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Summary

The perceptual evaluation of spatial audio systems may be based on singular auditory qualities such as the local-

ization accuracy or the perception of coloration, on overall criteria of perceptual accuracy such as plausibility and

authenticity or on detailed catalogues of auditory qualities. However, only the latter will be suited for the percep-

tual characterization of a simulation’s technical shortcomings and allow for its focused improvement. Therefore,

a common vocabulary containing all perceptual attributes which are relevant in this context appears desirable.

Existing vocabularies for the evaluation of sound field synthesis, spatialization technologies and virtual acoustic

environments were often generated ad hoc by authors or were focused on specific perceptual aspects or on spe-

cific spatialization techniques only. To overcome limitations with respect to the relevance and completeness of

these vocabularies we have developed a Spatial Audio Quality Inventory (SAQI) for the perceptual evaluation

of all spatial audio technologies used for the (re)synthesis of acoustic environments. It is a consensus vocabu-

lary comprising 48 verbal descriptors of auditive qualities assumed to be of practical relevance when comparing

(re)synthesized sound fields to real or imagined references or amongst each other. The vocabulary was generated

by a Focus Group of 21 German speaking experts for virtual acoustics. Five additional experts helped verifying

the unambiguity of all descriptors and the related explanations. Moreover, an English translation was generated

and verified by eight bilingual experts. This article describes the applied methodology and presents the English

version of the final vocabulary.

PACS no. 55.09.Ka, 66.10.Lj

1. Introduction

1.1. Objective

Today, ‘Spatial Audio’ is an umbrella term related to

different technical approaches to spatial sound field

(re)synthesis. These sound fields may be delivered as ear

signals via headphones, or synthesized over an extended

listening area using either few or up to several hundreds of

loudspeakers [1]. Technologies include static and dynamic

binaural synthesis, multichannel loudspeaker reproduction

as well as sound field synthesis with approaches such as

Wave Field Synthesis (WFS) or Higher Order Amibsonics

(HOA).

Spatial Audio systems have often been evaluated with

respect to singular auditive qualities such as, e.g., local-

ization accuracy, the perception of coloration or distance

[2, 3]. However, it remains unclear in how far these qual-

ities are relevant for the sensory accuracy of such a sys-

tem as a whole. To overcome this uncertainty, measures of

overall perceptual accuracy such as plausibility [4] or au-

thenticity [5, p. 373], have been suggested with operational

definitions and experimental designs given in [6] and [7].

These measures differentiate between assessments with re-

spect to an inner reference resulting from experience and

expectation (plausibility) or to an external, explicitly given

reference (authenticity). While being of value for, e.g.,

the benchmarking of systems and approaches, these over-

all measures will give no insight into specific perceptual

deficiencies and the related technical shortcomings which

would be required for a further improvement of the system

under test. Hence, in the current study we developed a de-

scriptive sensory vocabulary for spatial audio technologies

which may conveniently be applied for purposes such as

the directed technical improvement, the perceptually mo-

tivated cost reduction, the detailed documentation of the

perceptual state of the art, or the qualitatively differenti-

ated benchmarking.

1.2. State of the art

Descriptive sensory vocabularies have been developed for

various fields of interest in audio, as e.g. room acous-

tics, loudspeakers, multichannel recording and reproduc-

tion systems [8, 9, 10, 11], as well as for room correction

systems, audio codecs, algorithms for headphone spatial-

ization [12] and also for more complex Virtual Acoustic

Environments (VAEs) [13, 14, 15]. Previous studies of-

ten applied vocabularies which were initially generated ad

hoc from experience/knowledge of the authors and then
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reduced by applying factor analysis to listeners’ ratings

of a set of exemplary stimuli. Recently, empirically more

substantiated procedures have been applied for the devel-

opment of consensual sensory vocabularies in the field of

audio, such as Quantitative Descriptive Analysis – QDA

[11], Free Choice Profiling – FCP [12], Flash Profiling –

FP [8] or the Repertory Grid Technique – RGT [10]. One

study [15] was concerned with the development of a de-

scriptive vocabulary (‘quality features’) for dynamic bin-

aural auralizations from geometrical room acoustic sim-

ulations. To this end, the author did not use a stimulus-

but an expert-based approach (Delphi method, [16]). How-

ever, the scope of this study was limited to the specific

implementation described. Furthermore, while initially in

[15] the central evaluation criterion ‘quality’ was under-

stood quite broadly as the degree of agreement with a de-

sired characteristic, in the course of the study it was nar-

rowed by referring to three specific use cases (localiza-

tion test, chat room, edutainment scenario) raising again

doubts about the universality of the presented vocabulary.

By taking into account auditive qualities which were

mentioned by at least two of the five studies [11, 12, 13,

14, 15] most closely related to our research objective,

eleven attributes could be identified as potentially rele-

vant for assessing spatial audio technology. Ordered for

frequency of appearance (in brackets) those were: spectral

coloration (5), spaciousness (5), localizability (5), steadi-

ness of movements (5), source width (4), loudness (2),

loudness balance (2), distance (2), internalization vs. ex-

ternalization (2), impulse-like artifacts (2), and dynamic

responsiveness (2). However, for a comprehensive percep-

tual evaluation of virtual environments the existing vocab-

ularies did not appear sufficiently complete, nor do they

cover all aspects of particular importance. For instance,

while there is usually a descriptor for the perceived width

of individual sources, there is none for the dimensions

of complex ensembles of sources or for the spatial envi-

ronment, such as the height or depth of rooms. Further-

more, elementary problems of the spatial rendering are not

covered, such as offsets in perceived location. A reason

for these gaps might be that none of the authors explic-

itly targeted comparative assessments, either with regard

to reality or between different approaches to sound field

(re)synthesis.

Existing standards dedicated to terminological issues in

the field of sensory evaluation [17], electro-acoustics [18],

and acoustics [19] either neglect the auditory domain [17]

or they are limited to only a few relevant terms such as

loudness, timbre, and noisiness [18]. The German stan-

dard for acoustic terminology [19] includes a compara-

tively large number of potentially relevant terms such as

tone color, (auditory) spaciousness, localization, lateral-

ization, loudness, roughness, pitch, intracranial located-

ness, (flutter) echo, reverberance, duration of reverbera-

tion, tone impulse, (speech) intelligibility, or transparency.

However, doubts remain with regard to completeness and

relevancy for the intended subject of spatial audio tech-

nologies.

Hence, in order to allow for an exhaustive differential

diagnosis of perceptual shortcomings of virtual acoustic

environments of any type, covering all aspects of partic-

ular relevance for the perceived quality of the different

technologies involved, the development of a new sensory

consensus vocabulary (CV) appeared mandatory. Further-

more, this aim was supposed to be approached by utilizing

an empirically substantiated approach preferably based on

an agreement within a larger group of experts.

2. Methods

2.1. General considerations

Techniques for the spoken elicitation of descriptive con-

sensus vocabularies as summarized in [20, pp. 43], may

be divided into individual (incl. Repertory Grid Tech-

nique, Free Choice Profiling, Flash Profiling) and group-

based approaches (incl. Quantitative Descriptive Analy-

sis, Flavour Profile, Texture Profile, Sensory Spectrum).

Whereas individual elicitation methods are confronted

with the still unsolved problem of merging individual vo-

cabularies into a valid group vocabulary, group methods

directly aim at deriving a consensual language. In the lat-

ter case, panels of naïve subjects are often instructed to

develop a descriptive language by discussing sensory im-

pressions of selected stimuli under guidance of a moder-

ator. Such procedures are time-consuming [11] and the

chosen set of stimuli is critical with respect to the rep-

resentativeness of results. To obtain such a set of stim-

uli representative for all approaches to sound field spa-

tialization is difficult, if not at all impossible. Therefore,

as an alternative, three established approaches for non-

stimulus based CV generation were taken into consider-

ation: the Nominal Group method [21], the Delphi method

[16] and the Focus Group method [22]. All three pro-

cedures rely on the assumption that the superior practi-

cal and theoretical experience of an expert compensates

for the lack of adequate stimuli. The Nominal Group and

the Delphi method are interview or survey-based proce-

dures, respectively, for finding an agreement in a course of

single or repeated interrogation sessions, i.e. without di-

rect contact between experts. In contrast, the Focus Group

may be applied, if experts can be accessed for face-to-face

moderated roundtable discussions. While the two first ap-

proaches are considered as reducing group bias, the latter

is expected to lead to more vivid and potentially more ef-

fective discussions.

2.2. The Focus Group approach

As partners in a larger research consortium for virtual

acoustics (SEACEN, Simulation and Evaluation of Acous-

tical Environments

1

) the authors had a comparably easy

access to experts in the field in order to arrange face-to-

face meetings, making a Focus Group approach feasible.

Methodologically, a Focus Group may be regarded as

a combination of a guided interview and a group discus-

sion. This combination is particularly well-suited for the
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elicitation of expert-knowledge, as experts are routinely

used to discourse-based revelation of consensual knowl-

edge [23]. The incompleteness of results and irrelevancy

during discussions can be reduced by using the so-called

dual-moderator setting, where one moderator guides the

discussion, while a co-moderator keeps track of the pre-

defined agenda and discussion guidelines. The modera-

tor is supposed to control for unwanted group effects,

e.g. by restraining ‘leading’ and motivating ‘hiding’ dis-

cussants, and being sensitive to non-verbal communica-

tion. The co-moderator is supposed to monitor the moder-

ator’s behavior and the general compliance with the dis-

cussion guidelines. Experimenter bias and group effects

may be further addressed by extending the scheme to a so-

called two-way Focus Group. There, during the first part of

each discussion round the panel is split up in two groups,

one group discussing (in dual-moderator scheme) and the

other group observing the discussion from a remote room

without interfering directly (for instance via one-way AV-

monitoring). The observer group acts as a control mech-

anism: Being less exposed to group effects, the observers

are supposed to follow the discussion more objectively and

rationally. In the second part, observers and discussants are

brought together, discussing the observers’ comments on

the preceding discussion. If the targeted objective cannot

be reached within a single discussion a serial Focus Group

scheme allows for repeated discussion rounds.

2.3. Discussion panel

As participants several German speaking experts were in-

vited (PhD candidates, post-docs and professors), repre-

senting a wide professional experience regarding record-

ing, simulation, reproduction and evaluation of spatial

sound fields (see acknowledgements for the composition

of the group). While there were some changes over the dif-

ferent meetings regarding group size and composition, the

panel size of 10–15 participants (21 experts in total, aged

25 to 67 yrs., 1–2 females per meeting) may be considered

as optimal [24]. According to [24] the panel may further

be regarded as a ‘homogenous real group’, i.e. with dis-

cussants coming from similar educational background and

being known to each other before. In contrast to groups of

differing backgrounds, homogenous groups are expected

to lead more effective discussions. Moreover, real groups

may (a) be more influenced by given hierarchies and role

models, and (b) be more prone to ‘private’ conversations

than randomly assigned groups, effects that have to be

made aware of and controlled for by the moderator.

Discussions were held at four meetings in Berlin and

Aachen over a period of 6 months. During those meetings

repeated discussion rounds were scheduled for between

one and four days. Discussions were conducted in the two-

way dual-moderator scheme: After separating the experts

into panel and observer group, the results were continu-

ously updated on a projection screen, with the discussion

audiovisually transmitted to the observer group along with

the current state of the discussion. The AV-transmission

was recorded for documentation purposes.

2.4. Main discussion objectives

The vocabulary to be developed was defined as aiming at

a consensual psychological measurement instrument, i.e.

a questionnaire comprising a list of auditory qualities and

respective rating scales to be used in listening tests. As pri-

mary objects of assessment we considered Virtual Acous-

tic Environments of all kinds. The sensory scope was

defined to comprise all perceivable differences of VAEs

when comparing them to reality (be it imagined or explic-

itly given), or when comparing between different technical

implementations thereof. At last, some typical intended

applications of the future vocabulary were given such as

technical improvement, effort reduction, and benchmark-

ing. These main objectives were aggregated into a mission

statement:

Creation of a consensus vocabulary for evaluating

apparatus-related perceptual differences between

technically generated acoustic environments or with

respect to a presented or imagined acoustic reality.

The experts were instructed that terms should relate to

auditive perceptions, not physical quantities or measures.

Furthermore, they were asked to aim at completeness of

the overall vocabulary, while, at the same time, consider

the assumed practical relevance. Descriptors should be

formulated as semantically unidimensional and mutually

exclusive as possible. Since the terms should be self-

explaining to other experts in the field, the use of estab-

lished names was to be preferred over inventing new ones.

If the experts found it difficult to give a self-explaining

term, a short supplementary statement could be added to

the descriptor. In particularly difficult cases – i.e. when

defining a quality’s name and giving a supplementary

statement was not fully satisfying – it could also be agreed

upon creating some illustrative audio examples later on.

Hence, demanding such an audio example was understood

as an exception, not a rule. Finally, the group was in-

structed to propose suitable comparative rating scale label

only if they were assumed to be necessary for clarity, leav-

ing details of the operationalization mainly to the authors

of the study.

2.5. Discussion rules and agenda

All major decisions were to be agreed upon by simple

majority, with the moderator being excluded from voting.

However, after thorough and sometimes long discussions,

a full consensus could be reached in most cases. After each

discussion round, feedback rounds were conducted proto-

colling group comments on the moderator’s performance,

the progress of the discussion, setting and organization.

Comments of the observer group were kept for the record

until discussed to the satisfaction of the group.

After defining these rules, an initial agenda was cre-

ated by means of 20-minute brainstorming sessions con-

ducted at the beginning of the first two discussion rounds

and resulting in a list of 62 initial descriptors serving as

a basis for the subsequent discussion. Each discussion

round lasted about 3.5 hours, with 2 rounds conducted at
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maximum per day. A discussion round began with a ran-

dom separation into discussants and observers. After 90

minutes of observed discussion a 20-minute consolidation

break was given to the observers. Finally, discussants and

observers joined for a 90-minute roundtable discussion. If

the discussion round was the last of a meeting, it was con-

cluded by a feedback round. In total, 16 such rounds were

completed summing up to 56 hours of discussions.

Following recommendations in [23] the group was in-

volved in the development of objectives, agenda and rules,

thus increasing the involvement of participants and main-

taining a thematically focused discussion. Thus, for in-

stance, the group repeatedly specified the mission state-

ment more precisely, added a rotation rule for panel and

observer group, motivated the moderator to – in case of

lively discussions – apply a speaker list or demanded from

the observers to present their statements as an organized

and consolidated list of pleas.

2.6. Finalization

Discussions resulted in a preliminary vocabulary which

was finalized in a four-stage procedure: First, a postcheck

of semantic consensus was carried out by creating short

written circumscriptions for all descriptors. Those experts

that took part in the majority of discussion rounds (12 par-

ticipants) were invited again to comment on the proposed

circumscriptions in a written on-line discussion moder-

ated by the authors. During the Focus Group discussions

three descriptors (‘roughness’, ‘comb filter coloration’,

and ‘dynamic compression effects’) had been perceived as

not being sufficiently self-explaining. Therefore, illustra-

tive audio stimuli demonstrating the respective qualities

were created by use of proprietary or self-implemented

signal processing algorithms. Finally, consensual circum-

scriptions for all descriptors and a representative selection

of illustrative audio stimuli were agreed upon.

Second, the vocabulary was subjected to an external

evaluation of understandability. For this purpose, five addi-

tional experts for spatial audio technologies were asked to

individually explain what descriptors meant to them while

being given only the descriptor names, the (optional) short

supplementary statements and audio examples, as well

as objective and method of the vocabulary development.

They were also asked to state, whether audio examples

were adequate.

Third, after receiving all written statements (ca. 250)

those were analyzed and checked for semantic equiva-

lence with the group’s circumscriptions. For about a third

of the descriptors minor semantic problems were identi-

fied. In a fourth step, corrections derived from the analysis

of additional experts’ comments were agreed upon dur-

ing final face-to-face discussion of a core group of five ex-

perts. Thereby, one attribute was confirmed to be obsolete.

Moreover, labels for rating scales for each descriptor were

agreed upon, considering, where available, earlier propos-

als of the group. Further, it was agreed upon including the

final circumscriptions into the vocabulary as in most cases

this was supposed to resolve remaining uncertainties iden-

tified by external experts, this way resulting in the final

German version of the SAQI [25].

2.7. Translation to English

As descriptive vocabularies are known to be sensitive to

language, care has to be taken in translation to conserve

the original meaning [20, p. 46]. Translators should hence

be sensitive to both the obviously meant (denotation), and

the, potentially interculturally differing, ascribed meaning

(connotation). According to guidelines related to the trans-

lation of psychological tests [26], it is recommended to in-

vite as translators at least two experts in the field which are

fluent in both languages. To ensure validity of the transla-

tion it is further proposed to back-translate the question-

naire and to consider some more experts for a final review.

Regarding the target language we assumed a ‘techni-

cal community language’ to exist in the field of acoustics,

which is neither a real US, UK nor any other native En-

glish. Furthermore, we would consider any scientist in the

field a ‘native’ speaker of this ‘community language’. Ac-

cordingly, as translators, we invited one native US, one

native UK, one Greek and two Dutch acousticians. Three

of them were researchers in virtual acoustics and all had

good knowledge of German. They were provided with the

German descriptors, the pre-translated circumscriptions,

and the audio examples and were asked to produce ade-

quate English terms. Translations were finally discussed in

a teleconference including the translators and the authors.

Additionally, three more German experts for virtual

acoustics living for a longer period in English-speaking

countries produced back-translations which were in turn

semantically analyzed by the authors. It has to be em-

phasized that besides being a test of the semantic com-

patibility of the English and German version, the back-

translation can also be regarded a test of the assumed

‘bilingualism’ of (here: German) experts in the ‘commu-

nity English’. Thus, finding the back-translated versions

only slightly different in meaning from the original Ger-

man SAQI was considered as incidental empirical evi-

dence in support of our above hypothesis.

3. Results

The final vocabulary is termed Spatial Audio Quality In-

ventory (SAQI, cf. Table I). It consists of 48 descriptors of

auditive qualities which can be roughly sorted into eight

categories (timbre, tonalness, geometry, room, time behav-

ior, dynamics, artifacts, and general impressions) and are

to be considered as describing ‘perceived differences with

respect to [descriptor name]’.

While some attributes of the SAQI reflect a ‘bottom-up’

perspective of perception, being closely related to tem-

poral or spectral properties of the audio signal (‘Loud-

ness’, ’High/Mid/Low frequency tone color’, ‘Horizon-

tal/Vertical direction’), other attributes reflect a more ‘top-

down’ perspective representing higher-order psychologi-

cal constructs, supra-modal, affective, aesthetic or attitudi-

nal aspects (‘Clarity’, ‘Naturalness’, ‘Presence’).
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Table I. Spatial Audio Quality Inventory (SAQI) - English version.

*sound examples may be downloaded from http://dx.doi.org/10.14279/depositonce-1

Quality Circumscription Scale End Label

Difference Existence of a noticeable difference. none – very large

Timbre

Tone color

bright-dark

Timbral impression which is determined by the ratio of high to low fre-

quency components.

darker – brighter

High-frequency

tone color

Timbral change in a limited frequency range. attenuated – emphasized

Mid-frequency

tone color

Timbral change in a limited frequency range. attenuated – emphasized

Low-frequency

tone color

Timbral change in a limited frequency range. attenuated – emphasized

Sharpness Timbral impression which e.g., is indicative for the force with which a

sound source is excited. Example: Hard/soft beating of percussion instru-

ments, hard/soft plucking of string instruments (class. guitar, harp). Em-

phasized high frequencies may promote a ‘sharp’ sound impression.

less sharp – sharper

Roughness* Timbral impression of fierce or aggressive modulation/vibration, whereas

individual oscillations are hardly distinguishable. Often rated as unpleasant.

less rough – more rough

Comb filter

coloration*

Often perceived as tonal coloration. ‘Hollow’ sound. Example: speaking

through a tube.

less pronounced –

more pronounced

Metallic

tone color

Coloration with pronounced narrow-band resonances, often as a result of

low density of natural frequencies. Often heard when exciting metallic ob-

jects such as gongs, bells, tin cans. Applicable to room simulations, plate

reverb, spring reverb, too.

less pronounced –

more pronounced

Tonalness

Tonalness Perceptibility of a pitch in a sound. Example for tonal sounds: voiced

speech, beeps.

more unpitched –

more pitched

Pitch The perception of pitch allows arranging tonal signals along a scale "higher

– lower".

lower – higher

Doppler effect Continuous change of pitch (see above). Often perceived as a ‘continu-

ous detuning’. Example: ‘Detuned’ sound of the siren of a fast-moving

ambulance.

less pronounced –

more pronounced

Geometry

Horizontal

direction

Direction of a sound source in the horizontal plane. shifted anticlockwise –

shifted clockwise

(up to 180

◦

)

Vertical

direction

Direction of a sound source in the vertical plane. shifted down –

shifted up

(up to 180

◦

)

Front-back

position

Refers to the position of a sound source before or behind the listener only.

Impression of a position difference of a sound source caused by ’reflecting’

its position on the frontal plane going through the listener.

dichotomous scale: not

confused/confused

Distance Perceived distance of a sound source. closer – more distant

Depth Perceived extent of a sound source in radial direction. less deep – deeper

Width Perceived extent of a sound source in horizontal direction. less wide – wider

Height Perceived extent of a sound source in vertical direction. less high – higher

Externalization Describes the distinctness with which a sound source is perceived within

or outside the head regardless of their distance. Terminologically often en-

closed between the phenomena of in-head localization and out-of-head lo-

calization. Examples: Poorly/not externalized= perceived position of sound

sources at diotic sound presentation via headphones, good/strongly exter-

nalized = perceived position of a natural source in reverberant environment

and when allowing for movements of the listener.

more internalized –

more externalized
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Table I. Continuation

Localizability If localizability is low, spatial extent and location of a sound source are diffi-

cult to estimate, or appear diffuse, resp. If localizability is high, a sound source

is clearly delimited. Low/high localizability is often associated with high/low

perceived extent of a sound source. Examples: sound sources in highly diffuse

sound field are poorly localizable.

more difficult – easier

Spatial

disintegration

Sound sources, which - by experience - should have a united spatial shape, ap-

pear spatially separated. Possible cause: Parts of the sound source have been

synthesized/simulated using separated algorithms/simulation methods and be-

tween those exists an unwanted offset in spatial parameters. Examples: fingering

noise and playing tones of an instrument appear at different positions; spirant

and voiced phonemes of speech are synthesized separately and then reproduced

with an unwanted spatial separation.

more coherent –

more disjointed

Room

Level of

reverberation

Perception of a strong reverberant sound field, caused by a high ratio of reflected

to direct sound energy. Leads to the impression of high diffusivity in case of

stationary excitation (in the sense of a low D/R-ratio). Example: The perceived

intensity of reverberation differs significantly between rather small and very

large spaces, such as living rooms and churches.

less – more

Duration of

reverberation

Duration of the reverberant decay. Well audible at the end of signals. shorter – longer

Envelopment

(by reverbera-

tion)

Sensation of being spatially surrounded by the reverberation. With more pro-

nounced envelopment of reverberation, it is increasingly difficult to assign a

specific position, a limited extension or a preferred direction to the reverber-

ation. Impressions of either low or high reverberation envelopment arise with

either diotic or dichotic (i.e., uncorrelated) presentation of reverberant audio

material.

less pronounced –

more pronounced

Time behaviour

Pre-echoes Copies of a sound with mostly lower loudness prior to the actually intended the

starting point of a sound.

less intense –

more intense

Post-echoes Copies of a sound with mostly decreasing loudness after the actually intended

the starting point of a sound. Example: repetition of one’s own voice through

reflection on mountain walls.

less intense –

more intense

Temporal

disintegration

Sound sources, which - by experience - should have a united temporal shape, ap-

pear temporally separated. Causes similar to "Spatial disintegration", however,

here: due to timing-offsets in synthesis. Example: fingering noise and playing

tones of an instrument appear at different points in time.

more coherent –

more disjointed

Crispness Characteristic which is affected by the impulse fidelity of systems. Percep-

tion of the reproduction of transients. Transients can either be more soft/more

smoothed/less precise, or - as opposed - be quicker/more precise/ more exact.

Example for ‘smoothed’ transients: A transmission system that exhibits strong

group delay distortions. Counter-example: Result of an equalization aiming at

phase linearization.

less pronounced –

more pronounced

Speed A scene is identical in content and sound, but evolves faster or slower. Does not

have to be accompanied by a change in pitch. Examples of technical reasons:

rotation speed, sample rate conversion, time stretching, changed duration of

pauses between signal starting points; movements proceed at a different speed.

reduced – increased

Sequence of

events

Order or occurrence of scene components. Example: A dog suddenly barks at

the end, instead - and as opposed to the reference - at the beginning.

unchanged – changed

Responsiveness Characteristic that is affected by latencies in the reproduction system. Distin-

guishes between more or less delayed reactions of a reproduction system with

respect to user interactions.

lower – higher

Dynamics

Loudness Perceived loudness of a sound source. Disappearance of a sound source can be

stated by a loudness equaling zero. Example of a loudness contrast: whispering

vs. screaming.

quieter – louder
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Table I. Continuation

Dynamic

range

Amount of loudness differences between loud and soft passages. In signals with a

smaller dynamic range loud and soft passages differ less from the average loudness.

Signals with a larger dynamic range contain both very loud and very soft passages.

smaller – larger

Dynamic

compression

effects*

Sound changes beyond the long-term loudness. Collective category for a variety

of percepts caused by dynamic compression. Examples: More compact sound of

sum-compressed music tracks in comparison to the unedited original. ‘Compressor

pumping’: Energy peaks in audio signals (bass drums, speech plosives) lead to a

sudden drop in signal loudness which needs a susceptible period of time to recover.

less pronounced –

more pronounced

Artifacts

Pitched

artifact

Perception of a clearly unintended sound event. For example, a disturbing tone

which is clearly not associated with the presented scene, such as an unexpected

beep.

less intense –

more intense

Impulsive

artifact

Perception of a clearly unintended sound event. For example, a short disturbing

sound which is clearly not associated with the presented scene, such as an unex-

pected click.

less intense –

more intense

Noise-like

artifact

Perception of a clearly unintended sound event. For example, a noise which is

clearly not associated with the presented scene, such as a background noise from

of a fan.

less intense –

more intense

Alien source Perception of a clearly unintended sound event. Examples: an interfering radio

signal, a wrongly unmuted mixing desk channel.

less intense –

more intense

Ghost source Spatially separated, nearly simultaneous and not necessarily identical image of a

sound source. A kind of a spatial copy of a signal: a sound source appears at one

or more additional positions in the scene. Examples: two sound sources which

are erroneously playing back the same audio content; double images when down-

mixing main and spot microphone recordings; spatial aliasing in wave field syn-

thesis (WFS): sound sources are perceived as ambivalent in direction.

less intense –

more intense

Distortion Percept as a result of non-linear distortions as caused e.g. by clipping. Scratchy

or ‘broken’ sound. Often dependent on signal amplitude. Perceptual quality can

vary widely depending on the type of distortion. Example: clipping of digital input

stages.

less intense –

more intense

Tactile

vibration

Perception at the border between auditory and tactile modality. Vibration caused

by a sound source can be felt through mechanical coupling to supporting surfaces.

Examples: Live Concert: bass can be ‘felt in the stomach’; headphone cushions

vibrate noticeably on the ear/head.

less intense –

more intense

General

Clarity Clarity/clearness with respect to any characteristic of elements of a sound scene.

Impression of how clearly different elements in a scene can be distinguished from

each other, how well various properties of individual scene elements can be de-

tected. The term is thus to be understood much broader than the in realm of room

acoustics, where Clarity is used to predict the impression of declining transparency

with increasing reverberation.

less pronounced –

more pronounced

Speech

intelligibility

Impression of how well the words of a speaker can be understood. Typical of low

speech intelligibility: train station announcements. Typical for high speech intelli-

gibility: Newscaster.

lower – higher

Naturalness Impression that a signal is in accordance with the expectation/former experience

of an equivalent signal.

lower – higher

Presence Perception of ‘being-in-the-scene’, or ’spatial presence’. Impression of being inside

a presented scene or to be spatially integrated into the scene.

lower – higher

Degree-

of-Liking

Difference with respect to pleasantness/unpleasantness. Evaluation of the perceived

overall difference with respect to the degree of enjoyment or displeasure. Note that

’preference’ might not be used synonymously, as, e.g., there may be situations

where something is preferred that is - at the same time - not liked most.

lower – higher

Other Another, previously unrecognized difference. less pronounced –

more pronounced
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Table II. Assessments entities: Events or objects a perceived difference may be addressed to.

All audible events

Intended audible events (elements of the presented virtual scene) Unintended audible events

Foreground sources Background sources Room acoustic environment Reproduction system Laboratory environment

Table III. Modifications: Temporal and causal variations that may help defining a perceived difference in more closely.

The perceived difference is . . .

. . . constant . . . varying periodically or otherwise rule-based with time . . . varying non-regularly with time

. . . in a continuous / discontinuous manner

. . . and depending on scene events / user interaction / independent.

Each descriptor is complemented by a short written clar-

ifying circumscription and suitable dichotomous, uni- or

bipolar scale label, respectively. As mentioned above, for

three of the descriptors, illustrative audio examples were

created (‘Roughness’, ‘Comb filter coloration’, ‘Dynamic

compression effects’). For handling possibly overlooked

or newly emerging aspects, an open category (‘Other’)

was included in the vocabulary, to be named by subjects

of the listening tests. Readers are cordially invited to share

their experience with this category with the corresponding

author.

Furthermore, it appeared reasonable to be able to ad-

dress a perceived difference to certain reference objects of

an acoustical environment. Hence, five basic assessment

entities were defined, providing an ideal-type ontology for

a virtual acoustic scene: foreground sources, background

sources, the simulated room acoustical environment, the

reproduction system itself (e.g., as source for loudspeaker

artifacts, amplifier noise) and the laboratory environment

(e.g., as source for HVAC noise or exterior/environmental

sounds). In combination, these five entities are thought to

incorporate all possible objects of interest (Table II). Ad-

ditionally, it was perceived as valuable to be able to further

differentiate observed perceptual differences with respect

to their time-variance. Thus, in the first stage, perceived

differences might be either constant or time-varying. Sec-

ond, an observed time-variance might be periodical or oth-

erwise rule-based or non-regular and at the same time

be perceived as continuous or discontinuous (Table III).

Finally, all perceived differences may be defined more

closely with respect to their cause, i.e. whether they de-

pend on user interaction, depend on scene events or on

none of them (independent, Table III).

4. Application

In order to illustrate the practical application of the SAQI,

we shortly describe an exemplary listening test procedure

(cf. Figure 1). Further references as, e.g., to the SAQI

Manual, to audio examples and a free listening test soft-

ware implementing the SAQI can be found in the outlook

section.

Before conducting a SAQI test, it should to be under-

stood, that the vocabulary in its complete form, i.e. com-

prising quality names, short descriptions, scale labels and

audio examples is intended to be self-explaining to any

expert in the field. Furthermore, these experts are assumed

to be able to train laymen to the proper understanding of

the SAQI, e.g., by giving more detailed explanations, dis-

cussing suitable real-life examples or by providing more

illustrative sound examples. Hence, for the remainder of

this section it is assumed that the test subject has been

trained by the researcher to the proper understanding of

the vocabulary.

As can be seen from Figure 1, a SAQI test starts with

the auditive comparison of a test stimulus and a given

or imagined reference. Then the subject should first be

asked whether it perceived any difference at all, because,

if the subjects denies, the test could be stopped at this

point. Otherwise, the perceived overall difference may be

rated using a unipolar intensity scale. As visible from

Table 1 scale end labels are proposed in a comparative

style, i.e. “darker/brighter” instead of “dark/bright”. This

comes rather naturally, as any SAQI assessment is intrin-

sically a comparison task, independent from the used ref-

erences being imagined or explicitly given. After rating,

the researcher may optionally ask the subject to indicate

the temporal behavior, user- or scene-related dependencies

and/or to assign reference objects to the perceived differ-

ence which can be done by using multiple-choice ques-

tions. These options can be selected with regard to the

research interest or with respect to the used stimuli. The

procedure is repeated for all selected attributes contained

in the SAQI, potentially in randomized presentation order

while the test stimuli are accessible for continued compar-

ison. More exploratory research questions might ask for

the application of the full SAQI, whereas for very specific

hypotheses, some attributes of the SAQI (e.g., the ‘arti-

facts’ section) might be sufficient. However, applying the

full SAQI will (a) increase comparability across studies,

and (b) will not only reveal perceptual issues but also show

in which respect a simulation is unproblematic. Finally,

subjects should be asked to specify and to rate other dif-

ferences that have potentially been overlooked. Rating the
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