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Abstract

We introduce a methodology based on linguistic exploration of verbal data to

investigate the influence of reproduction method on cognitive processing of envi-

ronmental sounds in laboratory conditions. Three experiments were carried out to

explore the ecological validity of reproduction systems. The reference study con-

sisted of interviews conducted in actual environments, which were also recorded

simultaneously. The recordings were used for two listening tests, the first one

using stereophonic reproduction and the second one using multichannel reproduc-

tion. The comparison of the verbal data collected in the different contexts sketches

some theoretical and methodological issues concerning the reproduction of every-

day life scenes in laboratory conditions. The linguistic analyses indicate that the

“same” acoustic phenomenon gives rise to different cognitive representations, de-

pending on the spatial presentation of the stimuli. It follows that the quality of

the reproduction system must be adapted to specific properties of mental repre-

sentations (here, spatial immersion vs. source identification). On methodolog-

ical grounds, the analysis of spontaneous language representations gives access

to cognitive representations elaborated in real life situations and in experimental

conditions. The comparison of the linguistic exploration can then be used as a

psycholinguistic measure of the ecological validity of experimental settings.
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C. Guastavino Ecological Validity of Sound Reproduction

1 Introduction

A fundamental aim of psychoacoustics is to better understand how acoustic phenomena

are perceived and represented at a cognitive level by individuals. Mental representa-

tions of sounds cannot be observed directly, but one way to study these representations

empirically is through language, specifically, by analyzing how people talk about their

sensory experiences.

1.1 From discourse to cognition

From what is being said and how is it being said, linguistics and psycholinguistics aim

at deriving relevant inferences about how people process and conceptualize sensory-

perceptual experiences through the use of discourse analysis techniques [2, 23]. How-

ever, the relationship between language and cognition is complex, since words and con-

cepts cannot be mapped with a one-to-one correspondence [19, 6]. The accuracy of the

inferences relies therefore on the elaboration of both linguistic and cognitive theory [7].

Furthermore, the lack of basic lexicalized terms [3] ora priori established categories

for acoustic phenomena calls into question the relationship between words and repre-

sentations in the auditory modality. If visual objects can often be described by simple

lexical devices, there are few single words on which people agree as spontaneous de-

scriptions of sounds and noises1 [5]. Discourse analysis conducted on free descriptions

of domestic noises (see [18] for a review) and environmental sounds [10, 9, 15, 20, 25]

reveals a large variety of linguistic devices. Therefore, a linguistic analysis of complex

phrasings, rather than a lexical analysis of words, is necessary to infer properties of

mental representations of acoustic phenomena. There is strong evidence that linguistic

constraints contribute to the elaboration of cognitive categories (see [7] for examples

in the auditory and olfactory domain). The present study relies on the analysis of the

psycholinguistic processes that mediate between individual representations of sensory

non-verbal experiences and shared conceptual cognitive representations, conveyed in

language.

1.2 From everyday situations to laboratory conditions

The notion of ecological validity was introduced by Gibson [13] in the visual domain,

to express the need to study perception under ecological conditions,i.e. to take con-

textual and environmental cues into consideration. An experimental protocol is eco-

logically valid if the participants react, to some extent, as if they were in a natural

1With the exception of specific terms for human sounds and music.
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C. Guastavino Ecological Validity of Sound Reproduction

situation. In other words, the laboratory must be like life in regards to the context of

the question asked. From a methodological viewpoint, instructions must be given to

direct the subjects’ response strategy towards an everyday situation in order to enable

the reactivation of cognitive processes elaborated in actual situations. Furthermore,

the stimuli must be selected and presented in such a way that subjects will recognize

and treat the test samples as natural or potentially familiar experiences. The present

research investigates the influence of the reproduction method, and more specifically

spatial presentation, on the cognitive processing of sound material during listening

tests. Multichannel spatial sound reproduction offers new possibilities for the study

of auditory perception and cognition in complex sonic environments [17]. However,

stereophonic or even monophonic reproduction are still widely used in psychoacoustic

research. Maffiolo and Vogel [20] conducted a set of studies to determine the stereo-

phonic recording setup most adapted to urban environments. Subjects listened to pairs

of recordings of outdoor environments carried out with setups differing in spacing, an-

gle and directivity of microphones. The task was to select the version which sounded

the most like their everyday life experience. Results indicate a strong preference for

widely spaced microphones. This highest rated configuration used cardioids with an

angle of 100◦ and a separation of 60 cm. Based on these findings, a pair of micro-

phones with the same spacing was employed in the present research. Omnidirectional

microphones were chosen because of their improved response at low frequencies due

to the fact that low frequency content was an important issue in this study.

1.3 Overview

Three experiments were carried out to investigate ecological validity of soundscape re-

production in laboratory conditions. The same open questionnaire was used in three

listening contexts. The reference study (Experiment 1) consisted of 42 interviews car-

ried out in actual environments at locations identified as representative of city noises

in previous studies [21, 25]. The verbal data collected in real-life situations were then

compared with that collected during two listening tests to test the ecological validity of

experimental settings in an acoustically damped room. Experiment 2 used stereophonic

reproduction, with 29 subjects listening to six different soundscapes. Experiment 3

used multichannel Ambisonics reproduction with a separate group of 27 subjects lis-

tening to five different soundscapes.

Comparison of spontaneous descriptions collected in different contexts raises the-

oretical and methodological issues concerning the reproduction of familiar auditory

scenes, as the same acoustic phenomenon gives rise to different cognitive objects de-
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C. Guastavino Ecological Validity of Sound Reproduction

pending on the “quality” of the reproduction system, and more specifically on the spa-

tial presentation.

2 Experiment 1: Field survey

2.1 Method

2.1.1 Subjects

Forty-two interviews were conducted in two large French cities (Paris and Nantes).

The participants, aged 16 to 59, served without pay. They were selected on the basis of

familiarity with urban soundscapes: they had all been living or working in a large city

for at least five years.

2.1.2 Questionnaire

The same semi-structured questionnaire was used in all three experiments. It was con-

structed in a progressive way, starting with very general questions about the appraisal

of urban soundscapes and ending with more specific ones about transportation noise

and low frequency components. Ten open questions were formulated in French with

very general terms (’feel, be affected’) in order not to influence the judgment or confine

the answers in predefined categories.

2.1.3 Sound material

The locations were selected from a list of public places identified as representative of

city noises in previous research. Maffioloet al. [21] conducted a survey in which

Parisians were asked to freely describe the sounds of Paris. In a similar study, Raim-

bault [25] investigated typical soundscapes for the city of Nantes. Examples of such

places include the Place du Commerce (Nantes) and the Boulevard Sébastopol (Paris).

The interviews were carried out in 8 representative soundscapes, presented in table 1.

The soundscapes were recorded simultaneously with the interviews for use in Experi-

ments 2 and 3. The average sound pressure level (15 min Leq) ranged between 74 dB

SPL and 78 dB SPL (mean, 75.5; SD, 2.4).

2.1.4 Procedure

Subjects were questioned about their appraisal of the sound environment with an oral

version of the open questionnaire used in all three experiment.

4



C. Guastavino Ecological Validity of Sound Reproduction

NAME EXP. PLACE TRAFFIC NOISE HUMAN

SOUNDS

OTHER

SOURCES

Downtown,

Nantes

1-2 Open near major road Distant traffic Lots of people

talking, footsteps

Tramway

Montparnasse,

Paris 15

1-2 Park near road and

train station

Cars and buses mov-

ing

Children play-

ing, footsteps

Train, birds

Dupleix,

Paris 7

1-2 Quiet street close to

schoolyard

Car moving, faint

traffic

Children playing Plane

Beaubourg,

Paris 3

1-2-3 Walled-in plaza in

pedestrian area

Motorcycle, horns,

distant traffic noise

Faint voices Music (me-

chanical

organ), birds

Sebastopol,

Paris 4

1-2-3 Sidewalk of major

road

Cars, motorcycles,

buses

A few people

walking

Montorgueil,

Paris 2

1-2-3 Sidewalk café-

disctrict in pedestrian

area

Very faint traffic People talking,

glasses/dishes

Faint music

(speakers),

birds

Montsouris,

Paris 15

1-3 Large park near road

and train station

Cars movings, distant

traffic noise

Children play-

ing, footsteps

Train, birds,

construction

work

Notre Dame,

Paris 1

1-3 Open square near ma-

jor road

Distant traffic Lots of people

talking, footsteps

NAME EXP. Leq dB L Leq dB A LN 95% A DURATION

(MIN )

MEAN

RESPONSE

TIME (MIN )

DOWNTOWN, NANTES 2 75 67 64 5.05 5.05

MONTPARNASSE, PARIS 15 2 75 66 65 5.85 5.85

DUPLEIX, PARIS 7 2 77 72 70 5.75 5.75

BEAUBOURG, PARIS 3 2 73 67 61 5.2 5.2

3 72 66 59 0.71 14.2

SEBASTOPOL, PARIS 4 2 77 67 65 5.71 5.71

3 78 68 66 1.28 16.3

MONTORGUEIL, PARIS 2 2 74 65 63 4.6 4.6

3 74 64 62 0.61 13.1

MONTSOURIS, PARIS 15 3 75 66 63 0.53 17.3

NOTRE DAME , PARIS 1 3 78 73 71 0.7 12.4

Average Exp. 2 2 75.2 67.3 64.6 5.3 5.3

Average Exp. 3 3 75.4 67.4 64.2 0.76 14.6

Table 1: Description of sound material. The Leq describes the average sound pressure
level over the duration of the recordings, as measured in the room at the position of the
listener with a sound analyzer CEL 328, over 500ms time periods (L=linear unweighted
levels, and A=A-weighted levels). LN95 is the sound level exceeded for 95% of the
time, which estimates background ambient sound level.
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2.2 Results

Two broad categories were derived from the linguistic analysis:SOURCE EVENTS,

which can be attributed to an identified source and agent (truck, bus2), and BACK-

GROUND NOISE OF THE CITY3, considered as collective noise, where no specific

events can be discriminated. As the category name suggests,SOURCE EVENTSwere

primarily described with reference to specific sources generating noise, such ascars4.

The number of occurrences were made proportional to the number of participants, to

enable a comparison with the other experiments. Descriptions referering to the source

producing noise represented 76% of occurrences5. In the descriptions of theBACK-

GROUND NOISE, however, there are few references to the source itself (15%). The

verbal descriptions refer either to the effects on the subject, as in the case of the

source events, or to the physical properties of the acoustic signal. The verbal data

were classified into semantic categories emerging from the answers, namelysubject-

centeredandobject-centereddescriptions.Subject-centereddescriptions (86%) re-

fer to the subjects by means of deverbal adjectives (comforting6) and complex phrases

(has a negative impact on me7) constructed on verbs indicating psychological effects.

Object-centereddescriptions (60%) refer to the acoustic phenomenon itself. They in-

clude simple adjectives8 and denominations referring to the physical properties of the

acoustics signal in terms of frequency (low-pitched9), temporal structure (continuous,

monotone10) or level (loud, intensity11).

The linguistic exploration of the verbal data is in agreement with previous research

investigating cognitive representations of urban soundscapes [15, 8, 10, 5, 7, 20]: the

perception ofSOURCE EVENTSis mediated by the objects producing the noise, whereas

BACKGROUND NOISE is described both in terms of properties of the sound itself and

of its effects on the subjects, rather than with reference to the source. The results of the

linguistic exploration identified in the field survey serve as a reference when testing the

ecological validity of the experimental settings in Experiments 2 and 3.

2Camions, bus.
3Bruit de fond de la ville.
4Voitures.
5One participant’s response may give to several occurences.
6Rassurant.
7A un impact négatif sur moi.
8Simple adjectives in French, many of which translate into English by means of constructed forms, e.g.

“sourd” (muted or muffled) or “grave” (low-pitched). This observation suggests the need for more pre-
cise analyses for the diversity of languages and further theoretical elaborations about interactions between
language and cognition.

9Grave.
10Continu, monotone.
11Fort, intensité.
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3 Experiment 2: Stereophonic Listening Test

3.1 Methods

3.1.1 Subjects

Twenty-nine subjects participated in the experiment without pay. They were students

and academic staff, aged 22 to 59, who had all been living in a large city for at least

five years.

3.1.2 Sound material

The sound samples were recorded during the field survey (Experiment 1) in locations

identified as representative of Paris and Nantes in [21, 25] respectively. The record-

ing setup consisted of two omnidirectional microphones (Sennheiser MKH20) with a

spacing of 60 cm [20]. The six recordings, presented in table 1, were five minutes in

duration. They were reproduced at their original level (mean 75.2 dB; 67.3 dB A) in an

acoustically damped room. The room was acoustically isolated (floated construction)

with internal dimensions 2.77 x 3.24 x 3.62 m. The room had a flat frequency response

and a reverberation time of <0.15 seconds for frequencies above 200 Hz. Below 200

Hz the reverberation time increased gradually to 0.4 seconds at 40 Hz. The recordings

were played on a DAT player (Sony PCMR300) and presented on a 2.1 format with two

speakers (Studer A1) and one subwoofer (JBL 4546C, 100 Hz crossover), all visible

to the subjects. The speakers were 1.2 m from the listener, with an angular separation

of 60◦. The use of the subwoofer was one factor of the test where only half of the test

samples used it.

3.1.3 Procedure

Subject were instructed to imagine themselves in an actual urban outdoor environment.

For each sound sample, they were asked to spend a few minutes acclimating themselves

to the recreated acoustic experience, and then to answer the same open questionnaire

(written version) as in Experiment 1.

3.2 Results

The first observation concerns the use of the subwoofer. Most subjects remarked on the

quality of the low frequency reproduction even when the subwoofer was not actually in

use,i.e. had no signal. The conclusion is that the visual setting affected their impression

7
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of low frequency content. Subsequently, the listening room was redesigned for the next

experiment so as to remove the visual bias, hiding the loudspeakers from view.

The linguistic analysis of the descriptions ofSOURCE EVENTSyielded results sim-

ilar to the reference study. As in the previous experiment,SOURCE EVENTSwere

described in reference to the source producing the noise (150%12), but subjects used

more more generic terms (vehicles) than in the field survey, where they named spe-

cific vehicles. The number of occurrences in each category were compared to the

reference study with the statisticalχ2 test. No significant difference was observed

(χ2(2) = 0.87, p > 0.05). It should be noted however, that fewer descriptions of

SOURCE EVENTSwere collected in the field survey as subjects’ responses were gen-

erally shorter on-site than in the laboratory. The comparison ofSOURCE EVENTSde-

scriptions collected in Experiments 1 and 2 is presented in Figure 1(a), where the num-

ber of occurrences has been made proportional to the number of participants in each

study. This confirms that the stereo set-up used in earlier studies [24, 20], along with

instructions given to the subjects, is ecologically valid for source identification. How-

ever, regardingBACKGROUND NOISE, the results are quite different. As before, few

references to the sources (12%) were collected, and the descriptions could be classified

into object-centered (59%) and subject-centered (19%) descriptions. The number of

occurrences in each category were compared to the reference study with the statistical

χ2 test, revealing a significant difference (χ2(2) = 25.01, p < 0.001). The comparison

of descriptions ofBACKGROUND NOISEin Experiments 1 and 2 is presented in Figure

1(b). It can be seen that a majority of the descriptions collected in the field survey

were subject-centered in nature. On the contrary, in the stereophonic listening test, the

BACKGROUND NOISEwas primarily described in terms of objective properties (physi-

cal parameters), rather than subjective effects, as in the field survey. Further linguistic

analysis shows that 27% of the subjects explicitly attributed theBACKGROUND NOISE

to technical considerations about the reproduction system (e.g. background noise of

the speakers) rather than urban ambient noise. This observation confirms the need

to hide the speakers from view for soundscape reproduction in laboratory conditions.

Moreover, 30% of the subjects complained that they did not feel as if they were “there”,

and that the envelopment provided by the subwoofer was not consistent with the frontal

sound of the two stereo speakers. Previous research on urban noise had already stressed

the importance of spatial attributes in the perception of urbanBACKGROUND NOISE,

which is spontaneouly described as very surrounding in questionnaires studies [15, 16].

Together, these observations demonstrate that the frontal soundfield recreated by the

12One subject’s answer may give rise to several occurrences.
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(a) Spontaneous descriptions of SOURCE EVENTS. No significant difference was observed between
the three experiments.

(b) Spontaneous descriptions of BACKGROUND NOISE. A significant difference was observed be-
tween the field survey (Experiment 1) and the stereophonic listening test (Experiment 2). No signif-
icant difference was observed between the field survey (Experiment 1) and the Ambisonics listening
test (Experiment 3).

Figure 1: Comparison of spontaneous descriptions of (a)SOURCE EVENTSand (b)
BACKGROUND NOISE classified into semantic categories emerging from the subject
responses in the field survey (Experiment 1), the stereophonic listening test (Experi-
ment 2) and the Ambisonics listening test (Experiment 3).

9
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stereophonic setup does not enable the subjects to process theBACKGROUND NOISEin

an ecologically valid way. It furthers suggest that spatial immersion contributes to the

cognitive representation of urbanBACKGROUND NOISE.

Experiment 3 was designed to test this hypothesis by overcoming the limitations

of the stereophony using multichannel reproduction and hiding the loudspeakers from

view. If the verbal data collected in Experiment 3 are consistent with the reference

study, it will entail that spatial immersion is a necessary condition to ensure the eco-

logical validity of the experimental setting.

4 Experiment 3: Ambisonics Listening Test

Experiment 3 was designed to better understand the influence of spatial presentation of

cognitive processes in laboratory conditions. Before answering the open questionnaire,

subjects were presented with a reproduction of the same sound scene over four spatial

reproduction systems and asked to choose which one(s) sounded the most like their

everyday experiences. The subsequent questions were identical to Experiment 1 and 2.

4.1 Methods

4.1.1 Subjects

A new group of 27 subjects participated in the experiment without pay. They were

students and academic staff, aged 23 to 57, who had all been living in a large city for

at least five years.

4.1.2 Ambisonics

There are various approaches for recording and reproducing spatially distributed audio.

The recording industry has developed a wide range of methods over the years starting

from 2-channel stereo, to 4-channel quadraphonic, and the current trend of 6-channel

5.1. The aim of the present experiment is to investigate the subjective influence of spa-

tial immersion on cognitive processes in laboratory condition. Ambisonics was chosen

as the best suited method for this study as it provides a strong feeling of immersion in

the auditory scene. Guastavino [14] conducted a subjective evaluation of various mul-

tichannel reproduction methods (including 5.1 and transaural), and Ambisonics was

judged as the most enveloping and true-to nature for the recreation of outdoor environ-

10
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ments13.

Ambisonics is an approach to soundfield recording and reproduction that decom-

poses the spatial soundfield into spherical harmonics. A compact complex microphone

is used, containing near-coincident elements, which produces direction dependent sig-

nals corresponding to the spherical harmonics. Currently available first order micro-

phones provide a decomposition of the sound field correspond to the spherical har-

monics up to and including first order: W (zeroth order omnidirectional) and XYZ

(three first order components representing the Cartesian axis with figure of 8 directiv-

ity patterns). This output is in a 4-channel recording, termed B-format, that captures

the spatial information of the sound field, resolved into a mono reference signal and

left-right, front-back, and up-down information. Reproduction of the sound entails a

decoding process from the B-format signal to the array of loudspeakers. The decoding

process results in a signal to each loudspeaker being composed of a combination of

the spherical harmonics, dependent upon the location of the speaker. There are various

parameters in the decoding process whose discussion is beyond the scope of this paper

(see [11, 12, 4] for more detailed discussions of this method).

4.1.3 Sound material

All recordings used were made with a B-format model Soundfield ST250 microphone,

in the same locations as Experiments 1 and 2 (see table 1). The five recordings were

32 to 77 seconds long. They were reproduced at their original level (mean, 75.4 dB L;

67.4 dB A). The B-format files were decoded using the full in-phase decoding scheme

without shelf filtering [4] on a 2-D and 3-D arrays of speakers (Studer A1) regularly

spaced at 1.2 m from the listener. The omnidirectional channel W was simultaneously

low-passed filtered at 100 Hz and then output through a subwoofer (JBL 4546C). In

response to the apparent contribution of the visual aspects, the loudspeakers were hid-

den from view by means of acoustically transparent panels (for a detailed presentation

of the setup, see [17]). The acoustics of the room were re-designed to be as dry as

possible, given architectural limitations, in order to allow for the multichannel repro-

duction of outdoor sound scenes. The re-designed room had a flat frequency response

and a reverberation time of <0.05 seconds for frequencies above 200 Hz. Below 200

Hz the reverberation time increased gradually to 0.2 seconds at 40 Hz. The reproduc-

tion system provided for 13 channels of discrete playback including a low frequency

13It should be noted that the subjective evaluations of the different methods highly depended upon the
source material. Other reproduction systems were preferred for indoor environments and musical passages.
The results highlight the fact that there is no single system optimal for all conditions (see [17] for a more
detailed investigation).
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subwoofer for frequencies below 100 Hz. The 12 speakers (low frequency roll-off at

~100 Hz) were suspended on a pipe grid that encircled the room and extended from

floor to ceiling behind the visual screens. The subwoofer (flat response to 20 Hz) was

placed in one corner of the room. The test configurations were the 2-D and 3-D arrays

with and without the subwoofer (x and x.1) following the familiar 5.1 convention. The

2-D configurations, 2-D and 2-D.1, consisted of six speakers located at seated listening

level at the corners of the hexagon. The 3-D configurations, 3-D and 3-D.1, included

six additional speakers, placed in two sets, three at ceiling level and three at floor level,

corresponding to +/-49◦ on alternating sides of the hexagon (see Figure 2). This pro-

vided slightly reduced coverage for elevation sounds and full horizontal coverage in the

listening plane. The level of the speakers was carefully adjusted to achieve a flat fre-

quency response across the crossover frequency of 100 Hz. The 12 speakers were time

and level aligned at the center of the listener position. The low-frequency level was

equalized at the center of the listening position using a reverberant room recording of

white noise decoded over the speakers/subwoofer set-up. The subwoofer channel con-

tent was identical between 2-D.1 and 3-D.1 configurations and level matched to provide

a flat frequency response over the crossover region. The recordings were played from

a computer using a ADAT sound card (DIGI9636 Hammerfall) and external 24-bit DA

converters (RME ADI-8 pro and Frontier Design Tango 24).

4.1.4 Procedure

Instructions were given to subjects to direct their response strategy towards everyday

listening situations. The experiment consisted of five sessions corresponding the five

soundscapes presented in table 1. In each session, subjects used a graphical interface

to play the same soundscape reproduced on four different speaker configurations, ran-

domly ordered. The nature of the test and the details of the reproduction system used

were not disclosed to the subject prior to the test. The first task was to listen to the four

version as many times as desired and select the one(s) that sounded the most like their

everyday experiences. Following this comparison task, subjects answered the open

questionnaire used in Experiment 2 and 3. They could play the selected versions of the

soundscapes as many times as needed to acclimate themselves to the recreated sonic

environment.

12
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Figure 2: Listening room (adapted from [17]). Loudspeaker locations for the 2-D and
3-D arrays are represented by black dots. A chair is included for reference.
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4.2 Results

4.2.1 Comparison

The results of the comparison test showed a strong preference for the 2-D configura-

tions over other methods. Total results for the naturalness selection for the four re-

production setups were 62 (2D), 45 (2-D.1), 42 (3-D), and 20 (3-D.1). These results

suggest potentially negative effects linked to providing too much irrelevant spatial in-

formation. These findings were replicated in a more detailed perceptual evaluation of

spatial reproduction systems using a wider ranger on sound samples beyond the scope

of this paper (see [17]): 2-D configurations were preferred for the recreation of out-

door environments, whereas 3-D configurations appeared to be more preferred for the

recreation of indoor environments.

4.2.2 Verbal data

The linguistic analysis of the free responses yielded the following results. As re-

gardsSOURCE EVENTS, results were similar to the two previous experiments reported

here: 132%14 of descriptions were given in terms of sources. The number of occur-

rences were compared to the reference study and no significant difference was observed

(χ2(2) = 5.73, p > 0.05) (see Figure 1(a)). As regardsBACKGROUND NOISE, few ref-

erences to the sources were collected as before (20%). The remaining verbal descrip-

tions were classified into object-centered (60%) and subject-centered (101%) descrip-

tions. The numbers of occurrences in each category were compared to the reference

study test and no significant difference was observed (χ2(2) = 0.75, p > 0.05). The

comparison of spontaneous descriptions is presented in Figure 1(b). It can be seen that

the proportion of object-centered and subject-centered descriptions do not differ signif-

icantly between the field survey and in the Ambisonics listening test. In both cases, the

BACKGROUND NOISEwas primarily described in terms of psychological effects on the

subjects and to a lesser extent in terms of physical properties of the signal, in contrast

to the stereophonic listening test in Experiment 2. These results confirm the fact that

spatial immersion contributes to the cognitive representation ofBACKGROUND NOISE.

Hence, it can be concluded that the Ambisonics multichannel reproduction in a neutral

visual environment (speakers hidden from view) enabled the participants to process

the sound samples as if they were in actual outdoor environments. In other words, the

experimental setting could be considered as ecologically valid for the study of urban

BACKGROUND NOISE. It should be noted, however, that the procedure slightly differed

14The number of occurrences has been made proportional to the number of participants in each study.
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between the two laboratory conditions since subjects could to play the sounds samples

several times in Experiment 3 but only once in Experiment 2. It can further be seen in

Figure 1(b) that the same proportion of object-centered descriptions was obtained in all

experimental conditions. This suggests that cognitive processing of theBACKGROUND

NOISEas an abstract soundobject is not affected by the listening context. It is only the

subjectiveeffectsthat differ among experimental conditions, and more specifically the

meaning attributed to the acoustic phenomena. Similarly, the proportion of descrip-

tions in terms of sources is similar in all three conditions, confirming the ecological

validity of both laboratory conditions for source identification.

5 Discussion

Previous research on the perception of environmental sounds indicates that the cogni-

tive processes operate on the basis of source identification ([26, 27, 1, 18, 7, 5], see

[14] for a review). Semantic features linked to the appraisal of the object generating

the sound often determine the judgment of the auditory events [25, 14, 22]. However,

it has been shown that in the presence of numerous sound sources hindering the pro-

cess of source identification, urban soundscapes are processed as a whole rather than as

independent sound events [20, 25, 15, 16]. They are then classified asBACKGROUND

NOISE, considered as collective noise characteristic of urban areas. In this case, physi-

cal properties of the acoustic signal (object-centered descriptions) as well as semantic

features and psychological effects (subject-centered descriptions) are spontaneously

evoked by subjects, suggesting the importance of both perceptual and conceptual fea-

tures.

In the present research, spontaneous descriptions of urban soundscapes were col-

lected and contrasted in three listening contexts: a field survey and two listening tests

using spatially different reproduction schemes. To measure the ecological validity of

the reproduction system in experimental settings, the verbal data collected during the

two listening tests were compared to those collected in the field survey, which served

as the reference context. Similar descriptions ofSOURCE EVENTSwere obtained in-

dependent of the context, with reference to the object generating the acoustic phenom-

ena. Hence, both laboratory conditions can be considered ecologically valid in terms

of source identification. However, the descriptions of theBACKGROUND NOISE dif-

fered significantly in the first laboratory condition, suggesting that different cognitive

processes were involved. In the stereophonic listening test with visible speakers, the

BACKGROUND NOISE was attributed to technical considerations of the reproduction
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system rather than ambient urban noise. It was described in terms of physical proper-

ties as an acoustic signal rather than meaningful collective noise characteristic of city

life. Furthermore, it has been shown that differences between listening tests and every-

day listening situations could not be imputed only to the artificial laboratory conditions

and the required processes of abstraction, but also to the “quality” of the recreated

listening situation. Indeed, descriptions similar to the field survey were collected in

the second listening test, which used an immersive multichannel reproduction method

(Ambisonics) with no visual reference to the speakers. Hence, it is necessary to pro-

vide both a neutral visual environement and a good sense of spatial immersion in the

recreated soundfield to ensure ecological validity of an experimental protocol to test

psychological effects of urbanBACKGROUND NOISE. In a similar vein, Guastavino

and Katz [17] conducted perceptual evaluations of spatial audio reproduction systems

using a wider range of sound material (musical passages, indoor and outdoor environ-

ments). A strong correlation between auditory scenes and reproduction methods was

observed, highlighting the fact that there is no single system that is optimal for arbitrary

source material. Together, these findings underline the dependence of different sound

quality criteria upon source material.

6 Conclusion

The present results show that the same acoustic phenomenon can give rise to two dif-

ferent cognitive representations which integrate properties of mental representations

(here, spatial immersion) into physical descriptions of the stimuli. More generally, the

reproduction system of listening tests must be adapted to the purpose of the study, to

allow the subjects to treat the test samples as potentially familiar experiences through

cognitive processes elaborated in actual situations. Specific properties of mental rep-

resentation must be taken into consideration when designing experimental settings to

ensure ecological validity. It has been showed that these properties can be inferred

by analyzing spontaneous verbal descriptions collected in a reference study, using lin-

guistic discourse analysis techniques, in close relation to theoretical elaborations of the

relations between language and cognition. The verbal data are then classified into se-

mantic categories emerging from the spontaneous descriptions (here, reference to the

source, object-centered and subject-centered descriptions). Occurrences within each

category can be compared to those obtained in the reference study with statistical tools.

This justifies the linguistic analysis of verbal data as a reliable measure of the ecologi-

cal validity of reproduction systems in experimental settings.
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