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ABSTRACT

Four programs (female voice, acoustic guitar, pop
music, and symphonic music) were reproduced using
four different sound levels. Eighteen normal
hearing subjects, familiar with high fidelity sound
reproduction, listened to the reproductions in
earphones and judged the sound quality on eight
perceptual scales (loudness, clarity, fullness,
spaciousness, brightness, nearness,
softness/gentleness, absence of extraneous sounds),
and an overall scale (fidelity). They also made
ratings concerning an (imagined) ideal reproduction
and adjustments of the preferred sound level.
Increased sound level resulted in more loudness,
fullness, nearness, and less softness for all
programs. In the remaining scales there was an
increase up to a certain sound level or an
interaction with the physical properties of the
programs. The difference between the ratings of the
real reproductions and the imagined ideal repro-
ductions was smallest at the preferred sound level,
and this level was for most programs set higher by
the subjects than by the authors.
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INTRODUCTION

In a number of previous reports we studied how the
perceived sound quality of various sound-
reproducing systems is affected by different
frequency responses and different sound levels. The
methods used were direct manipulation of one or
both of these factors (Gabrielsson, Schenkman, and
Hagerman, 1988; Gabrielsson, Hagerman, Bech-
Kristensen, and Lundberg, 1990) or post hoc
analysis of frequency responses of loudspeakers
(Gabrielsson, Lindstrém, and Till, 1991), that were
used in a comprehensive listening test (Gabrielsson
and Lindstrdm, 1985). The sound gquality has
throughout been assessed by means of perceptual
scales resulting from earlier multivariate analyses
(Gabrielsson and Sjogren, 1979). The results
generally show that the frequency response and the
sound level affect practically all relevant
perceptual dimensions. Sometimes their effects may
be difficult to separate (Gabrielsson et al.,
1990), and furthermore they often interact in
complex ways with the physical properties of the

programs used as stimuli.

In this report we focus on the effects of different
sound levels. The available evidence from the above
reports and from other researchers (Stevens and
Davis, 1938; Kbtter, 1968; Bismarck, 1974: Tannaka
and Koshikawa, 1989; Ueda and Akagi, 1990)
indicates that an increase of the sound level will
usually increase the perceived fullness, spacious-

ness, nearness, and sharpness of the reproduction;
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a decrease of the sound level gives the opposite
results. Increased sound level may also contribute
to increased clarity, although only up to a certain
level. The results concerning brightness are not
conclusive; effects have been reported (Stevens and
Davis, 1938; Gabrielsson, Rosenberg and and
Sjogren, 1974; Gabrielsson and Sjégren, 1979) as
well as no effect (Gabrielsson et al, 1990: Ueda
and Akagi, 1990). The effect on an overall evalu-
ation, such as fidelity, usually reflects the
effect(s) on one or more of the above perceptual
dimensions (e.g., clarity) depending on how much
the respective dimension contributes to the overall
impression. Furthermore, the effect on any dimen-
sion may interact with the properties of the

programs used as stimuli.

In order to further investigate the effect of the
sound level an experiment was conducted in which
the sound level was varied over a range of 30 dB
and using programs widely differing in spectral
composition and temporal density. Besides rating
the reproductions, the listeners also made
judgments concerning the properties of an ideal
reproduction and made adjustments of the preferred

sound level for each program.

METHODS

Eighteen normal hearing subjects listened in
earphones to four programs reproduced at four
different sound levels and judged the sound quality
on eight perceptual scales and a fidelity scale.
Judgments were also made concerning an imagined
ideal reproduction and of the preferred sound
ievel.
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A. Programs

Four programs, each lasting about one minute, were
used:

1. Female voice, reading a list of sentences
originally used for measurement of speech
recognition in noise. The sentences were used
without noise, and the silent intervals between
them were reduced to about 1 sec. Monophonic

recording in free field (Hagerman, 1982).

2. Chamber music. J.S. Bach: Sarabande from Suite
in A minor, BWV 997 (original C minor; excerpt
0'00'"'- 1'08''"), performed by John Williams on the
guitar. Phonograph record: John Williams, Bach: The
Four Lute Suites. CBS Records, CBS Masterworks, CB
801, MK 42204.

3. Pop music. Sting: "If you love somebody, set
them free" (excerpt 0'13'' - 1'16''). Phonograph
record: Sting: "The dream of the blue turtles", A &
M Records, A&M 393 750 - 2,

4. Symphonic mugic. P. Tchaikovsky: Symphony no. 4
in F minor, op. 36, 4th movement, Finale: Allegro
con fuoco (excerpt 7'23'' - 8'30'’'). Oslo Phil-

harmonic Orchestra, conductor Mariss Jansons.
Chandos Records, CHAN 8361.

The female voice and the guitar music have most of
their energy below 2.5 kHz; their power spectra
have dropped 50 dB at about 5 kHz. The pop music
and the symphonic music have much broader frequency
range and decrease slowly down to -50 dB at about
18 kHz. A further difference between these two
groups of programs is that programs 3-4 are con-
tinuously sounding at a rather constant level,

whereas there are short silent intervals (1 s)
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between the sentences in program 1 and less density
of sound events in program 2.

B. Reproduction system

A stereo tape recorder, Revox B77 Mk 11, was used
to record and reproduce the programs. They were
presented to the listeners in sterec through Sony
Walkman MDR-E262 earphones. The freguency responses
of the earphones are shown in Figure 1. Four
attenuators (two Hewlett Packard 350 D and two
built in our department), two for each channel,
were used to get the different sound levels. The
impedance matching was checked in order to assure
the appropriate attenuations. The balance between
the stereo channels was checked by the authors in

listening to the reproductions.

The authors also set an approximately natural sound
level for each program by listening to the respec-
tive program in the earphones with no filtering.
The sound level for this setting was measured on a
coupler according to IEC 711 fitted into the KEMAR
manikin and registered by a level recorder (B & K
2305) with a writing speed of 50 mm/sec. The sound
pressure level for the female voice varied between
about 60 and 70 dB, for the pop music between about
80 and 90 dB, for the orchestral music between
about 83 and 93 dB, and for the guitar music
between about 58 and 72 dB.

Four sound levels were used for each program. For
the two softer programs, that is, the female voice
and the guitar music, these were the natural level,
10 dB and 20 dB above the natural level, and 10
below the natural level. For the louder programs,

the pop music and the symphonic music, the four




levels were the natural level,

natural level,

ISSN 0280-6819
TAl23, Dec 1991

10 dB above the
and 10 dB and 20 dB below the

natural level. The highest level was thus roughly
about 100 dB for the pop and symphonic music and
about 90 dB for the female voice and the guitar.

Left earphone

Figure 1. Frequency responses of the earphones

measured on a coupler (IEC 711) fitted into a KEMAR

manikin,
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The listener was seated in a sound insulated
chamber used for psychoacoustic experiments. All
the equipment as well as the experimenter were in

an adjoining room.

C. Subjects

Eighteen male subjects, age 22-34 years, parti-
cipated. They were selected on the basis of their
answers to a questionnaire concerning music
preferences and experience of high fidelity
reproduction. About half of them preferred
listening to pop and rock music or other popular
music, the other half mainly to classical music:
however, several listened to both popular and
classical music. All were used to listen to high
fidelity sound reproduction of relatively high
gquality.

The subjects were tested for normal hearing
(threshold not exceeding 20 dB hearing loss 250 -
8000 Hz, ISO 389). None of them had any experience
from this type of experiment. They were paid for

their participation.

D. Response variables

The reproductions were rated on nine scales. Eight
of them refer to perceptual dimensions: loudness
(Swedish: ljudstyrka), fullness (fyllighet),
brightness (ljushet), softness/gentleness (mjuk-
het), nearness (n#drhet), spaciousness (rymdkinsla),
clarity (tydlighet), and absence of extraneous
sounds (stdrningsfrihet). The ninth scale required
an overall evaluation in terms of fidelity {(natur-
trohet). All scales were graded from 10 {maximum)
to 0 (minimum) and with definitions for 9, 7, 5, 3,

and 1 as seen in Figure 2.
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SHARRP SHARP BIDHRY SOFT 50F1
[T AT PP PR T TR T B [TRREY FERTETENTS FRRTE IRV FOUTE NUURE FETN TR FETRR TORTE | SOFTNESS
0 1 2 3 4 5 ) 1 8 8 10
HIN HAX
YERY RATHEA RATHER YERY
CLOSED CLOSED H1DHRY OPEN - QPEN
v b g teppbvenenabicievsnpedevennenni benna b by b SPACTOUSNESS
0 ! 2 3 y 5 6 7 8 3 10
MIN HAX
YERY RATHER RATHER YERY
THIN THIN KIDKRY FULL FULL
Leeewssoe by iveemn i et enn i bievwn oo tennn bieee e et becansse | FULLNESS
0 1 2 3 i 5 & 1 8 8 10
HMIN HAX
YERY RATHER RRTHER YERY
DULL peLL HIDNAY BRIGHT BRIGHT
Lesvieeenbiontiya ot liengebivsiseai b bvesvoresbis g b by ] BRIGHTNESS
G ] 2 3 i ) 6 7 8 9 10
MIN HAX
YERY RATHER RATHER YERY
DISTANT BISTANT RIDHAY NEAR NEAR
Losoteeen b eeinpeolosnnteen e bventienn beyae o e v bonnebens g tinas gt b ] NEARNESS
0 l 2 3 Y 5 b 1 8 9 10
HIN HAX
YERY RATHER RRTHER YERY
URCLERR UNCLERA HIDHAY CLERR CLEAR
Lastoena b v bovenne e boesenn i bntaneadnntgren b oo b iy byt e ) CLBRITY
0 1 2 3 ! 5 6 i 8 3 10
HIN : Hax
YERY RATHER RATHER VERY
SOFT S0F HEDHRY Loug LauD
Loopisen by beevene by o o biaetnge beeee v e deys ey oon o LOUDNESS
C i 2 3 4 5 1 i 8 3 14
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Lo besnceen o bigne i teeen bty e bevvetnen i b oty e b b o 8 EXTRANEQHS
0 l 2 3 4 5 6 7 8 9 10 SOUNDS
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VBEHRD‘r HHBTﬂHﬂER KIOHAY Hggggﬂ ggg;
" N ISYURTITTE VAT TIUN FUSTTTITN IOV TP " ST FIBELITY
0 1 2 3 4 9 6 7 8 9 10
MiN HAX
................................................................................................................................................................. SHEET NO. 1 ...
Figure 2. Example of the response form (translated

from Swedish).
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Decimals were included, since many subjects in
earlier investigations used decimals in their
ratings (Gabrielsson & Lindstrém, 1985; Gabrielsson
et al., 1988; Gabrielsson et al., 1990). Further
explanations are given in the instructions, see
Appendix A.

E. Design and procedure

The experiment comprised three parts: sound quality
ratings, ratings of the "ideal" sound quality, and
adjustment of the ideal sound level for each

program.

In the first part the subject listened to the
programs at the different sound levels and rated
the sound quality. There were 16 stimuli, 4 pro-
grams x 4 sound levels. They were rated twice by
each subject on all nine scales. The presentation
order of the stimuli was randomized, differently
for each subject. However, to avoid possible TTS
(Temporary Threshold Shift) none of the loudest
reproductions of any program was allowed to appear
after one another. The order of the perceptual
dimensions on the response form was also randomized
differently for each subject; however, the fidelity
scale was always last. After introducing the sub-
ject to the situation and trying out the earphones,
the instructions were given (see Appendix A),
followed by 12 practice trials. The main experiment
included 32 trials (16 stimuli x 2 trials). A short

break was made in the middle.

In the second part the subject was asked to rate
how each program should sound in the different
perceptual dimensions in order to represent an

ideal reproduction (Appendix B). This was done
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without listening to the programs. The subject had
to remember the programs and imagine how an ideal
reproduction of each program should sound. These
ratings were made on the same scales as before
except fidelity and absence of extraneous sounds,
for which the ideal wvalue ig 10 by definition. Each

program was rated twice.

In the third part the subject listened once more to
the programs and was asked to adjust the sound
level of each program to become ideal. The experi-
menter set an initial sound level, the subject
listened and indicated by hand movements if he
wanted the level to increase or decrease. This was
repeated until he was satisfied. This was made
twice for each program, one time with an initially
too soft level, the other with an initially too
loud level. The subject was told that no program
would be allowed to get louder than in the first
part of the experiment.

The total time required for each subject was about

two hours.

F. Data treatment

The subjects' ratings were subjected to analysis of
variance, separately for each scale. This was done
both for each subject (sources of variance: sound
levels and programs; fixed model) and over all
subjects (sources: sound levels, programs, and
subjects; mixed model). These analyses provide
estimates of intra- and inter-individual relia-
bility and tests of the possible effects of the
experimental variables. For general principles

concerning analysis of variance and related
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guestions, see Winer (1971) or Kirk (1982), and for

application in listening tests Gabrielsson (1979).

RESULTS

A. Reliability of ratings

The intra-individual reliability was studied by the

"within cell mean square" (MSw) in the individual
analyses of variance, that is, the estimated

average variance of the two ratings made for each
stimulus in each scale (MSw is the error term for
the F tests in the fixed model). The smaller this

variance, the better the reliability.

The mean MSw values across subjects appear in Table
l. With regard to ratings of the real reproduc-
tions, the reliability is especially high for loud-
ness (MSw = 0.38), which is, of course, due to the
apparent differences in this dimension. For the
other scales the reliability is also very good with
most MSw values below 1.00. These values are lower
than for unselected normal hearing subjects
(Gabrielsson et al,, 1988, 1990) but somewhat
higher than for very experienced high fidelity
listeners (Gabrielsson & Lindstrdm, 1985). For the
ratings of the imagined ideal reproductions the
reliabilities are still better, which also is in

accordance with the results in our earlier studies.



ISSN 0280-6819
TA123, Dec 1991

Table 1. Mean value across subjects for MSw in
ratings of real reproductions and of ideal

reproductions.
Real Ideal

Loudness 0.38 0.14
Clarity 1.06 0.30
Fullness 1.00 0.27
Spaciousness 0.97 0.31
Brightness 0.83 0.17
Softness 0.94 0.25
Nearness 0.68 0.32
Abs.extr.gsounds 0.91
Fidelity 0.94

The inter-individual reliability (the agreement

between the subjects) was estimated by the Iy index
(Winer, 1971, p. 283; Gabrielsson, 1979). Its maxi-
mum value is 1.00. This index was generally high,
varying for the different scales between 0.77 and
0.99.

B. Effects of sound levels

The results from the analyses of variance are

summarized in Table 2.

Table 2. Significant differences due to sound level
(L), program (P), and interaction sound level x
program (LxP). *** = p <,001, ** = p <.01,

* = p <.05.

Scale L P LxP
Loudness kkk kkk kkk
Clarity *% k&
Fullness *kk *
Spaciousness hkk kkk *kok
Brightness *hk ok
Softness k& k RARK &k &
Nearness RRK kAKX kK
Abs.extr.sounds **% kkk k&

Fidelity * *Kk Kk &k Kk

13
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In all scales, except clarity and brightness, there
are significant effects due to the sound levels.
However, there is also a significant interaction
between sound levels and programs, except in
fullness. This means that the effects of the
different sound levels vary with the different
programs. The meaning of the effects and the

interactions can be studied by means of Table 3.

C. Loudness

Of course, the rated loudness increases with
increased sound level. The differences among the
levels are highly significant (Table 2). There is
also a highly significant sound level x program
interaction meaning that the increase in loudness
is different for different programs. As seen in
Table 3, all four programs get the same rated
loudness at the lowest level used (3.1-3.3). At the
following levels loudness increases faster for
programs 3 and 4, especially between the two
highest levels, than for programs 1 and 2. It
should be remembered that programs 3 and 4 are
throughout about 10 dB louder than programs 1

and 2.

D. Clarity

In clarity there is a significant sound level x
program interaction. For program 1 clarity in-
creases up to the second level and then declines.
For program 2 there is little difference among the
first three levels but worse clarity at the highest
level. For programs 3 and 4 clarity increases with
increased sound level up to the third level and

drops at the highest level, at least for program 3.
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Table 3. Mean ratings across subjects. (Sound
levels are numbered from 1 = lowest level to
4 = highest level,)

Loudness Sound levels
1 2 3 4 Mean
1 3.3 4.8 6.0 8.0 5.5
Program 2 3.2 4.3 5.7 7.6 5.2
3 3.1 4.9 6.2 8.7 5.7
4 3.1 4.6 6.3 8.8 5.7
Mean 3.2 4.6 6.1 8.3
Clarity Sound levels
1 2 3 4 Mean
1 5.8 6.2 5.7 5.4 5.8
Program 2 6.8 6.4 6.9 5.9 6.5
3 5.8 6.2 6.8 6.1 6.2
4 5.3 5.6 6.2 6.0 5.8
Mean 5.9 6.1 6.4 5.9
Fullness Sound levels
1 2 3 4 Mean
1 4.7 5.5 6.0 6.2 5.6
Program 2 5.5 5.7 6.7 6.9 6.2
3 4.3 5.1 5.9 6.5 5.4
4 4.6 5.2 5.9 6.4 5.5
Mean 4.8 5.4 6.1 6.5
Spaciousness Sound levels
1 2 3 4 Mean
1 3.6 4.0 4.0 3.7 3.8
Program 2 5.4 5.4 6.3 6.1 5.8
3 5.1 6.2 7.0 6.9 6.3
4 5.6 5.9 6.4 7.0 6.2
Mean 4.9 5.4 5.9 5.9

15
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E. Fullness

Fullness increases significantly with higher sound
levels. Although the increase is somewhat different
for the different programs, there is no significant

interaction.

F. Spaciousness

0f course, spaciousness is considerably less for
program 1 (speech in anechoic chamber) than for the
three music programs. The significant effect of
sound levels and the significant sound level x
program interaction mean that spaciousness in-
creases with increased sound level up to the next
highest or highest level for the music programs
(programs 2-4), whereas there is no effect for the

speech program (program 1).

G. Brightness

Programs 3 and 4 are rated as brighter than pro-
grams 1 and 2, This is related to the fact that the
spectra for programs 3 and 4 extend far higher in
frequency than for programs 1-2 (cf. Programs).
This may also explain why brightness increases with
increased sound level for programs 3 and 4, especi-
ally at the highest sound level, but not for pro-
grams 1 and 2 (significant sound level x program

interaction).

H. Softness

There is a significant decrease in softness/gentle-
ness with increased sound level for all programs.
The accompanying significant interaction means that

this decrease is more pronounced for programs 3 and

17
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4 (especially between the two highest sound levels)
than for programs 1 and 2. In other words, although
an increased sound level in general gives more
sharpness (= less softness), this is especially
obvious for the two programs that extend highest in
frequency due to their high frequency components.
These two programs are in fact generally perceived

as sharper than programs 1-2.

I. Nearness

Nearness increases strongly with increased sound
level. At the lowest sound level programs 1 and 2
(recorded in an anechoic chamber and chamber music,
respectively) sound nearer than programs 3 ang 4,
which were recorded in large halls. However, there
is also a strong program x sound level interaction:
the perceived nearness increases faster for pro-
grams 3 and 4 so that they are rated about as near
as programs 1 and 2 at the highest level. This is

similar to the situation for loudness.

J. Absence of extraneous sounds

Extraneous sounds (hissing noise) are more apparent
for programs 1-2, which have little energy above
2.5 KHz and less density in the time domain than
programs 3-4. The latter extend into higher fre-
quency regions and sound continuously why the noise
is almost totally masked. This shows up in a
strongly significant interaction. For programs 3-4
there is no effect at all of the different sound
levels (ratings 7.4 - 7.6 at all levels), whereas
for programs 1-2 the ratings get successively much
lower as the level increases (that is, the hissing

noise becomes more and more disturbing).
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K. Fidelity

The most important result is the strong sound level
X program interaction. For programs 1-2 fidelity is
rated best at the lowest or next lowest sound level
and then drops, especially at the very highest
level. However, for programs 3-4 fidelity improves
with increased sound level up to the third level
but not further.

L. Ratings of ideal reproductions

Table 4 shows the results of the subjects' ratings
for an imagined ideal reproduction of the

respective programs.

Table 4. Mean ratings of ideal reproductions.

Program

Scale 1 2 3 4

Loudness 5.5 6.0 6.6 7.1
Clarity 8.3 8.0 7.8 8.0
Fullness 6.5 7.4 7.8 8.0
Spaciousness 5.8 7.0 7.5 7.9
Brightness 6.0 5.6 5.8 6.0
Softness 6.7 6.6 5.3 5.6
Nearness 6.8 6.8 6.5 6.2

The differences among the programs are statis-
tically significant (p <.00l1) in loudness, full-
ness, spaciousness, and softness. According to the
results in Table 4, programs 3 and 4 should be
louder than programs 1 and 2, as expected. They
should also have more fullness and more spacious-
ness, but less softness, than programs 1 and 2. The
differences in clarity, brightness, and nearness

were not significant. All programs should have high
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clarity, somewhat above midway value in brightness,
and sound rather near.

Comparing the ratings of the reproductions in Table
3 with the values for an ideal reproduction in
Table 4 shows that no reproduction of any program
reaches the corresponding ideal value in clarity,
spaciousness, or fullness. For the remaining scales
the situation varies for different programs:
sometimes the reproduction at one of the levels

comes rather close to the ideal value.

Absence of extraneous sounds ig not included in
Table 4, since it was not rated for its ideal
value, which simply must be 10. No reproduction of
any program comes cleose to this value (cf. Table
3), and the discrepancy is especially large for
programs 1-2 at the higher sound levels due to more

hissing noise.

Forming the absolute difference between the ratings
of the real reproductions and the ratings of the
ideal reproduction (including absence of extraneous
sounds) and averaging over all scales gives the
results in Table 5.

20
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Table 5. Average absolute difference over all
scales between real and ideal reproduction for the

different programs at different levels.

Sound level

Program 1 2 3 4
1 1.8 1.4 1.7 2.3
2 1.5 1.7 1.3 1.8
3 2.2 1.5 1.0 1.4
4 2.4 1.9 1.3 1.5

For program 1 the smallest difference occurs at the
second level, for programs 2-4 at the third level.
In other words, the best reproduction occurs at the
third level for programs 2-4, and at the second
level for program 1. As seen in the following,
these levels also agree fairly well with the levels
that the subjects considered to be the ideal levels

for the respective programs.

M. Comparison of loudness ratings

If we compare the ratings of ideal loudness for the
programs in Table 4 with the corresponding ratings
of perceived loudness in Table 3, we find that the
rated ideal loudness for program 1 (5.5) would
correspond to a sound level between the second and
third sound levels (rated 4.8 and 6.0, respect-
ively), that is, somewhat higher than the supposed
natural level (= the second level, cf. Reproduction
system). For program 2 the ideal loudness (6.0)
would about correspond to the third sound level
(rated 5.7), that is, one level higher than the
supposed natural level. For program 3 the ideal
loudness (6.6) would roughly correspond to the
third level (rated 6.2), the supposed natural
level. For program 4 the rating of the ideal
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loudness was 7.1, corresponding to a level between
the third (6.3) and fourth (8.8) level, that is,
somewhat higher than the supposed natural level.
There is thus a tendency that the subjects want a
higher sound level than that set by the authors,
especially regarding program 2. Similar results

appear in the adjustment data below.

N. Adjustments of ideal sound level

The results of the subjects' adjustments of the
sound level to represent an ideal level for each

program appear in Table 6.

Table 6. Mean attenuation (dB) across subjects re
the maximum level. The values in parentheses are
the attenuations set by the authors to represent an
approximate natural level.

Program
1 2 3 4

14.9 11.7 10.0 7.6
(20.0) (20.0) (10.0) (10.0)

The differences among the programs were strongly
significant [F(3,51) = 18.66,p <.00l1}, despite
large inter-individual differences in the adjust-
ments of gsound level. For program 1 the attenu-
ations varied from 8.5 to 26.5 dB, for program 2
from 6 to 26.5 dB, for program 3 from 2 to 21.5 dB,
and for program 4 from 1 to 23 dB. The large dis-
persion necessitates cautious conclusions. However,
the values concerning preferred levels in Table 6
indicate that the subjects usually wanted a higher

sound level, especially for program 2, than that
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set by the authors. Only for program 3 there is a

good correspondence.

These results are in good agreement with the
results from the ratings of the ideal sound levels.
For program 1 both methods (ratings and adjust-
ments) indicate that the ideal level is about
midway between the second and third level, for
program 2 close to the third level, for program 3
also close to the third level, and for program 4 a

level somewhat above the third level.

0. Sound level and fidelity

One could expect that the reproductions should be
considered best at the levels that were considered
as ideal. In fact the data on the smallest differ-
ence between real and ideal reproductions in Table
5 mainly agree with this expectation: For program 1
the difference was smallest at the second level,
for programs 2~4 at the third level. The agreement
with the fidelity ratings in Table 3 is not
complete. Programs 3-4 were rated best in fidelity
at the third level and program 1 at the second
level (together with the first), which fits the
picture. However, program 2 was rated highest in
fidelity at the lowest sound level, not the third.
We have no ready explanation for this discrepancy.
It may be that the subjects consider the background
noise from the recording so annoying at higher
levels for this program (cf. the ratings in Absence
of extraneous sounds, Table 3) that they consider
the fidelity best at the lowest sound level (even
if this perhaps sounds too soft). However, when
imagining the ideal sound level the subjects
probably do not think of this negative relation

23



ISSN 0280-6819 24
TA123, Dec 1991

between sound level and noise but rate the sound

level as such independent of noise.

DISCUSSION

The manipulation of the sound level affected the
ratings in all scales, although often differently
for different programs. There were thus inter-

actions between programs and sound levels.

Clarity increased with increased sound level up to
a certain level, which usually was close to the
preferred level for the respective program (the
second level for program 1 and the third level for
programs 2-4), and then decreased. One may hypo-
thesize that the preferred level is chosen as the

level that gives the best clarity.

Fullness increased up to the highest level used for
each program.

Spaciousness increased with increased sound level
up to the highest or next highest level for
programs 2-4. However, for program 1, that was
recorded in free field, there was no significant
effect.

Brightness increased with increased sound level for
the two programs which extend into high fregquency
regions (programs 3-4) but not for programs 1-2,

that have most of their energy below 2.5 kHz.

Softness decreased (= sharpness increased) with
increased sound level throughout, especially for
programs 3-4 with their high frequency contents and

especially for the two highest levels used.
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Nearness increased with increased sound level,
especially for the programs extending into high

frequency regions (programs 3-4).

Extraneous sounds (hissing noise) increased with
increased sound level for the programs with no high
frequency content (programs 1-2) and less density
in the time domain. There was no effect for pro-
grams 3-4 that include high frequencies and sound
continuously, both factors contributing to masking
of hissing noise.

Fidelity was rated to be best at about the pre-
ferred sound level for programs 3-4 and may be for
program 1, but not for program 2 that was rated
best in fidelity at a lower sound level than the

preferred one.

The above results agree in most cases with those in
our earlier reports or reported by other re-
searchers (cf. Introduction). An interesting fact
was that brightness, for which earlier results have
been inconclusive, increased with increased sound
level only for the two programs with high frequency
content (programs 3-4) and especially at their
highest level. In a similar manner softness de-
creased (= sharpness increased) much at the highest
level for those two programs, but less for the
other two programs with little high frequency
content. Increased sound level increased spacious-
ness only for the programs including reverberation,
but not for the voice program recorded in free
field.

Ratings of the "ideal" reproduction proved to be
informative in providing a reference for the
ratings of the real reproductions. The difference

between real and ideal reproduction was smallest at
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about the preferred sound level for each program.
The ratings of ideal sound level and the adjust-
ments of ideal sound level agreed and indicated
that the subjects wanted a higher sound level, for
most programs, than what the authors considered to

be an approximately natural level.
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APPENDIX A

A. Instructions for sound quality ratings

You are going to listen to some programs with
speech and music through earphones. We will change

the reproduction of the programs in various ways.

Your task is to judge the sound quality of the
different reproductions by means of the scales that
you find on the response form.

The scales refer to various properties of the sound
reproduction. They are all graded from 10 (maximum)

to 0 (minimum).

For instance, in the scale for fullness 10 means
maximum (highest possible) fullness, 9 = very full,
7 = rather full, 5 = midway, 3 = rather thin, 1 =
very thin, and 0 means minimum fullness. The other
scales work in similar ways. As you can see on the
response form, it is possible to use decimals if
you like.

You shall judge each reproduction separately
without thinking absout the previous reproductions.

There is a new response form for each reproduction.

Mark your judgment on each scale by a straight and
distinct vertical line. Do your ratings on the
scales in the order they appear on the response

form. Do not look at earlier response forms.

Note that your judgments shall refer to the sound
guality, not to what you think about the music or
speech as such.
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There are no right or wrong answers. It is solely
your own opinion about the sound quality that

should be decisive.
The scales are defined as follows:

Clarity: The reproduction sounds clear, distinct,
and pure. The opposite is that the sound is
diffuse, blurred, thick, and the like.

Fullness: The reproduction sounds full, in

opposition to thin.

Spaciousness: The reproduction sounds open and

spacious, in opposition to closed and shut up.

Brightness: The reproduction sounds bright, in
opposition to dull and dark.

Softness/Gentleness: The reproduction sounds soft
and gentle, in opposition to sharp, hard, keen, and
shrill.

Nearness: The sound seems to be close to you, in

opposition to at a distance.

Loudness: The sound is loud, in opposition to soft
(faint).

Absence of extraneous soundsg: The reproduction has

no extraneous sounds like noise, hum, or the like.

Fidelity: Judge how similar the reproduction is to
the original sound. 10 = perfect fidelity, 9 = very

good, 7 = rather good, and so on.

First you will have several trials for practice.
The examples used in these trials are representa-
tive for the reproductions that appear in the

experiment.
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APPENDIX B

A. Instructions for ratings of ideal reproduction

You have now heard the different progams several
times and rated them on different scales. Now you
are going to rate how each of the programs sghould
sound in order to represent an ideal reproduction.
Without listening to them again, try to imagine how
each program should sound in clarity, fullness,
spaciousness, brightness, loudness, nearness, and
softness/gentleness to make the reproduction ideal.
You use the same response form as earlier, one for
each program.

You do not have to make judgments concerning ab-
sence of extraneous sounds and fidelity. In these
cases the ideal is 10 by definition.
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