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ABSTRACT

Three programs (female voice, jazz music, pink noise)
were reproduced using four different frequency respon-
ses and two different sound levels. Fourteen normal
hearing subjects listened to the reproductions in ear-
phones and judged the sound quality on seven percep-
tual scales (loudness, clarity, fullness, spacious-
ness, brightness, softness/gentleness, nearness), and
a fidelity scale. Significant differences among the
reproductions appeared in all scales. Interactions be-
tween the reproductions and the programs could be ex-
plained by the relations between the spectrum of the
programs and the used frequency responses. The results
for the noise program were similar to those for the
other programs.
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INTRODUCTION

The perceived sound quality of sound-reproducing sys-
tems - such as loudspeakers, headphones, and hearing
aids ~ is multidimensional, that is, it is composed by
a number of perceptual dimensions. By means of multi-
variate methods used in experimental psychology we
were able to show that the perceived sound quality can
be described in terms of dimensions such as clarity,
fullness, brightness versus dullness, sharpness versus
softness/gentleness, loudness, spaciousness, nearness,
and absence of extraneous sounds (Gabrielsson, 197%a;
Gabrielsson and Sjogren, 1979a). Rating scales for
these dimensions have been successfully used to pro-
vide perceptual descriptions of loudspeakers and other
sound-reproducing systems (Gabrielsson and Lindstrdm,
1985; Gabrielsson, 1987; Gabrielsson, Schenkman and
Hagerman, 1988). Overall evaluations of the systems in
terms of fidelity or pleasantness may be regarded as
weighted combinations of the separate perceptual di-
mensions. The weight given to each dimension - that
is, how important it is for the overall evaluation -
depends on the character of the program to be reprodu-
ced, the listener's earlier experiences, and so forth.

The relations between the perceptual dimensions and
various physical properties of the systems are complex
and still largely unknown. Among the physical varia-
bles the frequency response is often considered as the
most important. Its effects on the perceptual dimen-
sions have been explored in a post hoc manner by stu-
dying the frequency response of the systems receiving
different ratings in the respective dimensions and
also more directly by experimental manipulation of the
frequency response (Gabrielsson, Rosenberg and
Sjbgren, 1974; Gabrielsson and Sjdgren, 1979a, 1979b;
Gabrielsson, Lindstrdm and Till, 1986, 1987;
Gabrielsson, Schenkman and Hagerman, 1988; cf. also
similar approaches by Komamura, Tsuruta and Yoshida,
1977; Kbtter, 1968; Staffeldt, 1974; Toole, 1986). The
results from our investigations indicate that the
frequency response can affect any of the above-men-
tioned perceptual dimensions. Brightness and sharpness
increase (dullness and softness/gentleness decrease)
with rising frequency response toward higher frequen-
cies and/or falling response toward lower frequencies
(cf. also Stevens and Davis, 1938 pp. 163-166, for
density and brightness in sinusoidal tones; Bismarck,
1974). Fullness is favored by a broad frequency range
and relatively more emphasis on lower frequencies (cf.
Stevens and Davis, 1938 p. 161, for volume in sinus-
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oidal tones). Clarity, spacicusness, and (to some
extent) nearness are likewise favored by a broad fre-
quency range, often with a certain emphasis on midhigh
to high frequencies. The effects of extraneous sounds,
e.g. hiss, may be relieved by reduced response at high
frequencies. Generally the results also depend on the
characteristics of the (music or speech) programs that
are reproduced. There are thus interactions between
the reproduction systems and the programs.

Another important physical factor is obviously the
sound level. The available evidence (e.g., Gabrielsson
and Sjégren, 1979a) indicates that an increase of the
sound level will usually increase the perceived full-
ness, spacliousness, and nearness as well ags sharpness
and brightness; 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 at which overloading may occur. There
may be interactions between the sound level on the one
hand and the frequency response and/or the spectrum of
the program on the other hand. For instance, a program
reproduced by a system with boosted treble may sound
even sharper and brighter if the sound level is in-
creased, while a reproduction with boosted bass will
probably sound even duller if the sound level is rai-
sed. :

Because of such complex interactions and also because
of the post hoc character of certain results referred
to above a further experiment with systematic mani-
pulation of the frequency response and the sound level
was conducted. The purpose was to investigate the
effects on the perceptual dimensions of four markedly
different frequency responses (flat, boosted at low,
midhigh, and high frequencies) at two different sound
levels in the reproduction of three programs including
speech, music, and pink noise. Hypotheses concerning
the effects were stated on the basis of results from
our earlier investigations and are given below under
Results.
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METHODS

Programs

Three programs were used:
1. Pink noise (-3dB/octave), monophonic recording.

2. Female voice reading a fairy-tale in an anechoic
chamber, monophonic recording.

3. Jazz music, excerpt from "Ole Miss” by W.C.
Handy, performed by The Peoria Jazz Band in an
auditorium. Phonograph record: Opus 3, 79-00,
Testskiva 1: Perspektiv. The excerpt was copied
directly from the stereophonic recording on the
master tape but was played monophonically to the
listener.

Each program lasted for about one minute.

The pink noise was chosen to serve as a neutral refer-
ence. The female voice in the anechoic chamber has
most of its energy below 1 kHz, especially between
about 130 and 700 Hz, while the jazz music has a con-
siderably broader frequency range with a boost around
100 Hz, see Figure 1., page 17. The programs were low-
passed at 6.7 kHz for reasons explained below.

Reproduction system

The reproduction system is displayed in Figure 2.,
page 18. A tape recorder Telefunken Magnetophon 28 was
used to reproduce the programs, which were then filte-
red before binaural presentation to the listeners
through Sony Walkman MDR-E262 earphones. The frequency
response of the earphones is shown in Figure 3.,

page 19. The steep cut-off at about 6 kHz is due to
the anti-alisasing low-pass filter described below.

The filters were implemented as digital FIR-filters
using a TAMP3 equipment. TAMP3 - Technical Audiolo-
gical Measuring Processor, revision 3 - is a general
purpose measuring device developed in our department.
It can be used for measuring the frequency response of
linear, time-invariant systems and also for digital
filtering of signals in real time. The main part of
TAMP3 is a processor chip, TMS32010, specially made
for digital signal processing purposes. TAMP3 is
equipped with anti-aliasing filters and fast AD and DA
converters. Various types of input amplifiers, output



TAL117 4

amplifiers and attenuators can be connected to the
processor. The equipment is contained in an industry
standard 19" rack and controlled by an ABC 808 micro-
computer.

The sampling frequency of the digital filter had to be
restricted to 20 kHz, and an anti-aliasing lowpass
filter was set to 6.7 kHz. Four different filters were
implemented. One filter had a flat response, that is,
no filtering at all. The other three filters meant
about 10 dB amplification below 200 Hz, around 1 kHz,
and around 4 kHz, see Figure 4., page 20. (The lowest
filter could not be made symmetrical because of cer-
tain limitations in the equipment. Below 100 Hz there
is anyhow little energy due to the cutoff of the ear-
phones, cf. Figure 3.) In the following these filters
will be referred to as the L (for low), M (midhigh),
and H (high) filter, respectively.

The sound levels were set to represent an approxima-
tely natural level of the respective program when
listened to in the earphones with no filtering. Measu-
red by a coupler according to IEC 711 fitted into the
KEMAR manikin, the A-weighted sound level for the pink
noise with the flat response was about 68 dB, for the
female voice about 56 dB, and for the jazz music about
80 dB. For comparison each program was also presented
at a 10 dB lower level.

The filters themselves caused certain changes in the
sound level. These effects were different for differ-
ent programs depending on their spectrum (Figure 1).
For the pink noise there was practically no difference
in the A-weighted sound level between the flat res-
ponse and the L filter, while the M filter meant an
increase by 2 4B, and the H filter an increase by 6
dB. For the jazz music there was again no difference
in the A-weighted sound level between the flat res-
ponse and the L filter, while the M filter meant an
increase of about 5 dB and the H filter an increase of
about 3 dB. For the female voice the L filter increa-
sed the A-weighted sound level by about 3 dB, the M
filter about 2 dB, and the H filter about 1 dB. These
effects have to be considered in the interpretation of
the results.

The listener was seated in a sound insulated chamber

used for psychoacoustic experiments. All equipment and |

the experimenter were in an adjoining room. |
I
|
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Subjects

Fourteen subjects, 7 males and 7 females, age 22-34
years participated. None of them had any experience
from this type of experiment. All of them were tested
for normal hearing (less than 20 dB hearing loss

250 8000 Hz, IS0 389).

Response variables

The reproductions were rated in eight scales. Seven of
them refer to perceptual dimensions: loudness (Swe-
dish: ljudstyrka), fullness (fyllighet), brightness
(1jushet), softness/gentleness (mjukhet), nearness
(ndrhet), spaciousness (rymdk#nsla), and clarity (tyd-
lighet). The eighth scale meant an overall evaluation
of each reproduction in terms of its fidelity. All
scales were graded from 10 (maximum) to O (minimum)
and with definitions for 9, 7, 5, 3, and 1 as seen in
Figure 5., page 21. Decimals were included, since many
subjects in earlier investigations used decimals in
their ratings (Gabrielsson and Lindstrtm, 1985;
Gabrielsson et al., 1988). Further explanations were
given in the instructions, see Appendix.

Design and procedure

There were in all 24 stimuli, 3 programs x 4 filters

x 2 sound levels, and they were rated twice by each
subject in all eight scales (however, the noise pro-
gram was rated in seven scales omitting the fidelity
scale). The presentation order of the stimuli was ran-
domized, differently for each subject. The order of
the rating scales on the response form (Figure 5) was
also randomized differently for each subject. After
introducing the subject to the situation and txrying
out the earphones, the instructions (Appendix) were
given followed by 12 practice trials. Then the main
experiment including 48 trials (24 stimuli x 2 trials
per each stimulus) was conducted with a break in the
middle. After that the subject answered some questions
related to the experiment.

In order to check that the earphones were placed in an
identical manner in the two parts of the main experi-
ment (before and after the break), a broadband signal
was fed to the ear, and the resulting response was
measured by a Diaphon probe microphone inserted into
the ear canal behind the earphone. The microphone res-
ponse was fed into TAMP3 for analysis of the frequency
response. On the whole these frequency responses were
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fairly similar in both parts of the experiment. Bet-
ween 200 and 3000 Hz the differences were usually less
than 2 dB. A dip was often found around 150 Hz, some~
what varying in position and size. Differences largexr
than 5 dB were found around 4-5 kHz in a few cases.
Since the variance of the repeated ratings for each
stimulus was comparable to that found for a group of
corresponding subjects in an earlier experiment (Ga-
brielsson et al.,1988; cf. under Results below), there
is no reason to believe that there were larger differ-
ences in the placement of the earphones before and af-
ter the break than what can be considered as natural
and inevitable.

The total time required for each subject was about

2.5 hours. Beside the necessary time for the instruc-
tions, the practice trials, and the break, much time
was spent in fitting the probe microphone and the ear-
phone. The actual listening time was about 50 minutes.

Data treatment

The subjects' ratings were subjected to analysis of
variance, separately for each scale. This was done
both for each individual subject (sources of variance:
filters, sound levels, and programs; fixed model) and
over all subjects (sources: filters, sound levels,
programs, and subjects; mixed model). One-tailed

t tests were used to test specific hypotheses concer-
ning the effects of different filters. For general
principles concerning analysis of variance and related
questions see Winer (1971) or Kirk (1982), and for
application in listening tests Gabrielsson (1979b).

RESULTS

Reliability of ratings

The intra-individual reliability was studied by means
of the "within cell mean sqguare" (MSw) in the indivi-
dual analyses of variance, that is, the estimated
average variance of the two ratings made for each sti-
mulus in each scale (MSw is the error term for the F
tests in the fixed model). The smaller this variance,
the better is of course the reliability. The median
value for MSw over all 14 subjects for each scale ap-
pears in Table 1. (The median was chosen rather than
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the arithmetic mean because of one extremely deviating
subject.) MSw is clearly lowest for the loudness scale
{0.53), which is the most familiar dimension. For the
other scales MSw varies between 1.27 and 1.64. These
values are about the same as for another group of un-
selected subjects with normal hearing in Gabrielsson
et al.(1988), but higher (that is, the reliability is
worse) than for subjects selected for experience of
listening to high fidelity sound reproduction (Ga-
brielsson and Lindstrtm, 1985). Another indication of
good reliability is the occurrence of significant F
tests (at .05 level or lower) for the different exper-
imental variables. Out of the 14 subjects typically at
least half of them had significant differences among
the various filtered reproductions in each scale.

The inter-individual reliability (the agreement bet-
ween the subjects) was estimated by means of the r
index (Winer, 1971, p. 283; Gabrielsson, 1979b). Its
maximum value 1s 1.00; the higher, the better reliabi-
lity. As seen in Table 1, the reliability is again
highest for loudness (0.98), but is generally high
(0.84-0.95) for the other scales as well.

Table 1.

Median value across subjects for MSw and value of the
I, index for each rating scale.

MSw r

=b
Loudness 0.53 0.98
Clarity 1.40 0.91
Fullness 1.37 0.86
Spaciousness 1.64 0.91
Brightness 1.27 0.92
Scoftness 1.27 0.95
Nearness 1.48 0.93
Fidelity 1.29 0.84

Effects of filters and sound levels

Each program was reproduced in eight different ways,
using 4 filters x 2 sound levels. The average ratings
across all subjects in each scale for the different
reproductions are shown in Figure 6., page 22-26. The
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hypotheses and the results will be discussed separa-
tely for each scale.

Loudness

It was of course expected that the loudness ratings
would reflect the two different sound levels as well
as the level settings of the programs. There was a
highly significant difference between the two sound
levels, F(1, 13) = 140, p <.00l1. As seen in Figure 6,
the ratings at the high sound level are 1.5 - 3 units
higher than for the corresponding cases at the low le-
vel. There was also a significant difference in rated
loudness among the programs, F(2, 26) = 9.9, p <.001,
accompanied also by a significant program x level in-
teraction, F(2,26) = 18, p <.001l. The meaning of these
results is clear from Figure 6. At the high level the
voice is rated lower in loudness than the other pro-
grams, while there is practically no difference among
the programs at the 10 dB lower level. The perceived
loudness is thus reduced more for the noise and jazz
programs than for the voice, when the sound level is
lowered. The fact that the noise is rated almost as
high in loudness as the jazz music at the high level,
although there is a considerable difference between
their sound levels, is probably due to the continuous
and "irritating" character of the noise.

There was also a significant difference among the
various filters, F(3, 39) = 20, p <.001, accompanied
by a significant filter x level interaction,

F(3, 39) = 6.2, p <.01. As seen in Figure 6 for the
high level, all three filters seem to increase loud-
ness in comparison with loudness for the flat res-
ponse, which may be expected since the filters in most 3
cases also introduce a certain increase of the sound |
level. An exception is the H filter at the voice pro- |
gram; but since the voice has most of its energy below |
1000 Hz, it is not much affected by the H filter (cf.

Figures 1 and 4). At the low level there are similar

but less pronounced tendencies.

Clarity

It was expected that the high, "natural" sound level |
would provide better clarity than the lower level. |
This was confirmed by the corresponding F test, F(1, |
13) = 19.8, p <.001, and is evident in Figure 6. The |
difference is mostly 1.0 - 1.5 units. There was also a |
significant difference among the programs,

F(2, 26) = 9.3, p < .001, meaning that the noise is
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rated lower in clarity (which seems natural) than the
other two programs, among which the jazz music is
usually rated higher than the voice.

With regard to the filters it was expected that the

L filter would reduce clarity due to more masking by
low frequency components, while the M and H filters
would increase clarity in comparison with the flat re-
sponse. As seen in Figure 6 the results malnly agree
with these hypotheses. The average rating for the L
filter across all programs and both sound levels (5.0)
is lower than the corresponding value for the flat re-
sponge (5.6), t(39) = 2.4, p<.025. Likewise the aver-
age rating for the H filter (6.2) is higher than for
the flat response, t(39) = 2.4, p<.025. The difference
between the M filter and the flat response does not
reach statistical significance. However, the differ-
ence between the M filter and the L filter is signi-
ficant, t(39) = 3.2, p<.005. These results look simi-
lar at both sound levels and for all programg, includ-
ing the "neutral" noilse program, see Figure 6.

Fullness

It was hypothesized that the higher sound level would
provide more fullness than the lower level, and that
the L filter would increase perceived fullness in com-
parison with the flat response. Both hypotheses were
confirmed as can be seen in Figure 6. The difference
between the two sound levels is significant, F(1,13) =
17.0, p <.0l. The difference between the ratings for
the L filter and the flat response across programs and
sound levels is also significant, t(39) = 2.65,

p <.01,

There is a tendency, just short of statistical signi-
ficance, that the H filter gives less fullness than
the flat response at the higher sound level, especi-
ally for the noise and jazz programs. The reason is
probably that the introduction of the H filter makes
the lower frequencies, which contribute most to full-
ness, less important. For the voice program the effect
of the H filter is small, since most of its energy
lies below the range of the H filter.

Spaciousness

The higher sound level was expected to provide more
perceived spaciousness than the lower level. This is
also the case as seen in Figure 6 and confirmed by the
statistical test for the difference between the two
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sound levels, F(1,13) = 35.2, p <.001. It is further
evident from the figure that the jazz program sounds
more spacious than the other two programs, especially
in comparison with the voice program. This is an
effect of the respective recordings: in a large audit-
orium for the jazz program but in an anechoic chamber
for the voice program.

With regard to the effects of the filters it was ex-
pected that spaciousness would possibly increase with
the M and H filters and/or decrease with the L filter
in comparison with the flat response. The former part
of the hypothesis was not confirmed, while the latter
was. The difference between the L filter and the flat
response across programs and sound levels was signi-
ficant, t(39) = 1.72, p <.05. An exception occurs for
the jazz program at the lower sound level, where there
is no difference between the flat response and the

L filter.

Brightness

According to our hypothesis perceived brightness
should decrease with the L filter but increase with
the M and especially with the H filter in comparison
with the flat response. As seen in Figure 6, the

L filter reduced the brightness throughout, and the
difference between the flat response and the I, filter
across programs and sound levels is strongly signi-
ficant, t(39) = 6.04, p <.0005. The H filter increased
brightness, and the difference between the H filter
and the flat response is also highly significant,
£(39) = 3.04, p <.005. There is no significant differ-
ence between the M filter and the flat response, alt-
hough there is a tendency in the expected direction at
the higher sound level.

It can be noted that the difference between the H fil-
ter and the flat response 1s much smaller for the
voice program than for the other two programs. The
reason is that the H filter does not influence the
voice program very much, since it lies mainly outside
the spectrum of the voice program.

It was also tentatively hypothesized that brightness
would be higher for the higher sound level than for
the lower level. As seen in Figure 6, this expectation
was not confirmed.
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Softness/Gentleness

It was expected that the lower sound level would sound
softer/more gentle than the higher sound level, or, in
other words, that the higher sound level would sound
sharper than the lower. This was confirmed as seen in
Figure 6 and by the statistical test of the difference
between the two sound levels, F(1,13) = 47.2, p <.001l.
There are also significant differences in softness
among the programs, F(2,26) = 7.6, p <.01l, accompanied
by a significant program x level interaction, F(2,26)
= 12, p <.001. As seen in Figure 6, the voice program
sounds softer than the noise and the jazz music, and
the differences among the programs are more pronounced
at the higher level than at the lower.

With regard to the filters it was expected that the L
filter would increase softness, while the M and H fil-
ters would decrease softness in comparison with the
flat response. The data in Figure 6 indicate more
softness for the L filter than for the flat response,
but the difference does not reach conventional statis-
tical significance, t(39) = 1.08, p <.15. The differ-
ence between the M filter and the flat response is
significant in the expected direction, t(39) = 2.74,

p <.005, and this is also true for the difference bet-
ween the H filter and the flat response, t(39) = 3.33,
p <.005. There was also a significant level x filter
interaction, F(3,39) = 5.2, p <.0l, meaning that the
decrease of softness with the M and H filters is more
pronounced at the higher level than at the lower, see
Figure 6. In our own experience the noise and the jazz
mugic sound sharp and irritating, when reproduced by
the H filter at the high level.

There is finally a significant filter x program
interaction, F(6,78) = 6.5, p <.00l1. While the noise
and jazz music sounds sharpest with the H filter, the
voice program sounds sharpest with the M filter, see
Figure 6. The H filter cannot contribute very much to
sharpness in the voice program, since it lies higher
in frequency than the main part of the voice spectrum.

Nearness

The main hypothesis was that the higher sound level
would give more impression of nearness than the lower
level. This was confirmed as seen in Figure 6 and by
the statistical test of the difference between the two
sound levels, F(1,13) = 95, p <.001. There was also a
significant difference among the programs,

F(2,26) = 5.7, p «<.0l, meaning that the voice program
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sounds nearest (it is recorded in an anechoic chamber)
and the "neutral" noise program sounds most distant.

Regarding the filters it was possibly expected that
the M and H filters would contribute to increased ne-
arness in comparison with the flat response. Although
there are some tendencies in this direction, the re-
sults are not consistent and the corresponding statis-
tical tests are not significant. It may be noted that
the noise and jazz programs tend to sound nearer for
all three filters, while this does not hold for the
volce program.

Fidelity

It was expected that the fidelity should be better for
the higher sound level, since this was set by the
experimenters to approximately correspond to the
original level at the recordings. This hypothesis was
confirmed as seen in Figure 6, and the statistical
test for the difference between the sound levels was
significant, F(1,13) = 7.6, p <.025.

It was of course also expected that fidelity would be
affected by the different filters, especially by the L
filter, since an emphasis on low frequencies tends to
introduce much masking of higher frequency components.
As seen in Figure 6, the fidelity is throughout worst
for the L filter, and the difference between the flat
response and the L filter is highly significant,

t(39) = 3.84, p <.0005. However, there is also an in-
teraction between sound levels and filters,

F(3,39) = 4.7, p <.0l1. The differences among the
filters are much more evident at the higher, natural
sound level than at the lower level. At the lower
level the only clear result is that the L filter is
worse than the others. However, at the higher level
the L, M, and H filters are all worse than the flat
response.

At the "natural"” level then the flat response is
superior to all other reproductions. This may seem to
contradict earlier results indicating that a slight or
moderate emphasis on midhigh to high frequenciles is
favorable to the impression of fidelity (Gabrielsson
and Sjdgren, 1979a; Gabrielsson et al., 1988). How-
ever, the present M and H filters represent a very
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pronounced boost (up to 10 dB) of certain frequency
ranges, which evidently may counteract good fidelity.

DISCUSSION

The manipulations of the sound level and/or the fre-
gquency response affected all perceptual dimensions
included here. The results malnly agree with what
could be expected from our earlier investigations (see
Introduction). The higher, natural sound level provi-
ded better clarity, more fullness, spaciousness, and
nearness - but less softness/gentleness - as well as
better fidelity than the 10 dB reduced level. There
was no difference with regard to brightness. Use of
the L filter resulted in more fullness and soft-
ness/gentleness, but less clarity, spaciousness, and
brightness (= more dullness), and further worse fide-
lity in comparison with the flat response. The M
and/or H filter resulted in better clarity and more
brightness, but less softness/gentleness (= more
sharpness) and possibly less fullness in comparison
with the flat response. With regard to spaciousness
and nearness there were no quite consistent effects of
the M and H filters. In fidelity the results were dif-
ferent at the different sound levels. At the lower le-
vel the reproductions by M and H filters were rated as
about equivalent to that of the flat response, but at
the higher, natural level they were rated worse.

These results must be qualified with regard to some
interactions between the filters and other factors.
There was often an interaction between filters and
programs such that the effect of the H filter was dif-
ferent for the voice program than for the other pro-
grams, obviously due to the restricted frequency range
of the voice program. There were also interactions
with the sound levels, meaning that the effects of the
filters and/or the difference among the programs were
more pronounced at the higher sound level than at the
lower; see the results for loudness, fullness, soft-
ness, and fidelity in Figure 6.

Interestingly the results for the "neutral" noise pro-
gram are similar to those for the other programs. The
tendencies are in fact very similar for the noise and
the jazz music, as seen in Figure 6. Those two pro-
grams are also rather similar in their long time aver-
age spectrum, see Figure 1.

Since the use of the filters also introduced certain
increases of the sound level (see under Reproduction




TA11l7 14

system in Methods), it is hard to separate the effects
of the changed frequency responses from the concomit-
ant changes in the sound level. Furthermore these
changes in sound level are different for the different
programs depending on their spectrum in relation to
the used filter. However, when the 10 4B difference
between the two sound levels used here has no effect,
such as was the case for brightness, the results for
the different filters can be ascribed to the differen-
ces in frequency response rather than to differences
in sound level. In the remaining (most) cases the si-
tuation is ambiguous. Scrutinizing the results regard-
ing the possibility to explain them as due to the in-
creased sound levels associated with the different
filters gives no clear answer in either direction. For
the present this question is therefore left open.
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function of the program and
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APPENDIX

Instructions

You are going to listen to various reproductions of
speech, music, and noise through earphones. Your task
is to judge the sound quality of the different
reproductions by means of the scales on the response
form. The scales refer to various properties of the
sound reproduction. They are all graded from 10 (maxi-
mum) to O (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.

The scales are defined as follows:

Clarity: The reproduction sounds clear, distinct, and
pure. The opposite is that the sound is diffuse, blur-
red, 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 c¢lose to you, in
opposition to at a distance.

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

Fidelity: Judge how similar the reproduction is to the
original sound. 10 = perfect fidelity, 9 = very good,
7 = rather good, and so on. (This scale is not used
for the noise.)

There is a new response form for each reproduction.
Mark your judgment on each scale by a straight ver-
tical line. Do your ratings on each scale without
looking at the other scales or earlier response forms.
There are no right or wrong answers. It is solely your
opinion about the sound that should be decisive.
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Figure 3.
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Frequency response of the earphone measured on a
manikin (KEMAR) equipped with an ear simulator
according to IEC 711.
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