Effect of sharpness on subject’s evaluation of loudness
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Introduction

Transformation of the excitation patterns’ — calculated
from the physical spectrum — to a specific loudness pattern is the
base of Zwicker’s (Zwicker, 1958) and Moore’s (Moore et al.
1996) loudness models. The area under the specific loudness
pattern is assumed to determine loudness. The Stevens’ method
(Stevens, 1956) also takes into account the mutual masking
among the components of a wide-band sound but it does not
provide to the excitation pattern.

The Zwicker’s and Stevens’ models are recommended by
the International Standards Organization for the calculation of the
loudness of complex sounds (ISO 532B and ISO 532A). The
question is how these models work when the subject’s
performance is based on the sounds with the totally different
envelope of their spectrum. Is it possible to select the evaluation
of loudness among other attributes of sounds like pitch and
timbre, specially the sharpness of the sounds?

Experiments

The eleven steady state real sounds with the same
frequency range, 100 Hz — 16000 Hz, and different sound
pressure level and spectrum envelopes were tested (Fig. 1). Nine
sounds had the spectrum envelopes similar to real sounds such as
alarm-clock, coffee machine, dryer, vacuum cleaner, food-
processor, ventilation system, traffic noise, subway noise, car
noise. These sounds were created from bands of white noise at
the Department of Psychology of Stockholm University. The
details of the method you can find in Preis (Preis, 1996). White
noise S8 (Fig. 1) and pink noise S1 were added as compare
sounds.

Twenty subjects — between the ages of 16 and 40 — with
normal hearing at all audiometric frequency were used.

The tests were presented in a listening room for testing
quality of loudspeakers according to IEC standard (IEC 268-13).
The sounds were recorded on the digital tape recorder (Sony
TCD-D10 PRO) and reproduced by one loudspeaker (Tonsil
HIFIVOX EA 4585) or headphone (Sennheiser HD 580).
Subjects were tested individually in the same acoustic
environment.

Eight experiments were carried out. The task was to
equalise loudness of each tested sound to standard sound. Sounds
S7 (60, 65 dBA), S8 (60, 65, 70 dBA) and S9 (60,65, 70 dBA)
were standards in different experiments. Subjects used
adjustment method, changing sound pressure level of tested
sound as long as both sounds the tested and standard were equal
loudness sounds. Then the subjective equal-loudness sounds were
recorded by dummy head systems of Neumann KU 100, for
loudspeaker sounds presentation, and of Briiel & Kjer typ 4128,
for headphones’ sounds presentation. Spectrum analysis of
recorded sound was carried out by PULSE Briiel & Kjer
software. Eventually loudness of the subjective equal-loudness
sounds was calculated according to the three models of Zwicker,
Stevens and Moore on the base of ISO 532B and ISO 532A
standard and Moore’s “LOUDAES” software respectively.
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Fig.1. Shape of spectrum envelopes of the tested sounds

Results and discussion

The results of statistical homogeneous subjects group for
experiment with S8 (white noise) and 70 dBA as a standard sound
are presented in Fig. 2 separate for different models of loudness
perception. The results are presented in relation to loudness value
of the standard sound (S8). An analysis of variance of all of the
results shows there is a statistically significant difference (p<0.05)
between calculated loudness of some sounds.
loudness of the standard sound (S8), according to Zwicker’s model,
was statistical different (at the significant level p<0.05) from
calculated loudness of S3, S4, S6, S9, S11 sounds (Fig. 2a).
Calculated loudness of S8 sound S8 was statistical different from
S10 and S11 sounds for Stevens’ model (Fig. 2b) and from S4, S9
and S11 sounds for Moore’s model (Fig. 2c¢).

The tested sounds had different envelopes of spectrum.
This difference decided that their timbre was different too. The
sharpness of subjective equal-loudness sounds was calculated by
Aures’ model (Aures, 1985). The results of these calculated values
in relation to standard sound (S8) are shown in Fig.3. It shows that
sharpness of the S9, S10 and S11 sounds were dramatic different
from the standard sound (S8).
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Fig. 2. Calculated loudness by Zwicker’s (a), Stevens’ (b)
and Moore’s (¢) model of the subjective equal-loudness
sounds. The results are presented in relation to standard
sound (S8)
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Fig. 3. The calculated sharpness, by Aures’ model, of the
subjective equal-loudness sounds. The results are presented in
relation to standard sound (S8)

I suggest that sharpness of the sounds effects the
subjective evaluation of loudness. This hypothesis was tested on
the base of analyse of the relation between calculated loudness

and calculated sharpness of the subjective equal-loudness sounds
(Fig. 4). These linear relations (at the significant level p<0.001)
were found for Zwicker’s and Moore’s models perception of
loudness. On the base of these relations was created equation
described subjective evaluation of loudness of sounds with
different sharpness:

kyoCL
SL=_ M7
(1-kyeCS)
where: SL — subjective estimation of loudness; k1, k2 — constants;

CL — calculated loudness; CS — calculated sharpness (by Aures’
model).

On the base experimental data and relations: CL= f(CS) for
subjective equal-loudness sounds (Fig. 4) the values of k, were
found:

at Zwicker’s model: k,=0.041 £ 0.004 [1/acum]
at Moore’s model: k,=0.028 £ 0.004 [1/acum]
k; - depends on subjects.

For Stevens’ model of perception of loudness was not found similar
relation.
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Fig.4. Relation between -calculated loudness and calculated
sharpness for subjective equal-loudness sounds. The points
represent experimental data, solid line — linear fit and dash lines —
prediction limit

Conclusions

We could speculate that sharpness is not the only factor
which effects the evaluation of loudness. The similar effect is
possible with roughness. The next step of the modeling of loudness
should take into account a little more details of physiology of
hearing.
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