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Blauert has introduced a systemic view on a listener in an auditory experiment. This view helps to separate
sound events from auditory events and from their descriptions, and to identify and describe the processes in-
volved in such experiments. This notion has been extended to listeners in a quality-judgment situation by
Jekosch and Raake, leading to the notion of a “quality event”. This paper will identify components which are
necessary for an algorithmic description of the processes involved in the formation of a quality event. Taking the
example of telecommunication services, it will be shown which components of quality prediction models are
already available, and which others are still out-of-reach and require further study.

Introduction

With the increasing development of communication tech-
nology, the need for evaluating their quality becomes ur-
gent. The discipline of communication acoustics is not an
exception to this rule: Acoustics engineers need to quantify
the quality of, e.g., telephones, public announcement sys-
tems, concert halls, or car noises, in order to design opti-
mum systems for the end user. Having said this, it comes to
a surprise that the definition of quality — in particular in the
context of sound quality — did not prove to be stable; in
fact, it has radically changed during the last 10 years.

At about that time, quality was considered to be the “total-
ity of characteristics of an entity [...] that bear on its ability
to satisfy stated or implied needs” (EN ISO 9000, 2000,
cited after [10]). This “totality of characteristics” is what
we would nowadays call the ‘character’ of an entity [2].
The quality definition has been improved in 2005, now
stating that quality is the “degree to which a set of inherent
characteristics [...] fulfils requirements” [7]. It is further
stated that a characteristic is a “distinguishing feature”, and
the term ‘inherent’ is used explicitly as opposed to ‘as-
signed’, meaning “existing in something, especially as a
permanent characteristic” [7]. Although being improved,
this definition is not yet in line with the framework devel-
oped by Blauert and Jekosch, in particular when it comes to
sound quality.

According to their framework of definitions, quality is de-
fined from a perceiving person’s point-of-view. Jekosch
[10] defined quality as follows:

“Result of judgment of the perceived composition of
an entity with respect to its desired composition.”

Apparently, quality involves a perception and a judgment
process, during which the perceiving person compares the
perceptual event with a (so-far unknown) reference. The
character of the perceived composition is not necessarily a
“permanent characteristic” of an entity; in fact, the refer-
ence may influence what is actually perceived. In any case,
as the result of the comparison, quality is always relative
and happens as a ‘quality event’ in a particular spatial,
temporal and functional context. Such a context has to be
modelled when quality is to be quantified through a meas-
urement process.

In order to analyze quality and to design high-quality sys-
tems, knowledge about the perception and judgment proc-
esses involved in the formation of a quality event is neces-
sary. The following section will review some of the proc-
esses which have been postulated so far, starting from a
systemic approach to a listener in an auditory experiment
introduced by Blauert in 1974 [5], and extending it to an
interactive person in a quality judgment experiment.

The processes may serve as ‘building blocks’ in two ways:
First, knowledge of the involved processes is necessary to
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design appropriate measurement processes for, e.g., sound
quality, transmission quality, auditory-scene quality, or
product-sound quality. Secondly, the blocks enable us to
define algorithms which estimate quality — or sub-aspects
of it — in the system design phase. Section 3 will follow the
second path and try to define the components of a future
general model which might be able to predict the quality
assigned by an interactive person. Section 4 will review
which parts of such a model are already available for
telecommunication services, and which others are still out-
of-reach. Finally, a list of open questions and some
personal opinions are given in Section 5.

2 Quality judgment and prediction

As stated above, quality formation requires a perceiving
and judging person to be available. Although such percep-
tion and judgment processes happen implicitly in everyday-
situations, it is desirable that these processes can be pro-
voked in a well-defined and mostly-controlled context
when quality is to be quantified. This usually happens in a
perceptual experiment. For the acoustic modality, Blauert
[4] introduced a systemic representation which sketches the
involved processes. This representation is reproduced in
Fig. 1.

Input to the “system” (i.e. the listener) is a sound event s,
reaching the listeners ear(s). The sound event may give rise
to a perceptual event (here: auditory event %)) happening
inside the listener. Unfortunately, this event is not accessi-
ble to the experimenter: He has to ask the listener to pro-
vide a description b, of the auditory event. It is this de-
scription which helps to provide insight into the character
of the auditory event.

The picture may be extended towards a listener in an ex-
periment where quality has to be judged upon. Following
Jekosch’s definition, the ‘quality event’ results from a com-
parison of the perceived composition of the auditory event
with its desired composition. Once again, the quality event
happens inside the listener; if we want top know about this
event, we have to ask the listener for a description. The
situation is depicted in Fig. 2, which is taken from Raake
[18] and is based on the concepts of Blauert [5][4] and
Jekosch [11][10].

The sound event, the auditory event, the quality event and
the reference may all be described through their character,
comprising each a profile of features [2]. For example, the
sound event may be characterized by a set of instrumen-
tally-measurable features (e.g. sound pressure level,
equivalent bandwidth and slope of the spectrum, etc.). The
auditory event may be characterized by a set of psycho-
acoustic features, such as loudness, sharpness, roughness,
spaciousness, etc. These features are commonly measured
with the help of trained expert listeners, in order to reduce
inter-individual differences in the feature values.
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Figure 1: Schematic representation of a participant in an
auditory experiment [4].
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Figure 2: Schematic representation of a participant in a lis-
tening quality experiment [18].

The inter-individual differences are assumed to persist in
the reference. In fact, the notion of reference comprises all
aspects of the judgment process which are determined by
the individual listener and its context-of-use, such as indi-
vidual preferences, abilities, emotions, task specificity,
functionality, as well as expectations formed by habituation
and tradition. Because of the individuality, the reference
can only be assessed with (in general inexperienced and
untrained) test participants of the target user group.

Depending on which aspect of quality is to be evaluated,
the comparison between the character of the auditory event
and the one of the reference takes place on different layers.
For the quality related to the sound event, physical features
may do the job. When it comes to the quality of the audi-
tory event, psychoacoustic features may be used. However,
such features describe the auditory event in a kind of ‘neu-
tralized’ way, i.e. they do not consider individual prefer-
ences, habituation, etc. A comparison of feature profiles
which include psychological, semantic and functional
factors results in a description of the quality in its context-
of-use: The resulting quality aspect may indicate the quality
of the system itself, and no longer the quality of the
perceptual event. In that case, the evaluation process needs
to be carried out with the target participants — not only the
reference, but also the weighting of the different features in
the judgment process may be highly individual.

So far, we have limited our considerations to passively per-
ceiving (here: listening) test participants. This is a consider-
able restriction, as many systems acousticians design are
interactive ones. Thus, the behaviour of the system — and
the sound event associated with it — is largely determined
by the input provided by the participant. We therefore have
to consider the actions and reactions of the participant as
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well. For practical purposes, we may assume that our par-
ticipants are users of a system or service, which have a spe-
cific task in mind when they operate the system. Then, they
might also have a model of how to perform the task with
the help of the system (a so-called ‘mental model’). The
corresponding task and interaction models will determine
the behaviour of the user towards the system. The determi-
nation is however not absolute: the user behaviour is largely
influenced by the immediate reactions of the system as
well, e.g. by the options offered at each instance of the in-
teraction, the sounds emitted, the language used, etc. The
user’s behaviour can be translated into actions taken to-
wards the system. Whereas the internal behaviour of the
user (what the user would like to do) is hidden from the
observer, the actions are reflected on an observable surface
form. Thus, it is possible to quantify them, and to draw
conclusions for quality on that basis. The actions will pro-
voke reactions from the system, and the circle continues
anew.

Having identified the processes involved in an interaction
experiment designed for measuring quality, these processes
may be used in two different ways: First, they provide us
hints on how to design the experiment in order to have op-
timally valid and reliable indices of the construct to be
measured. For example, measurement of the sound quality
requires psychoacoustic, perhaps also psychological and
semantic features to be determined. For the former, trained
expert participants may be useful, whereas the latter are
better assessed with untrained participants of the target
group the measurement result should be valid for. Meas-
urement of service or product quality, in turn, requires a
representative context the measurement process can take
place in, in order to provoke the right reference inside the
user.

Secondly, the processes may help developing algorithms
which are able to predict the result of a quality judgment
process — without actually carrying out the respective ex-
periment. It may be assumed that such an algorithm
reflecting the human perception and judgment processes is
able to generalize to unknown physical events and
situations. In the following section, the components of a
general model for predicting the quality of an interactive
service will be briefly defined, following the assumptions
about the quality-formation process described above.

3  Components of a model for pre-

dicting quality events

Ideally, a general model for predicting quality in an inter-
active situation would recapitulate the processes happening
inside a test participant as closely as possible. It would
process the physical signals reaching the perception organs
(here: the sound event) into a perceptual event, compare
this perceptual event with a reference, and provide a de-
scription of the resulting quality event. In addition, the
model would be able to act in the way a real user would act,
following pre-defined goals, and the user actions would
influence the course of the interaction between user and
system. While admitting that such a complete model will be
far out-of-reach for the moment, we will define some re-
quirements for the individual components in the following
paragraphs. The entire picture of all components in given in
Fig. 3.



Acoustics 08 Paris

Model of
reference \ Judgment > Description >
Perception ﬁ mode] model

) model

Description of

quality event

Model of

é Action ( Behaviour sl
model ( ".fnodel Modol of
............. experiences

Figure 3: Components of a model for predicting interaction
quality.

Perception model: This model should be able to describe
the peripheral and cognitive processes transforming the
physical event into a perceptual event. For the auditory per-
ception, it may include transformation characteristics of the
outer and middle ear, a non-linear frequency analysis, com-
pression laws, models of temporal and spectral masking,
etc. In addition, such a model could be able to transform the
pre-processed signals into psychoacoustic parameters, such
as loudness, sharpness, roughness, noisiness, etc. Assuming
normal hearing capabilities, such a perception model would
be identical for all possible users, but the character of the
resulting perceptual event will depend on the quality judg-
ment task.

Model of the reference: This model includes all individual
and functional aspects of the quality-formation process, e.g.
the individual preferences of the user, habituation, emo-
tions, task specific aspects, etc. In order to include such a
variety of aspects, references may be defined on different
levels: On a psychoacoustic level for a direct comparison
with the psychoacoustic character of the sound event, when
the quality of the auditory event as such is to be measured;
on a physical level for a comparison with the character of
the sound event, e.g. when it comes to speech-transmission
quality; on a psychological and/or cognitive level when the
quality of a system or service and its impression on the user
are to be measured. It has to be noted that the reference
does not need to be stable in the long term; in particular
with quickly-changing services it is hard to develop stable
references.

Judgment model: The judgment model determines a multi-
dimensional distance between the dimensions (features) of
the perceptual event and the ones of the reference. Each
dimension may either be of the form “the-more-the-better”,
or have an ideal point where an optimal value is reached.
The dimensions may be weighted according to individual
preferences or to task-specific requirements. For example,
the intelligibility of a telephone connection may usually be
of subordinate importance, as long as the usual high intelli-
gibility standard is ensured; in turn, it may be highly im-
portant in case of high background noise levels, or when
communicating in a foreign language. It should be noted
that a distance of zero does not necessarily lead to optimum
quality, as the standards set by the reference may well be
exceeded.

Description model: This model transforms the result of the
comparison process to a well-defined scale. In quality-rat-
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ing experiments, absolute category rating scales are fre-
quently used, as they are easy to use also for non-experts,
and they provide some anchoring on general ‘world knowl-
edge’ through the meaning of the category labels. However,
such scales often show saturation effects at their extremi-
ties.

Model of the goals: In task-oriented interactions, the user’s
goals will mainly be determined by the capabilities of the
system. However, there does not need to be a one-to-one
relationship; the user might have goals which are not ac-
complishable with the help of the system. In addition, the
user might have a different task structure than the one fore-
seen by the system. In these cases, interaction failures may
occur which impact the interaction quality [17].

Model of experiences: This model may capture the experi-
ences of the user with the task and the domain, but also
personal interaction experiences. For example, the user of a
speech-based train booking system may have individual
requirements for the train in case that he knows which con-
nections are usually available. If he already operated tick-
eting machines in a railway station, he may also have a spe-
cific interaction structure in mind which may determine his
behaviour in the current interaction.

Behaviour model: This model captures the interaction be-
haviour of the user, as a kind of executable interaction ma-
chine. In contrast to the model of the goals, this model does
not specify what the user would like to do, but zow she
would like to do it. The interaction behaviour may be de-
scribed as a series of individual steps the user performs
until the goal is reached.

Action model: The individual interaction steps may be
translated into concrete actions the user is likely to perform.
For example, the step “specify the name of the destination”
in the above-mentioned speech-based train booking system
may be translated into a concrete utterance, e.g. “to Berlin
main station”. The exact wording, as well as supra-linguis-
tic aspects of the spoken utterance, is influenced by the
user’s experience, as described in the experience model.

The given descriptions may illustrate how a general model
of a user judging quality in an interaction experiment might
look like. Although no such full model is yet available, in-
dividual components already form part of algorithms which
are commonly used for predicting quality. The following
section will provide some examples of what is available.

4  Available components

The examples given here are taken from the context of
quality modelling for telecommunication services. This is
due to the fact that the author’s background is mainly in this
field; in addition, the telecommunication sector seems to
have a huge demand for such models, and the results ob-
tained so far are very promising.

Perception model: Perception models are usually part of
signal-based approaches to predict speech transmission
quality. The speech signal is commonly analyzed in the
spectral domain, and loudness values are calculated for
each frequency band. In addition, compression and masking
effects are taken into account. Some examples also try to
model nerve fire behaviour, but this has not yet provided a
sufficient advantage over simpler — less detailed — ap-
proaches. Details can be found e.g. in [19].



Model of the reference: The reference is probably the most
difficult part to model. Simple models for predicting speech
transmission quality use a representation of the clean — un-
transmitted — signal at the entrance of the transmission
channel as a model of the reference. This may be surpris-
ing, as the human listener usually does not have this refer-
ence available when judging upon quality [1]. Single-ended
models for speech transmission quality try to artificially
generate such a ‘clean, undistorted’ reference, e.g. with the
help of a vocal-tract analysis and re-synthesis [13].

Approaches have also been made to model the functional
aspect of the reference. For example, the E-model, a
widely-used model for planning telephone networks, de-
scribes the functional advantage of mobile phones of con-
nections to hard-to-reach areas in terms of a quality trade-
off: it is expected that about half of the degradation inher-
ently associated with a particular service is ruled out by the
functional advantage connected to this service [8]. Al-
though this may be considered more like a rule-of-thumb, it
indicates possibilities to take functional aspects into ac-
count when service quality is to be predicted.

Judgment model: The judgment model has to perform the
comparison between the character of the perceptual event
and the character of the reference. In simple signal-based
approaches for speech transmission quality prediction, this
is usually performed as a distance or similarity calculation
between the (modified) loudness representations of the in-
put and the output signal. The same holds true for the sin-
gle-ended quality prediction models, where the loudness
representation of the artificially-generated reference is used
instead of the one of the clean input signal.

A more psychoacoustically-motivated approach is the at-
tribute-based measure for speech transmission quality
[9][20]. The idea is to decompose the perceptual event into
orthogonal perceptual dimensions. For narrow-band and
wideband transmitted speech, 4-5 such dimensions seem to
be important, namely the directness/frequency content, the
continuity, the noisiness, as well as the loudness of the
speech signal. Estimators for each of these perceptual
dimensions may e.g. be determined from the output (and
potentially also the input) signal of the transmission
channel. The task of the judgment model is to calculate
distances between the observed and the ‘ideal’ values for
each dimension, and to weight the dimensions according to
their impact on overall quality.

Description model: The task of the description model is to
transform the distance or similarity measure of the judg-
ment model into an interpretable index of ‘overall quality’.
In speech-transmission quality prediction, this is usually
performed with the help of a 3™-order polynomic or a tanh
function. Such functions are able to model the saturation at
the scale extremities. However, they have to be calibrated if
an absolute level of quality — and not a relative comparison
between stimuli — is of interest.

Either the judgment or the description model may also in-
clude temporal aspects of the quality judgment process. For
example, degradations occurring at the end of a telephone
call have proven to show a more negative impact on overall
call quality than degradations occurring at the beginning of
a call. Such recency or end-effects may be taken into ac-
count by a proper time-averaging process, as it has recently
been shown e.g. in [21].
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Models of goals and behaviour: Modelling interaction be-
haviour with e.g. speech-based telecommunication services
is a relatively new field. Whereas simple models try to
‘feed” spoken dialogue systems with pre-recorded utter-
ances selected from a previously-recorded databases, the
‘MeMo workbench’ [15] tries to generate user interaction
behaviour on the basis of a description of the system, and of
user characteristics. Here, the behaviour is modelled in
terms of a probabilistic state machine. Basic probabilities
for the user to follow one of the possible paths through the
interaction are modified by rules which increase or decrease
the respective probability, based either on characteristics of
the system (e.g. the prompts of a spoken dialogue system,
or the design of the graphical user interface) or the charac-
teristics of the user (e.g. users unfamiliar with the English
language are less likely to click a button with an English
label).

Model of experiences: The user characteristics of the MeMo
workbench may be summarized in a database of prototypi-
cal user experiences. In such a database, users are classified
in terms of their (expected) interaction behaviour. Proposals
in this respect have been made e.g. in [16].

Action model: Action models are well-established in the
psychological literature, e.g. the GOMS model which de-
composes a task into individual steps (part of the behaviour
model), and then associates execution times to the individ-
ual steps. In order for such models to work, it may be
helpful to dispose of a description of the system (or of the
transmission channel) as well. Knowledge on the system
may also be used as a part of certain user model
components, e.g. for the behaviour model, or for the model
of the reference.

5 Conclusions

To the author’s knowledge, no complete model of user in-
teraction behaviour and quality perception has ever been
implemented, and a lot of work still needs to be done before
such a model might be able to generate realistic quality
judgments and interaction behaviour. However, the previ-
ous section has shown that several building blocks of such a
model are already available. Thus, for specific applications,
the aim of a complete model for describing quality judg-
ment processes with the aim of predicting quality does not
seem to be too far out-of-reach. Disposing of a certain
number of models — for different applications — will enable
us to draw comparisons between the individual components
of successful approaches. In this way, our still incomplete
knowledge of quality perception and judgment processes is
likely to increase.

The usefulness of models for describing quality formation
processes is beyond doubt. Already now, models predicting
the quality of speech and video transmission are used in all
phases of system planning, implementation, and operation.
Such models are by no means meant to replace subjective
tests as the ‘true’ measures of quality; instead, they may be
used in cases subjective tests cannot be run, e.g. because the
system is not yet available (transmission network planning),
or when the large amount of data prohibits subjective test-
ing (e.g. quality monitoring during system operation).

Whereas physical and psychophysical features for describ-
ing the physical and the perceptual event — at least for the



Acoustics 08 Paris

auditory perception — seem to be well-established, the char-
acter of the reference needs further investigation. This in-
cludes the incorporation of experience, of meaning, and of
other psychological and cognitive factors. For other mo-
dalities, even the perceptual processes are far less modelled.
Additional models for modality fusion and fission will be
necessary when it comes to describing multimodal percep-
tion and action processes. The full picture of a general
model outlined in Section 3 will thus be more of a vision —
however a very positive one — for the next decades. Fol-
lowing the first steps made by Blauert and Jekosch, the way
towards this vision seems to be very promising.
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