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The aim of the study was to examine how the wording of a question about audio, visual and audiovisual
stimuli can affect the assessment of the environment. The participants of the psychophysical experiments
were asked to rate, on a numerical scale, audio and visual information both separately and together,
combined into mixes. A set of questions was used for all the investigated audio, visual, and audio-visual
stimuli. The participants were asked about the comfort or the discomfort caused by the perceived stimuli
presented at three different sound levels.

The results show that there are no statistically significant differences between the assessment of comfort
and discomfort associated with visual samples. Actually, the comfort and discomfort ratings are equivalent
to the extent that a discomfort rating can be represented as the opposite to the comfort rating, i.e. the
discomfort rating is equal to the 10 minus comfort rating.

In general, the results obtained for audio and audio-visual samples were the same, with only a few
exceptions that were dependent on sound level. No statistically significant differences were found for the
loudest stimuli, but there were some exceptions for the softener cases. Based on the results, we show that
only for visual stimuli both scales are totally interchangeable. When presenting audio and audio-visual
samples, only one scale should be applied — either discomfort or comfort, depending on the context and
the character of the stimuli.

Keywords: audio-visual interaction; environment assessment; discomfort; comfort; environmental per-
ception; environmental quality.

1. Introduction

Perception of the world is multisensory. All the
senses work together, at the same time. What is more,
they can influence each other, thereby contributing
to more sophisticated sensations and reactions. This
cross-modality is widely-described in the literature,
e.g. (BARUTCHU et al., 2019; GU et al., 2019; KAT-
TNER et al., 2019; SPENCE, ZAMPINI, 2006; VAN STOK-
KOM et al., 2018).

For sound perception, the main field of interest
is the interaction between sight and hearing. There is
some evidence that adding an image to the sound
can influence its perception — e.g. the ventriloquism
effect (WALLACE et al., 2004) or the McGurk effect
(McGURK, MACDONALD, 1976). This interaction has
been widely described in recent years for various audio-
visual stimuli, including e.g. the perception of wind
turbine noise (SCHAFFER et al., 2019; SZYCHOWSKA
et al., 2018). Although the most common way of pre-
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senting stimuli is based on screen and loudspeak-
ers/headphones, the development of augmented and
virtual reality has recently allowed scientists to de-
velop new ways of studying audio-visual interactions
(ASAKURA et al., 2019).

Audio-visual interactions are particularly impor-
tant for assessing the quality of the surroundings or
public spaces. Not only images (landscape) but also
sounds (soundscape) are key factors in our percep-
tion of a place. Nowadays, besides traditional assess-
ment methods (like in situ survey research), people
can use smartphone technologies when assessing the
quality of the environment. For landscapes, smart-
phone apps can be used to assess specific aspects
of public space, such as the presence of green areas
(LADLE et al., 2018; VICH et al., 2019) or places con-
ducive to physical activity (HOFFIMANN et al., 2018).
On the other hand, mobile apps can be used to rate
urban soundscapes (ASPURU et al., 2016; HERRANZ-
PASCUAL et al., 2016) or to improve the process of
noise mapping (GUILLAUME et al., 2016; MURPHY,
KING, 2016; Zuo et al., 2016).

All aspects of the given place can be reduced to
one simple (but not easy) question: how good/bad
is it? Audio, visual or audio-visual samples of an en-
vironment can be assessed by different means. For
the noise assessment there is the standardized ICBEN
scale (FIELDS et al., 2001) used to rate annoyance. For
more complex stimuli, other words and scales are used.

Jian Kang and his colleagues used to refer to the
‘acoustic comfort’ of the public space or in the context
of interactions, the ‘audio-visual environment comfort’
(Kang, 2006; Liu, KANG, 2018). This term is also
used in other recent papers (LEE et al., 2020; ZHANG
et al., 2018). On the other hand, it is not uncommon to
ask people about the pleasantness of the surroundings
(FILIPAN et al., 2019; HAAPAKANGAS et al., 2020; LEE,
LEE, 2020). However, this term sometimes relates to
the overall environment assessment (not only its audio
component). In this context two scales are widely used:
5-point and 11-point.

The landscape assessment process is more com-
plex. There are many indicators used for different
aspects of landscapes, and even several hundreds of
them can be used, divided into certain categories.
Such a division can be found in (CuTAlA, 2016);
there are 8 different subgroups: visual, morphologi-
cal, historical/cultural/architectural, physical geogra-
phy, naturalistic-environmental, regional land use, ac-
tions to protect /improve, and socio-economic (for more
explanation see (CUTAIA, 2016) at page 52). However,
there are some indices to globally describe landscape
quality. One of them is the landscape character as-
sessment (LCA) defined as ‘a method based on the
process of describing, mapping and evaluating differ-
ent and distinctive characters of the landscape’ (ATIK
et al., 2017). The other index was proposed by ALAMPI

SOTTINI et al. (2018): the Visual Quality Index based
on people’s answers and principal component analysis.
Nevertheless, this approach is time-consuming and re-
quires answers to many different questions about the
character of a landscape.

When assessing the audio-visual stimuli in the en-
vironment we are interested to study how each com-
ponent, audio or visual, contributes to the ‘total’ per-
ception. To study such interaction we need to assess
each component separately, but using the same scale
and wording. However, the solution is not so obvious.
For example, it is quite natural to ask about sound-
scape annoyance, but it seems strange to ask about
landscape annoyance. In the latter case, pleasantness
assessment seems to be more appropriate. This think-
ing leads us to consider the term comfort in the case
of landscape assessment, and the term discomfort for
soundscape assessment. Of course, these two words are
not equivalent — neither are the scales: they are oppo-
site. Thus, in this research we want to find out if two
opposite scales can be used interchangeably — i.e. can
we say that the discomfort rating is equal to the 10 mi-
nus comfort rating? If this is the case, one scale could
be simply transformed and then the results for both
scales can be easily compared.

In the next sections of this paper we describe the
method and the way of formulating questions. Then
we analyze the data and try to identify the similarities
and differences between both scales.

2. Material and methods
2.1. Aim

Our hypothesis in this paper is that the comfort
and discomfort ratings are equivalent in such a way
that a comfort rating can be represented as the oppo-
site of the discomfort rating, i.e. discomfort rating is
equal to the 10 minus comfort rating. To test the hy-
pothesis, two experiments were conducted in a labora-
tory with a total of three different conditions: (a) audio
samples only, (b) audio-visual samples, and (c) visual
samples only.

In all the experimental conditions, an analog of an
11-point numerical ICBEN scale (FIELDS et al., 2001;
PREIS et al., 2003) — from 0 to 10 — was used to rank the
comfort and discomfort. Both comfort and discomfort
assessments were collected in the same experiments
and evaluated by the same people. To avoid any order
effects, there was a minimum two-day pause between
the sessions where comfort and discomfort data were
collected. The comfort ratings have already been used
in our previous publication (PREIS et al., 2015). The
discomfort data are new data. This means, however,
that the participants and the stimuli are the same as
in the previous and the present studies. The comfort
data published previously are used here only as referen-
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ce data to compare the ratings in their current form,
and in order to test the hypothesis of this study.

2.2. Participants

Two groups of participants took part in two expe-
riments. Experiment I involved 17 people, including
8 men and 9 women aged 22 to 30 years. 18 partici-
pants took part in Experiment II, although reliability
analysis of their results led to the exclusion of 4 of them
(more details about it can be found in the ‘Results’ sec-
tion below). Finally, data from 14 participants, com-
prising 9 males and 5 females, aged 22 to 26 years,
was analyzed in Experiment II. All the participants
had normal hearing (the inclusion criterion was 15 dB
maximum allowable hearing loss at hearing threshold).

2.3. Stimuli

Seven different locations in Poznan (Fig. 1) were
selected for recording with both audio and visual in-
formation. Places representing different types of public
space were chosen: more natural (park), more crowded
(with a lot of people) and transport type (streets). All
of them were chosen carefully, to minimalize the risk
that respondents would be familiar with them — we

Park Near Busy Street
=

Busy Street

Park Roundabout

Side Street

Fig. 1. Snapshots from seven different places in the Poznan
area where audio and video samples were collected.

wanted to eliminate the possible influence of knowledge
on the results.

A short description of each stimulus can be found
below:

o Market — a small market in the center of a dis-
trict, many people passing by, small talk, back-
ground music from a small radio, sometimes low
noise from a car in the street nearby.

e Pedestrian Zone — in the center of Poznan, closed
for road traffic, with many shops, pubs, restau-
rants etc.; sound of heels clicking, people talking,
children playing, opening doors/gates.

e Busy Street — a busy four-lane street with a tram-
line in the middle of it; sound of cars passing-by
(including light and heavy ones).

e Park near busy street — a park located near a very
busy street; almost no natural sounds (single birds
tweets), heavy background road traffic and a cir-
cular saw used by someone in the park.

e Park — a park located several hundred meters
from a street and close to Lake Malta; many birds
tweeting, distant stationary road traffic.

e Roundabout — a roundabout between two streets
with medium traffic flow, road traffic with light
and heavy vehicles, but distinguishable to sepa-
rate pass-bys.

e Side Street — a small street near a residential area
consisting of detached houses, single pass-bys of
passenger cars.

The audio-visual samples, each of 10-minute du-
ration, were recorded with a Sony HDR-XR200 cam-
era and a TEDS 4101 binaural microphone, together
with a Bruel & Kjaer PULSE v.12.6.0.255 system.
From these recordings, after careful analysis, 10-second
audio-visual samples were created. To investigate the
possible effect of sound level on assessing ambient com-
fort and discomfort, additional soundscape samples
were created with the sound level value lower (-6 dB)
and higher (+6 dB) than the original recorded sound
level. All stimuli are also presented as changes of sound
level in time in Fig. 2; Table 1 presents the equivalent
sound levels of samples.

The process of creating the audio-visual stimuli
used Adobe Premiere Pro CS5 software. As aforemen-
tioned, not only the original sound level, but also levels
6 dB higher and lower were used for the presentation
of audio only or audio-visual stimuli. Thus, 21 audio
samples (7 places x 3 sound levels) and a combination
of 21 (7 places x 3 sound levels) original audio-visual
samples were used in Experiment I. Each stimulus was
presented three times. In total, the participants in Ex-
periment I evaluated 126 different stimuli (42 audio
and audio-visual samples, each presented three times).
In Experiment II, 7 visual stimuli were presented.
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Changes of sound level in time for all stimuli

Fig. 2. Relation between sound level values and time for audio parts of all stimuli
(all charts made for the 0 dB condition, i.e. for the original sound levels).

Table 1. Sound levels of stimuli presented in audio
and audio-visual conditions.

Stimulus Sound level [dBA]
-6 dB 0dB +6 dB

Market 47 53 59
Pedestrian Zone 47 53 59
Busy Street 62 68 74
Park near busy street 50 56 62
Park 40 46 52
Roundabout 57 63 69
Side Street 49 55 61

2.4. Procedure

Experiment I used two experimental conditions: au-
dio and audio-visual samples. Participants were asked
to rate the degree of comfort and discomfort on a nu-
merical scale from 0 to 10 while imagining they were
in such an environment. The participants were sitting
in front of a computer screen (PC computers with
17" LCD screens), watching and listening (Beyerdy-
namic DT-150 headphones) to the audio and audio-
visual samples. For each of the conditions both comfort
and discomfort were rated by each participant. The
same approach was used in Experiment II, in which
only video samples were presented. Again, participants
rated both the comfort and discomfort caused by pre-
sented stimuli.

The instruction given to the participants in Experi-
ment [ was as follows:

“You will be presented with audio and audiovi-
sual samples from various places in Poznan. Imagine
that you are in that place and would like to relax.
Assess your feeling of comfort/discomfort using the
scale from 0 to 10, where 0 means total lack of com-
fort/discomfort, 10 means total comfort/discomfort.
Please focus on the positive/negative feelings associ-
ated with the environment’.

In Experiment II, the same instruction was given
to the participants, but a small change was applied
at the beginning. The words ‘Audio and audio-visual
samples (...)" were replaced by ‘Visual samples (...)".
In Experiment II, the comfort/discomfort assessment
of the investigated places was based on visual samples.
In both experiments each sample was presented three
times to each participant.

In Experiment I, all stimuli (audio and audio-
visual, at all three sound levels) were presented in
a random order. There were two experimental sessions,
first one with the comfort ratings and the second with
discomfort ratings. In Experiment II, only visual stim-
uli were presented to the participants in a random or-
der. The same approach was applied in this experiment
i.e. there were two experimental sessions, in the first
one comfort ratings and in the second one discomfort
ratings were collected.

Please note that according to FIELDS et al. (2001)
‘The numeric scale is felt to provide greater assurance
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that the scale points are equally spaced and thus meet
the assumptions for linear regression and similar pow-
erful analysis techniques that can represent the con-
tinuous range of responses to noise’.This approach to
treat 11-point scale as continuous and quantitative and
to compute mean values is widely used in literature
(IOANNIDOU et al., 2016; KLEIN, 2015; SUNG et al.,
2017; HAAPAKANGAS et al., 2020). Thus, it was also
used in this paper.

3. Results

3.1. The analysis of individuals who took part
in Experiment I and I

To find out if there are any inconsistencies among
participants’ answers we conducted reliability analyses
for both experiments — Cronbach’s alpha values were
calculated for each group as well as for each participant
in the ‘when an item dropped’ approach. We used the
function ‘alpha’ from the R package ‘psych’.

All participants in Experiment I correlated well
with each other, thus no one was excluded from fur-
ther analyses. On the other hand, 4 participants were
excluded from the analyses of the experiment II based
on alpha values and the fact that they negatively cor-
related with the other subjects. To better illustrate the
process, below we provide results of reliability analysis
before and after the exclusion (Table 2). Please note

Table 2. Values of standardized and corrected R coefficients
for each subject before and after exclusion of four partici-
pants in Experiment II.

All participants 4 participants excluded
Subject | R std | R cor0. | Subject | R std | R cor0.
1 0.62 0.66 1 0.76 0.79
2 0.00 | -0.06
3 0.48 0.43 3 0.53 0.47
4 0.64 0.65 0.57 0.57
5 -0.08 | -0.14
6 0.72 0.76 0.81 0.84
7 0.06 0.02 0.14 0.04
8 0.72 0.76 0.83 0.87
9 -0.14 | -0.19
10 0.22 0.14 10 0.16 0.07
11 0.75 0.78 11 0.73 0.74
12 0.62 0.62 12 0.61 0.59
13 -0.28 | -0.33
14 0.33 0.25 14 0.44 0.37
15 0.22 0.12 15 0.13 0.02
16 0.31 0.24 16 0.27 0.20
17 0.67 0.71 17 0.82 0.85
18 0.57 0.57 18 0.53 0.52

that ‘R std’ means the correlation between the sub-
ject and the total score when scales were standardized.
‘R cor.” stands for the R value corrected for item over-
lap.

3.2. The results for soundscapes only (Experiment I)
and landscapes only (Ezperiment II)

We restate that the hypothesis of this paper is that
the discomfort and comfort ratings are equivalent in
such a way that a discomfort rating can be represented
as the opposite of the comfort rating, i.e. discomfort
rating is equal to the 10 minus comfort rating. To test
this statement, the comfort data from experimental
conditions (a) and (c) were recalculated as the ‘10 —
comfort rating’. In next sections of this article we refer
to the original discomfort ratings as ‘original discom-
fort’, and the values computed from the formula the
‘10 — comfort rating’ is to be referred to as ‘calculated
discomfort’.

As it has already been mentioned, all stimuli were
rated three times by each participant. In this way, the
data was aggregated before statistical analyses in such
a way that the median value was calculated from each
of the three values and then used as a listener’s re-
sponse. One can ask why we used medians instead
of means. Three presentations of a given stimulus are
not many, but some fluctuations in people’s answers
were revealed. However, the differences between me-
dians and means in the majority of cases were not high
— not higher than 1. In Fig. 3 we present the differ-
ences computed for both scales. As they are not high
we preferred to use medians at this stage. However,
next analyses are made using mean ratings for both
scales.

Moreover, for each stimulus and participant (as
each stimulus was presented three times) we com-
puted differences between minimal and maximal value
for each scale separately. The analysis revealed that
for comfort scale 72% of differences were not higher
than 2; for discomfort it was 73%. Results are pre-
sented in Fig. 4. The similarity between both his-
tograms also suggests that people’s answers are dis-
tributed the same, no matter which scale was used.

The results were calculated in R environment us-
ing bootstrapped confidence intervals (functions from
the package ‘boot’). The differences between the means
were calculated using a “‘WRS2’ package and a boot-
strapped version of t-tests. In Figs 5a and 5b the av-
eraged results for both scales, the original and calcu-
lated discomfort for the audio and visual stimuli (sep-
arately), are presented. In Fig. 5a there are three dif-
ferent colours of the points and error bars. Each colour
represents a different relative sound level (-6 dB, 0 dB
— original sound level and +6 dB) at which the stim-
uli were presented to the listeners. The asterisk mark
means that there is a statistically significant difference
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Fig. 3. Histograms of the differences between means and medians for individuals’ ratings of discomfort and comfort.
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Fig. 4. Histograms of the differences between maximal and minimal values for individuals’ ratings
of discomfort and comfort.
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Mean ratings of different audios

Mean ratings of different videos
regarding type of a scale

regarding type of a scale

Fig. 5. Averaged assessment of the discomfort scale and 10 minus comfort scale for 7 soundscapes (a) and 7 landscapes (b).
Different colours signify the sound level of the presented audio. Statistically significant differences between both scales are
marked with asterisks. Error bars represent 95% confidence intervals.
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Mean ratings of mixes regarding type of a scale
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Fig. 6. Averaged assessment of the discomfort and 10 minus comfort scales for the investigated mixes in 7 places in the
city of Poznani. Different colours signify the sound level of the presented audio part of the mix, statistically significant
differences between both scales are marked with asterisks. Error bars represent 95% confidence intervals.

between the two analyzed scales — regarding their mean
values.

It can be seen that for all the audio samples pre-
sented at both 0 and +6 dB sound levels, there are
no statistical differences between the two scales. This
also applies to all the investigated visual stimuli pre-
sented in Fig. 5b. On the other hand, there are three
cases for —6 dB relative sound level when the mean
values of original and computed discomfort ratings
are different: this is observed for ‘Pedestrian Zone’
(t = 6.325, p = 0.0275, effect size, es = 0.4987), ‘Mar-
ket’ (t = 4.4415, p = 0.0469, es = 0.4777) and ‘Park’
(t=10.2334, p =0.0038, es = 0.7152).

For video stimuli, both scales are the same in all
cases — however some not statistically significant dif-
ferences can be observed in the range of confidence
intervals, especially in case of both ‘Park’ stimuli.

3.3. The results of the mizes (Experiment I)

Based on the results obtained for the cases of a sin-
gle modality, audio only and video only, our expecta-
tion was that a similar trend should be observed in the
originally recorded audio-visual stimuli. The compari-
son of the mean values of the two discomfort (original
and computed) scales is presented in Fig. 6.

As shown in Fig. 6, only if the original stimuli were
presented at a sound level of +6 dB there are no sig-
nificant differences for any of these scales. In contrast,
there are statistically significant differences between
two scales for two conditions: -6 dB and 0 dB. For the
—6 dB condition, a statistically significant difference
was found for ‘Roundabout’ (¢ = 7.1806, p = 0.0157,

es = 0.5697). For the 0 dB condition, two differences
were observed for ‘Pedestrian Zone’ (¢t = 4.1856, p =
0.0496, es = 0.4337) and ‘Side Street’ (¢ = 12.5182,
p =0.002, es = 0.6399). When each mix is analyzed sep-
arately, for ‘Busy Street’, ‘Market’, ‘Park’, and ‘Park
near busy street’ there are no significant differences be-
tween either discomfort scale for all different relative
sound levels.

4. Discussion

With regard to analyses of means (Figs 5 and 6),
several interesting cases can be observed. In general, in
almost all cases, regardless of whether they were sin-
gle or bimodal, discomfort was assessed as less (origi-
nal discomfort) when compared with the results of the
subtracted comfort scores from 10 (calculated discom-
fort) — but this difference is very small and does not
show any statistical significance. A possible interpreta-
tion is that when we ask about discomfort, it is usually
rated higher than comfort. In other words, it may be
easier to give higher ratings for discomfort than the
same numbers for comfort — i.e. people’s requirements
to rate something as comfortable are higher than those
used to rate discomfort. For example when something
is theoretically in the middle of both scales (rated as
5 on both scales), indeed discomfort would be rated
as b but comfort would be rather between 4 and 5
— giving a higher rate for the calculated discomfort
scale. However, it has to be remembered that these
differences are small, so we can only speak about some
tendencies, not statistically significant differences.
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If video stimuli alone were presented to partici-
pants, there were no statistically significant differences
in either case. However, it should be stated that in the
case of both ‘natural’ stimuli, i.e. ‘Park’ and ‘Park near
busy street’, the values of the original discomfort rat-
ings had smaller confidence intervals than those on the
calculated discomfort scale. These results suggest that
by asking people about the discomfort felt in natural
areas, they agree that there is almost no discomfort
in it. But when we ask them how to rate comfort, an-
swers are more complex and the variety is also wider.
Nevertheless, it could be treated merely as a tendency,
without statistical significance.

For audio stimuli, it should be noticed that diffe-
rences were found for the —6 dB condition — but there
were only three such cases. When the sound level in-
creased, all differences disappeared — for both the origi-
nal (0 dB) and +6 dB conditions. A possible interpreta-
tion is that when the sound level is lower than in a real
environment, people may be confused about their per-
ception of a given soundscape in terms of comfort and
discomfort. As the sound level increases, their ratings
become more consistent, no matter which scale is used.

With regards to the results of the analyses of mixes,
there are three cases in which the mean values of both
scales are statistically different — one case for —6 dB
and two cases for the 0 dB condition. So this time,
there is no rule that differences disappear with the
sound level increase. However, only three such cases
cannot be treated as a stable tendency and it is hard
to interpret that. Maybe for those cases there is some
confusion among listeners: on the basis of visual stim-
uli, they expect sound with other sound values than
those that were actually used. But definitely more data
should be gathered to test this explanation reliably.

The analysis of means provides a global point of
view, without taking into account individual differ-
ences between subjects. However, in psychophysical ex-
periments these differences are always present and can-
not be eliminated. One way of catching it is through
the listeners’ reliability analysis made before the main
analysis. As we have mentioned already, based on
Cronbach’s alpha values and correlation between sub-
jects, we excluded some of them from the dataset —
because they negatively correlated with the others.

Summing up, we can say that both scales are to-
tally interchangeable only for visual stimuli — no mat-
ter which one is used, it can be transformed into the
other using the formula '10 — z, where ‘@’ is the rating
on a given scale. On the other hand, some statistically
significant differences were found for both audio and
audio-visual conditions. In this case, it is better to as-
sume that both scales are not the same, and only one
should be used. We propose to use the comfort scale
for more natural and peaceful environmental samples.
The discomfort scale should be better for more dense
stimuli like urban ones, or those with busy traffic.

5. Conclusions

As both scales were the same for visual stimuli
(based on mean values) it is a matter of choice which
scale — discomfort or comfort — we apply in the survey
because one scale can be easily transformed into the
other one. We propose to ask about comfort in such
cases.

As some differences between scales were statisti-
cally significant for audio and audio-visual stimuli, it
seems that both scales are interchangeable only when
the sound level is higher than in the original situation
(no differences were found for +6 dB cases).

Based on these remarks, we can say that it is gen-
erally possible to rate only discomfort for audio, audio-
visual and visual stimuli — but in the latter case, dis-
comfort could be also obtained as a simple transfor-
mation of the comfort scale, i.e. the 10 minus comfort
rating.
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