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Abstract

When developing advanced location-based systems
augmented with audio ambiances, it would be cost-
effective to use a few representative samples from
typical environments for describing a larger num-
ber of similar locations. The aim of this experi-
ment was to study the human ability to discrimi-
nate audio ambiances recorded in similar locations
of the same urban environment. A listening experi-
ment consisting of material from three different en-
vironments and nine different locations was carried
out with nineteen subjects to study the credibility
of audio representations for certain environments
which would diminish the need for collecting huge
audio databases. The first goal was to study to
what degree humans are able to recognize whether
the recording has been made in an indicated loca-
tion or in another similar location, when presented
with the name of the place, location on a map, and
the associated audio ambiance. The second goal
was to study whether the ability to discriminate
audio ambiances from different locations is affected
by a visual cue, by presenting additional informa-
tion in form of a photograph of the suggested loca-
tion. The results indicate that audio ambiances
from similar urban areas of the same city differ
enough so that it is not acceptable to use a sin-
gle recording as ambience to represent different yet
similar locations. Including an image was found to
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increase the perceived credibility of all the audio
samples in representing a certain location. The re-
sults suggest that developers of audio-augmented
location-based systems should aim at using audio
samples recorded on-site for each location in order
to achieve a credible impression.

1 Introduction

In online location-based services, locations are usu-
ally depicted based on visual aspects only. Ex-
amples include the online services Nokia Maps 3D
[14] and Google Street View [6] which provide 360◦

street-level views to numerous places on the globe.
As it is now, few services exist, which utilize au-
dio ambiances for depicting real locations. How-
ever, for example, in computer games and movies
the audio is effectively used for conveying more in-
formation about the environment to the user. It
is intuitively clear that in order to achieve an au-
thentic virtual reality, also audio ambiances must
be utilized.

An example of a service which builds heavily
on everyday audio ambiances is the Urban Remix
project initiated by Georgia Institute of Technol-
ogy [19]. It is mostly based on artistic aspirations,
and all the audio is crowdsourced from users car-
rying mobile phones. Different recordings are then
automatically annotated by the location they have
been recorded in, and they represent in a way the
soundscape of the location. The recordings can be
used, for example, in creating a remix consisting of
several audio samples.
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An alternative for using recordings from the
actual environments is to use artificially created
soundscapes. Early methods to combine visual and
audio descriptions for location suggest using ab-
stract or natural sounds for representing additional
information about the location [11, 12], while later
methods suggest characteristic audio sequences for
mapping environmental noise into city models [17].

From application development perspective and
considering the cost of collecting audio ambiance
data, it would be attractive to use as few audio
recordings as possible for representing everyday au-
dio environments. In [15], the authors analyze the
human accuracy in classifying the everyday envi-
ronment, such as street, car, or restaurant, based
on audio ambiance. The authors report that, for 19
subjects, the average correct recognition rate was
70 % for 25 different environments. On the average,
the recognition took 20 s for the subjects. Further-
more, the most commonly reported cue based on
which the subjects performed the recognition were
prominent identifiable sound events.

The results in this earlier work suggest that hu-
mans are good at recognizing environments based
on audio only, and therefore, it is unlikely that one
could successfully use audio samples from a differ-
ent environment (e.g., a street) for depicting a lo-
cation on a map (corresponding to a restaurant, for
example). However, the question arises how accu-
rately humans are able to perceive differences in
the audio samples captured in different locations,
such as two streets of a city, but which nevertheless
belong to the same environment, the street. In our
current paper, we address this research question.

The perception of audio has been investigated in
numerous publications. In [9], a listening experi-
ment was carried out in order to determine how cer-
tain discontinuities in synthesized speech are per-
ceived, with the scope of improving existing speech
synthesis algorithms. In [16], test subjects had to
rate the similarity of several audio samples con-
sisting of different types of sonar echoes to study
perceptually significant signal features that should
be useful for automatic classification. An investiga-
tion of the perceptual structure of everyday sounds
was performed in [1] by asking the test subjects to
group everyday sounds based on similar auditory
characteristics. In [7], it was determined how well
humans are able to recognize spoken digits under
noisy conditions. This was done in order to im-

prove automatic recognition of speech in noisy en-
vironments. These examples indicate that using a
listening experiment to extract information regard-
ing the limits of human auditory perception and
cognition is well justified in different contexts. Fur-
thermore, this information can be used to develop
automated audio signal processing algorithms.

Studies related to cross-modal perception are
abundant in various disciplines, such as psychoa-
coustics, psychology, and computer–human inter-
action. For the technology field, the most impor-
tant cross-modal combination is the audio-visual
one [3, 18], and the psychological studies reveal
that perception of visual quality is increased when
presenting visual information together with high-
quality auditory information. The influence of the
sound is positive when the two perception modes
are in synchrony regarding the information that is
presented, or when the visual information leaves an
ambiguity that can be solved by the sound [5, 21].
Humans are also able to create a visual image based
on audio information they receive. The study pre-
sented in [10] asked subjects to select a depiction
of bars that corresponds in size to the characteris-
tics of different sounds of two wooden or metal bars
struck together. The subjects were able to select a
depiction of the bars that correctly corresponded
to the approximate physical properties of the two
bars.

The experiments in [8, 20] are related to the per-
ception of urban environments. In [20], the test
subjects were asked to rate the pleasantness of dif-
ferent urban sound environments while presented
with pictures of different levels of urbanization. It
was observed that the more urban environment the
picture depicted, the less pleasant the sound envi-
ronment was rated, concluding that the visual cues
indeed affected the auditory perception of the test
subjects. In [8], test subjects were asked to walk a
certain route in a city. After that, they were asked
to describe prominent sounds and rate the acous-
tical comfort of the locations along the path. The
results of the experiment indicated that the most
significant factors affecting the overall impression of
the soundscape were odors and acoustic comfort.

The objective of the current study was to investi-
gate whether several locations within one environ-
ment could be credibly represented by audio sam-
ples from a single location and whether visual cues
affect the perceived credibility of the audio sam-
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ples. By an environment, we mean a set of similar
locations, such as the parks or streets in a city. A
location is a particular street or a park in the cor-
responding environment.

We conducted an experiment studying two cen-
tral research questions. First, we studied how eas-
ily the subjects, who are familiar with the loca-
tions, notice whether an audio sample is recorded
in the indicated location or another similar loca-
tion. Second, we studied how an additional visual
cue, more specifically a photograph of the location,
affects the recognition of the location based on au-
dio ambiances.

2 Methods

Nineteen näıve test subjects participated voluntar-
ily in the test. The age span of the subjects was
between 20 and 40, and they included 16 males and
three females. The test subjects were familiar with
the locations under study. Seventeen of them were
currently also inhabitants of the same city where
the recordings were made. All the subjects re-
ported normal hearing. The subjects participated
in the experiment remotely using a web browser,
and they were instructed to carry out the experi-
ment with proper equipment, that is, headphones
with sufficient audio quality. The exact purpose of
the experiment was not revealed to the subjects.

2.1 Acoustic material

The material used in the experiment was collected
solely for this purpose. In the experiment, we uti-
lized audio samples from three different environ-
ments: street, marketplace, and park. Limiting the
number of environments to three was necessary in
order to keep the duration of the test reasonable.
These three environments can be considered to be
a representative subset of everyday urban outdoor
environments. For each environment category, we
selected three distinct physical locations inside a
city. The locations used in the experiment, and
their corresponding environments are listed in Ta-
ble 1. A short description of each location is also
included.

All of the audio was recorded during a single
working day in the late May in the city of Tam-
pere, Finland. Additionally, the recordings from

the different environments were done under as simi-
lar conditions as possible. It was made sure that the
relative traffic levels on the streets were as similar
as possible by doing the recordings outside the busy
traffic hours. In parks, the recordings were done
in the afternoon after people had got home from
work and possibly gone out to relax. The record-
ings from the marketplaces were done under typi-
cal conditions. In some cases, it meant doing the
recordings in the morning when there were market
stalls present (the marketplace Tammelantori) and
in some other cases, in the afternoon when there
were people walking by (the marketplaces Laukon-
tori and Keskustori).

One aspect to note was that on the day of the
recording the weather was sunny, but the temper-
ature was quite low. Thus, there were not as many
people in the parks or in certain marketplaces as
on the warmer days. Because the temperatures
are usually relatively low in Finland, these weather
conditions can be considered very ordinary. On a
warmer day, there would have been much more peo-
ple in those locations, and the auditory scene would
have been somewhat noisier. For this reason, the
audio samples can be considered to represent their
recording locations rather well.

For each location selected to be included in the
experiment (see below), three recordings of 3 min in
duration were made. The equipment used consisted
of an Edirol R-09 portable WAV/mp3 recorder
and Soundman OKM II Klassik A3 stereo micro-
phones worn in the ears. The acquired signals were
recorded using a sampling rate of 44.1 kHz and
saved as stereo audio files using the resolution of
24 bits/sample. The input gain of the recorder was
set as high as possible, but it was made sure that
there was no clipping in any of the recordings.

In the experiment, we used randomly selected au-
dio samples from the 3-min recordings. The length
of the audio samples was chosen to be 10 s, and
the selection of test samples was done by randomly
selecting a starting point from an audiofile and ex-
tracting a 10-s-long audio sample from that posi-
tion. Two test samples were selected from each
recording, making a total of six samples from each
location. The audio samples were encoded into
stereo MPEG-2 Audio Layer III format at a bi-
trate of 128 kbit/s in order to decrease the file size
and to ensure fluent playback. The compression of
the audiofiles was not assumed to have an effect on
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Table 1: A short description of all the recording locations. Also the environment that the location
represents is indicated
Environment Location Description

Hämeenkatu Busy street in the city center, cobblestones
street Teekkarinkatu One of the main streets in the biggest suburb

Hatanpään valtatie Quite a busy street near the city center
Laukontori A marketlace near a harbour

marketplace Tammelantori A busy marketplace
Keskustori Relatively busy square in the city center
Sorsapuisto A park near the city center with a pond and some birdcages

park Kauppi A natural park with sporting areas
Pyynikki A popular natural park with a beach

the results of the experiment as none of the aspects
studied was considered to be dependent on having
high audio quality. The total amount of audiofiles
used in the experiment was 55 (one for every task).
Since each task was allocated a different test au-
dio sample, the subjects were not able to learn the
samples.

2.2 Tasks

The experiment consisted of 54 tasks for the sub-
jects, plus one familiarization task. Each task com-
prised an audio sample, a statement, a rating scale,
a miniature map of the location, and in half of the
tasks a picture of the location. All the material for
a task was presented on a single page. On each
task page, the subjects rated a statement that was
of the form: ”This audio sample sounds like it has
been recorded at X”. The letter X denotes a phys-
ical location (e.g., a certain street in the city of
Tampere).

In every task, there was a miniature map indicat-
ing the location on a map. The exact location the
recording had (allegedly) been made at was marked
on the miniature map with a red cross. The ap-
proximate time the recording had been made was
also presented textually (morning, noon, afternoon
or evening). The subjects were asked to give their
ratings on a nine point Likert scale ranging from
1 (disagree) to 9 (agree). The value of one on the
scale corresponded to complete disagreement while
the value nine corresponded to complete agreement
with the statement. In order to select a certain rat-
ing, the subject had to click a ticker corresponding
to the value he had chosen. There was also a text

field where the subject could write an explanation
for the selected rating, but filling the field was not
mandatory. The exact layout of a single task page
can be seen in Fig. 1.

The effect of visual cues was measured by pre-
senting every task with and without a picture. The
list of tasks for each location is presented in Ta-
ble 2. After the actual experiment tasks, the sub-
jects were also asked to rate how familiar they were
with the nine locations used in the experiment.
This was done in order to study whether the fa-
miliarity with a location affected the ratings. The
subjects were shown all the information regarding
the location in question (map and picture) and they
were asked: How well do you know X? The ratings
were again given on a nine point Likert scale with
the value one corresponding to Not at all and the
value nine corresponding to Very well. The loca-
tions were presented in random order. The location
familiarity questions were at the end of the experi-
ment in order not to give any information regarding
the locations before the actual experiment.

2.3 Procedure

The experiment was implemented as a dynamic web
page in order to enable flexible execution. This
made it possible for the subjects to do the experi-
ment whenever they wished. This also guaranteed
that the listening environment corresponded as well
as possible to the use environment of the possible
final applications (i.e., a user in the proximity of his
personal computer) [2]. The subjects were encour-
aged to use headphones and to choose the rating
according to their opinion, not based on whether
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Figure 1: Screen capture of a task page
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Table 2: The structure of the tasks regarding one
location (marked by X )
Task # Picture

from the
location
”X”

Audio sample
used in the task

1 Yes From location ”X”

2 Yes From the second lo-
cation of the envi-
ronment

3 Yes From the third loca-
tion of the environ-
ment

4 No From location ”X”

5 No From the second lo-
cation of the envi-
ronment

6 No From the third loca-
tion of the environ-
ment

they felt it was the right answer or not. The lat-
ter was done in order to ensure that the subjects
concentrated on the features of the audio sample
instead of guessing the location.

The different tasks regarding one location are
constructed in the way presented in Table 2. All the
possible combinations were covered within each en-
vironment: Every audio sample was in turn claimed
to have been recorded at each of the three loca-
tions, and all the tasks were performed both with
and without a picture. There were in total nine
locations and six tasks per location; therefore the
total amount of tasks was 9× 6 = 54. The order of
the tasks was fully randomized separately for ev-
ery subject. Thus, the subjects’ possible decrease
in concentration toward the end of the experiment
should not have affected the results.

The experiment was divided into three main
stages: the familiarization stage, the actual exper-
iment, and the location familiarity questionnaire.
The familiarization stage consisted of one example
task. The subject was told to closely investigate all
the information in the familiarization task so that
he would be able to do the actual experiment in a
proper way. The audio sample used in the familiar-

ization task was correct, meaning that it was from
the location mentioned in the statement. During
the familiarization task, the subject was textually
instructed on all the necessary components used in
the experiment. These included the scale to be used
(1–9) and the text field for qualitative comments.
The subject was also told about the picture and the
map that would be visible in the task pages.

After the familiarization question, the actual ex-
periment began and tasks were presented on the
screen one by one, together with an audio sample.
In half of the tasks, a picture of the location was
also shown on the screen. A progress bar indicating
how much of the experiment had been completed
was also visible. For every statement, there was a
numerical rating scale using which the desired rat-
ing was given by selecting an item. The subject
could choose his rating at any time and possibly
write an explanation for it in the text field. In or-
der to listen to the audio sample, the subject had to
click a play button. Therefore, it was ensured that
the subjects had enough time to investigate the
statement and all the other information available
before concentrating on the audio. It was allowed
to listen to the audio sample several times. This
ensured that possible random distractions could be
compensated by merely listening the audio sample
again. Whenever the subject was ready, he could
click a button to move on to the next task.

2.4 Data analysis

As a result of the experiment, we obtained a data
set where all possible location combinations inside
each environment obtained a rating on the nine
point scale indicating the degree with which the
subjects considered that the recording was made in
the suggested location. There were two variables
in the data set whose effect was studied: the loca-
tion in which the audio sample was recorded (cor-
rect/similar), and whether a picture was presented
along with the task or not.

The first null hypothesis (H0) was as follows:

The subjects are not able to recognize

whether the audio sample is from the correct

location or not in the test conditions used. (1)

If the null hypothesis is true, it would mean
that there was no significant difference in the rat-
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ings regarding whether the audio sample was re-
ally recorded in the suggested location compared
with the ratings where the audio sample was in
fact recorded in a different location. The second
null hypothesis (H0) was as follows:

The inclusion of a picture describing the

location has no effect on the subject’s

ratings in the test conditions used. (2)

The data were first analyzed with Matlab us-
ing two-way repeated measures analysis of vari-
ance (ANOVA). The two variables were within-
subjects variables, and they formed a two by two
factorial design (two variables with two levels: cor-
rect/similar audio sample, picture/no picture).

3 Results

The test subjects rated all the tasks on a numerical
scale. These ratings constitute the main data for
the analysis. The subjects were also asked to write
freeform comments in a text field whenever they
wished to do so. These qualitative comments give
some insight into the reasons behind certain trends
in the ratings. The results also revealed that the
subjects’ familiarity with the locations did not af-
fect their ratings.

3.1 Quantitative results

The mean ratings are presented in Table 3, grouped
by the state of the variables. It is not possible to
draw conclusions based on mean ratings only, but
they provide some further insight into the results
of the statistical analysis. It can, for example, be
observed that the audio samples from the correct
location were rated the highest and that showing a
picture also seemed to increased the ratings.

The mean ratings of the location familiarity ques-
tions are presented in Table 4. Most of the subjects
were familiar enough with all the locations, and
hence, a full analysis about the effect of the famil-
iarity was not viable. However, based on a visual
inspection, it seems that familiarity with a loca-
tion did not have a significant effect on the ratings.
This can be seen from Fig. 2. The graph depicts
the average rating with respect to the subjects’ fa-
miliarity with a corresponding location. It can be

Table 3: Mean values of the recognition ratings for
the environments, grouped by the state of the vari-
ables

Audio sample Picture
Environ-
ment

Correct
loca-
tion

Similar
loca-
tion

Yes No

all 7.3 5.7 6.5 5.9
street 7.1 5.1 6.1 5.5
marketplace 7.0 5.8 6.7 5.9
park 7.5 6.2 6.9 6.4

Table 4: Mean values of the subjects’ familiarity
ratings with the locations used in the experiment
Environ-
ment

Location Mean value
of familiar-
ity

Hämeenkatu 8.3
street Teekkarinkatu 6.6

Hatanpään
valtatie

7.4

Laukontori 6.2
marketplace Tammelantori 5.4

Keskustori 7.9
Sorsapuisto 5.6

park Kauppi 5.0
Pyynikki 6.8

seen that the graph is nearly flat, indicating that
when all the data are taken into account, the sub-
jects’ familiarity with a location does not correlate
with their ratings. The fluctuations of the average
ratings occurring at the lower familiarity values are
most likely due to small amount of data (76 % of
the familiarity ratings were 6 or higher). Investi-
gating the effect of the location familiarity more
closely is, however, beyond the scope of this paper.

Finally, the results of the ANOVA are presented
in Table 5. The F values and corresponding sig-
nificance levels are shown for the two investigated
variables alongside with their interaction effect (the
correlation between the effects of the two variables).
These results confirm the observations made based
on the mean ratings. From Table 5 it can be seen
that all the aforementioned differences in the rat-
ings were indeed statistically significant. Hence, it
can be concluded that the subjects perceived the
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Figure 2: The effect of the familiarity to the sub-
jects’ ratings. The horizontal axis represents the
subjects’ familiarity with a location, and the verti-
cal axis represents the average of the ratings corre-
sponding to a certain level of familiarity

audio sample from the correct location the most
credible and that a picture increased the credibil-
ity of an audio sample.

3.2 Qualitative comments overview

The subjects’ estimation about the real recording
location of the audio sample was in most cases quite
close to reality. Even though the locations were
chosen so that they were from similar urban envi-
ronments, each of them still had at least a vague
distinct feature. Furthermore, it seems that the
subjects were able to detect that feature and they
could usually differentiate between the locations.

Street environment

According to the results, the most easily recog-
nizable locations were in the street environment.
There were two busy streets from the city cen-
ter (Hämeenkatu and Hatanpään valtatie), and
one of the main streets from the biggest suburb
(Teekkarinkatu). It seems that the test subjects
usually had quite firm knowledge regarding where
the audio sample could have been recorded and
where it could not have been.

From the qualitative comments, it was observed
that the knowledge of there being cobblestones
in Hämeen-katu was quite significant in terms
of recognizing audio samples recorded there. If
there were not any cobblestones, then it was not

Hämeenkatu and vice versa. When a record-
ing from Hämeenkatu was claimed to represent
other streets, the cobblestones revealed in most
cases that the recording was incorrect. During
the recordings, there was also a street musician
in Hämeenkatu and many people rightly deduced
based on the music that those recordings were in-
deed from Hämeenkatu.

Teekkarinkatu was recognized in most cases due
to the knowledge of there being somewhat less traf-
fic compared with the two streets from the city cen-
ter. The incorrect recordings were usually slightly
too busy to represent it in a credible way. Due to
the same reason, the recordings from Teekkarinkatu
were also too quiet to represent the other two
streets.

Marketplace environment

In this environment, the locations were not as
clearly distinguishable, but there were still some
auditory features that could be used to recognize
the recording location. The subjects knew that
there should be a lot of babble noise in Tammelan-
tori because of the marketstands so it was possible
to use this feature in recognizing recordings from
there.

Keskustori was in most cases recognized by the
sound of the buses idling nearby. There also hap-
pened to be some birds audible in the recordings
from Tammelantori and Laukontori and some sub-
jects reckoned there would not be any birds in
Keskustori. This helped these test subjects to cor-
rectly determine that those audio samples were not
from Keskustori.

In the case of Laukontori the qualitative com-
ments did not reveal any general trend regarding
the features leading to correct recognition. Based
on the ratings, Laukontori seems to have been
rather challenging to recognize because in the tasks
where a picture was included, audio samples from
both Laukontori and Keskustori were rated almost
equally credible.

Park environment

The locations in the park environment were also
very close to each other in terms of auditory scenes,
and there were not many distinct features. The
sounds of football from Kauppi were recognized by
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Table 5: The F values and significance levels obtained from the analysis of variance on the experiment
data. The degree of freedom was 1 in all the cases
Environ-
ment

Correct / similar audio sample Picture / no picture Interaction

F value Significance
level

F value Significance
level

F value Significance
level

all 122.39 p < 0.001 18.83 p < 0.001 0.57 p > 0.1
street 39.26 p < 0.001 5.26 p < 0.05 0.70 p > 0.1
marketplace 42.07 p < 0.001 18.97 p < 0.001 2.67 p > 0.1
park 54.96 p < 0.001 10.36 p < 0.01 0.78 p > 0.1

many subjects, but usually, it was not enough to
make them certain about the location of the record-
ing.

Also, the sounds of birds in the recordings from
Sorsapuisto were of some help in the recognition
as they are a characteristic feature of this park.
Sounds of beach volley were also rightly connected
to Pyynikki.

However, there were not any overwhelming
trends in the recognition of any of the locations. In
some cases, certain sounds were even attributed to
the wrong location. For example, some subjects as-
sumed that the sound of tennis belonged to Kauppi
even though the audio was recorded in Pyynikki.

4 Discussion

According to the current results, the subjects were
able to discriminate between the cases where the
sample was from the presented location and the
cases in which the sample was from a different but
similar location. This was evidenced by the finding
that tasks with audio samples recorded at the sug-
gested location received significantly higher ratings
than tasks with audio samples from the other sim-
ilar locations. Thus, the first null hypothesis (1)
can be rejected.

Actually, there were only 5 cases out of 18 where
a similar audio sample got higher ratings than the
correct one. The only location which could not be
recognized at all was the Sorsapuisto park: When
the suggested location was Sorsapuisto, audio sam-
ples from the park of Pyynikki were rated the most
credible to represent the location both with and
without a picture. This might be due to the fact
that the distant car sounds audible in the record-
ings from Pyynikki were attributed as sounds of a

park in the center of the city according to the volun-
tary qualitative comments. It can also be observed
from the qualitative comments that the subjects
assumed the sounds of children playing to belong
somewhere else than Sorsapuisto even though this
was not the case.

It can be expected that the weather, season, time
of the day, weekday, or some other factor apart
from the type of the location may also have an
effect on the credibility of the environment audio
ambiance, but these aspects are left outside the
current study. The audio ambiances in the chosen
locations also include some time-varying properties
(e.g., the market places are more busy during mar-
ket hours), which may make them more easy to
recognize at certain time. The reason for doing the
recordings on the same day was to exclude the ef-
fect of most of these factors, and thus, ensure that
they did not significantly affect the main results of
the experiment.

When drawing implications based on the current
results, the role of subject selection has to be also
discussed. In this experiment, the subjects were
students or professionals of 20–40 years of age. By
selecting these subjects, we aimed at conducting
the test with subjects, who possess normal cogni-
tive and perceptual abilities. The recognition rates
might have been lower, for example, for older sub-
jects with decreased long-term memory capacities.
In addition, gender distribution could not be bal-
anced in this study for practical reasons. There is
evidence for different kinds of minor gender effects
on a number of cognitive and perceptual aspects,
for example, visual perception and spatial mem-
ory [4]. Overall, however, the current results were
quite clear, and a different gender or age distribu-
tion would not probably have changed the main
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results. The impact of those factors on location
recognition based on audio ambiances is thus left
to be explored in subsequent studies.

Nevertheless, according to the results, the effect
of the picture is also very clear. When the analysis
was done for all the data, the effect of the picture
was statistically significant, with p < 0.001. To-
gether with the findings that the interaction effects
were not significant, this suggests that there was a
statistically significant difference in the ratings in-
dependent of whether the audio sample was from
the suggested location or not. From Table 3 it can
be observed that a picture increased the grades in
all environments. We can thus reject our second
null hypothesis (2) and conclude that a picture has
an effect in all the environments.

When looking at the p values for interaction ef-
fects from Table 5 it can be observed that none of
them is below the significance level. Thus, it can
be said that there was no significant interaction be-
tween the two variables. This means that the two
variables had an effect regardless of what the state
of the other variable was. Hence, the subjects were
able to discriminate between those audio samples
that were from the suggested location and those
who were only from a similar location in an equal
manner regardless of whether a picture was shown
or not. Furthermore, as was already observed from
Table 3, when a picture was provided the ratings
given by the subjects significantly increased regard-
less of the audio sample.

The important observation is that when shown
a picture, also the audio samples recorded in an-
other similar location became more credible to the
subjects. Although a picture did not affect the
ability to discriminate between audio samples from
different locations within one environment, it was
able to increase the credibility of the audio sam-
ples recorded from another similar location as well
as that of the audio samples recorded from the sug-
gested location.

These results indicate that the visual cues actu-
ally have an effect on perception of audio from ev-
eryday environments. Similarly, as the perception
of visual quality was increased when presented au-
ditory information [3], the perceived credibility of
audio seems to increase when presented additional
visual information. However, unlike in [5, 21] where
it was observed that auditory stimulus allowed the
test subjects to perceive visual information more

precisely, here the effect was somewhat different.
Now the presence of visual stimulus seemed to de-
crease the test subjects’ attention toward the audi-
tory stimulus, hence increasing the perceived cred-
ibility of all audio samples. An interesting research
topic would be to further investigate the relation-
ship between humans’ visual and auditory percep-
tion. It is clear that there are still several factors
whose effects are yet to be understood.

The results obtained from our experiment were
remarkably explicit and consistent. Using native
test subjects gives these results significant practical
value since the results are applicable to the general
public. The findings of this listening experiment
are hence just as essential in terms of practical ap-
plications as in terms of research on auditory per-
ception.

5 Conclusions

In our test with three everyday environments and
three different locations per environment, the test
subjects were able to recognize whether an audio
sample was recorded at the suggested location or
not. To the best of our knowledge, this is the first
time this has been experimentally shown. This re-
sult indicates that the audio ambiances used for real
locations need to be either from the exact same
location or a location which sounds very similar,
possibly a nearby location. Our results show that
recordings from different streets or parks of the
same city are not likely to provide credible enough
audio ambiance. Hence, in order to represent a
certain set of locations in terms of audio, one must
have audio material from each location. This is in
some sense an unpleasant result as making audio
recordings in all locations obviously requires more
resources than just making them at selected loca-
tions.

However, a more encouraging observation was
that the inclusion of a picture depicting the sug-
gested location increases the ratings of an audio
sample regardless of whether the audio sample has
actually been recorded in the suggested location
or not. This indicates that a visual cue increases
the credibility of an audio sample in representing a
certain location. In the previous literature, this
result has been a subject of hypothesizing [13].
From application developer’s perspective, this re-
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sult means that more careful selection of audio sam-
ples is needed when no visual information is avail-
able, whereas the audio samples can be somewhat
less representative of the actual location when the
users can also rely on visual information.

More research is needed to study what are the
cues which are important when recognizing a cer-
tain location and which are the situations where
audio ambiances from different locations could be
credibly used to represent a location. This would
likely require conducting a listening experiment
with much more similar locations. In this way,
it might be possible to determine the threshold
at which the soundscapes of two locations are too
similar for the subjects to be able to reliably dis-
tinguish them. This information — together with
the findings of the current experiment — would be
very valuable for the developers of future audio-
augmented location-based systems. The results
could be used as guidelines for creating credible au-
dio impressions while keeping the number of differ-
ent audio ambiances required as small as possible.
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