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ABSTRACT

One aim of perceptual audio evaluation is to understand the relationships between individual sensory attributes and
overall quality of experience. This paper discusses one perceptual evaluation method by which this can be realised.
Open Profiling of Quality (OPQ), a method first introduced in the field of visual and audiovisual evaluation, involves
psychoperceptual evaluation, sensory profiling and external preference mapping stages and is suitable for use with
naïve listeners. Here, a methodological case study is presented in which we discuss the implementation of this
method and its adaptation for the comparison of audio reproduction systems.

1

Introduction

A fundamental process in the advancement of audio
technology is perceptual evaluation. It is crucial to
understand how listeners perceive new technology in
order to drive future developments. Objective quality
models that predict listener experience are ultimately
desirable due to reliability, repeatability and lower resource requirements, however, the complex, multidimensional nature of quality means that their development depends on first fully understanding the relationship between sensory percepts and overall experience.
Perceptual evaluation, often by means of listening tests,
can help develop insight into this.
Traditionally, standardised listening test methodologies
for audio quality evaluation have been focussed on a
mean opinion score (MOS) mindset; they use global
measures, such as ‘basic audio quality’, to rate a systems acceptability, often in relation to a high quality

reference (for example see [1][2]). Such tests are evidently very useful for certain applications (e.g. codec
evaluations), however, for the evaluation of innovative
technologies that have the potential of providing new
experiences to the user (e.g. object-based and immersive audio), a different approach needs to be taken.
Reference based methods are not so suitable for evaluating technology that delivers innovative experiences
as a high quality reference is generally not available.
Furthermore, it could be argued that a more multidimensional Quality of Experience (QoE) mindset is more
appropriate for evaluating such technologies. QoE can
be defined as “ the degree of delight or annoyance of
the user of an application or service. It results from the
fulfillment of his or her expectations with respect to the
utility and / or enjoyment of the application or service
in the light of the user’s personality and current state”
[3]. QoE therefore encompasses factors such as context
of use, user characteristics and the multidimensional

Walton et al.

Combining preference ratings with sensory profiling

nature of quality.
One goal of perceptual evaluation is to determine the
relationships between listener preference and the attributes that play a role in the formation of preference
for the relevant content and contexts. By investigating
this, insight can be gained in how best to improve the
quality of experience for next generation audio technology; if it is known which attributes influence overall
preference the most, developers of new technology can
utilise this to design for a high quality of experience.
An important factor to take into consideration in perceptual evaluation of audio technology is the listening
experience of participants. It cannot be assumed that
naïve listeners and experienced listeners will make similar preference and attribute ratings, as shown in [4].
Whereas naïve participants are expected to give holistic, unbiased ratings due to limited knowledge about
the stimuli and technology under evaluation [5], experienced assessors are more acute to domain-specific
aspects of stimuli, such as audio artefacts. It is therefore desirable to develop test methodologies that are
suitable for naïve listeners, as well as experienced listeners.
In this paper, a perceptual evaluation method is discussed that aims to relate preference judgments with
relevant attributes. Additionally, it is suitable for naïve
listeners. The method - Open Profiling of Quality
(OPQ) - was originally introduced by Strohmeier et
al. [6] and was discussed in the context of perceptual
assessment of next generation audio systems by Walton et al. [7]. Here, a more in depth discussion of the
method is given in relation to the experiment presented
in [7]. The method is reviewed in terms of its value and
applicability for the comparison of audio reproduction
systems, including considerations on challenges in the
application of the method and possible improvements.
The remainder of the paper is structured as follows:
Section 2 introduces the background of OPQ along with
a discussion of other methods that combine preference
ratings with sensory profiling, a detailed description
of the method is given in Section 3 and a discussion
of the modifications made to the method, as well as
advantages and limitations are presented in Section 4.

2

Related work

Open Profiling of Quality (OPQ) is a method to understand the multidimensional quality of experience,

suitable for naïve participants [6]. It is a mixed methods
approach meaning that both quantitative and qualitative
data are collected leading to a rich understanding of
the technology under study. It consists of three primary
sections; a psychoperceptual evaluation stage aims to
evaluate the degree of overall quality, a sensory profiling stage aims to explore the profiles of the overall
quality by means of individual vocabulary elicitation
and attribute rating, and finally an external preference
mapping stage aims to study the relationship between
the overall quality and the quality profiles.
The method was originally developed for the quality
evaluation of visual and audiovisual systems, specifically mobile 3D television and video, and has been used
in both laboratory and field situations [8][9][10]. Several parallels can be drawn between the original target
platforms for OPQ assessment and audio reproduction
systems. First and foremost, both visual technology
and audio technology reproduce stimuli that are typically heterogeneous and multidimensional in character.
Furthermore, both forms of technology have the potential to deliver novel experiences to the user, whether it
be through 3D video or binaural audio, and both are
used in a wide range of contexts. As OPQ was developed with these aspects in mind, the method is well
suited to audio only evaluation as well as visual and
audiovisual evaluation.
As such, OPQ has recently been applied by several
researchers in the audio community. Walton et al. [7]
used an adapted version of the method to compare audio reproduction methods, namely soundbar systems
with discrete 5 channel and stereo systems, Sloma [11]
applied OPQ for a perceptual comparison of standardised and non-standardised listening rooms and Nowak
et al. [12] used OPQ for the assessment of spherical
microphone array auralizations.
Combining preference ratings with sensory profiling
is not unique to Open Profiling of Quality. Francombe
et al. [13] recently used a similar method, which included paired comparisons suitable for naïve participants, to compare spatial audio reproduction systems,
although this method has a few notable differences to
OPQ. Firstly, whereas OPQ is based on the analysis
of individually elicited attributes, the method by Francombe et al. includes a group discussion stage whereby
a consensus vocabulary is produced. Furthermore, no
explicit attribute rating stage was conducted. Instead a
metric called ‘Attribute Score’ was developed, which
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quantifies the importance of each attribute by considering the frequency with which it was used as well as
the size of the preference judgments alongside which it
was used.
Zacharov and Koivuniemi [14] introduced a method
called Audio Descriptive Analysis and Mapping
(ADAM) in the context of perceptual evaluation of spatial audio systems, ranging from mono to eight channel
reproduction. In this method a preference rating task
is completed by naïve participants in a paired comparison format, a language development task is performed
with trained participants, a discussion phase creates a
common descriptive language which is then used in
an attribute rating stage by trained participants. Finally, partial least squares regression is used to map the
subjective preference ratings to the attributes.
Choisel and Wickelmaier [15] conducted an experiment
with naïve participants with the aim of quantifying the
auditory attributes that underlie listener preference for
reproduced multichannel sound. They collected preference ratings via paired comparison judgments and
utilised attributes elicited in a previous study to develop
ratio scales from probabilistic choice models. Principal
components derived from the quantified attributes were
then used to predict overall preference.
Zacharov et al. recently presented an interesting
method for the assessment of next generation audio systems called the Multiple Stimulus Ideal Profile Method
(MS-IPM) [16]. Originally developed in the perfume
industry and later applied to hearing aid applications,
the method aims to relate overall quality, attribute ratings, and also an ‘ideal profile’. This ideal profile is
obtained by asking participants to give an ideal level of
each attribute on which the stimuli are being assessed.
With regards to attribute elicitation, in this example of
the method four specialised expert assessors selected
six attributes on which the stimuli were to be rated by
the experienced participants.
Studies also exist that relate preference ratings with sensory profiling for perceptual evaluation in other fields of
acoustic research. For example, Mattila [17] combined
descriptive analysis in the form of paired comparison
attribute elicitation and panel discussions, with overall
quality judgements for the evaluation of speech quality
in mobile communications. In the context of concert
hall acoustics, Lokki et al. [18] conducted an individual
vocabulary profiling procedure with a triad based elicitation stage and single stimulus attribute rating stage

and combined these attribute ratings with preference
ratings via preference mapping.
The literature presented above illustrates that there are
various examples of combining preference ratings with
sensory profiling in the field of audio evaluation. By
discussing the OPQ method in this paper, we hope
to give experimenters in the audio field another tool
to investigate the link between sensory percepts and
overall experience for next generation audio technology.
The key features for the method discussed here are as
follows.
i) It is an individual vocabulary technique, meaning
that each participant develops and employs their
own attribute list for further rating. An advantage of such methods is that, compared to nonindividual methods, participants may be able to
better relate to the attributes being used [19].
ii) It is suitable for naïve listeners, as well as experienced listeners.
iii) It is relatively time efficient compared to other
similar methods, as the adaption described below
only requires two sessions and does not include a
panel discussion session.

3

Open Profiling of Quality

In this section, a description of the OPQ method is
given. Differences between the original implementation described by Strohmeier et al. [6] and the adapted
implementation for the comparison of audio reproduction systems described by Walton et al. [7] are highlighted, although these differences are discussed more
thoroughly in Section 4.
3.1

Structure

As previously mentioned, OPQ consists of three primary sections: a psychoperceptual evaluation stage,
a sensory profiling stage and an external preference
mapping stage, see Figure 1. In the original implementation of the method, the psychoperceptual evaluation
and sensory profiling were conducted in different sessions. This was modified in [7], as shown in Figure
2. The purpose of this restructuring was to reduce the
duration of the experiment and to aid in the elicitation
of attributes that led to listener preference, as discussed
in the following section.
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Figure 1: Overview of the subsequent steps in Open Profiling of Quality including respective research question.

Fig. 1: Overview of the original OPQ structure [6].
profiling and the external preference mapping, a minimum
of 12–20 participants is needed [62]. In the optimum case,
all assessors participate in both parts of evaluation while the
selection of a representative subsample can be considered.

that both stimuli-driven sensorial processing and highlevel cognitive processing including knowledge, expectations,
emotions, and attitudes are integrated into the final quality
perception of stimuli [1, 16, 64]. (3) It is a suitable
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development conducted with naı̈ve participants [64]. In
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appear in the experiment and the user interface. By
familiarising participants with the scope and range of
stimuli that will be used, participants will be able to
use the rating scales more effectively which will in turn
help reduce scale related bias [20]. A simple method of
achieving this is to allow participants to select and play
a number of samples that span the range of qualities to
be evaluated.

for untrained participants, although this is at a cost of
an increased experiment duration. The following instructions were given to participants: “Compare clips
‘A’ and ‘B’ in terms of which you would prefer to listen
to in your home. Listen for both timbral and spatial
differences between the clips”. A continuous slider
was used for the rating, with offset end anchors so as
to reduce end-of-scale effects [21].
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Whereas attribute elicitation was conducted in a separate session to preference rating in the original implementation of the method, in [7] attribute elicitation was
carried out simultaneously with preference rating, as
seen in Figure 3. The aim of this was to encourage
participants to list attributes that were directly related
to their given preference ratings. Moreover, with this
format there were two sections that involved listening
instead of three with the original format, possibly reducing listener fatigue. Participants were instructed
to “List any differences between A and B that led to
this decision. Include both timbral and spatial differences.” Elicitation from paired comparisons was seen
to be effective for use with naïve participants. Paired
and triadic comparisons have previously been used for
attribute elicitation in other methods, such as the Repertory Grid Technique [22].

ii) Asking participants to describe the remaining attributes in their own words, so that the experimenter can be sure that the participants fully understand which aspect of quality is being described.
To ensure that the attributes are unique, participants are asked to explain the difference between
attributes that sound similar.
iii) Reducing the number of attributes to a suitable
number for the attribute rating stage. Participants
are asked to select the ‘n’ most important attributes
that influenced their preference ratings throughout
the test. In [7], 8 was chosen as an appropriate
number although this can be changed depending
on the study. For some participants who have not
generated more than n attributes, this stage is not
necessary.
3.6

Fig. 3: Graphical user interface for preference rating
and attribute elicitation stage. In [7], each page
was a comparison of two reproduction systems
for the same content item.
3.5

Attribute Refinement

For accurate profiling it is necessary to refine the list
of attributes that participants develop. In the adaption
in [7] this takes place directly after the rating stage.
Participants are presented with all of their elicited attributes and are asked to refine them with help from the
experimenter. This includes:
i) Selecting unique attributes, i.e. those that do not
cover the same aspect of quality, including grouping opposite terms together so that either the positive or negative remain.

Attribute Rating

The aim of the attribute rating stage is to quantify the
strength of the developed attributes for each stimulus.
As with the preference rating stage, a paired comparison method is used in [7]. Participants are asked to
rate which stimulus, A or B, has more of the listed
attributes, as seen in Figure 4. This is in contrast to a
single stimulus method described in [6]. Rating all attributes in the same trial for each paired comparison has
the advantage of reducing the test duration compared
to rating attributes in succession, however, it should
be noted that one disadvantage could be inter-attribute
correlations, i.e. a general preference for a stimulus
might show as increased attribute ratings in favour of
that stimulus.
3.7

Analysis

This section gives a brief overview of the methods
used when analysing results from OPQ. Specifically,
methods are presented suitable for evaluating a paired
comparison implementation of OPQ, as described in
the previous section.
3.7.1

Participant consistency

A measure of participant consistency when using paired
comparison ratings is circular error rates [23]. A circular error occurs when a participant makes an inconsistent judgment on a triad of stimuli. For example, a circular error would occur if a participant preferred stimulus A to B, preferred stimulus B to C, but preferred
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That is, a negative probability of preference Pi j
means stimulus j is preferred to stimulus i. From
these preference probabilities, preference scores
can be calculated with
Si = ∑ Pi j ,

(2)

j6=i

where Si is the preference score for stimulus i.
iii) If ‘n’ reproduction systems are being compared,
the above preference scores can have values in the
range of ±(n − 1). These scores are then scaled
to lie in the range of ±1 so that +1 corresponds to
full preference towards a reproduction system.
Fig. 4: Graphical user interface for attribute rating
stage with example attributes. Attributes correspond to each participant’s individually elicited
attributes. In [7], each page was a comparison of two reproduction systems for the same
content item.
stimulus C to A. It is possible to calculate a circular
error rate in percent for each participant by comparing
the number of circular errors associated with each participant and the maximum possible number of circular
errors. A high circular error rate indicates that the participant was not paying attention, that they altered their
assessment criteria as the test progressed, or that they
found the test challenging. In [7] only the preference
ratings were used for participant consistency analysis,
however, it is also possible to use attribute ratings.
3.7.2

Preference ratings

Before further analysis can take place, raw data from
the paired comparison preference ratings need to be
converted to preference scores. This is done through
the following steps.
i) If the continuous preference rating scale was not
setup to give values between ±1, the preference
ratings for each paired comparison need to be
scaled to lie in the range of ±1, where -1 corresponds to full preference for stimulus ‘A’ and +1
corresponds to full preference for stimulus ‘B’.
ii) If Pi j is the preference probability of stimulus i
versus stimulus j, it is assumed that
Pi j = −Pji .

(1)

This processed preference score data is then used for
further analysis, such as analysis of variance (ANOVA).
3.7.3

Sensory profiling

As the attribute ratings are also made through paired
comparisons the raw paired attribute ratings are converted to attribute scores using the same method as with
the preference scores. For each participant this results
in an M x N matrix (or configuration) of attribute ratings, where M is the number of test items and N is the
number of individual attributes. The individual participant matrices are then concatenated to form a complete
attribute matrix of items x attributes.
This dataset of attribute ratings is then processed with
multidimensional data analysis methods. Generalised
Procrustes Analysis (GPA) is used to reduce scale effects and to obtain a consensus configuration. This is
achieved by rotating and transforming the configurations by minimising the residual distance between the
configurations and their consensus. Secondly, Principal
Component Analysis (PCA) is used on the dataset from
the GPA procedure.
By identifying the ‘elbow point’ in the cumulative variance data from the PCA analysis, it can be decided
which components should be used to form the perceptual space. Components that appear before the elbow
are retained for further analysis [24]. For example, in
[7], the first two components described 88% of the variance whereas the first three described 92%, so it was
justified to form a perceptual space out of the first two
components only.
Interpretation of the sensory profiling data is achieved
by plotting both the individual attributes and the test
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stimuli in the perceptual space, figures 5 and 6 respectively. Attributes that are located towards the edge of
the perceptual space describe more variance than those
that are located towards the centre. By examining the
location of the attributes it is possible to assess if participants used similar sounding attributes in similar ways.
Attribute clusters may be noticeable and these should
be identified by the examiners. This can be achieved either through visual inspection or a more formal cluster
analysis. For example in Figure 5, identified attribute
clusters include width, envelopment, immersion and
positive and negative timbral attributes. From the identified attribute clusters it may be possible to label the
dimensions of the perceptual space. In Figure 5, it
is seen that the dimension PC1 predominantly corresponds to spatial factors ranging from ‘focussed’ at
negative values to ‘width’ at positive values. PC2, however, is not so easily identified and this highlights the
fact that the labelling of dimensions is not always a trivial task. The attribute clusters relating to positive and
negative timbral effects are found on the diagonal of
the perceptual space. This suggests that for the stimuli
used, timbral and spatial factors were correlated and
non-orthogonal.
Once groupings are found in the attributes and an understanding of the perceptual dimensions has been obtained, the positions of the test stimuli in the perceptual
space can be related to these. For example, in Figure
5 a grouping of negative timbral terms is found in the
bottom left of the perceptual space. When looking at
the object plot in Figure 6, it is seen that these attributes
correspond to the system labelled ‘s1’. Likewise, system ‘ds’ corresponds to attributes related to width and
envelopment.
External preference mapping is then conducted by combining the preference data with the attribute data. The
result of this is a map of participants’ preferences on
the perceptual space, as seen in Figure 6. By combining both the preference data and sensory profiling
data, a rich understanding of the systems under study
is gained.

4

Discussion

In the previous section it was seen that with OPQ, preference ratings and sensory profiling data are gathered
and analysed in order to develop an understanding of
the technology under evaluation. Originally developed
with the assessment of visual and audiovisual stimuli

in mind, the method transfers well to the assessment of
audio only material as, like visual stimuli, audio stimuli are typically heterogenous and multidimensional in
character. The method’s main distinction between other
audio evaluation methods that combine preference rating and sensory profiling is that OPQ is an individual
vocabulary technique and does not involve a consensus
vocabulary at any stage.
Several modifications to the original implementation of
the method were made in the audio comparison use case
described, with the aim of making the method more
suited to the application. Firstly, quality ratings were
modified to preference ratings for the reason that when
comparing audio reproduction systems without introduced degradations, it could be the case that quality is
perceived as equally high for all systems, even though
listeners may have certain preferences. Secondly, a
paired comparison approach was taken throughout the
modified method in comparison to a single stimulus approach in the original implementation. One advantage
of using a paired comparison method is that such an
approach is able to provide a high degree of discrimination between stimuli whilst still being suitable for
naïve participants. A high degree of discrimination is
an important feature when comparing audio reproduction systems with participants who are not necessarily
used to critical listening. Additionally, with a paired
comparison approach it is possible to make consistency
checks by means of circular error rates. Finally, the
structure of the method was modified so that the preference rating and attribute elicitation stages occurred
simultaneously. This meant that participants were only
required to listen to the stimuli in two sessions not
three, possibly reducing listener fatigue.
It is also worth discussing limitations of the modifications made above and the OPQ method in general. The
number of comparisons to be made in a full factorial
paired comparison approach rapidly increase with the
number of systems to be assessed. This puts a lower
limit on the number of systems than can be assessed
with a paired comparison approach compared to a single stimulus approach. A limitation of using naïve
participants for sensory profiling is that they are less
acute to certain attributes compared to trained listeners.
Depending on the purpose of the study, this may or
may not be an issue. An alternative approach would be
to use naïve participants for the preference rating stage
and trained listeners for the sensory profiling stage.
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[7] Walton, T., Evans, M., Kirk, D., and Melchior,
F., “A subjective comparison of discrete surround
sound and soundbar technology by using mixed
methods,” in Audio Engineering Society Convention 140, 2016.

Conclusion

Combining preference ratings with sensory profiling
is a useful technique to evaluate audio technology that
delivers innovative user experiences. By mapping user
preferences to individually elicited attributes, it is possible to gain a deep understanding of the formation of
preference for the technology, content and context in
question. As a result, this enables developers of new
technology to understand how to improve the quality of
experience for next generation technology. In this paper we have discussed one method by which to achieve
this - Open Profiling of Quality. An overview of the
method was given in relation to its adaption in a recent
study. It is hoped that this method may be of use for
other researchers in the field of audio.
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