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Introduction

In the tradition of the Munich psychoacoustic school
the relationship between a global psychoacoustic entity
as sensory pleasantness and psychoacoustic sensations
e.g. sharpness and roughness has been investigated us-
ing magnitude estimation [1, 2, 3]. The summary of the
investigations in Fastl/Zwicker [4] reports an exponen-
tial decrease of the sensory pleasantness as a function
of sharpness and roughness. For bandpass noises with
varying spectral shapes Widmann [5] investigated the re-
lationship between sharpness and psychoacoustic annoy-
ance, using the loudness of the noises as an additional
parameter. Above a certain sharpness he found the psy-
choacoustic annoyance linearly growing with increasing
sharpness and reported an interaction between loudness
and sharpness on psychoacoustic annoyance. For higher
loudness values sharpness contributes more pronounced
to the psychoacoustic annoyance. Widmann also de-
tected a slight increase of the psychoacoustic annoyance
for very low sharpness values.
With a comparable look at the problem the present in-
vestigation tests the influence of sharpness and rough-
ness and possible interactions on unpleasantness using
modulated bandpass noise. To vary sharpness the center
frequency of the stimuli is shifted whereas the spectral
shape remains unchanged. Different roughness is real-
ized by different degrees of modulation and in a paired
comparison test the unpleasantness is evaluated.

Experimental setting

Stimuli

The stimuli consist of bandpass noise, two octaves broad,
with a duration of 3 seconds filtered from pink noise. To
avoid clicks the noises are smoothly switched on and off
by a 50 ms slope. The amplitude of the filtered band-
pass noise is modulated by (1 + m · cos 2πfmodt) with
fmod = 70Hz and the degree of modulation m. Af-
ter filtering 8 bandpass noises with center frequencies
ranging from 315 Hz to 1590 Hz in third octave inter-
vals three amplitude-modulated versions are generated
of each bandpass noise with m = 0.2, 0.6 and 1, equiv-
alent to modulation depths of -4, -12 and -40 dB. So 24
stimuli have been synthezised using Matlab, see table 1
together with calculated sharpness and roughness.

Method and subjects

The evaluation of the unpleasantness is performed by
a complete paired comparison test in judging the more
unpleasant stimulus of a stimulus pair. 20 subjects -

8 females and 12 males - have taken part in the test.
Each subject has been evaluating all 276 noise pairs
subdivided in three sessions with 92 comparisons each.
The stimuli are presented diotically via headphones
in a soundproof booth. For all stimuli the dBA-level
has been equalized to a common value of 65 dBA
(measured monaurally). The stimuli are stored on a
workstation, and a lab-own software written by Ping
Rong1 is used to perform the paired comparison task.
The recommendations of Ross [6] for an optimal order of
stimulus pairs are implemented. The subjects have the
possibility to repeat the stimulus presentation as often
as they need to make their decision and they also can
freely decide when to continue. The time durations for
the unpleasantness judgements have been logged.

Table 1: Stimuli - Band pass noises with a bandwidth of 2
octaves. Abreviations:fc - center frequency, S - sharpness, m

- degree of modulation, R - roughness

sound fc [Hz] S [acum] m R [asper]

1 315 0.51 0.2 0.86
2 315 0.51 0.6 1.10
3 315 0.51 1 1.20
4 400 0.60 0.2 1.09
5 400 0.60 0.6 1.30
6 400 0.60 1 1.53
7 500 0.69 0.2 1.30
8 500 0.69 0.6 1.63
9 500 0.69 1 2.00
10 630 0.84 0.2 1.51
11 630 0.84 0.6 2.02
12 630 0.84 1 2.54
13 800 1.08 0.2 1.80
14 800 1.08 0.6 2.50
15 800 1.08 1 3.09
16 1000 1.35 0.2 1.87
17 1000 1.35 0.6 2.70
18 1000 1.35 1 3.60
19 1260 1.76 0.2 1.90
20 1260 1.76 0.6 2.90
21 1260 1.76 1 3.90
22 1590 2.38 0.2 1.77
23 1590 2.38 0.6 2.85
24 1590 2.38 1 4.15
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Figure 1: BTL-scaled unpleasantness scores of 24 amplitude-
modulated bandpass stimuli (bandwidth: 2 octaves) with 8
center frequencies from 315 Hz to 1590 Hz successively sep-
arated by a third octave ratio. The corresponding sharpness
in acum is given on the abszissa. The noises with equal de-
gree of modulation are linked by lines. All three curves show
a minimum of unpleasantness in the sharpness range from
0,6 to 1 acum, which corresponds to center frequencies from
400 to 800 Hz for these bandpass noises. The unpleasantness
scores are not quite parallel for the three degrees of modula-
tion, hinting to a certain interaction between roughness and
sharpness for high sharpness data.

Results

For all subjects the calculation of the consistency coeffi-
cient (1 −

circular triads found
maximally possible number of circular triads

) yields

sufficiently high (> 0.7) values between 0,73 and 0,97;
hence all subjects can be included in the data analysis.
The BTL method [7] is used to provide scaled unpleas-
antness data and the accumulated set of preference ma-
trices of all subjects serves as basic data set for the cal-
culation. Three curves in Fig. 1 show the BTL-scaled
unpleasantness data as a function of sharpness and all
results refering to stimuli with the same degree of mod-
ulation (m = 0.2/0.6/1.0) are connected with solid lines.
All three curves show a minimum of unpleasantness in
the sharpness range from 0, 6 to 1 acum. This corre-
sponds to a range of the center frequencies of the band-
pass noises from 400 to 800 Hz. For higher (1 < S)
and lower (S < 0.7) sharpness values the unpleasantness
rises again. The relationship between unpleasantness and
sharpness can be approximated rather well by a linear
function in the region of higher sharpness values.
It far more difficult to characterize the influence of the
calculated roughness on the unpleasantness evaluations,
as may be suspected from the roughnness data given in
table 1. Implicitely the effect of roughness can be studied
by the effect of the degree of modulation on the unpleas-
antness. An increase of the degree of modulation from
m = 0.2 to m = 0.6 nearly adds a constant offset to the
lower unpleasantness curve (Fig. 1). In the region of
higher sharpness the distance between the middle curve
(m = 0.6) and the highest unpleasantness curve with
m = 1 is no longer the same throughout the whole sharp-

ness range investigated. It becomes considerably smaller
for high sharpness values. As a higher degree of mod-
ulation is related to roughess by an exponential depen-
dency these results indicate an interaction of roughness
and sharpness on the unpleasantness.

Conclusions

In a paired comparison paradigm the unpleasantness of
amplitude modulated bandpass noises has been judged
by 20 subjects as a function of the center frequencies
and of the degree of modulation. The level of the stim-
uli is held constant. The paired comparison results of
all subjects are converted into interval scale values using
the BTL-method. A representation of the unpleasantness
over the calculated sharpness of the stimuli shows a min-
imum of the unpleasantness in the sharpness range from
0, 6 to 1 acum corresponding to the range from 400 to
800 Hz for the center frequencies. A similar tendency can
be guessed in the data of Widmann [5] on psychoacous-
tic annoyance but this finding is different to the course
of the sensory pleasantness that monotonically decreases
with increasing sharpness [4]. The judged unpleasantness
shows an interaction between sharpness and roughness
for higher sharpness values. For the purpose of sound
design and sound engineering the observed minimum in
the unpleasantness curve indicates that there might be an
optimal frequency region for sound to be more pleasing.
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