). The CTH assessors were compensated with 2-3 cinema tickets
depending on the number of tests each assessor participated in.

Table 4.1 Summary of the number of assessors during the Selection Procedure.

Panel  Assessors contacted  Questionnaires  Audiometric tests  Screening tests

SIK 27 22 193 9*

CTH Approx. 125 ° 15 10° 10

4.1  Questionnaire

The questionnaires were sent out to the SIK panel during late fall 2009 and to the
CTH panel during early spring 2010.

Out of 27 questionnaires sent out to the SIK panel 22 were returned with answers.
None of the assessors from the SIK panel were excluded due to their answers
concerning health, interest etc. Although some assessors did not have the possibility
to take part in further testing. See Table 4.1.

Approximately 125 questionnaires were sent out to the CTH panel. The exact number
was hard to obtain due to several non valid e-mail addresses. Due to few responses
within time additional recruitment were conducted among the student population in
Gothenburg. The final number of answered questionnaires including the additional
recruitment was 15. None of the assessors were excluded due to their answers.
Although some assessors did not have the possibility to take part in further testing.
From here on the new recruits will be treated as members in the CTH panel.

With respect to the answers in the questionnaires the categorization of assessors,
according to 1SO 8586-2, found in Table 4.2 could be done.

3 One of the assessors tested has not answered the questionnaire

4 One assessor did not take part in Block II1

5 Additional recruitment due to few answers from the CTH assessors

6 Three of the assessors have performed the test earlier with satisfactory results
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Table 4.2 Categorization of assessors according to 1SO standard 8586-2.

Panel. Sensation Naive Initiated Selected Expert
' Assessor Assessor Assessor Assessor
SIK, Taste/Aroma 0 0 0 22
SIK, Sound 20 2 0 0
Tastc;w;)ma 10 5 0 0
CTH, Sound 4 0 11 0

A more thorough review of the questionnaires can be found in Appendix D.

4.2  Audiometric Test

Assessors available for further testing conducted an audiometric test. The audiometric
test only tested the assessors for a deviation of 20 dB hearing level, i.e. normal
hearing in the interval 125-8000 Hz.

The audiometric test was conducted in an office at the SIK premises during the period
2009-2010. The test location and the simplicity of the test were assumed to influence
the test results. Hence a mean deviation of <21.40 in the frequency range 125-8000
Hz were allowed in order to take part in further testing.

Due to a deprived hearing level a few of the SIK assessors but none of the CTH
assessors were excluded from further testing. A more comprehensive review of the
audiometric test results can be found in Appendix E.

4.3  Listening Test

During a number of sessions in the spring of 2010 nine assessors from the SIK panel
and ten assessors from the CTH panel took part in the listening test. One assessor
from the SIK panel only performed Block | and Il and due to technical problems one
SIK assessors was forced to undergo the listening test a second time.

Before the listening test was started the assessors were given a short oral introduction.
They were told about the 30 second time limit for each question and how to go about
when answering the questions in the test etc.

The average time’ used to perform the listening test for each assessor was
approximately 40 minutes for the SIK panel® and 28 minutes for the CTH panel, see

7 Excluding breaks
8 SIK_19 not included
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Table 4.3 for individual test times.

A summary of the results obtained in the listening test can be found in Chapters 4.3.1-
4.3.3, a more thorough review of the results can be found in Appendix H.

All significances for the triangle tests are calculated using the table in Appendix I.
Note that the maximum significances differ between the three first columns and the
three last columns in the loudness, fluctuation strength and roughness triangle tests
due to the number of judgements for each pair. For additional calculations
PanelCheck and FIZZ Calculation have been used.
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Table 4.3 Time in seconds used for the different tests.

Code Part1 Partll Partlll PartlV PartV PartVIl PartVIl Total time

SIK_03 838 318 469 237 396 570 450 3278
SIK_ 04 479 194 414 168 411 340 368 2374
SIK_ 06 378 202 334 176 307 385 334 2116
SIK_07 424 216 322 120 346 402 367 2197
SIK_ 10 421 147 338 162 324 378 365 2135
SIK_11 516 167 456 122 493 516 475 2745
SIK_15 412 154 434 90 514 605 543 2752
SIK_18 590 176 344 114 287 375 386 2272
SIK_19 753 291 469 269 - - - 1782°
CTH_01 239 109 158 58 143 223 161 1091
CTH_03 327 138 283 109 271 260 274 1662
CTH_04 290 97 230 90 195 278 278 1458
CTH_06 371 158 294 131 253 315 272 1794
CTH_07 286 95 218 85 221 254 249 1408
CTH_10 539 175 286 126 484 276 492 2378
CTH_12 468 160 331 125 372 312 318 2086
CTH_13 404 152 338 135 292 283 294 1898
CTH_14 275 111 225 109 245 226 259 1450
CTH_15 456 212 255 143 228 260 252 1806

4.3.1 Block I — Loudness
Loudness - Triangle Test

With respect to loudness both panels show the same significance, see Table 4.4. If you
look at each assessor at a time some differences can be found, see

Table 4.5.

As expected the majority of errors came toward the relative difference of 1dB. Errors
in the first three triangles are probably due to poor concentration or negligence.

9 Only Part I-IV
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Table 4.4 Loudness significance for the both panels.

Panel 1&4 2&4 3&4 1&3 1&2 2&3

SIK  0.001 0.001 0.001 0.001 0.001 0.001

CTH 0.001 0.001 0.001 0.001 0.001 0.001

Table 4.5 Loudness significance for each assessor.

Code 1&4 2&4 3&4 1&3 1&2 2&3

SIK_03 0.05 0.05 0.05 0.005 0.05 0.05
SIK_04 0.05 0.05 0.05 0.05 0.005 ns
SIK_06 0.05 0.05 0.05 0.005 0.005 0.005
SIK_07 0.05 0.05 0.05 0.005 0.30 0.05
SIK_10 0.05 0.05 0.05 0.005 0.005 0.005
SIK_11 0.05 0.05 0.05 0.005  0.005 ns
SIK_15 0.05 0.05 0.05 0.005  0.005 ns
SIK_18 0.05 0.05 0.05 0.005 0.005 0.005
SIK_19 0.05 0.05 0.05 0.005 0.005 0.005
CTH_O1 0.05 0.05 0.05 0.05 0.005 ns
CTH_03 0.05 0.05 0.05 0.005 0.05 ns
CTH_04 0.30 0.05 0.05 0.05 0.05 ns
CTH_06 0.05 0.05 0.05 0.005 0.005 0.005
CTH_07 0.05 0.05 0.05 0.005  0.005 0.30
CTH_10 0.05 0.05 0.05 0.05 0.30 0.30
CTH_12 0.05 0.05 0.05 0.005 0.05 0.05
CTH_13 0.05 0.30 0.05 0.005 0.005 0.005
CTH_14 0.05 0.05 0.05 0.005 0.005 0.005

CTH_15 0.05 0.30 0.05 0.005  0.005 0.05
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Loudness — Intensity Test

The results from the loudness intensity test are shown in Table 4.6. One can clearly
see a big spread of the sounds in the middle while the two outer (reference) sounds
got a smaller spread for the SIK panel. For the CTH panel this is not as legible.

Table 4.6 Results from loudness intensity test.

Code Sound 1 Sound 2 Sound 3 Sound 4 Sound 5

SIK_ 03 90 74 90 86 68 79 87 70 89 24 19 34 9 10 19
SIK_ 04 77 72 76 49 49 60 73 69 53 45 52 26 17 19 16
SIK 06 77 72 71 75 56 51 23 18 45 14 17 15 10 10 11
SIK_ 07 82 85 86 66 80 52 36 29 68 14 13 11 3 8 6
SIK_10 90 90 86 23 51 37 38 32 21 11 10 10 10 9 10
SIK_11 90 90 90 54 44 44 16 44 62 10 16 10 10 10 10
SIK_15 88 88 88 86 87 87 88 87 87 25 15 14 14 14 12
SIK_18 97 95 99 90 97 84 80 66 81 25 49 35 10 17 10

SIK_19 75 72 90 71 72 74 59 48 49 25 30 37 11 10 12

CTH_01 62 55 75 66 78 82 78 62 86 50 47 28 11 28 10
CTH_03 89 89 89 83 87 85 63 67 69 33 27 16 11 11 11
CTH_04 90 90 85 68 52 57 49 29 47 15 15 13 12 10 10
CTH_06 88 74 90 68 72 80 65 59 46 37 21 20 10 20 9
CTH_O7 83 80 85 76 79 72 72 68 63 28 31 12 18 29 11
CTH_10 80 72 87 61 60 72 79 86 84 80 51 70 52 57 52
CTH_12 84 87 75 54 51 69 52 60 38 17 20 28 15 15 12
CTH_13 90 90 82 46 61 48 85 77 83 25 30 18 11 20 11
CTH_14 88 90 90 79 82 85 82 76 61 37 54 10 11 14 10

CTH_15 84 82 86 71 66 83 65 68 78 50 50 31 14 27 15

When the results in Table 4.6 undergo a Tukey test the results in Table 4.7 are
obtained. The difference between levels with same letter is not significant (5%). As
can be seen the assessors have problems discriminating between Sound 2, Sound 3
and Sound 4. When the Tukey test is done for the whole panels the SIK panel can
discriminate between all sounds while the CTH panel have problems discriminating
between Sound 2 and Sound 3.
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Table 4.7 Tukey Test at 5% for Loudness.

Code Sound1l Sound2 Sound3  Sound4  Sound5
SIK_03 A A A B B
SIK_04 A AB BC Cc D
SIK_06 A A B B B
SIK_07 A AB B Cc C
SIK_10 A B B Cc C
SIK_11 A B BC CD D
SIK_15 A A A B B
SIK_18 A AB B C D
SIK_19 A A B C D

SIK Panel A B C D E
CTH_01 A A AB BC C
CTH_03 A A B C D
CTH_04 A B C D D
CTH_06 A AB B Cc C
CTH_07 A A A B B
CTH_10 A A AB AB B
CTH_12 A B B C C
CTH_13 A A B C C
CTH_14 A A A B B
CTH_15 A A A B C
CTH Panel A B B Cc D
SIK&CTH Panel A B B C D
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Table 4.8 Loudness statistics for the SIK Panel.

Sound1l Sound2 Sound3  Sound4  Sound5
Mean 84,44 65,63 56,22 22,44 11,37
Range (max-Min) 28 74 73 42 16
Std. Dev. (n-1) 8,33 18,89 23,95 12,50 3,71
Var. Coeff. (%) 9,86 28,78 42,60 55,68 32,65
Conf. Int. 5%zx 3,29 7,47 9,48 4,94 1,47

Table 4.9 Loudness statistics for the CTH Panel.

Soundl Sound2 Sound3 Sound4  Sound5
Mean 83,03 69,77 66,57 32,13 18,23
Range (max-Min) 35 41 57 70 48
Std. Dev. (n-1) 8,56 12,05 14,74 17,50 13,22
Var. Coeff. (%) 10,31 17,27 22,14 54,45 72,48
Conf. Int. 5%zx 3,20 4,50 5,50 6,53 4,93

4.3.2 Block Il - Fluctuation Strength
Fluctuation Strength - Triangle Test

With respect to Fluctuation Strength both panels show the same significance, see

Table 4.10. If you look at each assessor differences can be found, see
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Table 4.11.

Table 4.10 Fluctuation Strength significance for the both panels.

Panel 1&4 2&4 3&4 1&3 1&2 2&3

SIK 0.001 0.001 0.001 0.001 0.001 0.001

CTH 0.001 0.001 0.001 0.001 0.001 0.001
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Table 4.11 Fluctuation Strength significance for each assessor.

Code 1&4 2&4 3&4 1&3 1&2 2&3

SIK_03 0.05 0.05 0.05 0.005 0.005 0.05
SIK_04 0.05 0.05 0.05 0.005 0.005 0.30
SIK_06 0.05 0.05 0.05 0.005 0.005 0.005
SIK_07 0.05 0.05 0.05 0.005 0.005 0.05
SIK_10 0.05 0.05 0.05 0.005 0.05 0.30
SIK_11 0.05 0.05 0.05 0.005 0.005 0.05
SIK_15 0.05 0.05 0.05 0.005 0.05 0.05
SIK_18 0.05 0.05 0.05 0.005 0.005 0.05

SIK_19 0.05 0.05 0.05 0.005 0.005 0.005

CTH_01 0.05 0.05 0.05 0.005 0.05 0.30
CTH_03 0.05 0.05 0.05 0.005 0.005 0.005
CTH_04 0.05 0.05 0.05 0.005 0.005 0.05
CTH_06 0.05 0.05 0.05 0.005 0.005 0.005
CTH_07 0.05 0.05 0.05 0.005 0.005 0.005
CTH_10 0.05 0.05 0.05 0.005 0.005 0.005
CTH_12 0.05 0.05 0.05 0.005 0.005 ns
CTH_13 0.05 0.05 0.05 0.005 0.005 0.005
CTH_14 0.05 0.05 0.05 0.005 0.005 0.005

CTH_15 0.05 0.05 0.05 0.005 0.005 0.005
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Fluctuation Strength — Intensity Test
The results from the fluctuation strength intensity test are shown in Table 4.12.

Table 4.12 Results from loudness intensity test.

Code Sound1l Sound2 Sound3 Sound4 Sound5

SIK_03 10 10 23 17 25 29 33 26 56 77 82 90 90 90 90
SIK_04 21 25 21 28 35 39 57 66 34 69 67 63 75 82 84
SIK_06 11 13 12 40 48 48 47 35 47 50 44 60 90 88 90
SIK 07 10 8 6 22 11 17 26 46 46 71 69 73 95 81 98
SIK_10 13 13 15 12 11 15 18 10 11 72 86 86 91 90 93
SIK_11 34 10 19 47 12 16 44 19 14 90 77 87 90 90 85
SIK_15 14 15 15 14 15 14 13 15 14 21 15 12 85 83 81
SIK 18 10 5 2 20 21 10 49 35 31 21 66 74 90 90 90

SIK_19 25 26 11 22 26 20 34 26 51 90 85 80 90 91 90

CTH_01 10 23 59 52 17 22 40 18 23 30 42 34 90 87 91
CTH_03 11 11 10 22 31 39 36 20 28 59 54 47 88 89 88
CTH_04 49 35 38 36 45 25 43 38 32 38 77 40 83 84 86
CTH_06 10 10 13 42 13 25 31 35 29 60 57 80 90 90 89
CTH_07 11 20 20 29 36 36 40 48 46 58 54 54 79 82 69
CTH_1019 25 24 74 79 65 73 74 66 76 88 83 80 82 89
CTH_12 12 13 14 16 16 12 17 13 30 49 63 57 76 82 87
CTH_13 17 11 12 21 24 16 23 37 49 79 74 57 90 89 89
CTH_14 23 16 16 33 29 17 30 48 48 74 71 68 90 89 86

CTH_1513 15 24 41 33 31 37 24 28 69 64 71 90 90 89

When the results in Table 4.12 undergo a Tukey test the results in

Table 4.13 are obtained. The difference between levels with same letter is not
significant (5%). As can be seen the assessors have problems discriminating between
Sound 2, Sound 3 and Sound 4. When the test is done for the whole panels the SIK
panel can discriminate between all sounds while the CTH panel have problems with
Sound 3 and Sound 4.
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Table 4.13 Tukey Test at 5% for Fluctuation Strength.

Code Sound1l Sound2 Sound3  Sound4  Sound5
SIK_03 A A B BC C
SIK_04 A AB BC CD D
SIK_06 A B B B C
SIK_07 A B C D D
SIK_10 A A B B B
SIK_11 A A B B B
SIK_15 A B B B B
SIK_18 A AB BC BC C
SIK_19 A A B B B

SIK Panel A B C D E
CTH_01 A B B B B
CTH_03 A B C C D
CTH_04 A B B B B
CTH_06 A B C Cc C
CTH_07 A B BC C D
CTH_10 A A A A B
CTH_12 A B C C C
CTH_13 A A B BC C
CTH_14 A B C CD D
CTH_15 A B C CD D
CTH Panel A B C Cc D
SIK&CTH Panel A B C C D
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Table 4.14 Statistics Fluctuation Strength SIK Panel.

Sound 1 Sound 2 Sound 3 Sound4  Sound5

Mean 14,70 23,48 33,44 65,81 88,22
Range (max-Min) 31 38 56 78 23
Std. Dev. (n-1) 7,36 11,96 16,01 23,67 4,82

Var. Coeff. (%) 50,08 50,92 47,86 35,97 5,47

Conf. Int. 5%z 2,91 4,73 6,33 9,37 191

Table 4.15 Statistics Fluctuation Strength CTH Panel.

Sound 1 Sound 2 Sound 3 Sound 4 Sound 5

Mean 19,47 32,57 36,80 60,90 86,10
Range (max-Min) 49 67 61 58 22
Std. Dev. (n-1) 11,86 17,00 15,23 15,10 5,07

Var. Coeff. (%) 60,93 52,21 41,38 24,80 5,89

Conf. Int. 5%z 4,43 6,35 5,69 5,64 1,89

4.3.3 Block Il - Roughness, Tonality and Sharpness
Roughness - Triangle Test

With respect to Roughness both panels show the same significance, see Table 4.16. If
you look at each assessor differences can be found, see
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Table 4.17.

Table 4.16 Roughness significance for the both panels.

Panel 1&4 2&4 3&4 1&3 1&2 2&3

SIK 0.001 0.001 0.001 0.001 0.001 0.001

CTH 0.001 0.001 0.001 0.001 0.001 0.001

CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2011:15

29



Table 4.17 Roughness significance for each assessor.

Code 1&4 2&4 3&4 1&3 1&2 2&3

SIK_03 0.05 0.05 0.05 0.005 0.005 0.005
SIK_04 0.05 0.05 0.05 0.005 0.005 0.30
SIK_06 0.05 0.05 0.05 0.005 0.005 0.005
SIK_07 0.05 0.05 0.05 0.005 0.005 0.30
SIK_10 0.05 0.05 0.05 0.005 0.005 0.30
SIK_11 0.05 0.05 0.05 0.005 0.05 0.30
SIK_15 0.05 0.05 ns 0.05 ns 0.05
SIK_18 0.05 0.05 0.05 0.005 0.005 0.005

SIK_19 N/A N/A N/A N/A N/A N/A

CTH_01 0.05 0.05 0.05 0.005 0.005 0.05
CTH_03 0.05 0.05 0.05 0.005 0.005 0.30
CTH_04 0.05 0.05 0.05 0.005 0.05 0.005
CTH_06 0.05 0.05 0.05 0.005 0.005 ns
CTH_07 0.05 0.05 0.05 0.005 0.005 0.005
CTH_10 0.05 0.05 0.05 0.005 0.005 ns
CTH_12 0.05 0.05 0.30 0.005 0.005 0.005
CTH_13 0.05 0.05 0.05 0.005 0.005 0.005
CTH_14 0.05 0.05 0.05 0.005 0.005 0.05

CTH_15 0.05 0.05 0.05 0.005 0.005 0.005

Tonality - Triangle Test

With respect to tonality both panels show the same significance, see Table 4.18. If
you look at each assessor differences can be found, see Table 4.19.

Table 4.18 Tonality significance for the both panels.

Panel 1&4 2&4 3&4 1&3 1&2 2&3

SIK 0.001 0.001 0.001 0.001 0.001 0.001

CTH 0.001 0.001 0.001 0.001 0.001 0.001

30 CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2011:15



Table 4.19 Tonality significance for each assessor.

Code 1&4 2&4 3&4 1&3 1&2 2&3

SIK_03 0.05 0.05 0.05 0.05 0.05 0.20
SIK_04 0.20 0.05 0.05 0.20 0.05 0.05
SIK_06 0.05 0.05 0.05 0.05 0.05 ns

SIK_07 0.20 0.20 0.05 0.20 0.05 ns

SIK_10 0.05 0.05 0.20 0.20 0.05 0.05
SIK_11 0.20 0.05 0.20 0.20 0.05 0.05
SIK_15 0.05 0.05 0.20 0.20 0.20 0.05
SIK_18 0.05 0.05 0.05 0.05 0.05 0.05

SIK_19 N/A N/A N/A N/A N/A N/A

CTH_01  0.05 0.05 0.05 0.20 ns ns

CTH_03  0.05 0.05 0.05 0.05 0.05 0.05
CTH_04 0.05 0.05 0.05 ns ns 0.05
CTH_06  0.05 0.05 0.05 ns ns 0.05
CTH_07 0.05 0.05 0.05 0.05 0.05 0.05
CTH_10 0.05 0.05 0.05 0.05 0.05 0.05
CTH_12  0.05 0.05 0.05 0.20 ns ns

CTH_13 0.05 0.05 0.05 0.05 0.05 0.05
CTH_14 0.05 0.05 0.05 0.05 0.05 0.05

CTH_15 0.05 0.05 0.05 0.05 0.05 0.05

Sharpness - Triangle Test

With respect to sharpness both panels show the same significance, see Table 4.20. If
you look at each assessor differences can be found, see Table 4.21.

Table 4.20 Sharpness significance for the both panels.

Panel 1&4 2&4 3&4 1&3 1&2 2&3

SIK 0.001 0.001 0.001 0.001 0.001 0.001

CTH 0.001 0.001 0.001 0.001 0.001 0.001
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Table 4.21 Sharpness significance for each assessor.

Code 1&4 2&4 3&4 1&3 1&2 2&3

SIK_03 0.05 0.05 0.20 0.05 0.20 0.05

SIK_04 0.05 0.05 0.20 0.05 ns 0.05
SIK_06 0.05 0.05 ns 0.05 0.05 0.05
SIK_07 0.05 0.05 ns 0.20 ns 0.05

SIK_10 0.05 0.05 0.05 0.05 0.05 0.05
SIK_11 0.05 0.05 0.20 0.05 0.05 0.05
SIK_15 0.05 0.05 ns 0.05 0.20 0.20
SIK_18 0.05 0.05 ns 0.05 0.20 0.05

SIK_19 N/A N/A N/A N/A N/A N/A

CTH_01 0.20 0.05 0.20 0.05 ns 0.05
CTH_03  0.05 0.05 ns 0.05 0.20 0.05
CTH_04 0.05 0.05 ns 0.05 0.05 0.05

CTH_06 0.05 0.05 0.05 0.05 0.05 0.05

CTH_07  0.05 0.05 ns 0.20 0.05 0.05
CTH_10 0.05 0.05 ns 0.05 0.05 0.05
CTH_12  0.20 0.05 ns ns ns ns

CTH_13 0.05 0.05 0.20 0.05 0.05 0.05
CTH_14 0.20 0.05 0.05 0.05 0.20 0.05

CTH_15 0.05 0.05 ns 0.05 0.05 0.05
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5 Discussion

In order to examine if the existing analytical sensory panel for taste/aroma at SIK also
could be used for listening tests with respect to PSQ a selection procedure was created
and implemented. The selection procedure uses a similar structure to other existing
selection processes in sensory analysis. What differ between this procedure and other
existing procedures are the exact contents in each part of the selection procedure.
Both the selection procedure and the assessors, both individually and as groups, will
be discussed in order to evaluate the selection procedure as well as the both panels.

In this work the questionnaire was mainly used in order to find out if the assessors had
a known hearing loss and if they had the possibility to take part in further testing. In
doing this it worked very well. As can be seen in Chapter 4 none of the assessors were
discarded due to a known hearing loss, although some assessors were discarded since
they had no possibility to take part in further testing.

Out of the 27 questionnaires sent out to the SIK assessors 22 were returned with
answers while only 15 out of approximately 125 questionnaires sent out were
answered by the CTH assessors. This makes an answer rate of over 80% for the SIK
panel and around 12%"° for the CTH panel. The big difference in the rate of answered
questionnaires is probably due to interest and motivation as well as some non working
e-mail addresses for assessors in the CTH panel. The SIK assessors show great
interest and motivation in their work as panellists while this is not really the case with
most of the CTH assessors. This might derive from the fact that the SIK assessors are
employed part-time working with sensory evaluation and the CTH assessors do this
more on a voluntary basis. However, the main conclusion drawn from the
questionnaires is that the SIK assessors have much more experience in the field of
sensory testing; all of them can be categorized as expert assessors with regard to at
least one sensory sensation. This is not the case for any of the CTH assessors, see
Table 4.2.

Due to economic matters and lack of extended expertise in the field of audiometry a
simpler audiometric test was used instead of letting the assessors undergo a
professional audiometric evaluation. However, the audiometric test used in general
showed a worse result for the SIK assessors as regards to the CTH assessors. This can
probably be originated from the average age difference between the two panels.

Among the assessors who carried out the audiometric test only a few of the SIK
assessors were rejected from further testing due to poor hearing. One might argue
about letting people with a deviation larger than 20 dB from normal hearing continue
in the selection procedure but since the test conditions was not ideal a slightly larger
deviation was accepted.

When it comes to the listening test the triangle test probably was a bit easier to
understand and perform if one has little or no previous experience from sensory
evaluation or similar activities. The triangle test also worked better with the software
used.

10 Including additional recruitment
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The results in the listening test only show small differences between the two panels
and the most legible difference between the two panels is the time used for the
listening test; the average time used is roughly 40 minutes for the SIK panellists and
28 minutes for the CTH panellists. This means that the SIK panel will need
approximately 45% longer time into account to complete the test. This might be the
effect of the greater interest shown by the SIK assessors. When it comes to the
judgements there are no immense differences between the results obtained by the two
panels other than slightly better results in the two intensity tests (loudness and
fluctuation strength) by the SIK panel.
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6 Conclusion

The aim of this thesis was to investigate whether the existing analytical sensory panel
at SIK, which today mainly is used for the evaluation of taste, aroma and texture also
could be used in the evaluation of product sounds.

Since the number of assessors is limited it is hard to make a distinct conclusion about
one group being better than the other. However, the results obtained show that the
SIK panel can be used in a similar way as the CTH panel, i.e. as consumer panel.

The big differences are instead between the individual assessors. This indicates that
the ability in sensory evaluation with regard to hearing is individual and not connected
to the abilities with regard to the other senses. And as a consequence this would imply
that one should test assessors in the field of interest and not assume that great skills in
one sensory area means great skills in another. This implies that additional
recruitment needs be done if SIK would constitute an expert/analytical panel with
regard to hearing.

When it comes to the selection procedure the triangle tests were much easier to
understand and perform. Therefore triangle tests suits a screening test better. In order
to draw any further conclusions and to validate the selection procedure additional
testing needs to be done.
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7  Future Work

This thesis only discusses an approach to an assessor selection procedure and
additional work should be done in order to develop and validate the selection
procedure even further.

Additional recruitment need to be done if SIK would constitute an expert/analytical
panel with regard to hearing. Further the listening environment in the sensory lab also
needs to be improved in order to suit the task better.
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Appendix A - Test Environment and Equipment
Location: Sensory lab in accordance to ISO 8589-1998

1 PC with Fizz sensory software version 2.45A

2: Sennheiser HD 202 headphones

12 9 6 3
11 8 S 2
10 7 4 1

| ]

Figure. Schematic overwiev of the sensory lab at SIK.
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Appendix B — Questionnaire SIK

Ljudkvalitet & Sensoriska paneler

Fiiljande frageformulér #r en del av mitt examensarbete vid Chalmers Tekniska
Hagskola och 5K - Institutet far Livemedel och Gioteknik AG.

Arbetet handlar om selektionsmetoder till sensonska paneler for
ljudkvalitetsheddmning samt hur dessa beddmningar kan genomfdras.

Jag ser géma att du svarar pa fragorna i formuldret vilket kommer att ligga till grund
fér ett forsta unsal till den panel som jag kommer att anvanda i mitt examensarbeats.
Fragoma i formuléiret besvaras med ett kryss i den ruta som du anser passar hast.
Yissa fragor och kommentarer hesvaras dock genom att du skriver ditt svar pa
angiven plats, jag ser mer an gama att du kommenterar dina svar | majligaste man.

Alla svar kommer att behandlas konfidentizlit.

Om du har ndagra fragor sa &r det bara att kontakta mig pa jonas.wallgrend@sik se

Tack pa firhand fir din medverkan.

Jonas Wallgren
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Fyll i nedan st;iendg frageformuldr ach skicka tillbaka till ionas.wallaren@sik.se
Ohservera att du far spara formularet férst och darefter bifoga det | mailet.

Mamn:
e-postadress:

_ [ kvinna
Kon: ™ man
Fidelsear: Ar

Ja
Har du svenska som modersmal? [ Mej
Koommentar:
[ ] Arbete
Yad ar din huvudsakliga sysselsattning? | [] Studier
[ Annat

Yilken hirselniva anser du att du har?

[ ] ©ver normal

[ ] Normal

[ Under normal

[ myecket under normal
Kommentar: _._..

. Ja
Har du tidigare haft problem med E Nej
- o
harseln? Kommentar: ...
Har du nu eller tidigare haft problem med ] Ja, nu
synen? [] Ja, tidigare
(observera, ) problem som korrigerats med hjalp |: NEJ
av glasdgon/kontakilinser) Kommentar: ..
- . . . = . Ja
Ar du sarskilt uppmarksam pa ljud i din L] )
omgivning? [ Nej
’ Kommentar: ...
. o L []Ja, ofta
Stors du av ljud inombus i din vardag? [] Ja, ibland
tettzx:l dammsugare, dator, grannar, ventilation I: Nej, aldrig
Kommentar: Om ja, vika?
] Ja, oita
Stors du av ljud vtombus i din vardag? ] Ja, ibland
(t.=x. bilar, fiygplan, faglar och djur etc.) [1 Mej, aldrig
kommentar: omjs, vilka?
Stars du av ljudet fran produkter som []Ja, ofta
nagon i din narhet anvander? L] Ja, ibland
(t.=x. ljudet frin grannens grisklippare nar |:| Mej, aldrig
han'hon klipper graset) Kommentar: ...

Fortsétt pa nasta sidal
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[] Ja, =alltid

Har du |t fir att koncentrera dig cavsett | [] Ja, oftast
vad som hander runt omkrng dig? [] Nej, aldrig
Kommentar: ...

[]Ja, ofta

] Ja, ibland

(1 Nej, aldrig
Kommentar: ___..

Har du hehov av fullstdndig tystnad?

[ ] Ja, oftast
Wanjer du dig vid de flesta ljud utan [ Ja, ibland
stirre svarighet. [] Mej, aldrig
Kommentar: ..

[J4Ja
Spelar du nagot instrument eller sjunger? | [ Mej
Kommentar: ...

[] Ja, fler @n 2 ggr
Har du tidigare deltagit | sensoriska [ Ja, 1-2 gar
tester med avseende pa hirsel? ] Nej, aldrig
Kommentar: ...

Filjande fragor behandlar den ‘totala Judivaliteten” for nagra olika produkisegment.
Med “fofala ludkvaliteten” menas alla ljud som produkten utsénder, dvs. dven fran
knapptryckningar etc.

Wid kdp av hemelektronik, hur Mvcket avaérande
avgdrande ar den fotala judkvaliteten for E N:I';rgnt avgcgiran::le

vilken produkt du valjer? (] Ej avgarande

(t.ex. Judanlaggningar av olika slag, bv-apparater, .
digitalkameror et Kommentar: ...

Vid kop av hushallsmaskinerivitvaror, | ] pycket avgarande
hur avgorande ar den totala [] Nagot avgdrands

liudkvaliteten for vilken produkt du valjer?

‘e diskmackin, vatmaskin, sl [ Ej avgorande
.ex. diskmaskin, tvitimaskin, elvisp, .
matberedare eic.) Kommentar: ..

Vid kip av motorfordon, hur avadrande | L] Mycket avgdrande

ar den fofala [judkvalitetan fér vilken L] rj_:‘agnt avgorande
produkt du valjer? ] Ej avgdrande
(t.2x. bil. maotoreykel, moped ete.) Kommentar: ...

Fortsétt pa nasta sida!
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Har du midjlighet att delta i vidare tester fir mitt examensarbete som behandlar
ljudkvalitet och sensoriska paneler? Testerna ar herdknade att genomféras
200272010, Information om vidare tester for de som blir utvalda kommer att
meddelas senare. Ersattning utgar enligt SIK:s gallande nomer.

OdJa [ mMej

Kommentar: ...

Har du ytierligare synpunkter pa frageformuldret och dess fragor sa skriv dem gama
har.

Mu behdver du bara spara dokumentet och bifoga det i ett mail till
jonas wallgren@sik se

Tack fiir att du tog dig tid att besvara mina fragor!

/Tonaz Wallgren
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Appendix C- Questionnaire CTH

Ljudkvalitet & Sensoriska paneler

Filjande frageformulér &r en del av mitt examensarbete vid Chalmers Tekniska
Hagskola och 5K — Institutet for Livemedel och Bioteknik AG.

Arbetet handlar om selektionsmetoder till sensonska paneler far
ljudkvalitetsheddmning samt hur dessa beddmningar kan genomforas.

Jag ser gidma att du svarar pa fragorna i formularet vilket kemmer att ligga till grund
fér eft forsta urval till den panel som jag kommer att anvanda i mitt examensarbete.
Fragorna i formuléret besvaras med et kryss i den ruta som du anser passar bast.
Yissa fragor och kommentarer hesvaras dock genom att du skriver ditt svar pa
angiven plats, jag ser mer 3n gdma att du kommenterar dina svar | majligaste man.

Alla svar kommer att behandlas konfidentiellt.

Om du har nagra fragor sa &r det bara att kontakta mig pa jonas.wallgrendsik. se

Tack pa firhand fir din medverkan.

Jonas Wallgren

D ciamers
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Fyll i nedan st;iendg frageformuldr ach skicka tillbaka till jionas.wallaren@sik.se
Ohservera att du far spara formularet férst och darefter bifoga det | mailet.

Mamn:
e-postadress:

_ [ kvinna
Kon: ™ man
Fidelsear: Ar

Ja
Har du svenska som modersmal? [ Mej
Koommentar:
[ ] Arbete
Yad ar din huvudsakliga sysselsattning? | [] Studier
[ Annat

Yilken hirselniva anser du att du har?

[ ] ©ver normal

[ ] Normal

[ Under normal

[ myecket under normal
Kommentar: _._..

. Ja
Har du tidigare haft problem med E Nej
- o
harseln? Kommentar: ...
Har du nu eller tidigare haft problem med ] Ja, nu
synen? [] Ja, tidigare
(observera, ) problem som korrigerats med hjalp |: NEJ
av glasdgon/kontakilinser) Kommentar: ..
- . . . = . Ja
Ar du sarskilt uppmarksam pa ljud i din L] )
omgivning? [ Nej
’ Kommentar: ...
. o L []Ja, ofta
Stors du av ljud inombus i din vardag? [] Ja, ibland
tettfx:l dammsugare, dator, grannar, ventilation I: Nej, aldrig
Kommentar: Om ja, vika?
] Ja, oita
Stors du av ljud vtombus i din vardag? ] Ja, ibland
(t.=x. bilar, fiygplan, faglar och djur etc.) [1 Mej, aldrig
kommentar: omjs, vilka?
Stars du av ljudet fran produkter som []Ja, ofta
nagon i din narhet anvander? L] Ja, ibland
(t.=x. ljudet frin grannens grisklippare nar |:| Mej, aldrig
han'hon klipper graset) Kommentar: ...

Fortsétt pa nasta sidal
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Har du &t for att koncentrera dig oavsett
vad som hander runt omkrng dig?

[] Ja, =alltid
[] Ja, oftast

[] Nej, aldrig
Kommentar: ...

Har du hehov av fullstdndig tystnad?

[]Ja, ofta

] Ja, ibland

(1 Nej, aldrig
Kommentar: ___..

Yanjer du dig vid de flesta ljud utan
stirre svarighet.

[ ] Ja, oftast
[ Ja, ibland
[] Mej, aldrig
Kommentar: ...

Spelar du nagot instrument eller sjunger?

[J4Ja
[ Nej

Kommentar: ...

Hur manga lyssningsfirsok har du
tidigare deltagit i?

[] Fleran &5 st
[] 3-5st

] 1-2 st
[]Inga

Kommentar: ...

Har du tidigare deltagit | sensoriska
tester med avseende pa smak?

[ | Ja, fler 2n 2 gar
[ Ja, 1-2 gar

[] Mej, aldrig
Kommentar: ...

Har du tidigare deltagit i sensoriska
tester med avseende pa lukt?

[] Ja, fler @n 2 gar
[]Ja, 1-2 ggr

[] Nej, aldrig
Kommentar: ...

Filjande fragor behandlar den “totala [judivaliteten® for nagra olika produkisegment.
Med “fofala ljudkvaliteten” menas alla ljud som produkten utsdnder, dvs. aven fran

knapptryckningar etc.

Wid kp av hemelektronik, hur
avgdrande ar den fofala fudkvaliteten for

vilken produkt du valjer?
(t.=x. judanlaggningar av olika slag, tv-apparater,
digitalkameror et |

Mycket avgdrands
Magot avgdrands
Ej avgdrande
mmentar: ...

Vid kiip av hushallsmaskinerivitvaror,
hur avgdrande ar den fotala

ludkvaliteten for vilken produkt du valjer?
(t.ex. diskmaskin, tvdtmaskin, elvisp,
matberedars etc.)

Mycket avgdrands
MNagot avgirande
Ej avgorande
Kommentar: ...

L0 | 2000

Wid kop av motorfordon, hur avgdrande
ar den fofala Judkvaliteten for vilken
produkt du valjer?

(t.ex. bil. motorcykel, moped etc )

[] Mycket avgirande
[ ] Magot avgdrands

[ ] Ej avgdrande
Kommentar: ...

Fortsdtt pa nasta sidal
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Har du midjlighet att delta i vidare firsdk fér mitt examensarbete som behandlar
ljudkvalitet och sensoriska paneler?
[(Jda [INeg

kommentar: ...

Har du ytterligare synpunkter pa frageformuldret och dess fragor sa skriv dem gama
har.

Mu behdver du bara spara dokumentet och bifoga det i ett mail till
jionas. wallgren@sik.se

Tack fir att du tog dig tid att besvara mina fragor!

/Tonas Wallgren
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Appendix D — Questionnaire Answers

Har du

) ) . svenska Vad ar di_n Vilken hérselnivé anser Har du tidigare ~ Har du nu eller tidigare
Kod Kon Fodelsear som huvuq§ak!|ga du att du har? haft pl:oblem med haft problem med
modersmal? sysselsattning? horseln? synen?
sik o1 1N [ ] Ja Arbete/Studier Normal Nej Nej*
sik 02 1N [ Ja Arbete Normal Nej N/A
sik 03 1N [ Ja Annat Normal Nej Nej
siko4 1R [ Ja Annat Normal Nej Nej
SIK_05 [ ] [ Ja Annat Over normal Nej Nej
SIK_06 || [ ] Ja Arbete Normal Nej Ja, nu*
sik 07 1R [ ] Ja Arbete Normal Ja* Nej
sikos 1R [ ] Ja Arbete Normal Nej Nej
SIK_09 || [ ] Ja Arbete Normal Nej Nej
sik 10 [ ] Ja Arbete Normal Nej* Nej
sik 11 [ ] Ja Annat Over normal Nej Nej
sik 12 N [ ] Ja Annat Under normal* Nej Nej
SIK_13 [ ] [ ] Ja Arbete Under normal Ja* Nej
sik 14 1R [ ] Ja Arbete Normal Nej Nej
sik 15 1N [ ] Nej* Arbete Normal Nej Nej
SIK_16 [ | [ | N/A N/A N/A N/A N/A
sik 17 1R [ ] Ja Arbete Normal/Under normal* Nej* Nej
sik 1 N [ ] Ja Arbete Normal Nej Nej
sik 19 N [ ] Ja Arbete/Annat Normal Nej Nej
sik 20 N [ ] Ja Arbete Normal* Nej Nej
skt 1R [ Nej* Arbete Over normal Nej Nej
SIK_22 || [ ] Ja Arbete Over normal Nej N/A
sik 23 N [ ] Ja Annat Over normal* Nej Nej
CTH_01 || [ ] Ja Studier Normal Nej Nej
ctHo2 N [ ] Ja Annat Normal Nej Nej
ctH o3 N [ ] Ja Arbete/Studier Normal Nej Nej
CTH_04 || [ ] Ja Annat Normal Nej Nej
CTH_05 [ ] [ Ja Studier Normal Nej Nej
CTH_06 [ ] [ Ja/Nej* Annat Under normal Nej Nej
ctH.07 R [ Ja Arbete Normal Nej Nej
ctH.0s N [ Ja Studier Normal Nej Nej
ctHoo N [ ] Nej Arbete Normal Ja* Nej
ctH 10 N [ | Ja Studier Normal Nej Nej*
ctH 11 [ | Ja Studier Normal Nej Ja, nu*
ctH12 R [ ] Ja Studier Normal Nej Nej
CTH_13 [ ] [ Ja Studier Normal Nej Nej
ctH.14 R [ Ja Arbete Normal Nej Ja, nu*
ctH1s R [ ] Ja Studier Normal Nej Nej

* Answer had additional comments to it.
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Stors du av

Ar du sarskilt St0r§ du St6r§ du ljudet fran Har du latt for Har du Va:mjer du dig Spelar du
ko vppmarisam SRR S produktersom  SLETRERER  behovav - VEERIEE
g;g:ﬁ:ndg;g din din naggmectim som hé_nder_runt fl:)l/lsstt'?;(;j;g os@(‘jrre ) eller
vardag? vardag? anvénder? omkring dig? svarigheter? sjunger?

SIK_01 Ja* Ja, ibland Ja, ibland Ja, ibland Ja, oftast Ja, ofta Ja, ibland Nej
SIK_02 Nej Ja, ibland*  Ja, ibland* Nej, aldrig Ja, alltid Nej, aldrig Ja, oftast Nej
SIK_03 Nej Nej, aldrig  Nej, aldrig Nej, aldrig Ja, oftast Nej, aldrig Ja, oftast Nej
SIK_04 Ja Nej, aldrig  Nej, aldrig Ja, ibland Ja, oftast Ja, ibland Ja, oftast Nej
SIK_05 Ja* Ja, ibland*  Ja, ibland* Ja, ibland* Ja, oftast Nej, aldrig Ja, oftast Ja
SIK_06 Nej Ja, ibland*  Ja, ibland* Ja, ibland Ja, oftast Nej, aldrig* Ja, ibland Nej*
SIK_07 Ja* Ja, ibland*  Ja, ibland* Nej, aldrig Ja, oftast Ja, ibland Ja, ibland* Nej
SIK_08 Ja Ja, ibland*  Ja, ibland* Ja, ibland Ja, alltid Nej, aldrig Ja, oftast Nej
SIK_09 Ja* Ja, ofta*  Ja, ibland* Ja, ibland* Nej, aldrig Ja, ofta Ja, ibland Ja*
SIK_10 Ja Ja, ofta* Nej, aldrig Ja, ibland* Nej, aldrig* Ja, ibland* Ja, ibland Nej
SIK_11 Ja Ja, ibland*  Ja, ibland* Ja, ibland* Ja, oftast* Nej, aldrig* Ja, ibland Ja
SIK_12 Ja Ja, ibland*  Ja, ibland* Ja, ibland Ja, oftast Ja, ibland Ja, ibland Nej*
SIK_13 Nej Nej, aldrig  Ja, ibland* Nej, aldrig Ja, alltid Nej, aldrig Ja, oftast Ja*
SIK_14 Nej Ja, ibland*  Ja, ibland* Nej, aldrig Ja, alltid Nej, aldrig Ja, oftast Nej
SIK_15 Ja Ja, ibland*  Ja, ibland* Ja, ibland Ja, alltid Ja, ibland Ja, oftast Nej
SIK_16 N/A N/A N/A N/A N/A N/A N/A N/A
SIK_17 Nej* Nej, aldrig N/A Ja, ibland ja, oftast Ja, ofta Ja, ibland Nej
SIK_18 Nej* Ja, ibland*  Ja, ibland* Ja, ibland* Ja, oftast Ja, ibland Ja, oftast Nej
SIK_19 Nej Nej, aldrig  Nej, aldrig Nej, aldrig Ja, alltid/Ja, oftast Ja, ibland Ja, oftast Ja*
SIK_20 Ja* Ja, ofta*  Ja, ibland* Ja, ibland* Nej, aldrig* Ja, ofta Nej, aldrig* Nej
SIK_21 Ja Nej, aldrig  Nej, aldrig Nej, aldrig Nej, aldrig Nej, aldrig Ja, oftast Nej
SIK_22 Ja Ja, ofta* Nej, aldrig Ja, ibland* Ja, oftast Nej, aldrig Ja, oftast Ja
SIK_23 Ja* Ja, ibland*  Ja, ibland* Ja, ibland Nej, aldrig* Ja, ibland* Ja, ibland* Nej
CTH_01 Nej Ja, ibland Ja, ibland Ja, ibland Ja, oftast Nej, aldrig Ja, ibland Nej*
CTH_02 Ja Ja, ofta Ja, ibland Ja, ofta Ja, oftast Ja, ibland Ja, ibland Nej
CTH_03 Ja* Ja, ibland*  Nej, aldrig Ja, ibland Ja, oftast Nej, aldrig* Ja, oftast Ja
CTH_04 Ja Ja, ibland Ja, ibland Nej, aldrig Nej, aldrig Ja, ibland Ja, oftast Nej
CTH_05 Ja Nej, aldrig  Nej, aldrig Ja, ibland Ja, oftast Nej, aldrig Ja,iggiztfa, Nej
CTH_06 Ja Ja, ibland Ja, ibland Nej, aldrig Nej, aldrig Nej, aldrig Ja, oftast Nej
CTH_07 Ja N/A Nej, aldrig Nej, aldrig Ja, oftast Nej, aldrig Ja, oftast Ja
CTH_08 Ja Ja, ibland Ja, ibland Ja, ibland Ja, oftast Nej, aldrig Ja, ibland Ja
CTH_09 Nej Ja, ibland Ja, ibland Ja, ibland Nej, aldrig Ja, ofta Ja, ibland Ja*
CTH_10 Ja* alrt\jlreijé* allt\ilreijé* Nej, aldrig* Ja, oftast* Nej, aldrig Ja, oftast Nej*
CTH_11 Nej Nej, aldrig  Nej, aldrig Nej, aldrig Ja, oftast Nej, aldrig Ja, oftast Nej
CTH_12 Nej Ja, ibland*  Ja, ibland* Ja, ibland* Ja, oftast* Ja, ibland* Ja, ibland* Ja*
CTH_13 Ja Ja, ibland*  Ja, ibland* Ja, ibland* Ja, oftast Ja, ibland Ja, ibland Nej
CTH_14 Ja Ja, ibland Ja, ibland Ja, ibland Ja, oftast Ja, ibland Ja, oftast Ja
CTH_15 Nej Nej, aldrig  Ja, ibland Ja, ibland Ja, oftast Ja, ibland Ja, oftast Ja*

* Answer had additional comments to it.
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Har du tidigare deltagit i

Hur manga

Har du tidigare deltagit i

Har du tidigare deltagit i

Kod sensoriska tester med lyssningsforsok har du sensoriska tester med sensoriska tester med
avseende pa horsel? tidigare deltagit i? avseende pa smak? avseende pa lukt?

SIK_01 Nej, aldrig V
SIK_02 Nej, aldrig
SIK_03 Nej, aldrig
SIK_04 Nej, aldrig
SIK_05 Ja, 1-2 ggr*
SIK_06 Nej, aldrig
SIK_07 Nej, aldrig
SIK_08 Nej, aldrig
SIK_09 Nej, aldrig
SIK_10 Nej, aldrig
SIK_11 Nej, aldrig
SIK_12 Nej, aldrig
SIK_13 Nej, aldrig
SIK_14 Nej, aldrig
SIK_15 Nej, aldrig
SIK_16 N/A
SIK_17 Nej, aldrig
SIK_18 Nej, aldrig
SIK_19 Nej, aldrig
SIK_20 Nej, aldrig
SIK_21 Nej, aldrig
SIK_22 Ja, 1-2 ggr
SIK_23 Nej, aldrig A
CTH_01 ﬁ Fler &n 5 st Nej, aldrig Nej, aldrig
CTH_02 \ 3-5st Nej, aldrig Nej, aldrig
CTH_03 Fler &n 5 st Nej, aldrig Nej, aldrig
CTH_04 3-5st Ja, 1-2 ggr Ja, 1-2 ggr
CTH_05 3-5st Ja, 1-2 ggr Nej, aldrig
CTH_06 3-5st Nej, aldrig Nej, aldrig
CTH_07 Fler &n 5 st Nej, aldrig Ja, 1-2 ggr
CTH_08 Fler &n 5 st Nej, aldrig Nej, aldrig
CTH_09 Fler &n 5 st Nej, aldrig Nej, aldrig
CTH_10 3-5st Nej, aldrig* Nej, aldrig*
CTH_11 Inga Nej, aldrig Nej, aldrig
CTH_12 Inga Nej, aldrig Nej, aldrig
CTH_13 Inga Ja, fler &n 2 ggr Nej, aldrig
CTH_14 Fler &n 5 st Nej, aldrig Nej, aldrig
CTH_15 A Inga Ja, fler &n 2 ggr* Nej, aldrig

* Answer had additional comments to it.
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Vid kop av hemelektronik, hur
avgorande &r den totala

Vid kop av

hushallsmaskiner/vitvaror, hur

Vid kop av motorfordon, hur
avgorande &r den totala

Kod . . - avgorande ar den totala . . S
e o el o vienproduk g e

SIK_01 Négot avgorande N&got avgorande N&got avgorande
SIK_02 Mycket avgérande Mycket avgérande N&got avgorande
SIK_03 Mycket avgérande Mycket avgérande Mycket avgérande
SIK_04 Nagot avgorande Mycket avgérande Ej avgorande
SIK_05 Nagot avgorande Mycket avgérande Mycket avgérande
SIK_06 Ej avgorande Mycket avgérande Ej avgorande
SIK_07 Nagot avgorande Nagot avgdrande Nagot avgdrande
SIK_08 Mycket avgérande Mycket avgérande Né&got avgorande
SIK_09 Négot avgorande* Néagot avgorande Ej avgorande
SIK_10 Ej avgdrande* Ej avgdrande Ej avgdrande
SIK_11 Mycket avgérande Mycket avgérande Mycket avgérande
SIK_12 Nagot avgorande Mycket avgérande Mycket avgérande
SIK_13 Ej avgorande Nagot avgdrande Ej avgorande*
SIK_14 Ej avgorande Nagot avgdrande Ej avgorande*
SIK_15 Né&got avgorande Nagot avgdrande Nagot avgdrande
SIK_16 N/A N/A N/A
SIK_17 Ej avgdrande Ej avgdrande Ej avgdrande
SIK_18 Ej avgdrande Ej avgdrande Ej avgdrande
SIK_19 Négot avgorande Mycket avgérande N/A
SIK_20 Nagot avgorande Nagot avgdrande* Né&got avgorande*
SIK_21 Mycket avgdrande Mycket avgérande Nagot avgdrande
SIK_22 Mycket avgdrande Ej avgdrande Mycket avgérande
SIK_23 Ej avgdrande* N&got avgorande* Ej avgorande*
CTH_01 Négot avgorande Né&got avgorande Né&got avgorande
CTH_02 Négot avgorande Né&got avgorande Mycket avgérande
CTH_03 Mycket avgdrande Nagot avgdrande Nagot avgdrande
CTH_04 Mycket avgdrande Nagot avgdrande Ej avgorande
CTH_05 Nagot avgorande Ej avgdrande Ej avgorande
CTH_06 Nagot avgorande Nagot avgdrande Né&got avgorande/Ej avgérande
CTH_07 Mycket avgérande Né&got avgorande Né&got avgorande
CTH_08 Négot avgorande Ej avgdrande Ej avgdrande
CTH_09 Ej avgdrande Né&got avgorande Ej avgdrande
CTH_10 Mycket avgorande* Mycket avgérande* Négot avgorande*
CTH_11 Nagot avgorande Nagot avgdrande Nagot avgdrande
CTH_12 Ej avgorande* Ej avgorande* Ej avgorande*
CTH_13 Mycket avgdrande Mycket avgérande Mycket avgérande
CTH_14 Nagot avgorande Nagot avgdrande Nagot avgdrande
CTH_15 Nagot avgorande Nagot avgdrande Nagot avgdrande

* Answer had additional comments to it.
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Appendix E — Audiometric Test Results

125Hz  250Hz  500Hz  750Hz 1000Hz 1500Hz 2000Hz 3000Hz 4000Hz 6000Hz 8000Hz Mean:
Assessor
vV HV HV HV HV HV HV HV HV H V H V H 1258000Hz

SIK01 20 25 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20,23

SIK02 20 20 20 20 20 20 20 20 25 20 20 20 20 20 25 25 25 20 30 20 20 20 21,36

SIK03 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 25 20 20 20,23

SIK 04 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20,00

SIKO5 20 20 20 20 20 20 20 20 30 20 25 25 35 20 30 25 25 20 25 20 60 35 25,23

SIK06 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 25 20 40 20 20 20 20 21,14

SIKO07 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 25 25 25 20 20,68

SIK08 25 20 20 20 20 20 20 20 20 20 20 25 20 20 20 20 40 20 60 60 70 30 27,73

SIK09 20 20 20 20 20 20 20 20 20 20 20 20 20 20 25 20 30 20 25 20 35 20 21,59

SIK 10 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 25 20 20 20 20,23

SIK11 20 20 20 20 20 25 20 20 20 20 20 20 20 20 20 20 20 20 20 25 20 35 21,14

SIK 12 35 40 25 35 25 30 20 30 25 45 25 40 20 40 35 30 25 35 20 50 25 45 31,82

SIK 13 20 20 20 20 20 20 20 25 30 20 35 20 20 20 30 25 40 25 20 25 20 30 23,86

SIK14 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 30 20 30 20 20 20,91

SIK 15 20 20 20 25 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20,23

SIK 16 25 20 40 20 30 20 20 20 20 20 20 20 20 20 20 20 35 30 25 25 20 35 23,86

SIK 17 30 25 25 30 25 25 25 30 35 30 20 30 30 25 25 25 30 20 30 20 25 20 26,36

SIK 18 20 20 20 20 20 20 20 20 20 20 20 30 20 20 25 20 20 20 20 30 20 20 21,14

SIK19 20 20 20 20 20 20 20 20 20 20 25 20 25 20 20 20 20 20 20 25 20 30 21,14

CTH_01 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20,00*

CTHO03 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 25 20 20 20,23

CTH_04 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20,00*

CTHO06 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20,00

CTH_07 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20* 20,00*

CTH_10 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 25 20 20 20 20,23

CTH 12 20 20 20 20 20 25 20 20 20 20 20 20 20 20 20 20 20 20 30 20 20 20 20,68

CTH 13 20 20 20 20 25 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20,23

CTH_ 14 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20,00

CTH 15 20 20 25 25 25 20 20 20 20 20 20 20 25 20 25 20 25 20 20 20 20 20 21,36
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Appendix F — Listening Test

Vilkommen!

Faljande lyssningsforsok ar en del av mitt examensarbete som behandlar Jjudivalites och
sensoriska paneler.

Forsoket ar indelat i tre block dar varje block bestér av ett antal delmoment.
Infor varje delmoment kommer en genomging som forklarar vad du skall gora.
Isin helhet tar férsélket cirka 80 minuter att genomfara,

{Tonas Wallgren

Tryck 'Masta sida’ for att komma vidare

o o . ) v MBi=m 1013
15 Start s Fizz terminal st &) 7EE 10:3

i : Welcome page

B Fizzterm 1 [Z

Brgard

(1] o

Téank pé att:
- Bitta 58 avslappnat och bekvimt som méjligt.
- Be till att hérlurarna sitter ordentligt (R pd hoger 6ra och L pd vanster ora).
- Forsoka att orsaka s4 lite oljud som méjligt (skrapa med stolen etc ).
- Lasa igenom varje genomging noga.
- Lyssna pd ljudklippen 1 bedémningarna genom att trycka pi Play-knappen.
- Lyssna klart pd varje ljudklipp innan du startar nista
- Gara din bedarmning inom 30 sekunder for att den skall registreras.
- Det finns en timer i nedre vinstra hornet som hjalper dig hilla tiden.
- Bitta kvar pd din plats nar du ar klar tills det att testledaren meddelar armat.

Tryck 'Masta sida’ for att komma vidare

15 Start F=N Fi in3 v )7 1015

ii : Instructions
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M Fizztenm 1 E

Argard

Delforssk 1

Du skall 1 f8ljande forsak genomfora ett antal bedérmmingar. I varje bedémning kormmer du att
lyssna pd tre ljudidipp.

Direfter skall du markera det av de tre [judklippen som skiljer sig frin de andra tvd.

Du far lyssna pi Ljudklippen valfritt antal ganger och i valfri ordning, dock finns det en maztid
pé 30 selunder per bedémning,

Du lyssnar pa ljudklippen genom att trycka pd Play-knappen
Du markerar vilket ljudkdipp som skiljer sig genormn att klicka 1 rutan under respektive Play-

knapp

Slulle det vara s4 att du inte hér ndgon skillnad pa ljudilippen 1 en bedémning 54 skall du valja
det som du tror avvilker mest.

Trycle 'MNasta sida’ for att starta forsoket

———
1] =
+s Start IE Fizz terminal

iii : Instructions Part |

E Fizzterm 1 E

Broard

Du har nedan tre ljudidipp, lyssna pa alla tre och markera sedan det Ljudklipp som skiljer sig
frén de duriga tvd.

Play | Play |

I~ 334 I~ 997 I~ 450

00:13
Nista sida

% Fizz kerminal

iv : Judgement Part I, repeated 24 times
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M Fizztenm 1
Argard

X]

Vila enkort stund innan du trycker *Nasta sida’ for att kornma vidare till nasta delférsok.

———
1] =
+s Start IE Fizz terminal

v : End of Part |

E Fizzterm 1 E

Broard

Delforsok 2

Du kornmer 1 foljande forstlk hora ett antal Ljudklipp med varierande ffudstyrka.

Ivarje beddmning kommer du att lyssna pa ett ljudklipp och darefter skall du beddma den
upplevda [fudsty riasr hos Jjudklippet.

Du fér lyssna pd varje ljudklipp valfritt antal ginger, dock finns det en maxtid pd 30 selkunder
per beddmning,

D Iyssnar pd ljudklippen genom att trycka pd Play-knappen.
Du markerar den upplevda [judsty rkar genom att klicka pd skalan under Play-knappen.

Medan f6ljer exempel pa den lagsta respektive hogsta ljudstyrian som forekommer i forsolet
(d.v.5. vad som motsvarar 1g/hd g pa skalan), lyssna noga och bekanta dig med [fudstyrian hos
ljudkzlippen innan du startar forsoket.

Tryck pd *Masta sida’ for att starta forseket

L&g Hog

i A T Flay | Nista sida

% Fizz kerminal

vi : Instructions Part 11
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M Fizztenm 1 E
Argard

Lyssna pa ljudklippet och markera sedan den upplevda [jzadsty rkarr pd slkalan,

00:13
Nista sida

iy Start P8 Fizz terminal Sy 'é__,l B 1niz2

vii : Judgement Part 11, repeated 15 times

E Fizzterm 1 E
Broard

Tryck pa knappen framfor dig och invanta vanligen instruktioner frn testledaren.

E Fizz kerminal

viii : End of Part Il and Block I
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M Fizztenm 1 E

Argard

Delftrstk 3

Du skall 1 f8ljande forsak genomfora ett antal bedérmmingar. I varje bedémning kormmer du att
lyssna pd tre ljudidipp.

Direfter skall du markera det av de tre [judklippen som skiljer sig frin de andra tvd.

Du far lyssna pi Ljudklippen valfritt antal ganger och i valfri ordning, dock finns det en maztid
pé 30 selunder per bedémning,

Du lyssnar pa ljudklippen genom att trycka pd Play-knappen
Du markerar vilket ljudkdipp som skiljer sig genormn att klicka 1 rutan under respektive Play-

knapp

Slulle det vara s4 att du inte hér ndgon skillnad pa ljudilippen 1 en bedémning 54 skall du valja
det som du tror avvilker mest.

Trycle 'MNasta sida’ for att starta forsoket

———
1] =
+s Start IE Fizz terminal

ix : Instructions Part 111

M Fizztenm 1 E

Brgard

Du har nedan tre ljudldipp, lvssna pé alla tre och markera sedan det ljudklipp som skiljer sig
frén de ovriga tvi.

Play | Play |

I 482 I~ 045 - 298

00:13
Nista sida

% Fizz terminal

x : Judgement Part I11, repeated 24 times
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M Fizztenm 1
Argard

X]

Vila enkort stund innan du trycker *Nasta sida’ for att kornma vidare till nasta delférsok.

———
1] =
+s Start IE Fizz terminal

xi : End of Part 111

B Fizzterm 1 [z
Broard

Delforsok 4

Du kornmer 1 foljande forsol hora ett antal Ljudklipp med varierande fluknarion.

Ivarje beddmning kommer du att lyssna pa ett ljudklipp och darefter skall dubeddma den
upplevda flidiuationen hos Hudklippet.

Du fér lyssna pd varje ljudklipp valfritt antal ginger, dock finns det en maxtid pd 30 sekunder
per beddmning,

Du lyssnar pd ljudklippen genom att tryeka pé Play-knappen.
Du markerar den upplevda fluktuationen genom att klicka pa skalan under Play-knappen.

Nedan foljer exemnpel pa vad som menas med lAngsam respeltive snabb fuktuation i
forsoket (dv.s vad som motsvarar l&ngsam/snabb pa skalar), lyssna noga och bekanta dig
med fluktuationen hos [judklippen innan du startar forsoket.

Tryck pd "MNasta sida’ for att starta forsoket

Langsam Shnabb

i A T Flay | Nista sida

T =
iy Start % Fizz tetrainal

Xii : Instructions Part IV
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M Fizztenm 1 E

Argard

Lyssna pa ljudklippet och markera sedan den upplevda fluktuationen pa skalan nedan,

l&ngsam snabh

MNasta sida

P8 Fizz terminal ¥ "_,J i Lo

xiii : Judgement Part 1V, repeated 15 times

E Fizzterm 1 E

Broard

Tryck pa knappen framfor dig och invanta vanligen instruktioner frn testledaren.

% Fizz kerminal

xiv : End of Part IV and Block 11
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M Fizztenm 1 E

Argard

Delftrstk 5

Du skall 1 f8ljande férsak genomféra ett antal beddmningar. I varje bedémning kornmer du att
lyssna pd tre ljudklipp.

Direfter skall du markera det av de tre [judklippen som skiljer sig frin de andra tvi.

Du fir lyssna pd ljudklippen valfritt antal ginger och i valfri ordning, dock finns det en mastid
pé 30 selunder per beddmning.

Du lyssnar pa ljudklippen genom att trycka pd Play-lnappen
Du markeerar villeet ljudidipp som skiljer sig genorn att klickea 1 rutan under respeldive Play-
lmapp

Slulle det vara s4 att du inte hér ndgon skillnad pa ljudklippen i en bedsmning =4 skall du valja
det sormn du tror avviker mest.

Trycle 'MNasta sida’ for att starta forsoket

———
1] =
+s Start IE Fizz terminal

xv : Instructions Part V

E Fizzterm 1 E

Broard

Du har nedan tre ljudidipp, lyssna pa alla tre och markera sedan det Ljudklipp som skiljer sig
frén de duriga tvd.

Play | Play |

I~ 334 I~ 997 I~ 450

00:13
Nista sida

% Fizz kerminal

xvi : Judgement Part V, repeated 24 times
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M Fizztenm 1
Argard

X]

Vila enkort stund innan du trycker *Nasta sida’ for att kornma vidare till nasta delférsok.

———
1] =
+s Start IE Fizz terminal

xvii : End Part V

B Fizzterm 1 [z
Broard

Delforsok 6

Du skall 1 faljande forsak genomfora ett antal bedérmmingar. I varje bedémning kormmer du att
lyssna pé tre ljudklipp.

Darefter skall du markera det av de tre [judklippen som skiljer sig frin de andra tvi.

Du fér lyssna pa judklippen valfritt antal ginger och i valfri ordning, dock finns det en maxtid
pé 30 selunder per bedémning,

Du lyssnar pd ljudklippen genom att trycka pd Play-knappen
Du markeerar vilket ljudidipp som skiljer sig genormn att klicka 1 rutan under respektive Play-

knapp

Skulle det vara sd att du inte hér ndgon skillnad pa ljudidippen i en bedémning & skall du valja
det som du tror avviker mest.

Trycl "Nasta sida’ for att starta forsoket

—— -
‘2 Start B8 Fizz terminal sv &) 8 100

xviii : Instructions Part VI
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M Fizztenm 1 E

Argard

Du har nedan tre ljudldipp, lvssna pé alla tre och markera sedan det ljudklipp som skiljer sig
fran de évriga tvi.

CURLAY T Play | Play |

I 334 I~ 997 I~ 450

MNasta sida

P8 Fizz terminal 5 ’(_'_I 7ok 107

xix : Judgement Part VI, repeated 24 times

X]

E Fizzterm 1
Broard

Vila en kort stund innan du trycker *Nasta sida’ for att kormma vidare till nasta delforsok

5Bl 1020

% Fizz kerminal

xx : End Part VI
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M Fizztenm 1 E

Argard

Delftrssk 7

Du skall 1 f8ljande forsak genomfora ett antal bedérmmingar. I varje bedémning kormmer du att
lyssna pd tre ljudidipp.

Direfter skall du markera det av de tre [judklippen som skiljer sig frin de andra tvd.

Du far lyssna pi Ljudklippen valfritt antal ganger och i valfri ordning, dock finns det en maztid
pé 30 selunder per bedémning,

Du lyssnar pa ljudklippen genom att trycka pd Play-knappen
Du markerar vilket ljudkdipp som skiljer sig genormn att klicka 1 rutan under respektive Play-

knapp

Slulle det vara s4 att du inte hér ndgon skillnad pa ljudilippen 1 en bedémning 54 skall du valja
det som du tror avvilker mest.

Trycle 'MNasta sida’ for att starta forsoket

———
1] =
+s Start IE Fizz terminal

xxi : Instructions Part VII

E Fizzterm 1 E

Broard

Du har nedan tre ljudidipp, lyssna pa alla tre och markera sedan det Ljudklipp som skiljer sig
frén de duriga tvd.

Play | Play |

I~ 582 I~ 045 298

00:13
Nista sida

% Fizz kerminal

xxii : Judgement Part V11, repeated 24 times

CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2011:15 63



M Fizztenm 1 E

Argard

Forsoket ar nu slut!
Tryck pd knappen framfar dig och invanta vanligen instruktioner fron testledaren
Tack for din medverkan!

{Jonas Wallgren

% Fizz terminal

xxiii : End of Part VII, Block 111 and listening test
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Appendix G — Presentation Order

Triangle Sound Pair Part I, Il and V Sound Pair Part VI and VII

1 1&4 2&4
2 1&4 1&4
3 2&4 2&4
4 1&4 3&4
5 2&4 1&4
6 3&4 2&4
7 2&4 3&4
8 3&4 1&3
9 1&3 2&4
10 3&4 3&4
11 1&3 1&3
12 1&3 1&2
13 1&2 3&4
14 1&3 1&3
15 1&2 1&2
16 1&3 2&3
17 1&2 1&3
18 2&3 1&2
19 1&2 2&3
20 2&3 1&4
21 1&2 1&2
22 2&3 2&3
23 2&3 1&4
24 2&3 2&3
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Appendix H — Results Screening Test
Table 7.1 Results Block | Part | - Loudness

Code

TS5 T:7 T6 T8 T:10 T T:11 T:2 T:14 T:16 T:13 T:15 T:17 T:9 T:21 T:18 T:20 T:22 T:23 T:24

SIK_03

SIK_04

SIK_06

SIK_07

SIK_10

SIK_11

SIK_15

SIK_18

SIK_19

CTH_01

CTH_03

CTH_04

CTH_06

CTH_07

CTH_10

CTH_12

CTH_13

CTH_14

CTH_15

66

CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2011:15



Table 7.2 Results Block | Part Il - Loudness

Code Sound1l Sound2 Sound3 Sound4 Sound5

SIK_ 03 90 74 90 86 68 79 87 70 89 24 19 34 9 10 19
SIK 04 77 72 76 49 49 60 73 69 53 45 52 26 17 19 16
SIK 06 77 72 71 75 56 51 23 18 45 14 17 15 10 10 11
SIK_ 07 82 85 86 66 80 52 36 29 68 14 13 11 3 8 6
SIK_10 90 90 86 23 51 37 38 32 21 11 10 10 10 9 10
SIK_11 90 90 90 54 44 44 16 44 62 10 16 10 10 10 10
SIK_15 88 88 88 86 87 87 88 87 87 25 15 14 14 14 12
SIK_18 97 95 99 90 97 84 80 66 81 25 49 35 10 17 10

SIK_19 75 72 90 71 72 74 59 48 49 25 30 37 11 10 12

CTH_01 62 55 75 66 78 82 78 62 86 50 47 28 11 28 10
CTH_03 89 89 89 83 87 85 63 67 69 33 27 16 11 11 11
CTH_04 90 90 85 68 52 57 49 29 47 15 15 13 12 10 10
CTH_06 88 74 90 68 72 80 65 59 46 37 21 20 10 20 9
CTH_07 83 80 85 76 79 72 72 68 63 28 31 12 18 29 11
CTH_10 80 72 87 61 60 72 79 86 84 80 51 70 52 57 52
CTH_12 84 87 75 54 51 69 52 60 38 17 20 28 15 15 12
CTH_13 90 90 82 46 61 48 85 77 83 25 30 18 11 20 11
CTH_14 88 90 90 79 82 85 82 76 61 37 54 10 11 14 10

CTH_15 84 82 86 71 66 83 65 68 78 50 50 31 14 27 15
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Table 7.3 Block Il Part 111 — Fluctuation Strength

Code L T2 T4 T3 TS5 T7 T6 T8 T:M0 T Tl T2 T4 T:16 T3 TS5 T:17 T:9 T:21 T8 T:20 T:22 T:23 T:24

SIK 03 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1

SIK_04 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1

SIK_06 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SIK 07 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0

SIK_10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0 0 1

SIK_11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1

SIK_15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0 1

SIK_18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1

SIK 19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CTH 01 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 0

CTH 03 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CTH 04 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0

CTH 06 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CTH 07 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CTH_10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CTH_ 12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0

CTH_13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CTH 14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CTH_15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Table 7.4 Block Il Part 1V — Fluctuation Strength

Code

Sound 1

Sound 2

Sound 3

Sound 4

Sound 5

SIK_03
SIK_04
SIK_06
SIK_07
SIK_10
SIK_11
SIK_15
SIK_18

SIK_19

10

21

11

10

13

34

14

10

25

10

25

13

8

13

10

15

5

26

23

21

12

6

15

19

15

2

11

17 25 29

28

40

22

12

47

14

20

22

35

48

11

11

12

15

21

26

39

48

17

15

16

14

10

20

33 26 56

57

47

26

18

44

13

49

34

66

35

46

10

19

15

35

26

34

47

46

11

14

14

31

51

77

69

50

71

72

90

21

21

90

82

67

44

69

86

77

15

66

85

90

63

60

73

86

87

12

74

80

90 90 90

75

90

95

91

90

85

90

90

82

88

81

90

90

83

90

91

84

90

98

93

85

81

90

90

CTH_01
CTH_03
CTH_04
CTH_06
CTH_07
CTH_10
CTH_12
CTH_13
CTH_14

CTH_15

10

11

49

10

11

19

12

17

23

13

23

11

35

10

20

25

13

11

16

15

59

10

38

13

20

24

14

12

16

24

52

22

36

42

29

74

16

21

33

41

17

31

45

13

36

79

16

24

29

33

22

39

25

25

36

65

12

16

17

31

40

36

43

31

40

73

17

23

30

37

18

20

38

35

48

74

13

37

48

24

23

28

32

29

46

66

30

49

48

28

30

59

38

60

58

76

49

79

74

69

42

54

77

57

54

88

63

74

71

64

34

47

40

80

54

83

57

57

68

71

90

88

83

90

79

80

76

90

90

90

87

89

84

90

82

82

82

89

89

90

91

88

86

89

69

89

87

89

86

89

CHALMERS, Civil and Environmental Engineering, Master’s Thesis 2011:15

69



Table 7.5 Block 111

Part V — Roughness

Code T:1 T2 T4 T3 T5

T7 T6 T8 T:10 T9 Tl T2 T4 T:16 T3 T:15 T:17 T:19 T:21 T:18 T:20 T:22 T:23 T:24

SIK 03 1 1 1 1 1

SIK 04 1 1 1 1 1

SIK 06 1 1 1 1 1

SIK 07 1 1 1 1 1

SIK 10 1 1 1 1 1

SIK 11 1 1 1 1 1

SIK 15 1 1 1 1 1

SIK 18 1 1 1 1 1

SIK19 - - - - -

CTH 01 1 1 1 1 1

CTH 03 1 1 1 1 1

CTH_ 04 1 1 1 1 1

CTH 06 1 1 1 1 1

CTH 07 1 1 1 1 1

CTH_10 1 1 1 1 1

CTH_ 12 1 1 1 1 1

CTH_13 1 1 1 1 1

CTH_ 14 1 1 1 1 1

CTH_15 1 1 1 1 1
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Table 7.6 Block 11l Part VI — Tonality

Code T1 T3 T6 T9 T2 TS5 T:20 T:23 T4 T:7 T:10 T3 T8 Tl T4 T:i17 T2 T:i5 T8 T:21

T:16 T:19 T:22 T:24

SIK 03 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SIK 04 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1

SIK 06 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SIK 07 1 1 0 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1

SIK 10 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1

SIK 11 1 1 0 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1

SIK 15 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 0 1

SIK 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SIKL19 - - - - - - ..o oo oo

CTH 01 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 0

CTH 03 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CTH_ 04 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 0 0 0

CTH 06 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 0 1 1

CTH 07 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CTH_10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CTH_ 12 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0 1 1

CTH_13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CTH_ 14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CTH_15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Table 7.7 Block 111 Part VII — Sharpness

Code T1 T3 T6 T9 T2 TS5 T:20 T:23 T4 T:7 T:10 T3 T8 T:11 T:14 T:17 T:12 T:A5 T:18 T:21 T:16 T:19 T:22 T:24
sSiko3 1 1 1 1 1 1 1 1 1 1 1 o0 1 1 1 1 o 1 1 1 1 1 1 1
Siko4 1 1 1 1 1 1 1 1 1 1 1 o0 1 1 1 1 1 1 0o o0 1 1 1 1
Siko6 1 1 1 1 1 1 1 1 o 1 o0 1 1 1 1 1 1 1 1 1 1 1 1 1
slko7 1 1 1 1 1 1 1 1 o0 1 0 1 1 o0 1 1 o o 1 1 1 1 1 1
Sik#0 1 1 14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sik11 1 1 1 1 1 1 1 1 1 1 1 o0 1 1 1 1 1 1 1 1 1 1 1 1
SIK15 1 1 1 1 1 1 1 1 o 1 0 1 1 1 1 1 o 1 1 1 1 o0 1 1
Sk 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 o 1 1 1 1 1
SIKLI9 - - - - - - ..o oo oo
CfHOL 0 1 1 1 1 1 1 1 1 1 o0 1 1 1 1 1 0o o0 1 o0 1 1 1 1
CfHO3 1 1 1 1 1 1 1 1 o0 o0 1 o0 1 1 1 1 1 0o 1 1 1 1 1 1
ClHo4 1 1 1 1 1 1 1 1 o 1 o0 1 1 1 1 1 1 1 1 1 1 1 1 1
CfHO6 ¢ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
CfHO7 ¢ 1 1 1 1 1 1 1 o 1 o0 1 1 1 o 1 1 1 1 1 1 1 1 1
CfH100 1 1 1 1 1 1 1 1 1 o 1 o0 1 1 1 1 1 1 1 1 1 1 1 1
CfH12 o 1 1 1 1 1 1 1 o0 1 0 o0 ©O0 O 1 1 0o 1 1 0 0 o0 1 1
CfH13 ¢ 1 1 1 1 1 1 1 1 1 1 o 1 1 1 1 1 1 1 1 1 1 1 1
CfH14 o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0o 1 1 1 1 1 1 1
CfH15 1 1 1 1 1 1 1 1 o0 o0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Appendix | — Table for Triangle Tests

Critical number of correct responses in a triangle test. Entries are the minimum
number of correct responses required for significance at the stated a-level for the

corresponding number of respondents, n. [14, 21]

Number of P
Tests Significance Level (o)
n 0.40[0.30[0.20 [ 0.10] 0.05 [ 0.04 [ 0.03 ] 0.02 [ 0.01 | 0.005 [ 0.001
3 2 23 [3 3| -1T-1-1- - -
4 3 [ 3344 -1-1-171-+- -
5 3344455 ][5]s 5 -
6 3 4] 4555 ][5 ][5]6 6 =
7 4 [ 4] 4556|666 7 7
8 4 [ 4] 5|56 6667 7 8
9 4 [ 5] 5|66 7|7 [7]7 8 8
10 5 [ s5]6 6 [ 777 ][7]s 8 9
11 5 |56 |7 [ 7] 78] 8] 8 9 10
12 5 | 6|67 [ 8] 8]8]8]09 9 10
13 6 | 6 | 788899911
14 6 | 7 78] 9]9 ]9 [9f1w]10]|1n
15 6 | 7| 8] 8 [ 9|9 Jw[10]10] 11|12
16 771899 Jw]w[w[11]11]12
17 7 [ 8] 8] 9 [10]10]10[11]21] 12 [ 13
18 7 [ 8] 9 J1w[10]11 11 [11]12] 12 [ 13
19 8 | 8| 9w |11 [12]12] 13 [ 14
20 8 | 9 | 9w [11 1112 [12]13] 13 [ 14
21 8 | 9 Jrwo|1mm[12]12]12[13]13] 14 | 15
22 9 [ 9w [1m[12]12]13[13]14] 14 [ 15
23 9 |10 (1112121313 [13[14] 15 | 16
24 10 |10 [ 11 [12 13 [ 13 [ 13 [14[15] 15 | 16
25 10 [11 |11 |12 13| 1414 [14]15] 16 | 17
26 10 11121314 |14]14[15]15] 16 | 17
27 11 [ 11 [ 12 [ 13 [ 14 |14 [ 15 [ 15| 16 | 17 | 18
28 11 [ 12 |12 [ 14 [ 15 | 15 [ 15 [ 16 | 16 | 17 | 18
29 11 [12 [ 13|14 [ 15|15 [ 16 [ 16 | 17 | 17 [ 19
30 12 [12 [ 13 [ 14 [ 15 | 16 [ 16 [ 16 | 17 | 18 [ 19
31 12 |13 |14 [ 1516 |16 | 16 [ 17 [ 18 | 18 | 20
32 12 [ 13|14 |15 [16 |16 [ 17 [17 [ 18| 19 [ 20
33 13131415 171717 [18]18] 19 [ 21
34 1314|1516 [17 |17 [18[18]19 ] 20 [ 21
35 13 |14 |15 [16 [ 17 [ 18 [ 18 [19 [ 19 [ 20 | 22
36 14 |14 [ 15 [17 [ 18 [ 18 [ 18 [ 19 [ 20 | 20 | 22
37 (e 18 | 18 | 19 [ 19 [ 20 | 21 | 22
38 A 19 19 [19 20 [ 21 [ 21 | 23
39 b L A 19 19 [ 20 | 20 [ 21 [ 22 [ 23
40 ¥ A 19 [ 20 [ 20 [ 21 [ 21 | 22 | 24
41 FA s 2 20 | 20 [ 20 [ 21 [ 22| 23 | 24
42 e e 20 [ 20 [21 [ 21 [22 [ 23 | 25
43 20 | 21 [ 21 [ 22 [ 23] 24 | 25
44 A 21 21 [ 22 22 [ 23] 24 | 26
45 AL 21 22 222324 24 | 26
46 Cr ey 22 | 22 [ 22 23|24 25 | 27
47 e 22 |22 |23 | 23 [ 24 | 25 | 27
48 WA A 22 |23 [ 23 2425 26 [ 27
49 b A 23 | 23 [ 24 | 24 [ 25 [ 26 [ 28
50 o 23 | 24 [ 24 [ 25 [ 26 | 26 | 28
60 (AL AL S 271 [ 271 [ 2829 30 [ 31 [ 33
70 A 31 31 [ 323334 35 [ 37
80 AL 35 35 |36 |36 |38 [ 39 [ 4
90 A 38 [ 30 [ 40 [ 40 | 42| 43 | 45
100 FAl Al a2 a3 434445 47 | 49
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