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ABSTRACT

This paper contains the results of a study making use of a set
of B-format soundscape recordings, presented in stereo UHJ for-
mat as part of an online listening test, in order to investigate the
relationship between soundscape categorisation and subjective eval-
uation. Test participants were presented with a set of soundscapes
and asked to rate them using the Self-Assessment Manikin (SAM)
and in terms of three soundscape categories: natural, human, and
mechanical. They were also asked to identify the important sound
sources present in each soundscape. Results show significant re-
lationships between soundscape categorisation and the SAM, and
indicate particularly significant sound sources that can affect these
ratings.

1. INTRODUCTION

This paper presents the results of study investigating the relation-
ship between soundscape preferences ratings made using the self-
assessment manikin (SAM) [1]] and three category ratings (natural,
human, and mechanical). Following previous studies the SAM has
now been established as an appropriate and powerful tool for the
evaluation of soundscapes: for example in [2|] where results from
the SAM were compared with the use of semantic differential (SD)
pairs; or in [3]], where it was used to establish the ecological validity
of stereo UHJ conversions of B-format soundscape recordings.

This paper presents additional results from the study presented
in [3]] exploring further the utility of the SAM in soundscape eval-
uation and research. Here the purpose was to investigate the rela-
tionship between soundscape preference ratings, and soundscape
sound source identification and categorisation.

A soundscape can be considered as the aural equivalent of a
landscape [4]], and soundscape research is a field where environ-
mental recordings are used and analysed to give an insight into a
location’s acoustic characteristics beyond noise level measurement
alone. A soundscape can therefore be considered as being com-
prised of a set of individual sounds sources coming together in a
particular context to form an environmental experience.

These sound sources can broadly be divided between three
categories: natural, human, and mechanical. This test was designed
in order to see how the presence of particular sounds belonging
to each of these categories can affect the subjective rating of a
soundscape in terms of emotional experience, and in terms of how
the soundscape as a whole is perceived as belonging to each of
these three categories.

It is hypothesised firstly that the soundscapes that are rated as
being more mechanical will exhibit low valence and high arousal in
the SAM results, and that highly natural soundscapes will exhibit
high valence and low arousal. Soundscapes highly rated in the
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human category are expected to exhibit high arousal with valence
determined by contextual cues from the other sound sources present.

In terms of the sound sources identified it is hypothesised
that birdsong and traffic will be the most commonly identified
sources, and that traffic noise and human activity (e.g. conversation
or footsteps), when present, will have a significant effect on the
category rating.

This paper starts with a presentation of the methods used in the
study, including the collection of the soundscape data used in the
test, the stereo UHJ conversion process, and the development of the
test procedure including the SAM and category questions.

The results of the test are then presented, starting with a brief
overview of the demographics of the test participants. The SAM
results are then examined, after which a summary of the category
ratings for each presented soundscape is presented alongside the
sound sources identified. Correlational analysis is then used to
indicate the relationships between the different metrics: firstly com-
paring the SAM results with the category ratings; then comparing
category ratings with the percentages of the sound sources identified
in each case that belong to each of the three categories. The paper
concludes with a consideration of avenues for further research.

2. METHODS

This section begins with an examination of the soundscape data
collected for this study, including the motivation behind the choice
of locations where the recordings where made and the contents of
those recordings. The conversion of the recorded B-format sound-
scapes to stereo UHJ format is considered before a presentation
of the assessment methods used in the listening test: the SAM,
and the soundscape categorisation and sound source identification
questions, and the overall test procedure.

2.1. Data Collection

The data used in this study were collected from various locations
around Yorkshire in the United Kingdom, including: Dalby forest, a
natural environment; Pickering, a suburban/rural environment; and
Leeds city centre, a highly developed urban environment. All of the
soundscape recordings were made in B-format using a Soundfield
STM 450 microphone [J5].

Table [T] gives details of the sound sources present in each of
the 16 clips used in the listening test. Each of these clips were
30 seconds long and extracted from the 10 minutes of soundscape
recording made at each location. These clips were used in their
original B-format in a previous study [2].
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Location Site

Clip A Sound Sources

Clip B Sound Sources

Dalby Forest 1. Low Dalby Path

Birdsong, Owl Hoots, Wind

Birdsong and honking,
Insects, Aeroplane flyby

Traffic, Buses, Wind,

(Rural/Natural) - -
2. Staindale Lake B.l rdsong, Wind, Insects, Insects, Birdsong, Water
Single car
. . Birdsong, Traffic,
North York Moors 3. Hole of Horcum Birdsong, Traffic, Bleating Conversation
(Rural/Suburban) 4. Fox & Rabbit Inn Traffic, (;ar door closing, Traffic, Eootsteps,
Car starting Car starting
5.. Sm1.ddy Hill, Traffic, Ca.r door starting, Birdsong, Distant traffic
Pickering Conversation
. Busking, Footsteps, Workmen, Footsteps,
Leeds City Centre 6. Albion Street Conversation, Distant traffic Conversation, Distant traffic
(Urban) Busking, Footsteps,

7. Park Row Buskin Conversation,
4 & Distant traffic
Birdsong, Traffic, Conversation, Workmen,. Traffic,
8. Park Square . Conversation,
Shouting .
Birdsong

Table 1: Details of the sound sources present in the two 30 second long clips (labelled A and B) recorded at each of the eight locations.

2.2. Stereo UHJ Conversion

In order to present the recorded soundscape material online, the B-
format signals had to be converted to a suitable two-channel format.
It was decided to make use UHJ stereo format, where the W, X,
and Y channels of a B-format recording are used to translate the
horizontal plane of the soundfield into two-channel UHJ format [6].

This is a two channel format that can be easily shared online
and reproduced over headphones, allowing the B-format recordings
presented in a previous study to be used here with the spatial content
of the W, X, and Y channels preserved in reproduction.

The following equations are used to convert from the W, X,
and Y channels of the B-format signal to two stereo channels:

S = 0.9397W + 0.1856X )
D = j(—0.342W + 0.5099X) + 0.6555Y  (2)
L = 05(S+D) 3)
R = 05(S—D) @)

where j is a +90° phase shift and L and R are the left and right
channels respectively of the resultant stereo UHJ signal [7]]. Note
that the Cartesian reference for B-format signals is given by ISO
standard 2631 8], and the Z channel of the B-format recording is
not used.

2.3. Assessment

This section will cover the assessment methods used in this study,
starting with the SAM, followed by the category rating and sound
source identification questions. This section concludes with a sum-
mary of the overall test procedure.

2.3.1. The Self-Assessment Manikin

A previous study [2]] made a direct comparison between semantic
differential (SD) pairs and the Self-Assessment Manikin (SAM) as
methods for measuring a test participant’s experience of a sound-
scape.

The use of SD pairs is a method originally developed by Os-
good to indirectly measure a person’s interpretation of the meaning
of certain words [9]. The method involves the use of a set of bipolar
descriptor scales (for example ‘calming-annoying’ or ‘pleasant-
unpleasant’) allowing the user to rate a given stimulus. SD pairs are
a well established aspect of listening test methodology in Sound-
scape research [[10H17]. Whilst useful in certain scenarios, they can
be time-consuming and unintuitive [2]]. An alternative subjective
assessment tool to use is the SAM.

The SAM is a method for measuring emotional responses de-
veloped by Bradley and Lang in 1994 [18]]. It was developed from
factor analysis of a set of SD pairs rating both aural [|19,20] and
visual stimuli [[1] (using, respectively, the International Affective
Digital Sounds database, or IADS, and the International Affective
Picture System, or IAPS). The three factors developed for rating
emotional response to a given stimuli are:

e Valence: How positive or negative the emotion is, ranging
from unpleasant feelings to pleasant feelings of happiness.

e Arousal: How excited or apathetic the emotion is, ranging
from sleepiness or boredom to frantic excitement.

e Dominance: The extent to which the emotion makes the
subject feel they are in control of the situation, ranging from
not at all in control to totally in control.

These results were then used by Bradley and Lang to create the
SAM itself as a set of pictorial representations of the three identified
factors. The version of the SAM used in this experiment (as shown
in Fig. [T) contained only the Valence and Arousal dimensions
following results from a previous study [2].

2.3.2. Category Rating

The soundscape recordings used in this test (as detailed in Table[T))
were selected in order to cover as wide a range of soundscapes
as possible. In order to determine what such a set of soundscape
recordings would contain, a review of soundscape research indi-
cated that in a significant quantity of the literature [|17,21+25] three
main groups of sounds are identified:
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Figure 1: The Self-Assessment Manikin (SAM) as used in this
study, after [[18].

e Natural sounds: These include animal sounds (bird song is
an oft-cited example), and other environmental sounds such
as wind, rustling leaves, and flowing water.

o Human sounds: Any sounds that are representative of hu-
man presence/activity that do not also represent mechanical
activity. Such sounds include footsteps, speech, coughing,
and laughter.

e Mechanical sounds: Sounds such as traffic noise, industrial
and construction sounds, and aeroplane noise.

The aim of this test is to see how subjective assessments of
soundscapes made using the SAM relate to the categorisation of
those soundscapes into these three groups. Fig.[2]shows the category
ratings question as presented to the test participants. They were
asked to give a rating in each category for each of the sixteen
soundscapes. They were also given a free text entry field alongside
each one where they were asked to identify the sound sources
present. Participants were required to enter at least one sound source
into this field in order to progress, but no further requirements were
in place. This was done in order to identify the sound sources
that were most noticeable to test participants and dominated their
perception of the aural scene.

2.4. Test Procedure

The listening test in this study was presented online using Qualtrics
[26], and the overall procedure was as follows:

1. An introductory demographics questionnaire including ques-
tions regarding age, gender, nationality, and profession.
From the results of previous studies [2}/3]] it is not expected
that any of these demographic factors will have an effect on
the results.

2. An introduction to the questions accompanying each sound-
scape, covering the SAM, the categorisation question, and
the sound source identification entry field. Two example

To what extent does the soundscape belong in each of the following categories?

Not at all Somewhat Wery much

Natural/animal @] @] (e} (e} O
Human @] @] (e} (e} O
Industrial/mechanical @] @] (e} (e} O

Figure 2: The category ratings question as presented to test partici-
pants.

questions (using soundscape clips 1A and 7B) are presented
in order to get baseline results for the participant. After
listening to the first clips the participant was instructed not
to change the playback volume.

3. The 16 soundscape recordings were then presented to the
individual in a random order. After listening to each one
they were asked to rate their experience of the soundscape
using the SAM, to categorise it, and to identify the sound
sources present. They were also given the opportunity to
add any comments they had in an optional text entry field.

3. RESULTS

This section presents the results of this study, with a discussion
following in Section[d] Following a summary of the SAM results,
the category ratings are examined. An overview of the identified
sound sources is then shown, after which the sound sources identi-
fied for each soundscape clip are categorised themselves and the
percentage of these sources that belong to each of the three cate-
gories is presented. Correlational analysis is then used to examine
the relationships between these metrics.

3.1. SAM Results

Fig. [B|shows a summary of the SAM results gathered in this test.
As can be seen in this figure, the clips presented in this study cover
a wide range of arousal and valence ratings. A full analysis of these
results can be seen in [3]. A comparison of these results with the
categorisation results can be seen in Section[3.4.1]

3.2. Category Ratings

Fig. [ shows a summary of the category ratings results. As with the
SAM results it is clear from this plot that the selected soundscapes
cover a wide range of ratings in each category.

3.3. Sound Source Identification

Fig. [5]shows a pie chart of all of the sound sources identified by
test participants. In total there were 1369 sound source instances
identified which contained 24 unique sound sources (as listed in
Fig.[5). The overall breakdown of these instances between the three
categories is as follows: 38.9% natural, 26.9% human, and 34.2%
mechanical.
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Figure 3: Summary of SAM results from this listening test, show-
ing the mean valence and arousal ratings, and the standard error
associated with each mean, for each of the 16 clips.
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Figure 4: Summary of category ratings results from this listening
test, showing the mean ratings for each category, and the standard
error associated with each mean, for each of the 16 clips.

3.3.1. Percentages

In order to make a comparison between the sound sources identified
and the categorisation of each clip, it was decided that the sound
sources identified for each clip should be grouped by category and
then the number of sound sources instances in each of these cate-
gories should be expressed as a percentage of the total number of
sound source instances in each case. Fig.[§] shows the sound source
category percentage break down for each soundscape recordings.

3.4. Correlational Analysis

Having now presented a brief summary of the SAM and categorisa-
tion results, and having made use of the sound sources identified to
create a data set suitable for comparison with those result, correla-
tional analysis can be used to compare these three sets of variables
to identify relationships between them. First the SAM and categori-
sation results will be compared, after which the category ratings
will be compared with the percentage breakdown of the sound
sources identified.

[—JLF Hum
[ Trains
: Brakes
[ Banging
- Mechanical Noise
- Door

I car Door
- Plane

I Traffic
|:| Ocean
|:| Water
[ sheep
[ Wind

[ insects
I Birds
[—crying
[—JFute

[ wnistiing
[ shouting
[ coughing/Sneezing
[ Whistling/Flute
- Music

- Footsteps
I conversation

Figure 5: Pie chart indicating all of the unique sound sources
identified, shown colour-coded into categories by colour where
blue is mechanical, green is natural, and red is human.
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Figure 6: Sound source identification instances for each clip split
into categories and expressed as a percentage.

3.4.1. SAM and category ratings

Fig. |Z| shows scatter plots of the mean category ratings against
the mean valence and arousal ratings. The result of a Pearson’s
correlation analysis of the data presented in these plots can be
seen in Table 2

Table 2: Correlation coefficient and p-values comparing the valence
results with category ratings.

Natural [ Human [ Mechanical
R-values
Valence 0.93 —0.51 —0.90
Arousal —0.91 0.65 0.70
p-values
Valence | 2 x 107" 0.04 2x 1077
Arousal | 9.4 x 1077 | 0.006 0.002

The R-values indicate the degree of correlation between two
variables, and the p-values indicate the statistical significance of this
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Figure 7: Scatter plots showing the mean category and SAM ratings for each clip. The ellipses surrounding each data point indicate the
standard error associated with each mean value. Trend lines have been included to reflect the correlation results shown in Table@

relationship where p < 0.05 it indicates a statistically significant
correlation [27]].

The natural and mechanical category ratings show a very strong
set of correlations with the SAM results, where the Natural category
is shown to have a highly significant positive correlation with the
valence dimension, and a highly significant negative one with the
arousal dimension. The mechanical category exhibits the opposite
relationship with each dimension. From this it can be said that
the locations rated as highly natural are typically rated as pleasant
and relaxing, and locations that are rated as highly mechanical are
unpleasant and invoke feelings of stress and anxiety. These are
the emotions indicated by these SAM results when considering the
circumplex model of affect [28].

The human category rating results also show a (just-significant)
negative correlation with valence, and a positive correlation with
arousal. This is perhaps due to the fact that most of the soundscapes
that include human sounds also contain mechanical sounds, partic-
ularly traffic noise. Examining the top middle plot in Fig.[7]gives
an indication of why the relationship between the human category
ratings and valence is only just significant. Whilst the lowest hu-
man category ratings corresponding to high valence, as the human
category rating increases there is a ‘dip’ where the valence values
for human ratings around 1 are in fact lower than those for higher
human ratings. This is due to a disproportionate number of the

soundscapes containing very few or no human sounds (i.e. clips
1A-2B, as seen in Fig.[6).

The results shown in Table 2] support the hypotheses laid out
in Section[T] detailing the expected relationships between the three
category ratings and the SAM.

3.4.2. Category ratings and categorised sounds source per-
centages

Table3]shows the correlation results indicating the relationships be-
tween the category ratings and the sound source percentage results.
The following section includes a discussion of the results and the
other results presented in this section.

4. DISCUSSION

This section contains a discussion of the correlation results pre-
sented in Table [3] considering the following three areas of the
correlation results in turn:

e Comparison of categorisation results.
e Comparison of the categorised sound sources.

e Comparison of categorisation results with the categorised
sounds sources.
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Table 3: Correlation results for the category ratings and sound source percentage results. Indicated here are the R values. The numbers
in boldface indicate correlation results where p < 0.05 (a significant result); and the presence of an asterisk indicates p < 0.01 (a highly

significant result).

Natural Human | Mechanical Nat% Hum% | Mech%
Natural - - - - - -
Human —0.69" - - - - -
Mechanical | —0.73* 0.19 - - - -
Nat% 0.95* —0.83" —0.64" - - -
Hum% —0.58 0.92* 0.01 -0.71" - -
Mech% —-0.52 —0.08 0.84" —0.41 —0.35 -

Following this discussion, the key sound sources and soundscapes
that explain these results are identified and examined in further
detail.

4.1. Category Ratings

There is significant negative correlation between natural and hu-
man, and natural and mechanical ratings, indicating that where
soundscapes were rated as more natural they were also rated as less
human and less mechanical. Perhaps surprisingly there is not a sig-
nificant relationship between the human and mechanical category
ratings.

4.2. Sound source percentage results

The correlation results comparing the sound source category per-
centage results in Table[3]show that the only significant relationship
is the negative correlation between the percentage of sound sources
identified that are in the natural category, and those belonging to the
human category.This is indicated by the sound source categorisation
results for clips 6A and 6B as shown in Fig.[6]

For both of these clips the overwhelming majority of sound
sources identified (> 70%) were in the human category, with the
remaining sound sources belonging to the mechanical category and
no identified sounds in the natural category. Likewise the results
for clips 1A-2B contain very high percentages of natural sound
sources, some mechanical sources, and no human ones.

4.3. Categories and percentages

There is a significant correlation between the category ratings and
percentage of identified sound sources for each of the three cate-
gories. This gives some indication that the percentage breakdown of
the identified sound sources into each category is a valuable metric
that in some way reflects the overall categorisation of a soundscape.
The natural category rating shows significant negative corre-
lation with the human and mechanical sound source percentage
metric, as does the natural sound sources percentage metric with
the human and mechanical category ratings. The two pairs of
variables that show no significant correlation in this group are hu-
man category rating and mechanical percentage metric, and the
mechanical category rating and the human percentage metric.

4.4. Key Sound Sources

As identified in Fig. 3] the three most commonly identified sound
sources were traffic noise, birdsong, and conversation; sound sources
belonging to the mechanical, natural. and human categories respec-
tively. This section will consider each one in turn and see how the

presence of these sound sources in the soundscapes has impacted
on the SAM and category ratings of those soundscapes.

4.4.1. Birdsong

Table[Tindicates that the soundscape clips recorded in Dalby Forest
contain many instances of birdsong. As can be seen in Fig. @]
these soundscapes (clips 1A-2B) were rated as most belonging to
the natural category, and, as shown in Fig. [3] received the highest
valence and lowest arousal ratings of all the soundscape clips. This
result is in accord with the correlation results presented in Table ]
that indicate the same relationship between higher natural category
ratings and the SAM results.

It is also interesting to note the difference in category rating
between clips 7B and 8A. These clips were recorded at two nearby
locations in Leeds: clip 7B was recorded next to a busy road, and
clip 8A was recorded in the middle of a small park. These two
clips are fairly similar, but the presence of birdsong in the latter is
partly responsible for a significant difference in the natural category
rating, which contributes to the relative increase in valence rating
(and decrease in arousal rating) as seen in Fig.

4.4.2. Traffic

The correlation between the mechanical category ratings and the
SAM results (negative for valence, positive for arousal), as indicated
by Table[2] is shown clearly in the difference between SAM results
and category ratings for clips 2A and 2B. These two clips were
recorded in the same location next to a lake in a forest: Clip 2A
contains the recording a single car driving on a nearby road where
clip 2B does not. As shown in Fig. [d] the presence of this car is
responsible for big increase in the mechanical category ratings, and
a big decrease in the natural category rating, for clip 2A relative to
clip 2B.

Fig. [B]shows the effect of this car on the SAM ratings for this
clip. It is interesting to note how big a difference the presence of
a single car can make. This same pattern can be seen to a lesser
extent in the results for clips 1A and 1B. These were both recorded
at different positions in the forest next to a footpath away from
any roads. In this case it is the presence of an aeroplane passing
overhead in clip 1B that is not present in clip 1A that results in a
similar pattern of differences between the two clips.

It is also worth noting that the clips recorded at roadside loca-
tion were rated as having the lowest valence levels (clips 4A-5A
and 7A-7B), and that these clips were also rated as most belonging
to the mechanical environment category.
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4.4.3. Conversation

The most significant sound source identified as belonging to the
human category was conversation. It’s presence in clip 3B and
absence in clip 3A, whilst not responsible for any appreciable dif-
ference in SAM results, produced a big change in category ratings
resulting in a much higher human category rating for clip 3B.

Fig.[f]also indicates the perceptual dominance of conversation
when present in a soundscape recording - clips 6A and 6B are
the only soundscapes for which no natural sound sources were
identified by test participants, despite some birdsong and wind
noise being present in those recordings.

5. SUMMARY

This paper has shown the results of an online listening test pre-
senting stereo UHJ renderings of B-format soundscape recordings.
Test participants were asked to describe the emotional state evoked
by those soundscapes using the SAM, rate the extent to which
each soundscape belonged in three environmental categories, and
identify the key sound sources present in each one.

The purpose of this test was to identify any relationships be-
tween the subjective assessment of a soundscape and the extent to
which that soundscape is perceived to be natural, human, and me-
chanical. A secondary aim was to use the sound sources identified
by test participants to sound sources that are the most important to
soundscape perception, both in terms of subjective experience and
category rating.

Correlational analysis indicated strong relationships between
the natural and mechanical category ratings and the valence and
arousal dimensions of the SAM. The natural category ratings were
shown to be positively correlated with valence, and negatively
correlated with arousal. The mechanical category ratings showed
the opposite correlations in each case. The human category ratings
showed similar but less strong correlation results to the mechanical
category ratings with some ambiguity in the relationship between
the human category ratings and the valence dimension of the SAM.
These results support the study’s hypotheses which predicted a
negative emotional response to highly mechanical soundscapes,
and a positive emotional response to highly natural soundscapes.
The hypothesis regarding emotional response to soundscape rated as
highly human was also suggested with a clear correlation between
human rating and arousal and a more ambiguous relationship with
valence.

These results indicate that more natural soundscapes invoke
a relaxation response (low arousal, high valence), and that more
mechanical soundscapes invoke a stress response (high arousal,
low valence). The human category rating result’s relative lack of
significance indicate a contextual dependence where human sounds
are not necessarily disliked or stressful, but are mainly present in
soundscapes where traffic noise (i.e. mechanical sounds) are also
present.

An analysis of the sound sources identified by test participants
has presented, which indicated a key sound source for each cate-
gory: conversation, birdsong, and traffic. The identification of these
sources supports the hypothesis predicting which sound sources
would be most commonly identified, and as such would be the most
useful predictor of soundscape categorisation. The presence and ab-
sence of these sources in the soundscapes presented was examined
by studying particular examples. This examination demonstrated
where these sound sources in particular produced differences in

the SAM and category ratings that exhibited with correlational
relationships previously identified.

Future work will include a listening test presenting the same
soundscapes used in this study alongside spherical panoramic im-
ages of the recordings sites. Test participants will again be asked
rate their experience of the environment using the SAM, to cate-
gorise the environment, and to identify the key aural and visual
features. This test should produce results that answer the following
questions:

e Will the presence of different visual features change the
SAM results, indicating a change in the evoked emotional
states?

o Will the key visual feature identified be the same as the aural
features?

e Will the presence of visual features change which aural
features are identified by test participants?

e Will the presence of visual elements change the category
ratings for the presented environments?

This results presented in this paper certainly confirm the SAM
as being a powerful tool for soundscape analysis, with soundscape
categorisation and sound source identification offer suitable meth-
ods to pair with the SAM to offer further insight into which aural
features can most dramatically affect emotional responses to envi-
ronmental sound.
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