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Figure 1: Recording setup

id maker model cover tremolo bellow

1 Schmidt makassar metal strong pull
2 Schmidt pear metal medium pull
3 Schmidt pear metal medium push
4 Schmidt hazel spruce wood flat push
5 Schmidt hazel spruce metal flat push
6 Strasser Deluxe E metal medium push
7 Strasser Klassik metal medium pull
8 Mülller metal medium pull
9 Jamnik 2-voice wood flat pull

10 Jamnik 2-voice wood flat push

Table 1: Instruments.

Introduction
A common vocabulary is helpful for describing instru-
mental sounds, especially when discussing the impact of
refinements in the construction on the perceived sound of
an instrument. This study tries to find such a vocabulary
for describing the sound of Styrian harmonicas using a
repertory-grid-like procedure. First of all, recordings of
different harmonicas have been made. Therefore, a va-
riety of defined melodic patterns (from single tones to
short melodies) was played on each instrument. In a first
experiment, for each recorded melodic pattern a pairwise
comparisons of all harmonicas was conducted. For each
pair, the listeners first made a dissimilarity judgement
and then described the acoustic attribute which domi-
nates the perceptual difference by a personal construct.
Evaluating the dissimilarity ratings by multidimensional
scaling showed a perceptual space with 5 relevant dimen-
sions. Based on the harmonized personal constructs of
all listeners 5 acoustic attributes were selected. For each
of these attributes, the different harmonicas were rated
in a MUSHRA-like experiment. The results of this sec-
ond experiment are used to train computational models,
which aim at predicting how the perceived sound of an
instrument is affected by constructional refinements.

id phase pitch dynamics pattern

1 mid piano single tone
2 3 mid piano major third
3 mid piano phrase
4 1 mid forte single tone
5 2 mid forte major third
6 5 mid forte phrase
7 4 low mezzo forte single tone

Table 2: Different tones, voices, melodies and dynamic levels.

Audio Material/Recording
The stimuli for listening experiments were recorded in the
conference room of Schmidt Harmonika. To provide as
natural listening experience as possible, the instruments
were recorded with a dummy head (Neumann KU100)
in front of the instrument at a distance of 2.5 m and
playback on headphones. Two additional measurement
microphones were placed at a distance of about 1 m,
to provide a closer recording for a later objective signal
analysis of the recordings.

A total of 10 instruments/variants was recorded. The
selection of instruments/variants was the result of a prese-
lection by Schmidt Harmonika (instrument maker) aiming
at a set of stimuli which should contain the whole tonal
spectrum of currently used/produced Styrian harmonicas.

During the recordings, a musician played the same 7 tones/
melodies on each instrument/variant. The combination
of different tones, voices, melodies and dynamic levels are
listed in table 2. The aim of this set was again to provide
a set of sounds that covers the typical use cases for the
comparison of instruments.

The number of instruments/variants was reduced to 8
and the number of phases was reduced to 5 to shorten
the listening experiment. There removed conditions are
printed in gray in the tables

Experiment 1
Design
In the first experiment the task of the listener was to
quantify the perceptual distance between the different
instruments/variants and to verbalize the most prominent
tonal aspect, in which two instruments differ, in terms of
a perceptual construct.

The procedure was conducted for each of the chosen 5
types of tone/melody separately in a full paired com-
parison, and one run will be referred to as phase of the
experiment. To achieve a better utilization of the differ-
ence scale, the participants were familiarized with the
sounds at the beginning of each phase.
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Figure 2: Graphical user interface for experiment 1, transla-
tion of the german labels is given in the text.

On the graphical user interface (GUI), shown in fig. 2,
the listeners entered their inputs for each trial of the
experiment. First, stimulus A and B were played back
sequentially, whereby only the elements in the top row of
the GUI were activated. When the playback had finished,
the slider was activated and the listener was asked to rate:
“How much differ the two sounds from each other?” After
the rating, the listener had to verbalize the poles of her/
his perceptual construct. This was conducted by asking
first “Which tonal attribute most noticeably distinguishes
A from B?” and then “What is the opposite of . . . ?”,
whereby the dots were replaced by the answer to the first
question.

The sequence of phases and trials was random, and the
listeners were able to replay the stimuli within a trial as
desired. After each phase the participants could freely
take a short break. A total of 20 listeners participated in
the first listening experiment, that lasted on average 90
minutes (180 minutes) maximum.

Evaluation
Perceptual distances
The data of the perceptual distance ratings is analyzed
by multidimensional scaling (MDS). Thereby the com-
pared instruments are represented by points in an abstract
Cartesian space with n dimensions. The points are chosen
such that the distances between the points and the rated
distances show the best conformity. This conformity of
the MDS-model with the rating data is measured in terms
of the standardized residual sum of squares (STRESS).
Increasing the number of dimensions improves the model
fit and reduces the STRESS-value, whereby the number of
dimensions is limited to N = S−1, where S is the number
of compared items. The number of perceptual dimensions
can be defined as the point where the STRESS-value does
not reduce further by adding more dimensions to the
model.

In this way perceptual dimensionality for a participant was
evaluated. Figure 3 shows exemplarily the STRESS-values

Figure 3: STRESS-values of MDS-models in dependence of
dimensionality for distance data of phase1, exemplarily shown
for two subjects.

of phase 1 for two different participants. The red line
indicates the STRESS-value in dependence of the number
of dimension in the MDS-model, the green dots indicate
the estimated perceptual dimensionality. STRESS-values
for modelling random distances are shown for comparison.
The black line and the gray area represent median and 5%-
95% quantile range of 1000 random distance realizations.

In addition to the MDS-evaluation of the individual par-
ticipants, also an evaluation of the pooled distance ratings
of all participants was conducted. Therefore, the configu-
rations of the individual MDS-models of the participants
are adjusted to one another by rotation and individual
scaling of the dimensions. The STRESS-values are then
calculated for the group configurations. This method is
referred to as individual differences in scaling (INDSCAL).

Figure 4 depicts the results for the INDSCAL-models of
the different tones/melodies for phase 1 to 5. The red line
shows the STRESS-value in dependence of the dimension-
ality of the INDSCAL-model, the size of the green dots
indicates the number of participants for which the respec-
tive dimensionality was estimated by the MDS-modelling.
INDSCAL-STRESS-values for modelling random data are
shown for comparison. The black line and the gray area
show median and the 5%-95% quantile range for 1000
realizations. Each realization consists of random distance
values for a group of equal size.

These results show that the participants incorporate 2 to
5 perceptual dimensions in their ratings. For view partic-
ipants the dimensionality is even 6, however we assume
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Figure 4: STRESS-values of INDSCAL-models in dependence
of dimensionality for phase 1 to 5.

that is very likely that this higher dimensionality is the
result of perceptual differences which were not intended in
the design of the experiment, as slight differences in pitch
due to not exactly similar tuned instruments or slight
variations in the play of the musician when recording the
different instruments.

Perceptual constructs
The analysis and evaluation of the verbalized perceptual
constructs was conducted in several steps. The partici-
pants were allowed to freely choose constructs, i.e. tonal
attribute and its opposite, for each stimuli pair. This led
to a huge number of different terms.

In a first step, the terms for each participant were harmo-
nized. This was done manually by correcting misspellings,
removing comparative/superlative forms and selecting the
first term in case of multiple answers. In a second step,
the pooled terms of all constructs of all participants were
grouped semantically. Then the terms of each listener
were replaced by corresponding terms of this harmonized
set and the number of different constructs was counted
for each participant and each phase of the experiment.
Based on this data and the results of the MDS-evaluation
the reliability within the verbalization task was estimated
for each listener. Participants with a great discrepancy
in the number of perceptive dimensions and the number
of verbalized constructs were excluded from the dataset.

In a next step inappropriate constructs were excluded.
Thereby we considered the following types as inappropri-
ate: sound-to-color synesthesia, second order metaphors
from other spheres of life, e.g. boring - exciting, valence
afflicted constructs, e.g. sounds good - sound bad, and con-
structs describing the sound generation, e.g. open cover -
closed cover.

Then the verbal constructs of the all participants were
merged and consolidated, and the consolidated constructs
were ranked for each phase, based on number of partici-
pants which used it. This ranked lists showed that the per-
ceptual constructs were very similar for the different tones/
melodies, but still the number was much greater than the
dimensionality showed in the MDS-analysis. Therefore
a final selection was conducted in an expert discussion,
which led to the following of 5 constructs:

� bright (shining) - dark (mellow/smooth)

� piercing/sharp - dull

� reedy - incomplete differential

� flat tremolo (slow) - strong tremolo (fast)

� thin/narrow - full/wide

Experiment 2
Design
In a multi-stimulus comparison, the 8 instruments/vari-
ants were compared to each other with regard to the 5
attributes. In order to reduce the stimulus set and the du-
ration of the experiment, only two of the previous phases
were selected: (1) a forte single tone in the mid-register
and (2) a mezzo forte single tone in the low register. All
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comparisons were repeated to check for the reliability of
each participants’ answers. Overall, this resulted in 8
stimuli in 20 = 5 (attributes) × 2 (registers) × 2 (repeti-
tion) trials. Playback used the same headphone setup as
before.

Results
A total of 14 listeners participated in the second experi-
ment that lasted on average 48 minutes (115 maximum).
Due to a correlation between the repeated answers of
less than 0.7, 11% of the responses had to be discarded.
For all other responses, the repetitions were interpreted
as independent answers resulting in a doubling of the
responses for each tested condition.
Figure 5 shows the resulting median values and corre-
sponding 95% confidence intervals for the all instruments/
variants in the mid-register. Note that due to limited
space, this contribution does not discuss the results for
the low register. The ratings for the two tremolo-related
attributes (flat/strong tremolo and thin/wide) of instru-
ments 1, 4, and 9 agree with the intended tuning as shown
in Table 1. Pulling (2) and pushing (3) with the same in-
strument resulted in very similar values for all attributes.
In terms of the two first timbral attributes (dark/bright
and bull/piercing), the two instruments from Strasser
(6,7) revealed a similar sound that was different to the
other instruments.
There was a correlation of 92% between the median values
of the first two attributes (dark/bright and dull/piercing)
and 89% between the last two tremolo-related attributes
(flat/strong tremolo and thin/wide). The strong relation
of the attributes can also be seen when performing a
principal component analysis: on average, nearly 80% of
the variance could be explained by a single dimension,
while the second and third dimensions add 16% and 3%,
respectively. As in the first experiment, the dimension-
ality is depending on the individual participant: while
one attributed 93% to the first dimension alone, another
one attributed 56%, 30%, and 11% to the first three
dimensions.

Conclusion
Within this work we estimated of perceptual dimensional-
ity of Styrian Harmonika sounds based on difference rating
and multidimensional scaling. A systematic analysis led
to the elicitation of 5 perceptual attributes out of freely
verbalized constructs. In a subsequent experiment the
sounds were rated in multi-stimulus comparison based on
these 5 elicitated attributes. The results of the second ex-
periment indicated that 3 dimensions are sufficient. This
is reasonable as there is a physically caused correlation
between tremolo-attribute and construct thin - full and a
perceptually caused correlation between the construcht
dark-bright and dull-piercing.
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Figure 5: Medians and 95% confidence intervals of rated
attributes for the 8 instruments/variants.
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