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Introduction

The relation of emotion and sound has been the topic of
research for a while. The relevance of such studies is imme-
diately evident in the case of music, which most people
frequently listen to to modulate their current mood. The
interested reader is referred to the works of [1] to get an
overview about the current state of the art in that area. Com-
pared to music, environmental sounds tend to be more effec-
tive in stimulating mental imagery [2]. We contend that
studies of emotional impact of general environmental sounds
can also be beneficial as it can facilitate to convey implicit
information as auditory icons.

Utilizing the affective impact of sound

Emotional stimuli are attended faster and longer than non-
emotional ones [3], thus making them a good candidate to
initially attract attention of a user.

The most prevalent approach to efficiently assess the subjec-
tive emotional impact of a stimulus in psychology is pre-
sumably a rating on the dimensions of valence (unpleasant —
pleasant), arousal (calm — aroused), and dominance (be-
ing controlled — being in control) using a cartoon-like rating
scale, the Self-Assessment-Manikin (SAM) [4]. It has been
successfully used for auditory stimuli by the same authors
[5] and adopted for various applied settings like evaluating
the annoyance of operating noise [6] or the effectiveness of
warnings in vehicles [7, 8].

[8] point out that the urgency of an auditory feedback can be
characterized by a combination of negative valence and high
arousal, whereas for semantic interpretability perceptual
qualities like realism are desired. This latter aspect might
need further examination if one attempts to extend the appli-
cation to other non-warning contexts, for example, an audi-
tory icon for confirmation of an information or notification
of an ongoing process.

Adding meaning to affective impact

While the SAM is an established measure to rate all kinds of
stimuli, the representation on the axes of valence and arousal
can have the disadvantage that material that causes distinct
emotions may be grouped quite close in that coordinate
system an thus become indistinguishable (e.g. anger and fear
which both go along with high arousal and unpleasantness
[9, 10]). This may limit the later use of auditory clips rated
this way, which is why additional information may be neces-
sary to describe a potential auditory feedback. Based on the
work of [11, 12], [13] utilize free text description of users to
assess the attributed meaning of an auditory icon, which is
then analyzed with an entropy-like measure.

485

Another way to analyze this kind of data is to exploit the
latent information in text using a popular technique known
as latent semantic analysis (LSA). It inherently relies on the
weights based on the occurrence of terms or words (with
semantic value) in a document and across documents to
represent the inherent but unobservable semantic structure in
them. The representation subsequently derived through this
analysis can be used to classify text descriptions. This ap-
proach of indexing using term-document frequency has also
been successfully extended to example-based classification
of audio material [14].

Both approaches have in common that they try to go beyond
pure signal characteristics analysis and try to consider the
specific meaning a certain sound has for the listener which
might be inevitable for a complete emotional evaluation, as
emotions are always about something and many audio clips
in the International Affective Digitized Sound (IADS) data-
base [15] depict a short scenery whose interpretation then
leads to the emotional reaction.

Directions of research

The previous paragraphs already frame the direction of our
current research: considering both basic affective informa-
tion as well as content description to achieve a comprehen-
sive understanding of impact of auditory scenes or back-
ground noise, which then improves the design of complex
auditory displays and icons. So far applied research that
considers affective ratings for auditory stimuli appears to be
characterized by two properties:

a focus on negative emotional valence, i.e. urgency
of alarms [7, 8] or annoyance of noise [6]

evaluation of a set of sounds that were designed or
pre-selected for a specific context

The first aspect can also be noted in the development of
human-computer interaction (HCI) research in general,
which was for a long time mostly focussing on eliminating
potential usability flaws or annoyances before turning to-
wards factors that actually cause positive reactions in the
user [16]. The second aspect might be caused by the con-
straints of product developing processes. We try to go the
other way by letting subjects rate a standard database of
sound effects without imposing a pre-defined context. Ex-
ploratory analysis of such an extensive database may help to
find groups of auditory stimuli that cover all combinations in
the affective space including calm & pleasant or moderately
arousing without a high affective valence. We believe that
there is also a need for these less persistent feedbacks in the
design of auditory displays to inform the user that a certain
process is going on (like charging) without distracting him
or her from the main task. To find appropriate sounds for
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such non-interactive state of the system requires a certain
variety of sounds with different emotional saliencies while
still maintaining clear semantic meaning. Real-life sounds
appear to have a higher intuitiveness and memorability for
these purposes [17]. Ideally, several sounds of the same class
(i.e. the sound of filling water in a vessel for the aforemen-
tioned example of charging), but with different urgency,
could allow the user to choose the level of conspicuousness
he or she considers appropriate for a certain feedback instead
of deactivating it altogether [18].

Next to auditory feedback design, research on noise distur-
bance may also benefit from an extensive data set of this
kind: instead of trying to minimize the annoyance of a cer-
tain sound, e.g. operation noise, one could try to change it
into mimicking a less unpleasant natural sound, given that
you have knowledge about which sounds are less obtrusive
or easily re-appraised as something neutral due to their as-
sumed origin.

On the long run, we plan to extend our approach of combin-
ing low-level affective measures and high-level semantic
descriptions to other multimedia material. The motivation
attributed to deliberate music exposure in the introduction,
conscious emotion regulation, surely also holds for accessing
databases like youtube, which are frequently visited to
browse for and share 'touching' video clips. So far, the mate-
rial there is mostly labelled based on content description,
less with regard to its emotional content. The already avail-
able user tags may facilitate the semantic analysis, but which
signal features are indicative of the affective quality is still
an open question and may even vary for different types of
video content.
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