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1 THE NEED FOR MEANINGFUL SUBJECTIVE
EVALUATION OF SPATIAL QUALITY IN SOUND
REPRODUCTION

1.1 Introduction
Sound quality is a multifaceted, multidimensional phe-

nomenon. According to Letowski [1], sound quality
should be differentiated from sound character, the former
including preferential and emotive responses, but the lat-
ter supposed to be purely descriptive. Also according to
him, “sound quality is that assessment of auditory image
in terms of which the listener can express satisfaction or
dissatisfaction with that image. Sound quality can be
judged by comparing images produced by several external
stimuli or by referencing a perceived image to the concept
residing in the listener’s memory.” Sound character, on the
other hand, is value-free and enables judgments to be
made that simply represent differences between stimuli.
This has strong similarities with Nunally and Bernstein’s
distinction between sentiments and judgments [2]. One
might reasonably suppose that sentiments relating to
sound quality are strongly determined by the experience,
culture, and conditioning of a subject (and therefore will
differ considerably), whereas judgments of well-defined
attributes are likely to be more reliable and consistent
(depending only on the sensitivity and training of the sub-
ject). The degree to which one can generalize about sub-
jective preference or sentiment is not fully known, but it is
reasonable to suppose that patterns and trends of prefer-

ence exist among groups of subjects that conform to sim-
ilar cultural and educational backgrounds.

Sound quality is typically treated as a composite entity
in listening test standards, in the form of a mean opinion
score (MOS), which conflates all aspects of sound quality,
including preferences and descriptive characteristics, into
a single rating. Although such standards do allow for the
rating of more distinct attributes, they are rarely used in
practice.

The purpose of this paper, though, is not to present a
discourse on sound quality in general, but to concentrate
on the specific issues of spatial quality and character in
sound reproduction systems. The emphasis is on subjec-
tive analysis rather than on physical correlates of subjec-
tive variables, although some comments are made about
the physical factors that have been observed to relate to
various subjective attributes.

Work is proceeding in various centers to identify phys-
ical measures that relate to subjective spatial attributes, but
more time is needed before a complete model emerges. It
is important to ensure clarity in the definition of subjective
terms before one can establish clear relationships, and it is
vital that the experimental rigor expected in the physical
measurement of signals be matched by equal rigor in the
definitions of subjective terms. This paper, therefore, is
mainly about the semantics of spatial quality.

High technical quality or fidelity, it can be argued, may
be taken for granted at this point in the history of audio
engineering. Although not all audio devices exhibit the
highest technical quality, the technical quality of the best
sound reproduction available to the consumer exhibits
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very low levels of distortion, a wide frequency range, a flat
frequency response, and low noise, with specifications
that match or exceed the limits of human perception.
Although improvements may still be made in these
domains, the technical quality curve is becoming asymp-
totic to the ideal, and product development is in a region
of diminishing returns.

Spatial quality and character, on the other hand, have
some way to go before the curve could be said to be
asymptotic to some ideal. For many years sound repro-
duction has been limited to only two channels, in the
majority of applications. So-called binaural audio repro-
duction (that is, using head-related signals fed independ-
ently to the two ears) is capable of high spatial fidelity but
has not been widely used commercially. Begault identified
a range of challenges that should be overcome before it
could be implemented successfully, and some of these are
being addressed [3]. The use of head-related spatial audio
signals is, however, now growing in virtual reality sys-
tems, virtual acoustics, and computer sound reproduction,
including systems that reproduce such signals over loud-
speakers using crosstalk canceling [4]. Surround sound, or
multichannel reproduction involving more than two loud-
speakers, is growing in importance and is capable of
enhanced spatial quality, compared with two-channel
stereo reproduction [5], but still exhibits numerous com-
promises. Wavefield synthesis [6] allows for accurate
sound field reconstruction over a wide listening area but
requires a very large number of loudspeakers and advanced
signal processing. It is unlikely to be implemented widely
in consumer systems for some time to come. Whatever
reproduction systems are implemented, it must still be
possible to generate source material in creative environ-
ments such as recording studios, and convenient methods
for spatial image control are still at a relatively crude stage
in their development.

The preceding leads to the inevitable conclusion that
reliable methods of measuring and subjectively assessing
spatial quality are required if reproducing systems, signal
processing algorithms, and recording techniques are to be
compared reliably. Such methods are also of vital impor-
tance in the field of computational auditory scene analysis
(CASA) and its partner, virtual reality (VR) [7], in which
reliable perceptual descriptors and physical correlates of
spatial scene attributes are needed for parametric repre-
sentation and synthesis.

Much of the extant work on subjective assessment in
sound reproduction has concentrated on timbral quality
and technical fidelity, tending to place spatial quality at a
lower level of priority or to group its attributes under a
single heading. This is probably because the focus of such
studies has typically been on the quality of loudspeakers
(such as in [8], [9]), where other issues were of overriding
importance and spatial content could be a distraction from
the evaluation of the product under test. Toole, for exam-
ple, found that listeners were less critical of a loudspeaker
when listening in stereo, leading him to prefer mono-
phonic tests for critical evaluations.

This is not to say that spatial quality was unimportant at
that time (in 1985 he concluded that “assessments of

stereophonic spatial and image qualities were closely
related to sound-quality ratings”), but until recently there
have been relatively few attempts in the world of repro-
duced sound to isolate any more detailed spatial attributes
than all-encompassing ones, such as spaciousness, spatial
impression, sound stage, or stereophonic impression.
Those spatial scales that have been used in listening test
questionnaires often appear to have been defined by the
experimenter, rather than derived from detailed elicitation
experiments, and are not known to be universally mean-
ingful or statistically independent of each other.

Spatial quality has been studied in concert hall
acoustics, and there is a certain amount that can be learned
from these studies in relation to reproduced sound. There
are, nevertheless, a number of reasons why reproduced
sound may be considered to be different from concert hall
acoustics, and may benefit from consideration in its own
right. Although many of the features of natural environ-
ments and spatial listening may be present in reproduced
sound, there are a number of unique properties of each,
and the cognitive tasks, context, and concepts involved
may be somewhat different, as will be discussed and as
already introduced in previous works [10], [11].

1.2 Illusion versus Accuracy
As originally expounded in [5], different applications

give rise to different spatial audio quality criteria in repro-
duced sound. In classical music recording and other
recording genres where a natural environment is implied
or where a live event is being relayed, it is often said that
the aim of high-quality recording and reproduction should
be to create as believable an illusion of “being there” as
possible. This implies fidelity to a remembered reference
in terms of technical quality of reproduction, and also
fidelity in terms of spatial quality. Others have suggested
that the majority of reproduced sound should be consid-
ered as a different experience from natural listening, and
that to aim for an accurate reconstruction of a natural
sound field is missing the point––consumer entertainment
in the home being the aim.

The primary aim of most commercial media production
is not true spatial fidelity to some notional original sound
field, although a mixing engineer might choose to create
spatial cues that are consistent with those experienced in
natural environments. In a large number of commercial
releases there is no natural environment to imply or recre-
ate, and one is dealing with an artificial creation that has
no “natural” reference or perceptual anchor. Here the
acoustic environment implied by the recording engineer
and producer is a form of acoustic fiction or acoustic art.
This is probably what led Nakayama et al., when identify-
ing some subjective dimensions of multichannel repro-
duction of natural acoustic music recordings back in 1971
[12], to comment in relation to “nonnatural” balances such
as pop music:

Needless to say, the present study is concerned with the
multichannel reproduction of music played only in
front of the listeners, and proves to be mainly concerned
with extending the ambience effect . . . In other types of
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four channel reproduction the localizations of image
sources are not limited to the front. With regard to the
subjective effects of these other types of reproduction,
many further problems, those mainly belonging to the
realm of art, are to be expected. The optimization of
these might require considerably more time to be spent
in trial, analysis, and study.

Even if a reproduced spatial scene is unnatural, unfa-
miliar, or fictitious, it is possible to compare versions of
spatial reproduction (or scene renderings in VR terms),
such as might arise from using different recording tech-
niques, forms of signal processing, or reproduction con-
figurations. One can describe their relative quality and/or
character in terms of differences in magnitudes of clearly
defined attributes. It is also possible to talk in terms of
desirable and undesirable, or appropriate and inappropri-
ate, spatial qualities, although this is related closely to
preference evaluation, which is a separate matter. One
must also bear in mind the possibility for reproduced
sound to be “hyperreal,” that is, having spatial cues that
are exaggerated or not naturally occurring. As virtual envi-
ronments and augmented reality become more common,
our concepts of naturalness may be forced to change––
after all, naturalness is mainly related to familiarity.

The ability of spatial sound systems to recreate accu-
rately localized sources is regarded by many as the “holy
grail” of stereophonic reproduction, and the evaluation of
perceived sound source locations is often the only consid-
eration in subjective experiments. If true identity were
possible between recording environment and reproducing
environment, in all three dimensions and for all listening
positions, then the ability of a recording–processing–
reproducing system to render accurate images of all
sources (including reflections) would be the only require-
ment for spatial fidelity. The need for subjective testing
would be eliminated as a result, and there would be no
need for a discussion such as this. True identity, however,
is not currently possible, and may never be, for a variety
of practical and technical reasons. Neither is it necessary
to render every reflection accurately in order to obtain a
perceptually convincing impression of diffuse reverbera-
tion, for example, enabling complexity reductions to be
made in practical spatial audio rendering systems [13],
[14]. Real spatial audio signal chains, from original source
to listener, always involve tradeoffs and design compro-
mises of one sort or another, which makes subjective test-
ing and comparison necessary and desirable.

As an interesting aside, it may also be noted that some
recent experiments seem to suggest that precise source
position rendering in the spatial reproduction of music and
other natural signals is not the most important spatial fac-
tor governing listener preference. At least two separate
studies involving listener preference mapping have found
a relatively low correlation between precise localization
accuracy and preference ratings [15], [16]. This, however,
requires much more study and is likely to be highly con-
text and subject dependent.

Human scene analysis mechanisms have a tendency to
group simple stimulus components into meaningful objects

in order to make sense of the perceived world [17]. The
spatial differences between reproduced sound scenes are
typically described by listeners in terms of high-level
attributes or constructs, such as scene width and depth,
source width, envelopment [18], rather than in analytical
terms describing the locations of direct sound and reflec-
tions associated with each sound source, as will be dis-
cussed. High-level spatial constructs are hard to define
and relate to physical quantities, but they are useful “han-
dles” on the subjective reality of individuals and may be
excellent “hooks” for parametric analysis and synthesis as
well as creative control of artificial spatial environments.

1.3 Product Evaluation or Classical
Psychophysics?

A degree of tension may be observed between those
whose primary aim is to evaluate products (such as loud-
speakers, microphone techniques, signal processing algo-
rithms, audiovisual systems, VR environments) and those
whose primary aim is to study human perception mecha-
nisms. The two fields are related, but the aims are differ-
ent. In classical psychophysics relatively simple stimuli
are typically used in experiments that are designed to
study the workings of the human brain and its psycholog-
ical functions. In product evaluation one is less directly
concerned with the workings of the human brain, and sub-
jects are used as “quality meters” in order to determine
something about the product under test. Letowski [1] clas-
sifies these two forms of auditory assessment as subject-
oriented and object-oriented, because the former is con-
cerned with gathering information about the listeners
themselves and the latter with information about the
external world. However, if one considers the listener as
just another component in the signal chain from source to
receiver, then the distinction between the two paradigms
becomes more difficult to justify.

Spatial audio evaluation as discussed here is concerned
with the product evaluation, or object-oriented, form of
auditory assessment. There is no direct intention to claim
greater insight into spatial perception or cognitive pro-
cesses, although useful insights may arise as offshoots of
the argument. This paper is concerned with the develop-
ment of reliable and valid methods for the evaluation and
comparison of products, systems, and techniques that give
rise to differing spatial sound quality.

1.4 Reliable Product or Technique Differentiation
In product evaluation experiments one is usually con-

cerned with some form of comparative judgment, either
between multiple products or between each product and a
reference. Here one needs to develop methods that differ-
entiate reliably and meaningfully between systems, and
one looks for attributes or scales upon which such differ-
entiation can be made, as well as suitable program mate-
rial that highlights these differences.

Whereas in auditory perception experiments one typi-
cally uses simple stimuli such as tones and noise, in prod-
uct evaluation it may be more appropriate to use the sort of
program material for which the product will be used, such
as music, speech, movie sound, and so forth. The problems
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of using such material are numerous and will be discussed
in more detail later, but here it is simply asserted that the
ecological validity of product evaluations is not easily sup-
ported by using tones or noise as program material.

Ecological validity describes the extent to which an
experimental situation matches the real-world context and
circumstances it is supposed to represent. For example,
numerous psychological experiments take place under
highly controlled laboratory conditions that may give rise
to unrepresentative human responses. Such situations
could be considered to have low ecological validity.
Ecological validity is similar to external validity, which
relates to the validity of experimental results outside the
context of the individual experiment. In psychoacoustic
experiments there is nearly always a tension between eco-
logical validity and scientific control of variables––the
more tightly one controls experimental variables in order
to observe individual effects, the less ecologically valid
the experiment becomes. There appears to be a form of
uncertainty principle at work, in that one can obtain an
unambiguous result with high certainty but low ecological
validity, or a more uncertain result with higher ecological
validity. The more like a real-world situation the experi-
ment becomes, the less easy it is to control all the vari-
ables. This tension is strongly evident when one tries to
undertake controlled experiments comparing recording
techniques.

1.5 Relationships between Spatial Attributes
and Preference

As introduced before, attribute judgments and prefer-
ence rating are different concepts. Letowski chooses to
distinguish between global assessment and parametric
assessment, the former being close to the concept of a
MOS-type evaluation. He divides global assessment into
the categories fidelity, naturalness, and pleasantness. He
acknowledges that fidelity is a comparative judgment that
relates one sound stimulus to another, possibly a refer-
ence. Naturalness can be taken as a comparison between
the stimulus under evaluation and an internal reference
that relates to memories of the characteristics of natural
environments. Pleasantness, in his terms, is a form of pref-
erence or emotive response that grades the degree of satis-
faction with a stimulus. He proposes that sound quality
can be broadly divided into the categories of timbral qual-
ity and spatial quality. Toole [8], on the other hand,
chooses to group ratings of sound system performance
into three broad categories: fidelity, pleasantness, and spa-
tial quality. The middle one of these is most clearly a pref-
erence attribute whereas the other two are more likely to
be purely descriptive.

In [19] similar but not identical categories of responses
to those mentioned were identified in a free elicitation
experiment that aimed to discover attributes considered
relevant by listeners when comparing different modes of
spatial reproduction. A form of verbal protocol analysis
enabled the grouping of elicited attributes into categories
that distinguished between descriptive attributes (suppos-
edly value-free, objective constructs) and emotive/evalua-
tive attributes (similar to the pleasantness category). A dis-

tinct group also emerged under the naturalness heading, to
some extent confirming Letowski’s hypothesis.

An important aspect of spatial attribute evaluation in
subjective experiments is the relationship between descrip-
tive attributes and preference. Bech [20] explained how
external preference mapping could be used to relate
expert-derived descriptive data to naïve subjects’ ratings
of product preference. Berg and Rumsey [16] and
Zacharov and Kuovuniemi [15] also showed how forms of
statistical analysis could be used to establish relationships
between descriptive terms and preference data from spa-
tial audio experiments. In such a way, product designers
and sound designers can begin to discover how certain
spatial attributes should be optimized in different contexts
in order to give rise to high consumer preference. This
possibly simplistic view of reproduced sound as a con-
sumer product such as food or wine, to be optimized
according to the preferences of a naïve consumer,
deserves careful consideration. Sound products, it might
be argued, are “consumed” these days in similar ways to
other commodities, rather than being the preserve of an
elite band of cognoscenti. Although expert listeners are
useful as subjects in the sensitive judgment and discrimi-
nation of clearly defined attributes, their preference judg-
ments may not be typical of the average consumer.

2 WHAT IS A SPATIAL ATTRIBUTE?

Before proceeding much further it is important to dis-
cuss exactly what is meant by the term “spatial attribute”
in sound quality evaluation. Although the meaning of the
phrase may seem obvious to some, it is far from consis-
tently represented in the literature, being open to all sorts
of interpretations.

2.1 Meaning, Reliability, and Validity
When planning experiments in the human sciences, one

is regularly faced with the concepts of validity and relia-
bility in the definition of scales and attributes. In [21] it
was explained that whatever the method used in psycho-
logical testing, it must stand up to the normal tests of
objectivity, reliability (it should stand up to duplication),
validity (measures should be seen to covary with other
independent measures of the same construct or, more sim-
ply, measures should measure what they purport to be
measuring), sensitivity, comparability (comparisons are
possible among individuals and groups), and utility (the
measure provides information relevant to contemporary
theoretical and practical values).

Spatial attributes should be identified that are meaning-
ful, in order of priority; 1) to individual subjects; 2) to a
well-defined group of expert subjects forming a listening
panel, and that agree upon a set of attributes to be graded;
3) to expert listeners not associated with that listening
panel; 4) to independent observers or readers of the
results. They should be unambiguous and preferably uni-
dimensional (in other words, they should represent a sin-
gle perceptual construct). They should enable meaningful
and sensitive distinctions to be made between the products
or techniques under test, and they should enable repeat-
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able judgments. As will be seen, there is considerable
room for any of these criteria to remain unfulfilled in sub-
jective experiments on spatial audio reproduction.

2.2 Attributes of Spaces versus Spatial
Attributes

A review of the literature relating to spatial quality eval-
uation in its broadest sense reveals a subtle but crucial
division between two different concepts of the spatial
attribute. This division, although possibly obvious to those
involved, has never been clearly highlighted in the litera-
ture. Yet it seems important to this author in establishing
clarity about what is to be evaluated and has partly been
brought to his attention through the work of Neher, a
research student at the Institute of Sound Recording [22].
Put simply, it relates to the distinction between attributes
of spaces and spatial attributes. In much of the literature
relating to concert hall acoustics or the acoustics of
enclosed spaces, the attributes that are used to evaluate
“spatial” quality are often parameters that relate to the
qualities of the space in question, such as reverberance,
warmth, intimacy, and so on. Zacharov and Koivuniemi
[10] and Berg [18] review a number of the terms that arise
from such studies, and it is clear that only some of them
are really what this author would term spatial attributes,
which could be related to the evaluation of sound repro-
duction. The most useful spatial terms that arise repeat-
edly in different forms in such experiments can be classed
as source width and envelopment or spatial impression. (A
more detailed discussion of these terms follows.)

In [23] we attempted a definition of spatial impression
as the “the auditory perception of the location, dimen-
sions, and other physical parameters of a sound source
and the acoustic environment in which the source is
located.” This definition is not entirely satisfactory,
though. In [19] we have also described the search for
valid spatial attributes as being primarily concerned with
“the three-dimensional nature of sound sources and their
environments,” which is possibly closer to the mark. Both
these attempts at definitions of what is meant by a spatial
attribute imply that we are concerned with those percep-
tual constructs that relate to directionality, size (height),
depth, and width of reproduced sources, groups of
sources, and acoustical environments. In other words we
are concerned with describing and evaluating the three-
dimensional characteristics of the components of a spatial
audio scene that is reproduced using loudspeakers or
headphones. This scene-based approach to spatial attribute
definition is expanded upon in Section 3.

The following is an example of the conceptual differ-
ence between spatial attributes as defined in this paper and
attributes of spaces as discussed by some other authors.
The extensive research carried out primarily at IRCAM,
resulting in the Spatialisateur (Spat) software package and
partially incorporated into the MPEG-4 spatial audio
scene description language (for example, [24], [25]),
resulted in a number of perceptual parameters for “spa-
tializing” reproduced audio scenes. They enable salient
perceptual features of natural acoustical spaces to be iso-
lated and controlled. Most of these parameters affect the

acoustical characteristics of the modeled space and are
only indirectly related to the spatial attributes of sound
reproduction as defined before. In other words, there is
rarely a direct mapping from these “virtual acoustics”
parameters to what this author would call spatial attributes:

Group I: Source-related attributes and corresponding
objective criteria
• Source presence: energy of direct sound and early room

effect
• Source warmth: variation of early energy with frequency
• Source brilliance: variation of early energy with frequency
• Room presence: energy of late room effect
• Running reverberance: early decay time
• Envelopment: energy of early room effect relative to

direct sound.
Group II: Room-related attributes and corresponding
objective criteria
• Late reverberance: late decay time
• Heaviness: variation of decay time with frequency
• Liveness: variation of decay time with frequency.

Two things are interesting about these perceptual
parameters from Spat: first that they are grouped into
source- and room-related attributes (which corresponds
broadly with our requirements) and second that envelop-
ment is really the only parameter that comes close to our
definition of a spatial attribute. Changes in the envelop-
ment parameter during our informal trials appeared
mainly to give rise to what we would have called changes
in source width, as well as changes in timbral characteris-
tics, when reproduced using the 3/2 stereo rendering
mode. This difference suggests that there may also be
issues of linguistic interpretation to consider as well as
conceptual differences. The relationship between the Spat
perceptual parameters and the examples of unidimen-
sional spatial attributes given in the following, such as
source width, environment width, and source distance, is
not straightforward, suggesting a radically different con-
ception of spatial quality.

2.3 Spatial Attributes in Existing Listening Test
Standards and Earlier Work on Reproduced
Sound Quality

Listening test standards such as those devised by the
ITU have typically concentrated on the mean opinion
score (MOS) or basic audio quality judgment that is taken
to include all aspects of sound quality. Optionally, ITU-R
BS.1116 [26] proposes that one can grade the following
spatial attributes (with their definitions):

• Stereophonic image quality (two-channel systems):
attribute is related to differences between the reference
and the object in terms of sound image locations and
sensations of depth and reality of the audio event

• Front image quality (multichannel systems): attribute is
related to the localization of the frontal sound sources;
it includes stereophonic image quality and losses of
definition

• Impression of surround quality (multichannel systems):
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attribute is related to spatial impression, ambience, or
special directional surround effects.

Clearly these terms are multidimensional. Although the
author has had some success in using the second of these
in experiments on surround sound [27], the term “impres-
sion of surround quality” (even when interpreted as sim-
ply spatial impression) was found to be too variable in its
interpretation by subjects. They found it impossible to dis-
tinguish between the multiple dimensions contained in
spatial impression and were confused between quality and
quantity of the same.

Some of the most comprehensive studies involving sub-
jective testing of loudspeakers were conducted by Toole in
the early 1980s [8]. Here he was primarily concerned with
evaluating sound quality, using scales based on the work
of Gabrielsson and Sjögren (for example, [9]), but he also
needed to evaluate spatial quality in some cases. In such
cases he used scales that he admits were not as rigorously
defined as those for other aspects of quality, but they
seemed to embrace most listener comments in a pilot test.
These were (with this author’s comments in parentheses):

• Definition of sound images (stability, focus, source
separation)

• Continuity of sound stage (a form of width homogene-
ity relating to the even distribution of sources across the
sound stage)

• Width of sound stage (related to the width between outer
sources on the sound stage, not including reverberation)

• Impression of distance/depth (the definition suggests it
is in fact depth that is meant, as discussed further in
Section 3.1.2)

• Abnormal effects (unusual or unnatural spatial effects
such as phasiness)

• Reproduction of ambiance, spaciousness, and reverberation
• Perspective (graded from “you are there” through “they

are here” to “artificial/contrived”).

Most of these attributes are global spatial characteris-
tics, as will be explained in Section 3, and a number of
them include more than one perceptual construct.
Listeners found these scales to be useful in evaluating
loudspeaker spatial quality in Toole’s experiments.

IEC 60268 [28] defines three factors under the heading
“overall spatial quality”:

• Image localization: perceived spatial location of a repro-
duced sound source. The image may be well defined or
blurred.

• Image stability: perceived location of the reproduced
sound source, may change with pitch, loudness, or tim-
bre. It may also change as a function of listener posi-
tion, head rotation, or other normal movements. If these
effects are small, the image will be stable.

• Width homogeneity: stereophonic image should be dis-
tributed uniformly between loudspeakers.

The first of these is somewhat unclear as it is not certain
what “reproduced sound source” is, whether a single

source or the location of all sources or reverberation. The
definition implies that the attribute is related to image
focus––in other words, the degree of “locatedness” of
phantom images. An earlier version of IEC 268-13 (essen-
tially the same standard but in the old numbering system)
also proposed some scales relating to spatial attributes:

• Spaciousness (closed–spacious)
• Distance (distant–near)
• Location of sources (unstable–stable)

EBU 562-3 [29] also suggests attributes that may be
useful in the multidimensional evaluation of spatial repro-
duction, based on Japanese experiments involving multi-
channel sound for HDTV:

• Apparent sound stage width
• Surround effect
• Apparent room size
• Horizontal and vertical localization
• Naturalness
• Sense of reality
• Agreeableness

A small number of other experiments involving spatial
quality attributes in reproduced sound were reviewed in
[30], the main conclusion being that the majority of attrib-
utes used were multidimensional and often unclear in their
interpretation.

2.4 Relationship of Perceived Attributes to
Source Material

The spatial attributes of importance are strongly dic-
tated by the nature of the source material and the context
or task in question. First it is only valid to talk about the
static spatial attributes of a reproduced sound scene when
it is relatively consistent and unchanging; otherwise one
really needs to talk in terms of a dynamic description of
components in that scene as they change. Second the
choice of source material, as is well known from tests on
low-bit-rate codecs [31], can easily dictate the results of
an experiment, and should be chosen to reveal or highlight
the attributes in question. Third, so-called demand charac-
teristics of subjects can influence their perception of spa-
tial attributes in sound reproduction. In other words, the
subjects may have certain expectations of the spatial struc-
ture in the scene that is presented, based upon their expe-
rience and education, especially when that scene is of a
familiar nature such as an orchestra or a string quartet.
They may therefore communicate what they expect rather
than what they actually perceive. This issue can be con-
sidered important if one is concerned with describing the
absolute spatial characteristics of a scene, or when
attempting to study human perception of reproduced
sound scenes, but is less of an issue when attempting to
conduct product evaluations where the judgments are
mainly comparative.

A fourth issue, relating to source material, is that of
complexity in the reproduced scene. Simple scenes con-
sisting of a single source in an anechoic environment are
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simple to control and simple to describe, making the sub-
jective task very easy for a listener. Virtually the only
judgments of relevance in such an evaluation are of source
location and source size or extent. The next step up from
this is a single source in a reflective environment, which
can give rise to attributes such as source width, source
focus, depth, distance, envelopment, and spaciousness
(distance may be considered an aspect of source location,
but absolute distance is hard to judge accurately in ane-
choic environments [32]). Such simple stimuli are often
considered important when trying to establish relation-
ships between physical variables and subjective parame-
ters, as one can just about control all the variables and be
clear about which subjective factors are affected. As soon
as one introduced typical audio program material, involv-
ing multiple sources in different locations, coupled with
room reflections or artificial effects, the scene becomes
complex and more difficult to evaluate. Questions about
attributes such as source width become possibly ambigu-
ous (which source, and whether you mean the width of the
whole image/scene or individual sources within it). Yet
such complex source material is exactly the type of mate-
rial that is important to use in the type of product evalua-
tions that are in question here. If experiments are to have
high ecological validity and enable the evaluation of the
full range of problems and effects that can arise in spatial
audio reproduction, then one cannot always be restricted
to using simple source material. So it is important to
develop a library of subjective terms with clear meanings,
and to adopt a hierarchical structure of attributes in a
“scene-based” spatial evaluation language, as introduced
in the next section. Here graphical evaluation languages
such as introduced in [33] may become more relevant and
useful.

2.5 Spatial Attributes in Concert Hall Acoustics
This discussion would not be complete without men-

tioning the extensive work that has been carried out on
spatial quality in natural acoustics, primarily in relation to
concert hall design. As summarized by Morimoto [34],
there is a long-established understanding in natural
acoustics that auditory spatial impression consists of two
primary dimensions, apparent source width (ASW) and
listener envelopment (LEV). Considerable work has been
undertaken to isolate the physical factors that affect these
two subjective variables. Griesinger [35] has also pro-
posed components of spatial impression based upon a
concept of background and foreground auditory stream-
ing, which helpfully separate source- and environment-
related streams and depend on the temporal structure of
sounds.

It is not the intention, in this paper, to attempt to ana-
lyze or criticize that literature in any detail, as it is well
covered elsewhere. Neither is it intended to suggest that
the attributes defined therein are irrelevant in listening
tests or subjective experiments on reproduced sound.
However, there is sufficient evidence to persuade this
author that reproduced sound and synthetic auditory scene
creation can give rise to subjective attributes either not
encountered or not considered relevant in natural acoustics

(see, for example, [10], [18]). ASW and LEV are not found
to be sufficient on their own to describe the spatial sensa-
tions arising when comparing different forms of sound
reproduction in a way that is meaningful to listeners when
evaluating multisource, ecologically valid source material.
For example, they say nothing about depth or distance,
image skew, and so forth.

3 A “SCENE-BASED” APPROACH TO SPATIAL
QUALITY EVALUATION

In order to address the need to evaluate complex repro-
duced source material that has high ecological validity, it
is proposed that spatial audio reproduction characteristics
should be evaluated subjectively according to a “scene-
based” paradigm. This requires that the elements of the
reproduced scene be grouped according to their function
within the scene, at levels appropriate to the task. The con-
cept of auditory scenes is not novel, but there is little evi-
dence that the concept has been applied rigorously to the
issue of spatial subjective assessment. This paradigm is
primarily concerned with descriptive attributes, rather
than with preference-related or naturalness constructs. It is
also concerned, in the first instance, with scenes that are
nominally static, although the paradigm might be extended
to dynamic scenes in the future. In the examples given here
the paradigm is considered in a two-dimensional form that
excludes height, but it could easily be extended to include
this dimension.

A basic and somewhat abstract example is shown in
Fig. 1. Here a number of individual sources are located
within a reflective acoustic environment. These could be
instruments in a band or ensemble, for example. Typically,
in recorded sound these are panned or otherwise located at
points within the scene, giving rise to a stereophonic image
that is perceived as having an overall width spanning the
distance between the outer limits of the sources within the
scene. The sources making up that image might be grouped
together cognitively by the listener as an entity that could
be labeled “ensemble.” The macro scene element labeled
“ensemble” may be perceived as having certain spatial
attributes such as lateral location, width, depth, and dis-
tance (the distinction between depth and distance is con-
sidered important and will be discussed later). There may
need to be a number of levels of ensemble width if it is
necessary in a particular context to describe the character-
istics of groups within groups, the largest ensemble of all
being all the sources in the scene. In addition, the individ-
ual sources could themselves be perceived as having lat-
eral location, width, distance, and possibly depth.

One can also extend this paradigm to include the acoustic
environment in which the sources are located. Results from
previous experiments [36] indicate that subjects can distin-
guish clearly between source- and environment-related
attributes, enabling them to judge characteristics such as
room width and room size independently of each other, and
independently of source attributes. To take this one step fur-
ther, global judgments may be made of the entire scene.

So there is an argument for grouping spatial attributes
into micro and macro attributes, the micro attributes
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describing the features of individual elements within a
scene, and the macro attributes describing the scene as a
whole, or groupings of elements within it. The concept is
Russian doll–like, with the scene containing an environ-
ment (usually a collection of reflections and diffuse rever-
beration), within which are groups of sources, within
which are individual sources. The reason this is consid-
ered important is to avoid the confusions that have been
observed in subjective experiments with which the author
is familiar. These confusions arise out of the use of com-
plex source material coupled with a lack of clarity in the
definition of the subjective attributes and the scene ele-
ments to which they relate. If subjects are to be trained to

identify and grade these attributes reliably, then clarity in
definition is required. Such clarity will also aid the estab-
lishment of clearer relationships between physical vari-
ables and subjective attributes.

3.1 Examples of Macro and Micro Attributes
3.1.1 Width

In this section it is proposed that, subjectively, there are
at least three different types of width attribute, listed from
micro to macro: individual source width, ensemble width,
and environment width. There may also be a fourth,
termed scene width, although this will depend on the con-
text. These are shown in Fig. 2.
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Fig. 2. Width attributes.

Fig. 1. Scene elements.
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From concert hall acoustics research we are told that the
phenomenon of apparent source width, or ASW, is
dependent on the level, direction, frequency content, and
structure of early reflections associated with a sound
source, affecting the degree of interaural cross correlation
(DICC) [37]. The perceptual stream labeled “source” may
also be isolated and used to gain greater insight into the
signal components that affect perceived source width [38],
[39]. The effect of source broadening is observed, depend-
ing on the nature of these reflections, and has been asso-
ciated with positive listener responses in such contexts. (It
is not proved that the same positive connotations of large
source width are present in judgments of reproduced
sound, but some evidence was noted that precise source
location accuracy is not of paramount importance for lis-
tener preference.)

Individual sources can appear to be made wider in
sound reproduction by spreading or divergence controls,
which divide energy between loudspeakers, as well as by
the addition of artificial reflections. For the sake of clarity
in the structure of the attributes proposed here, this type of
width will be referred to as individual source width (ISW)
to stress the fact that it refers to the perceived lateral extent
of single sources.

This individual source phenomenon may be related to
the degree of locatedness that a single source can be said
to possess. (Locatedness, as described by Blauert [40], is
the degree to which an auditory event can be said to be
clearly in a particular location.) When a source has a small
ISW, it is also likely to have high locatedness (it is easy to
locate and appears to resemble a point source), whereas
when it has a large ISW, it is more likely to have poor
locatedness (it appears to be very large, possibly rather
diffuse and difficult to locate). Listeners sometimes prefer
to use terms such as poor image focus rather than large
individual source width, but here they are describing the
global characteristics of reproduced sound scenes in
which all the sources appear to be fuzzy and difficult to
localize. It is not clear, however, that a high source dif-
fuseness is exactly congruent with large perceived width,
or that these are identical attributes. (One could conceive,
for example, of a large source with clearly defined bound-
aries that was also easy to localize.) A clear relationship
was noticed, however [36], in experiments using different
modes of spatial sound reproduction, where the attributes
localization (defined in this case as the ease with which
the direction of a source could be pinpointed) and source
width were found to be negatively correlated.

The macro entity we call an ensemble is a group of
sources that has a common cognitive label (orchestra,
band, or string section). (The term ensemble used here has
musical connotations but is intended to mean any group of
sources that can legitimately be grouped together as a
“macro object.”) Reproduced stereo images of multiple
sources (such as an ensemble or orchestra) have width by
virtue of the amplitude and/or time differences between
the loudspeaker channels arising from each source in the
ensemble. Such width can be varied by altering these rela-
tionships using panpots, MS (midside) processing, or by
controlling the relative amplitudes and timings of the sig-

nals from different instruments at an array of recording
microphones [5]. (It is often the case, for example, that
different microphone techniques, stereo processing algo-
rithms, or reproduction arrangements have the effect of
narrowing or widening the perceived width of groups of
sources within the overall scene.) Clearly the perception
and physical correlates of this width attribute are different
from those for individual source width, because it is not
primarily dependent upon early reflections, DICC, or
divergence control, as in the case of ISW. It specifically
excludes the apparent width of the environment within
which the ensemble is housed (which may be perceived
differently). Here, for the sake of clarity, this new type of
width will be defined as ensemble width because it relates
specifically to the perceived width of a group of sources
which together are cognitively labeled an ensemble.

Environment or room width is yet another specific
attribute, and experiments have shown that it is both sepa-
rately perceivable by subjects, distinguishable from room
size (which can be judged even in mono [36]), and sepa-
rately controllable in terms of the physical parameters of
the sound field [41]. It is derived from a cognitively sepa-
rate information stream to foreground information that
represents individual sources. (It appears to be dependent
on the interaural decorrelation and time difference fluctu-
ations of decaying reverberation tails. This supports Grie-
singer’s concept of background spatial impression (BSI)
[42] and depends on the ability of source material to reveal
background reverberation in the gaps between notes of
music or phonemes of speech.) Environment width seems
to be related to a perception of the reverberant sound
within the reproduced space and (under the definitions
proposed here) is dependent on the ability to experience a
sense of presence (see Section 3.1.3). It relates to the dif-
ference between the auditory sensation of a wide space
and that of a narrow space.

In our experiments a sense of large environment width
has, not surprisingly, gone hand in hand with the percep-
tion of well-externalized reverberation (perception of
reverberation outside the head). This is only a relevant
attribute when a separate reverberant environment is
implied and perceived, such as in the majority of natural
music recordings made in reverberant spaces. It is closely
related to what others have called spaciousness and may
have some things in common with LEV, but this will be
discussed in more detail later. It may be less relevant when
using program material such as pop music, where effects
added to essentially dry sources may not imply the loca-
tion of sources within a fixed space.

The fourth width category, here termed scene width, is
proposed as a global spatial attribute (the highest level
macro attribute) that describes the apparent width of the
entire scene, including the reflective environment. The
chances are that this will usually be the same as the envi-
ronment width, as this is likely to be larger than any of the
other components, but one can allow for situations in
which this might not be the case. For example, in certain
artificially constructed or “hyper-real” scenes, sound
objects might be able to be placed outside the implied envi-
ronment, or the environmental cues might be extremely

J. Audio Eng. Soc., Vol. 50, No. 9, 2002 September 659



RUMSEY PAPERS

narrow. Such situations are hypothesized by Begault in
[43]. Table 1 summarizes these different levels of width
attribute. The width referred to is always the perceived with
rather than the physical width of original sources.

An interesting question arises occasionally about what
happens when a source or a group of sources in a repro-
duced sound environment are made so wide or diffuse that
they apparently become enveloping (see Fig. 3). In other
words, at what point does the attribute we call source
width become another one called envelopment? (The cor-
rect answer is probably, “when subjects say that it does.”)
Interestingly Morimoto independently also makes a simi-
lar observation in [34], where he notes it could be argued
that there is only one spatial impression dimension and
that the difference between ASW and LEV might only be
a matter of degree, depending on the size of the object. In
surround sound reproduction this phenomenon is more
easily encountered than in two-channel stereo, owing to
the presence of loudspeakers to the sides or rear of the lis-
tener and the possibility for sources to be panned or spread
all around the listener. This highlights the difficulty of a
precise unidimensional definition of such attributes and is
discussed further in Section 3.1.3.

3.1.2 Depth and Distance
Depth and distance attributes might initially appear to

be the same, but here it is argued that they should be eval-
uated separately because they are different psychological
constructs and are at different levels in our scene-based
hierarchy of attributes. Again one may need to distinguish
between sources and groups of sources, and between
sources and environment.

Referring to the diagram in Fig. 4, it will be seen that
source distance is considered to be the perceived range

between a listener and a reproduced source. Depth on the
other hand is related to the sense of perspective in the
reproduced scene as a whole, and refers to the ability to
perceive a scene that recedes from the listener, as opposed
to a flat sound image. It is sometimes possible, for exam-
ple, to judge source distance in mono (by listening to the
direct-to-reverberant sound ratio and the relative loud-
nesses of the sources), but mono reproduction (it may be
argued) gives little or no sense of spatial depth.

It is possible that individual sources may be perceived
as having depth (as shown in Fig. 4). This has so far
proved an elusive concept in subjective experiments and
subjects do not often report perceiving it, although Martens
reports its relevance during tests on low-frequency decor-
relation in [44], and Berg and Rumsey [45] have noted
subjects describing a contrast between curved and flat
sources, which seems similar. (Martens found that sub-
jects drew representations of source depth in graphical
responses, but only rated individual source distance in a
scaling experiment.) Groups of sources, or ensembles,
may more readily by perceived as having depth that relates
to the perceived front–back dimension of an ensemble,
although this does not appear to be a prominent perception
in formal and informal experiments conducted to date.
Elicitation experiments so far conducted do not seem to
have revealed a separate construct of environment depth,
although it may yet come to light. By far the stronger per-
ception seems to be environment width, for reasons not
yet explained, although it may have to do with the concept
of construct masking, in which strong perceptual con-
structs have a tendency to dominate the overall judgment,
thereby hiding weaker ones.

Table 2 summarizes the different proposed levels of dis-
tance and depth attributes.
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Fig. 3. (a) Narrow source. (b) Source perceived as very wide, wrapped around listener, and diffuse may be considered enveloping.

(a)        (b)

Table 1. Proposed definitions of width attributes in reproduced sound (see also Fig. 2).

Attribute Construct Definition

Individual source width Width of individual source(s) within a scene
Ensemble width Overall width of a defined group of sources (may be all the sources in the scene if required)
Environment width Broadness of (reflective) environment within which individual sources are located
Scene width Composite or global width of entire scene
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3.1.3 Envelopment, Spaciousness, and Spatial
Impression

Envelopment, spaciousness, and spatial impression are
terms that seem to result in the most varied interpretation
in the literature. They are harder to conceive of than
dimensional quantities such as width, depth, or distance,
as they are not perceived directly as linear quantities but
more as semiabstract and multidimensional impressions.
They are all terms that relate in some way to the degree of
immersion in the sound field experienced by the listener
or to a global description of the scene, and are presented
here as a different class of attributes to the dimensional
attributes proposed in the previous sections. The earlier
group might be termed dimensional attributes, whereas
this group might be termed immersion attributes.

In colloquial terms, it is important for the future of this
field that “everyone is singing from the same hymn sheet,”
a task that is extremely hard and sometimes impossible
when dealing across cultures and languages. Anyone who
attempts to wrestle with the semantics of these terms is to
some extent asking for trouble, but it seems important that
it be done. It is also quite likely that each individual using
these terms will think that everyone else understands the
same thing by them, but the literature is full of subtly dif-
ferent interpretations.

Spatial impression has typically been used as a form of
“cover all” term, describing one or more spatial sensa-
tions. It is not very helpful in practice, as it is not well
defined and different people interpret it in different ways,
so it is dispensed with as a useful unidimensional sensa-
tion. Barron and Marshall [46] originally discussed two
forms of spatial impression, one related to diffuse rever-
beration and the other to lateral reflections. The former
resulted in the sensation of being inside a room and was
accompanied by a sense of distance from the source,
whereas the latter appeared to give rise to a form of
source-related envelopment involving sensations appar-
ently close to the listener. Rather, as proposed in Section
3.1.1, they suggested that as the source width increases
because of increasing levels of lateral reflections, the sen-
sation becomes enveloping (a form of individual source
envelopment in the terms of this paper). These sensations
have been clarified over the years in the concert hall
acoustics literature, leading to the relatively clear defini-
tions of ASW and LEV, as introduced earlier.

LEV is related to the subjective impression of being
immersed in the reverberant sound in a hall and was found
to be related to late, lateral reflected energy in concert hall
acoustics, as examined by Bradley and Soulodre [47].
Morimoto, however, along with other Japanese col-
leagues, tends to refer to LEV as the degree of fullness of
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Fig. 4. Depth and distance attributes.

Table 2. Proposed definitions of distance and depth attributes in reproduced sound (see also Fig. 4).

Attribute Construct Definition

Individual source distance Distance from listener to perceived location of a source
Ensemble distance Distance from listener to perceived midpoint of an ensemble
Individual source depth Depth of individual source within a scene
Ensemble depth Depth of a group of sources
Environment depth Depth of (reflective) environment within which sources are located
Scene depth Composite or global depth of entire scene, including environment
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sound images around the listener, excluding the precedent
sound image composing ASW [34]. Is fullness the same
thing? His diagrams and writing suggest that he is defi-
nitely talking about immersion in reverberation.

As mentioned in Section 3.1.1, subjects often use the
term envelopment when they are surrounded by a number
of dry sources in surround sound reproduction, and they
sometimes even do so when a single source is so broadly
spread and diffuse as to “wrap around” the subject and
appear enveloping. This sensation is almost certainly not a
property of late reflected sound, as the sources in question
can be dry and direct, so it cannot be considered to be
LEV in the traditional sense. This scenario rarely arises in
concert hall acoustics, as the listener is rarely placed in the
middle of the orchestra. If they were, they would probably
claim to be enveloped by sound or “inside the music,” but
this would not conform to the received definition of LEV,
although it might have something to do with Morimoto’s
sense of “fullness of sound images around the listener.” So
a new term is needed for this type of envelopment.

Spaciousness may relate to a variety of scene elements
and implies a sense of being inside a spacious environ-
ment. Letowski [1] defined spaciousness as “that attribute
of auditory image in terms of which the listener judges the
distribution of sound sources and the size of acoustical
space. Spaciousness, he said, “enables the listener to judge
that two sounds, which have, but do not have to have, the
same pitch, loudness, duration, and timbre, are arriving
from different directions.” In his terms, then, it is also a
multidimensional concept that refers to any spatial context
in which the source direction can be determined and
where the size of the space can be judged. He subdivides
spaciousness in his MURAL (multilevel auditorry assess-

ment language) as shown in Fig. 5.
In [39] Griesinger differentiates between spatial

impression and spaciousness. Here he refers to spatial
impression with examples that imply the sense of being
present within any enclosed space, whereas spaciousness
is reserved for the experience of large reverberant spaces.
This is useful, as it is close to our need for a dimensional
judgment of some scene element––in fact spaciousness is
here very similar to the definition of environment width
and depth given in the preceding.

As mentioned in the introduction to this section, for the
purposes of this discussion it is convenient to separate
subjective attributes relating to environment dimensions
(width, depth, height) from immersion attributes (such as
envelopment). Subjective impressions of large and small
environments were already dealt with in the previous two
sections with terms such as environment width and envi-
ronment depth. These specifically refer to subjective sen-
sations of the dimensions of the space around a subject
arising from a background stream of reverberant informa-
tion, rather than being related to sources.

We will propose a new attribute named “presence,”
defined as the sense of being inside an (enclosed) space.
This implies that the subject is able to sense the bound-
aries of the space around him or her. In other words, sub-
jects feel present within the space rather than absent from
the space. (This concept is supported by subjective data
from elicitation experiments in which subjects have
described their experience of different spatial modes of
reproduced sound as “outside the event” and “in a corridor
outside” in opposition to being “in the center of the
sound” [21].) Presence, as defined here, is primarily
related to environmental, contextual, or background cues.
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One should not rule out the possibility that sensations of
presence might be experienced in outdoor environments,
where numerous low-level dry sources merge to create a
background ambiance (hence the parentheses around
“enclosed”), but here we are primarily considering rever-
berant environments. An important criterion for presence
is hypothesized to be an awareness of background-stream
sound energy arriving from many directions.

Envelopment, on the other hand, must be subdivided
into environmental envelopment and source-related envel-
opment, the former being similar to LEV in concert halls
and the latter to envelopment by one or more dry or direct
foreground sound sources. This is summarized in Table 3.

These definitions give rise to a number of observations.
First, presence and environmental envelopment are not
necessarily the same, although they may be closely
related. The former is a prerequisite for the latter. Once a
subject feels to be inside the space, they are able to judge
concepts such as environment width and depth as defined
before, and they can be enveloped to varying degrees by
reverberant sound. This hypothesis is supported by the
work of Berg, to be discussed later. Second, sources (and
groups of sources) can be enveloping. (This point concurs
with Griesinger’s view that individual sources can be
enveloping, and in his writing related to the interaction
between continuous sound sources and reflected energy he
refers to this as continuous spatial impression (CSI [47].)
Third, the physical mechanism for each of these types of
effect is different.

The mechanisms for these effects are still being studied.
Individual source envelopment can be caused in sound
reproduction by effects similar to Griesinger’s CSI or by
the artificial and very wide spreading of dry sources by
variable panning devices such as Gerzon’s stereo image
spreading circuit [48]. Ensemble source envelopment is

caused by panning numerous dry sources to locations that
together surround the listener (similar to the concert hall
concept of a listener placed in the middle of an orchestra).
Environmental envelopment appears to be related to the
background information stream, in reproductions of natu-
ral spaces being dependent on the level and directional
distribution of late, diffuse reverberant energy, similar to
the concert hall LEV.

Data from the experiment described in [36] have been
analyzed in greater detail by Berg [49], lending some sup-
port to the paradigm and distinctions suggested earlier, at
least in the context of that experiment. Here a subset of the
subjective ratings given by listeners when comparing dif-
ferent modes of spatial sound reproduction was analyzed
by factor analysis for the following attributes:

• Presence (psc)
• Envelopment (env)
• Room width (rwd)
• Room size (rsz)
• Room level (rlv).

Fig. 6 shows the factor loadings of these attributes when
two factors were extracted and subjected to varimax rota-
tion. One possible interpretation of the factors is that fac-
tor 2 represents a sense of presence in the reproduced
environment (being strongly loaded, not surprisingly, for
the presence attribute). Factor 1 represents an ability to
judge aspects of the reproduced environment such as room
size and reverberant level. Other interesting observations
from this analysis are that room size and reverberant level
do not appear to require a strong sense of presence to
judge them, whereas envelopment requires a strong sense
of presence (although it may be the other way around).
Also the ability to judge room width (in this paper’s terms,
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Table 3. Proposed definitions of immersion attributes in reproduced sound.

Attribute Construct Definition

Individual source envelopment Sense of being enveloped by a single sound source
Ensemble source envelopment Sense of being enveloped by a group of sound sources
Environmental envelopment Sense of being being enveloped by reverberant or environmental (background stream) sound
Presence  Sense of being inside an (enclosed) space or scene

Fig. 6. Factor loadings for a selection of environment-related attributes.
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environment width) requires a degree of presence. The
factor 2 (presence) attributes appeared to be strongly
dependent on surround modes of reproduction, whereas a
number of the room acoustics attributes loading factor 1
could be judged even using mono reproduction.

3.2 Miscellaneous Spatial Attributes
A number of further attributes or characteristics may be

important in the evaluation of spatial audio, not all of
which fit cleanly into the aforementioned scene-based par-
adigm, but are nonetheless relevant. Without them one
would not have a complete description of spatial quality,
and most of them relate to some form of spatial distortion
of the global scene compared with a reference scene ren-
dering. Some examples of these are defined in Table 4,
with an attempt to place them at an appropriate level in the
scene-based model.

An accurate evaluation of all of these constructs still
does not enable one to differentiate between natural spa-
tial characteristics and unnatural ones. For example,
phasiness or phase reversal in stereophonic signals can
lead to a strong sense of unnaturalness, as can a simple
left–right reversal of a scene. The analysis of precisely
what constitutes naturalness, though, is a separate topic
and will be considered at another time.

It is not proposed that all of these and the aforemen-
tioned spatial attributes should be used in every listening
experiment, but simply that similar clarity of definition
should be employed. Attributes should be chosen for an
evaluation based on the task and context in question.

4 CONCLUSION

In the foregoing paper the need for reliable, preferably
unidimensional, spatial attributes has been justified more
broadly within the context of sound quality. Existing stan-
dards and previous work in the field have been reviewed
and the spatial attributes therein defined have been found
insufficient in various respects. In order to ensure clarity
in semantics concerning spatial attributes for the subjec-
tive evaluation of ecologically valid source material, a
novel scene-based paradigm has been proposed. This sep-
arates descriptions of sources, groups of sources, environ-
ments, and global scene parameters. It also separates
attributes into a dimensional group and an immersion
group. It is currently based on the evaluation of static
characteristics, but could be extended to dynamic scenes
in the future. The paradigm is regarded as ongoing work,
and is based on results so far obtained from formal and

informal listening experiments, and on literature-based
observations of the author and colleagues. It is presented
as a contribution to the debate rather than a definitive
account of completed work.
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Source stability                        Degree to which individual sources remain stable in space with respect to time (assuming nominally

stationary sources)   
Scene stability                 Degree to which the entire scene remains stable in space with respect to time
Source focus Degree to which individual sources can be precisely located in space (this may be closely related to ISW)
Scene width homogeneity Evenness of distribution of scene elements compared with a reference scene
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