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Abstract: Sounds, along with other senses, have a profound influence on our
perception of the environment. The multi-modality of perceptual processing is
influential in cognitive interpretation, semantic and aesthetic evaluations of
environmental scenes. This paper describes an experimental case study using
audio-augmented reality, carried out in order to better understand how sound
influences sense of place. A correlation is established between soundscape and

sense of place that depends on audio-visual congruence based on cultural,
aesthetic and semantic factors. Subjective influences of soundscape on place
experience are grouped and discussed under 5 areas that were possible to
identify: Emotive and synaesthetic effects, effects on attention, gaze and
behavior, effects on spatial orientation and sense of scale; influence of audio-
visual congruence on sense of place; and perception of personal and social

space.
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Introduction

Phenomenological accounts of perception suggest
that intentionality and embodiment are integral to
the sensory experience of the world (Merleau-Ponty
2002 [1945]). Similarly, Heidegger argues that human
experience is place-centric, with his concept of Das-
ein, or "being-in-the-world” (Heidegger 1996 [1953]).
In line with the arguments of phenomenology and
existential philosophy, investigations on the psy-
chology of perception also suggest the importance
of the environmental context and sensorimotor

interaction in perceptual processes (Gibson 1979).
Accordingly, the Cartesian paradigm which formu-
lates perception as passive interpretation of a stream
of sensory information flowing inwards from the
world through our senses and into our minds gets
discredited in favor of a mobile-intentional subject
model that actively explores and probes the environ-
ment in constant interaction with it (Noe, 2004).
Augmented reality simulation techniques reso-
nate well with the ecological paradigm of percep-
tion. Unlike fully-mediated virtual environments,
which operate as complete substitutes masking out
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and replacing immediate experiences with synthe-
sized ones, augmented reality works by combining
physical experience of space with digital interactiv-
ity. Augmented reality is defined with three charac-
teristics: 1) Combines real and virtual content. 2) Al-
lows for real-time interactivity. 3) The virtual content
is associated to and registered with the real world
(Azuma et al., 2001). By coupling the realism of the
physical setting with the versatility of digital media,
augmented reality reincorporates body and its in-
teractions with physical space into computational
representation.

Existing research on audio-visual
interaction in environmental settings

Existing studies suggest that perceptual processing
of auditory and visual information are interconnect-

influential in cognitive interpretation, semantic and
aesthetic evaluations of environmental scenes.

As an example, a strong correlation between the
type of visual scene and subjective evaluations of
loudness has been demonstrated. It has been shown
through an experiment using sound-image pairs
that red trains are perceived to be louder than blue
ones (Patsouras et al., 2002); sound of white noise
is reported to feel more pleasant when simultane-
ously presented with a picture of a waterfall (Abe et
al., 1999); images of greenery reduce the perceived
loudness of noisy soundscapes (Fastl, 2004). A large
scale survey made with a group of people living
in the vicinity of wind turbines showed that the
amount of noise annoyance is positively correlated
to the visual presence of the turbines (Pedersen and
Larsman, 2008).

Using image-sound pairs, Viollon et al. (2002) ex-

ed. The multi-modality of perceptual processing is

amined the effect of the level of urbanization on the

b "y S _E Figure 1

- ’ ’ Study locations at UC
Berkeley Campus: Upper
Sproul Plaza (S.P), Lower
Sproul Plaza (L.S.),
Campanile Esplanade (C.E.),
Memorial Glade (M.G.)

(Source: Google Maps)
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perception of various kinds of noise. They showed
that the more urbanized the visual environment, the
less tolerable the same amount of noise became.

Carles et al. (1999) carried out an experiment
with sound-image pairs in order to determine how
different sounds influence the aesthetical percep-
tion of visual landscapes. The results indicated that:
1) Coherent combinations of sound-image pairs
were more likely to get higher ratings. 2) Natural
sounds improved the ratings of the images regard-
less of the coherence within the image-sound pairs.
3) Aesthetically unpleasant sounds such as traffic
noise negatively influenced the overall ratings of
sound-image pairs (Carles et al., 1999).

Methodology and implementation

This study was carried out as a series of surveys con-
ducted at the UC Berkeley campus with a group of 12
participants, all graduate students from the College
of Environmental Design. The surveys took place at
four different locations on campus (Figure 1). Each
participant was randomly assigned to visit three lo-
cations on campus. For two out of the three places,
the participants were asked to wear a mobile audio-
augmented reality device and freely explore their
surroundings by walking. The third location was ex-
plored in an unmediated manner. After visiting each
environment, participants responded to a one-page
survey and a short interview.

The mobile audio-augmented reality system was
designed to deliver its wearer a geo-located, immer-
sive acoustic experience. The participants were able
to see, smell and touch the physical environment
and freely move around while wearing the head-
phones connected to the system. By dynamically
tracking the users’ geo-location and head direction,
the system presented a stable virtual soundscape
with simulated spatial and directional cues.

The study examined the effects of the sound-
scape on environmental perception in situations
where visual and acoustic information were in vary-
ing degrees of congruence with each other. The

classification of combinations was based on the aes-
thetic characteristics of the sounds themselves and
their semantic and cultural compatibilities with the
existing places.

Real-time outdoor spatialization of
augmented-audio

Audio-augmented reality was initially envisioned in
1993 (Cohen et al.,, 1993). Many implementations
and usage areas for augmented audio have been
suggested and/or developed such as an audio-guide
in an indoor art-museum context, free-field applica-
tions for non-visual low-attention navigational inter-
faces, or for geo-located sound art.

The mobile audio-augmented reality setup that
was developed for this experiment ran on a note-
book computer equipped with a GPS receiver (Glo-
balSat BU-353 USB) for motion tracking, headphones
(Sony MDR7505), and a 3-axis digital compass and a
tilt sensor for head tracking (OceanServer OS5000-
US). Soundscape authoring and spatial audio simula-
tion via psycho-acoustic signal processing was car-
ried out by a custom patch built on version 5.0 of the
Cycling74 MAX/MSP signal-processing environment.

Numerical ratings

The soundscape treatments for each location were
classified according to their intrinsic acoustic pleas-
antness and their compatibility with the visual en-
vironment in semantic and cultural terms. Influence
of each of these treatments on participants’environ-
mental perception and preferences were queried for
factors of pleasantness, vibrancy/impressiveness,
noisiness, relaxation, orientation, familiarity, person-
al/intimateness, and familiarity of the environment.
Upper Sproul Plaza: The intent of this part of the
experiment was to test how culturally alien sound-
scapes can influence sense of place. The sounds
chosen to be overlaid on top of Upper Sproul
Plaza were sounds of a traditional Moroccan mar-
ketplace, with sounds of the market crowd with
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Figure 2

(left, middle) Participants
using the augmented audio
reality system

(right)map showing locations
and audible ranges of the
virtual sound sources

Figure 3a, 3b

Sproul Plaza Images and survey results
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audible conversations in Arabic, ethnic music play-
ing, sounds of metal smiths and craftsmen, and cat-
tle. The expected outcome was acoustic alienation,
a decreased sense of familiarity. A change in pleas-
antness, excitement or impressiveness was not ex-
pected since the overlaid sounds were aesthetically
neutral but solely chosen to be “out of place”

The majority of the participants did not report a
big discrepancy between the sounds and the visual
landscape. On the contrary, substantial increases in
the aesthetic preference ratings and some increase
in familiarity were recorded (Figure 3a). The congru-
ence between the semantic characteristics of the au-
dio and visual inputs and the sensory awareness of
human activity resulted in an increase in the pleas-
antness of the overall audio/visual ambiance.

Another interesting outcome was that despite
the fact that the plaza was perceived to be noisier
with the headphones on, it was also reported to be
more relaxing. This may be attributed to the use of
headphones causing a feeling of isolation from the
environment making one feel insulated in his/her
private “bubble’, an effect which is also observed in
personal stereo users (Bull, 2000). Correspondingly,
people found the environment more personal/inti-
mate with the headphones on, than without.

Lower Sproul Plaza: Sounds that were introduced
through the augmented audio system intended to
create a naturally pleasing sonic atmosphere were
overlaid on the urban visual characteristics of the
Lower Sproul. Looping ocean wave sounds were
placed in a row along the west side of the plaza.
Sounds from a forest, consisting of birdsongs and
wind in leaves, were placed on the east. The aug-
mented soundscape was intended to be aestheti-
cally pleasing, culturally neutral yet semantically
incompatible with the visual environment.

The results indicate that the strongest influence
was on the aesthetic attributes and comfort values
(Figure 3b). This finding was in line with the expec-
tations. The mean values for responses to questions
regarding aesthetic preferences had the most pro-
found shifts, in “pleasantness” and “exciting/vibrant/

impressive” ratings. This shows that the soundscape
elements, although they were not visually in tune
with the environment, generated positive influence
on the overall character of the environment.

Campanile Esplanade: This environment served
as a test case for which the acoustic treatment was
designed to match the visual landscape as closely as
possible, only enhancing or making use of the sonic
affordances existing on site. For instance, carillon
music originally recorded at the Sather Tower (Cam-
panile) was played back from the virtual location of
the tower. Nature sounds, sound of trees, chirping
birds and crickets, were scattered around the park.

Mean ratings for the groups with and without
headphones closely overlapped. The acoustic treat-
ment in this case caused no significant change (Fig-
ure 4a).

Memorial Glade: The audio environment overlaid
on top of Memorial Glade was that of a crowded ur-
ban plaza. Sounds of traffic were placed at the north
and western edges of the lawn. Sounds of a rever-
berant bus station interior with announcements
and crowd noises overlapped the Doe Library steps.
Loud noises from a construction site were over the
northeast quadrant of the plaza. The sounds of the
Sather Tower carillon were designed to be audible at
the southeast corner of the site where it borders the
nearby Campanile Esplanade.

The overall impact of the new sonic ambiance
was aesthetically and semantically negative. Nearly
all participants reported the environment to be
much less pleasing, much less exciting or impressive,
even though the sonic activity level was higher than
what is actually on site (Figure 4.b). Noisiness was
reported to increase and the environment was re-
ported to be much less relaxing than it is with the ac-
tual soundscape. It was also perceived as much less
personal/intimate, and more public, and less familiar.

Subjective feedback

In the discussions that follow participants are iden-
tified with their numbers from P1 to P12. Location
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Campanile Esplanade
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names are abbreviated as follows: Campanile Es-
planade (C.E.), Memorial Glade (M.G.), Upper Sproul
Plaza (S.P), and Lower Sproul Plaza (L.S.).

Emotive and synaesthetic effects

Sound can transform the emotion or mood associ-
ated with a place. In some cases perception of sound
can also trick the other senses and induce synaes-
thetic effects:

“The birds singing made me feel as if it was a
sunny day, yet today is a very cloudy day... The Cam-
panile [Esplanade] feels like a sunny day, like Alham-
bra Gardens.” (P2, C.E.)

“The water sounds made it seem physically cool-
er’(P9,CE)

At Memorial Glade, where the overlaid sound-
scape was that of an urban street environment
sounds of traffic and construction put the partici-
pants on alert and made them look out for vehicles
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that may be around. Some participants experienced
a feeling of uneasiness because of this. Others re-
ported that they literally became concerned for their
personal safety:

“The traffic sounded more constant, steady.
Sounded like | am somewhere in the middle of the
street. | did not like hearing traffic sounds. They
made me have to be real careful” (P6, M.G.)

An opposite effect was observed in Lower Sproul
Plaza. In contrast with the traffic sounds played at
Memorial Glade, the sonic ambiance of a seaside su-
perimposed with the visual experience of the Lower
Sproul had a physically comforting effect. One par-
ticipant described the sounds as being “depressive,
in a positive way"”:

“... they lower your heart rate down... The ocean
sounds are very soothing... Although Lower Sproul
is not an active space - it can feel quite isolating.
Yet | felt safe. The water crashing on the shore is a

Figure 4a, 4b

Images and survey results
Jfrom Campanile Esplanade
and Memorial Glade



safe sound for me... Also this type of sound - and
therefore the space - is intimate in the sense that it
encourages introspection of the self (P11, L.S.)

Effects on attention, gaze and movement
Whether they may be perceived as fully realistic
or overtly artificial, foreground sounds made the
participants attend to their perceived locations in
search for their potential sources. The participants
experimented with the virtual sound environment
by turning their gaze and bodily orientation towards
the sounds and walking around the space to move
towards locations where they thought the sounds
may be originating from:

“The sound of the Campanile made me want to
look up. Even though | knew that it was not really
playing | looked up to see the source of the sound.
“(P2,C.E)

“Even it's a well designed park, very symmetric
and directed, | feel like the wild. | would like to sit
and be quiet. The presence of the campanile and the
bell sounds made me look up to the sky. Feels good!
“(P4, C.E)

The sounds were designed to be in overall har-
mony with the environment on the Esplanade yet
it is clear that they highlighted certain aspects of
the place and suppressed others. Sounds directed
the participants’ attention, gaze and movements
towards particular details, objects and locations.
Certain features of the environment that would oth-
erwise go unnoticed came into the attention of the
participants while they were looking for the sources
of the sounds.

Effects on spatial orientation and sense of
scale
Sound localization worked best when the artificial
acoustic sources were matched with existing visual
objects. Virtual carillon music coming from Sather
Tower (Campanile) was an excellent illustration of
this phenomenon:

“I could not tell whether the Campanile was re-
ally ringing. | thought it was from the speakers but

| could not tell, really. It was hard, until | sort of re-
moved [the headphones] to check. The directionality
was really nice, that is why | was surprised.” (P5, M.G.)

“The Campanile was REALLY here. It felt more
strongly spatialized.” (P9, C.E., original emphasis)

Precise sense of localization like this was not
attained when there are no visual cues to anchor
sounds in place. This was mainly due to two reasons.
First, because of the technical limitations of the loca-
tion-tracking system it was only possible to achieve
a low accuracy representation of source azimuth.
Second, the absence of visual sources to match the
sounds made them ecologically invalid, or “ghost”
sounds. Even so, the study participants were able to
attain an overall feel of how the sounds are distribut-
ed in relation to each other, and construct a mental
map of their locations:

“Sounds stayed at the same location when | ro-
tated my head. This was very useful for orientation.”
(P10)

“I was able to map their sources in space because
sounds changed as | move! (P9)

“I found myself trying to localize the ironsmith
shops and the spatial configuration of the tables
at Sproul help associate some kind of SCALE to the
sounds. (P9, S.P; original emphasis)”

Sounds without a visually specific point of origin
were registered as ambient acoustic zones. These
sounds were interpreted as spaces that were expe-
rienced from within, rather than objects or events
perceived at a distance.

Audio-visual congruence and sense of place

In this study a complete representational realism was
not an expected outcome. Visual information and
audio was intentionally out of tune and out of sync
with each other. In three out of the four sites, the ar-
tificially generated soundscape was not semantically
compatible with the visual landscape. Nevertheless
the participants were asked about their feelings on
how well the sounds blended with the visual atmo-
sphere. They were also asked to provide feedback on
effectiveness of the interface:
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“The sounds were natural, but the floor was
concrete. Disassociation of visuals and audio did
not make sense. In Sproul, this made sense because
there were people around and | heard people.” (P10,
LS)

“I was totally in one place... It was like really com-
pelling, dissolved in one... “(P4, C.E.)

“l could not tell whether it was real or not, when
the sounds matched the visuals.(P6)

When the participants heard noises of things or
events that were not visually present, they tended to
construct valid explanations to make sense of their
environments. Interestingly, the effect was not com-
pletely detrimental to the sense of place. Like off-
screen sound in a film, invisible sound sources were
either thought to be coming from the space behind
the observer, or to be occluded by objects, buildings
or landscaping in between:

“The sounds made it feel quite busy. Feel like
there must be a lot going on behind the trees that
border the glade! (P5, M.G.)

“But then when | was here, in Sproul, there were
all these diverse [sounds] outside, for sure, non-
American sounds it made me feel that it was not
there. So it was not that compelling... But then |
thought maybe it is in my back.” (P4, S.P)

Effects on perception of personal and social
space

The perception of sonic objects and events that
are not emerging from the visual atmosphere in-
fluenced the overall sense of place reported by the
participants. Not being able to hear the sounds of
the actual environment also influenced how the
environment is experienced. The participants re-
ported a decrease in their connectedness with the
environment:

“You usually hear things in the environment like
footsteps and other details. They disappear with the
headphones... The people seemed to be on ‘mute’
“(P9,C.E)

Being detached from the actual acoustic at-
mosphere of a place induced a feeling of personal
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isolation and spatial alienation. However this was
not always commented upon as a negative phe-
nomenon. Some people liked the sense of acoustic
disconnection, and others mentioned that they pre-
ferred listening through the headphones to the ac-
tual soundscape of the places.

“Very interesting experience. | felt more relaxed
and felt that Sproul was intimate! The effect of the
sounds in my ears created a bubble for me - | felt
detached from my surroundings, in a positive way. A
similar experience to when | run with my iPod. (P11,
S.PThe sounds with the headphones felt like actual
Sproul. When | took the headphones off it felt too si-
lent, inactive” (P1, S.P)

“The place feels mundane, after taking off the
headphones!” (P6, L.S.)

People who reported that they regularly use per-
sonal stereos experienced less trouble adjusting to
the artificial soundscape compared to people who
do not wear headphones or earphones on a daily
basis. Relative ease with using headphones may be
explained either as the result of a learned behavior
due to previous habituation with the use of personal
audio devices or as a general preference of whether
the participant likes or dislikes using them.

Conclusion

This study demonstrated that soundscapes do influ-
ence characteristics of place experience. Synaesthet-
ic influences of sound on other senses were shown
to alter the experience of the same environment to
feel physically different, colder, windier, chillier or
sunnier and warmer than it is. An example of the
emotive effects of soundscape is the influence on
the stress level. Sounds were shown to influence at-
tention, behavior and movement within the environ-
mental context. Gaze, head and bodily motions were
all visibly correlated to elements of the augmented
soundscape. Acoustic perception was shown to af-
fect the sense of geometric, social and personal
space.

The preliminary classification of the augmented



soundscapes included in this experiment in terms
of their aesthetic, semantic and cultural characteris-
tics were later correlated to the type of effect they
induced upon the sense of place. Aesthetic qualities
associated with the sounds were the strongest fac-
tors which in turn influenced emotional responses
towards the environment. Semantic compatibility
was found to be the most influential for judgments
related to audio-visual congruence. When their in-
formational content was not in tune with the visual
environment, sounds became distractive. Audio-vi-
sual incongruence resulted in a level of anxiety and
sense of disconnectedness even when the sounds
were aesthetically pleasing by themselves.

All four locations included in this study were out-
door environments. Even though it would have been
interesting to include indoor spaces in the study, this
was not possible due to the reliance of the GPS on
satellite connection. Future implementations of the
study can be carried out with more sophisticated
and accurate forms of position tracking, such as dif-
ferential GPS for better outdoor localization accura-
cy, or an electromagnetic system that would enable
indoor use.
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