Karolinska Institutet
Technical Audiology Report TA No. 75
KTH, 100 uu4 Stockholim 70 June 1974

ADJECTIVE RATINGS AND DIMENSION ANALYSES OF PERCEIVED
SOUND QUALITY OF HEARING AIDS. I

Alf Gabrielsson and Hakan Sjdgren

ABSTRACT

In order to study the perceived sound quality of certain
hearing aid systems twenty subjects rated the sound reproduc-
tion of the systems on a number of adjective scales. The
systems included one broad band system, one headworn aid,

one bodyworn aid, and two systems representing pronounced
lowpass and highpass filtering, respectively. The ratings

were subjected to various forms of factor analysis. The
resulting factors were interpreted as "sharpness/hardness -
softness", "clearness/distinctness"”, "loudness", "brightness -
darkness", and "room impression'. The factors were tentatively

related to the physical characteristics of the systems.



INTRODUCTION

Investigations on the perceived sound quality of sound-repro-
ducing systems, mainly loudspeakers, were described in a series
of papers (Gabrielsson, Rosenberg & Sjdgren, 1971, 1972, 1973,
1974; Gabrielsson 1974). A common denominator of these studies
was the application of multivariate methods like multidimen-
sional scaling and factor analysis (FA) in an attempt to reveal
some perceptual dimensions underlying the judgments of the
listening subjects. tThe resulting dimensions could be inter-
preted in fairly unambiguous ways (for instance, perceived
"distinctness/clearness", "lioudness'", "brightness-darkness'’,
"hardness-softness", "volume'") and were tentatively related to
various physical characteristics of the sound-reproducing sys-

tems in question.

In this and some forthcoming studies similar methods are used
to study the dimensionality of perceived sound quality as re-
gards hearing aids. Hearing aids are usually designed to give
good intelligibility of speech. However, there are other con-
siderations, too. Hard-of-hearing people using hearing aids
often complain about the un-naturalness of the reproduced
sounds. Patients often describe sounds from their aids as
"hard", "metallic", "strange’, “painfui“, etc. It is obvious
that, besides the intelligibility, the perceived sound quality
of the hearing aid is of primary importance and may indeed
affect the willingness to use, and the way of using, a certain
hearing aid. It is not sure, of course, that a hearing aid
designed for good intelligibility is also a good one as regards

the perceived sound quality.

Depending on the type and extent of hearing loss the judgments
about sound quality may be highly specific for each individ-
ual. This in turn may make it more difficult to understand

the relations between the physical characteristics of the hear-
ing aids and perceived sound quality. To get a reference basis
in these questions and to try out the usefulness of multivari-
ate methods in this context we therefore decided to use normal

hearing subjects in the introducing experiments.



The method used in the present report is a variant of the
"semantic differential' (Osgood et al., 1957; Snider & Osgood,
1969), essentially meaning that the stimuli (here the stimuli
are the reproductions given by certain hearing aid systems)
are rated by the listening subjects on a number of "adjective
scales". These ratings are then subjected to factor analysis
(FA) in order to find out some underlying {(perceptual) dimen=-
sions. The same technique was successfully applied to judg-

ments of loudspeaker reproductions (Gabrielsson et al., 1973).

METHOD

Adjectives descriptive of perceived sound quality of hearing

aids were collected by means of questionnaires to people suf-
fering from hearing loss. The adjectives were then used for
ratings of the sound quality of five hearing aid systems. The
ratings were subjected to factor analysis, factors (dimensions)
were interpreted and tentatively related to the physical charac-

teristics of the systems.

Rating scales (adjectives)

Some 200 adjectives compiled from various sources and originally
used for judgments on loudspeaker reproductions (Gabrielsson

et al., 1973) were taken as a starting point. In a first step
these adiectives were rated for suitability or not to charac-
terize hearing aid reproductions by some 30 persons, all of
them professionally working in audiological research and audio-
logical treatment. They were also asked to supply the list with
other adjectives. As a result of this about 80 adjectives were
left for further consideration. After eliminating some words,
which were nearly synonymous or represented opposites to other
adjectives, a list containing the remaining ones was distrib-
uted by mail to about 250 persons suffering from hearing loss.
Briefly described, they were asked to judge the adjectives as
to "how good you think these words are to describe how a
hearing aid may sound". A four point scale was used, U = Very
good word, 3 = Good word, 2 = Possibly good word, and 1 = Bad
word. They were also asked to propose other adjectives of their

own choice.



The questionnaire was answered by 172 persons, 83 males and

89 females, 16-70 years old and with highly varying types and
degrees of hearing loss. The loss was said to be congenital
for 31 persons, acquired for 68 persons while no information
was given concerning the remaining 73 persons. Unfortunately,
but not unexpectedliy, many subjects misunderstood the instruc-
tion and believed that they should rate how well they could
hear the listed adiective words when they were spoken by an-
other person or the like. Eliminating answers of that type the
mean rating and standard deviation for each adjective (on the
1-4 scale above) was computed over the remaining 105 persons.
The result was that practically all adjectives got mean ratings
between 2.2 and 3.4 (the standard deviation was about 1.0 for
each of them). On the whole, then, tThe selection of adjectives

made by the audiologists was confirmed.

Climinating some of the adjectives with the lowest mean ratings
and considering some other proposed adjectives resulted in a
final list of 62 adliectives, see Table I (the adjectives are
there also translated into English). A certain influence of
t+he authors' subijective opinion was inevitable in the selection.
Selection problems like this have to be considered anew for

each separate investigation.

Stimuli and listening conditions

Because of the exploratory nature of this experiment, it was
decided to select a few systems with highly different charac-

teristics.

System 1 (Sl): Broad-band system without deliberate distortion.

This was realized by a tape copy of the master
stimulus tape (100-15000 iz £ 2 dB, electrically

measured).

System 2 (82}: Head-worn hearing aid.

System 3 (83): Low-pass filtered system, & dB/octave in the

frequency range 100-10000 Hz.

System 4 (8§ Body-worn hearing aid.

System 5 (85): High-pass filtered system, 12 dB/octave in the

frequency range 100-5000 Hz.



System 1 may serve as a reference. The two hearing aids were
chosen to represent a broad-band (Sq) and a narrow-band (82)
type of aid. The high-pass filtered system will give highly
intelligible speech for many hard-of-hearing persons, but may
also be supposed to introduce a "hard" and '"sharp" sound. On
the other hand the low-pass filtered system may give less

intelligible speech but a "soft" and "calm" sound.

During the experiment stimuli were presented over headphones
TDH39, cushion MX41lAR. Listening levels were set by the exper-
imenters to correspond to a natural level for the respective
program sections (see below). Stimuli presented over the two
hearing aids were recorded in an anechoic chamber using the

2 cc coupler (IEC).

Six programs were chosen to represent speech, music and

"environmentai sound".

Program 1 (Pl): Recording from a day nursery, pre-school

children engaged in noisy play. Listening
level 72 dB SPL.

Program 2 (P,): Oscar Peterson's jazz trio, piano, bass and

drums. Recorded in a grammophone studio.
Listening level 73 dB SPL.

Program 3 (Pg): Traffic noise from a city street. Listening
ievel 73 dB SPL.

Program 4 (P, ): Speech. Text read by the experimenter (B.L.)

y
recorded in an anechoic chamber. Listening
level 73 dB SPL.

Program b (PS): Organ music. Glazunov: "Prelude and TFugue in

D minor", the ending chorale (in fortissimo).
Recorded in an empty church. Grammophone record:
Proprius PROP 7707 (distribution EMI).

Listening level 68 dB SPL.

Program 6 (PG): Recording from a coffee break at the laboratory.

Some fifteen persons chatting. Listening level
73 dB SPL.



Each program section lasted for about 35 seconds. Tape copies

of the program material are available on request.

During the experiment the subjects were sitting three at a

time in an audiometric booth.

Subjects

There were twenty subjects, 15 males and 5 females, 18-28 years
old, all of them with normal hearing (less than 20 dB hearing
loss 250-4000 Hz). Only some few of them performed music (as
amateurs). Lxcept for three of them they had no special experi-
ence of or interest in high-fidelity sound reproduction. All

subjects were paid.

Procedure

In total there were 30 different combinations of program sec-
tions and hearing aid systems (6 program sections x 5 systems).
In the following these are referred to as P x S combinations

(P for program, S for system). Since there were 62 adjectives
each subject made a total of 30 x 62 = 186C ratings. This re-
quired four experimental sessions of 1.5 - 2 hours each. Each
such session comprised all 30 P x S combinations in a randomized
order (the randomization was different for different sessions
and for the different groups of three subjects sitting together

in the audicmetric booth).

Lach subject had a number of adjective lists, one for each of
the 30 P x S combirations. The order of the 62 adjectives on
each list was randomized, different for different lists and
different individuals. The randomization and printing out of
the lists were made by computer. The following instruction was

given:

"In this experiment we want to investigate how you perceive
different sound reproductions which may occur in connection
with hearing aids. You will listen to different sections with
music, speech, and 'environmental sounds' which have been re-
corded on tape from various hearing aids. Each presentation

lasts for about 35 seconds and for every such case you shall



describe how you perceive the sound reproduction of the section

in question by writing a number from 0 to 9 for each of the

adjectives on the respective list.

0 means that the reproduction has nothing of the quality de-
noted by the adjective. 9 means, on the contrary, that the
reproduction has a 'maximum' of that quality. For levels be-
tween these extremes you use values in between: the more of the
quality, the higher number (up to 8); the less of the quality,
the lower number (down to 0). Only one number shall be written
and decimals are not allowed. Try to make use of the whole
scale 0-9. The reproductions are so varying that there are

opportunities for using the whole scale.

It 1s very important to observe that the Judgments shall refer

to the sound reproduction. We are not interested in your opinion

about 'the sounds as such' (for instance, what you think about
the music, the voices, etc., as such). Try to control yourseif

during the experiment that you concentrate on the sound repro-

duction!"

After the instruction in the first session there were nine
preliminary trials, the respective stimuli more or less randomly
chosen among the 30 P x S combirations (however, each program
section should appear at least once). In the following three
sessions the instruction was briefly repeated and two prelimi-
nary trials were made. There were two breaks in each session.

At the end of the fourth session the subjects answered some
questions about judgment principles, if there were some unclear

adjectives, etc.

Lata treatment

(The reader who is not interested in all details of +he data

treatment may read this section for orientation only. )

There are four variables to consider in the data analysis:

the program sections (P), the hearing aid systems (S), the
adjectives (A), and the individuals. The individuals were re-
garded as a replication factor and the first step was therefore

to compute the arithmetic means of the twenty individuals'




ratings at each of the 1860 P x S x A combinations. These means
form the basic data for the different factor analyses described
below and can be obtained on request. (The standard deviation
of the individuals' ratings within each P x S x A combination

was in general between 1.4 and 2.4 units.)

The traditional application of factor analysis (FA) as, for
instance, in research on intelligence tests and intelligence
factors involves two variables: tests and individuals. Usually
the correlations between the tests over the individuals form
the starting point for FA (Harman, 1967; Sjdberg, 1972; Gorsuch,
1974, these works also serve as general references for all de-
tails about factor analytical procedures discussed in the fol-
lowing). In the present case involving three variables (P, S,
and A, disregarding the individuals by taking means over indi-
viduals as stated above) the situaticn is more complex, and
there is presently no generally accepted strategy for applying
FA to such situations. Therefore several alternative approaches
have to be tried and compared between themselves. For the pre-

sent data the following alternatives were used:

a) FA on (product moment) correlations between adjectives over
the 30 P x S combinations. This means in essence that the three
variables (P,S5,A) are reduced to two by combining P and S to a
single variable with 30 (=6P x 58) levels. This is reminiscent
of the traditional application of FA in semantic differential
research, where FA is usually applied to correlations between

adjective scales over concepts (Osgood et al., 1957).

b) FA on correlations between the 30 P x § combinations over

the adjectives, that is, the "reverse'" of the preceding alterna-
tive.

c) FA on correlations between adjectives over systems within
each of the six program sections (that is, one such analysis

for each of the program sections).

d) FA on correlations between adjectives over systems in average

over the program sections.

e) FA on correlations between systems over adjectives in average

over the program sections (the "reverse" of the preceding



alternative).

{The analysis used in all these cases was in fact component
analysis. However, the term factor analysis is retained for

convenlence. )

The resulting solutions were rotated to "simple structure"
according to the varimax principle (for orthogonal rotation)

and in most cases also according to the "biguartimin" and the
"direct obliimin"” principles for obligue rotation. All FA:s

and rotations were made by means of the FACTO program in the

IBM Scientific Subroutine Package or the FACTOR ANALYSIS program
in the X-series Supplement to Biomedical Computer Programs

(BMDX 72). Factor scores were computed by means of the FASCORE
program by Bdckstrddm (1967) or within the BMDX 72 program.

£) Tucker (1966) recently proposed a model for a three-mode

factor anaiysis (see also Levin, 1965), that is, for data

classified in three different ways. Since this is the situation
met here (three variables: P, S, and A) three-mode T'A was

applied to the present data by means of the TREMOD program by
Gruvaeus et al. (1971), followed by varimax rotations according
to a program by Muthén (1973). This procedure results in a

factor locading matrix for each of the three modes (that is,
programs, systems, and adjectives) and a "core matrix" represent-
ing the interrelations between the factors obtained for the

different modes.

g) Different variants of FA were also applied to the data after
these were "corrected" in a certain way due to reasons described
in the following. The purpose with the individuals' ratings on
adjective scales is to get descriptions of the perceived sound
reproduction of the different systems. There is an apparent
risk, however, that the ratings not only refer to the sound
reproduction as such but also to the respective program section.
For instance, there is no coincidence that the highest ratings
of adjectives as "shrill" and "screaming" occur at program sec-
tion 1, in which there are indeed many "shrill" and "screaming"
voices of children. By the same line of reasoning it is no sur-

prise that the highest ratings for adjectives as "hissing" and
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"whistling" occur for the traffic noise in program section 3.
Although the subjects got the instruction to concentrate on
the sound reproduction it is admittedly very difficult to do
so (this was also pointed out by some subjects). A more re-
alistic interpretation of data is probably that they somehow
reflect the "joint" sound perception resulting both from a

certain program section and a certain hearing aid system.

To "compensate'" for the influence of the respective program
sections and to get the effects of the different systems on
perceived sound guality as "pure'" as possible one may think of
many different analysis methods. An apparent way is to make FA
oniy within each program section (alternative ¢ above) and
then compare the results at the different program sections.
However, this procedure makes no use of tendencies in the data
which are common for all program sections. Furthermore the
solutions at different program sections may not be directly
comparable because of differences in rotation. Another way
would be to make TA only on data taken in average over the
program sections (alternatives d and e above). In view of the
frequently occurring interactions between program sections and
reproductions (Gabrielsson et al., 1971, 1972, 1973) this is

not quite satisfactory.

Still another way which was tried here is to "correct" the
means of the 1860 P x S x A combinations by subtracting from
each of them the mean of the corresponding P x A combination.
Consider for instance the adjective "shrill". As noted above
the highest ratings of "shrill" appeared at program section 1
(mean value over the five systems = 5.9), the lowest ratings
occurring for program section # (the male voice; mean value
over the five systems = 3.2; the mean values for the other
program sections were between these extremes). That would
probably mean, for instance, that a system with a rating of
6.0 at program section 1 does not contribute so much to the
perceived '"shrillness" since the mean in "shriliness™ at this
program section (over all systems) was 5.9. However, if a
system got a rating of 6.0 at program section 4 (where the

mean over systems was 3.2) it would probably mean that this



1l

system made a substantial contribution to the perceived "shrill-
ness”". To study the influence of the systems on the perceived
sound quality it may therefore seem reasonable *to compensate

for the influence of the program sections by subtracting from
each separate P x S x A mean the mean of the corresponding

P x A combination (for the examples above the new values would
be 8.0 - 5.9 = 0.1 and 6.0 - 3.2 = 2.8, respectively; of course
the new data may obtain negative values). The 1860 means were
corrected according to this principle and FA was applied on
these according to alternatives a and b above and also in con-

nection with the three-mode FA,

It is not possible, nor necessary, to present the results of
all these different analysis methods. Although there are cer-
tain differences in the interpretation of the resulting factors
depending on whether one applies FA to the correlations between
adjectives or to the correlations between P x S combinations
(alternatives a and b, respectively) and/or depending on the
type of rotation (orthogonal or oblique) it is quite clear that
three or four factors return in practically all analyses with
rather small differences in meaning. Some of the most represen-

tative and typical results are presented below.

RESULTS

Factor analyses on correlations between adjectives

The results given here refer to the factor analyses described

in alternatives a, ¢, d, and g under Data treatment. However,
the results from the analiyses according to alternatives ¢ and

d (YA within each program section and FA in average over program
sections, respectively) showed a good agreement with the results
from the more comprehensive analyses accobding to alternatives

a and g and are therefore not given separately.

In general twe or three factors accounted for about 90 % of the

total variance. The first factor was the same in all analyses,
while there were certain differences between the results from
the orthogonal rotation (varimax) and those from oblique rota-

tions (biquartimin and direct oblimin, which were very similar
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between themselves) as regards the other factors.

The varimax rotated solution from TA on correlations hbetween

the adjectives over the 30 P x S combirnations (alternative a)

is given in Table I. Twc factors accounted for 88 % of the

total variance. The corresponding factor loadings from an analy-
sis of the same type but based on ‘corrected" data {(alternative
g) were very similar to those in Table I and need not be given
separately. The rank order in factor scores for the P x S com-
binations in the two factors is given in Table II for original
(uncorrected) data as well as for corrected data (in the factor
scores there were differences between these two analyses, sece

below).

Tables I and II about here

The first factor (F I) may be interpreted as a "hardness-soft-

ness’ or perhaps "sharpness-softness" dimension. The adjectives
with the highest positive loadings (.98-.99) in F I are "sharp",
"hard", "shrill", "clashing'", "pointed", "harsh", "screaming",
"eracked", "pricking" and the like. Three adjectives expressing
negative evaluations, "irritating", "painful", and "tiring'",
also appear here. On the other side of this dimension there are
adjectives like "soft" (-.99), "ecalm", "mild", "soothing",
together with adjectives expressing positive evaluations:

"nleasant" and "natural'.

Looking at the rank order of factor scores for the P x S com-
binations in this factor (Tabie II) it seems clear that this
dimension is related to the frequency curve. The highpass fil-
tered system (SS) is, as expected, ocutstanding on the "sharp"
side and the lowpass filtered system (83) on the "soft" side.
In between there are (from "sharp" to "soft") the head-worn
system (82), the body-worn system (Su)’ and the broad-band
system (Sl). This seems to be in accordance with the frequency
response of the systems: the head-worn aid being narrow and
with resonance peaks, the body-worn aid with a flatter response,
and the broad-band system still flatter. The rank order of the
systems is somewhat more obvious for the solution on corrected

data than for that on original data.
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The last-mentioned fact also recurs generally in the following
analyses. That is, the solutions on corrected data do not alter
the interpretation of the dimensions but as a rule give a more
consistent rank order of the systems in the respective factors
as it was expected (the data were corrected in an attempt to
study the effects of the systems independently of the program

sections, see Data treatment).

In earlier reports {(Gabrielsson et al. 1971, 1972, 1973) a
"brightness-darkness" dimension was found and related to the
frequency curve in a way similar to that described above for
"sharpness-softness'". It is interesting to see that the factor:
loadings in T' I for "bright" and "dark" are .91 and -.86, re-
spectively. Although these loadings are high they fall short

of the loadings for "sharp" and "soft", respectively (and for
many other adjectives, too)}. It may be that with such extreme
highpass and lowpass filtering as here (see Stimuli) the charac-
ter of "bright" or '"dark" is not quite as adequate as descrip-
tions in terms of "sharp" or "soft". It may be noted, too, that
terms like "sharp" and "soft" are very often used by hard-of-
hearing people when characterizing the sound quality of their

hearing aids.

The second factor (F II) may be interpreted as '"clearness/dis-

tinctness". There are high (negative) loadings for "brilliant",
"elear", "ringing", "open", "distinect'", and "eclean'. On the
opposite side there are high loadings for "restrained",
"muddy/confused”, "monotonous", "blurred", "shut up", "soft/
gentle", "faint", and "subdued". It is noticed that adjectives
denoting some kind of "room characteristics" appear in this
factor with somewhat lower loadings: "open, "airy", "giving
impression of room", "wide'", and "near" on the 'good" side of
the dimension, while adjectives as "shut up", "distant", and
"narrow" appear on the other side. (In certain analyses these
adjectives occupy a factor of their own, see below.) "Pleasant"
and "natural" occur on the "clearness' side, the latter one

with a fairly high loading (-.57).

The rank order in the factor scores (Table II) for the systems

in this "clearness" dimension is in accordance with what could
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be expected: the broad-band system (Sl) guite outstanding,

then (roughly) the highpass filtered systemn (5;), the body-worn
system (Su), and, on the "worse" side, the head-worn system
(82), and the lowpass filtered system (83). As earlier the rank
order of the systems is more evident from the analysis on the
corrected data. Even there, however, there are indications of
program x system interactions. For instance, the lowpass fil-
tered system (83) is relatively better when reproducing the
music sections (P2 and PS) than when reproducing the other pro-
gram sections; the highpass filtered system (85) is relatively

worse when reproducing the male voice (Pq) and so on,

On the whole "clearness” seems to be related to frequency range
and the amount of distortion. The greater the frequency range,
the better "clearness' as examplified by the broad-band system
or by the body-worn system compared to the head-worn system.

The less distortion, the "clearer" reproduction as illustrated
by the broad-band system compared to all others or the body-
worn system compared to the head-worn. Whether highpass filtering
is better or worse for 'clearness'" than lowpass filtering seems
to vary with the program sections (which seems reasonable).

It should be emphasized (here as elsewhere in this report),

that the detailed psychophysical relations may vary considerably
depending on the type of program section and have to be estab-

lished by follow-up experiments.

There was also a suggestion of a third factor in which only

a few adjectives had loadings of some importance: on one side
"soft/gentle” (.48), on the other side "noisy" (-.71), "cocarse"
(~.68), "runbling"” (~-.55), "blurred" (-.39), and "loud" (-.3u4).
An outstanding factor score on the former side occurred for

the highpass filtered reproduction of the male voice (Pu),
which indeed sounds very "soft/gentle" due to the extreme fil-
tering. On the latter side the highest factor scores appeared

for some reproductions by the head-worn system.

The oblique rotations according to the bi-guartimin and the

direct oblimin methods gave very similar results between them-
selves but partly differed from the varimax solution with regard

to I' II and ¥ IIY. The direct ¢blimin solution is seen in Table 1.
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Three factors accounted for 91 % of the total variance.

' I in this solution is apparently the same as in the varimax
solution, that is, "sharpness-softness”. The rank order of the
P x 8 combinations in their factor scores was also very similar

to that obtained for the varimax solution.

F IT may be interpreted as a "clearness/distinctness" dimension
as in the varimax soiution. "Clear" and "distinct" have the
highest factor lcadings on one side (-.61), while "noisy",
"coarse', "rumbling", "blurred", and "muddy" dominate on the
other side (loadings from .97 to .67). The latter adjectives

also appeared on the same side in ! II at the varimax solution
but there together with adjectives as "restrained'", "soft/gentle",
"faint" and '"subdued", that is, together with adjectives mainly
denoting a low lecudness. In the present solution, then, “clear’
and "distinct' are set in opposition to something "“noisy",
"rumbiing" and "blurred" (as was also the case for the varimax
solution). The loudness denoting adjectives do not appear in I' IT
here (unlike the situation at varimax solution but are instead
a main part of ' III (se below). Likewise adjectives denoting
various "room characteristies" do not appear in F II here (as
they did in the varimax solution) but are also included in F IIIX

below.

F'III may mainly be interpreted as a "loudness" dimension, how-

ever, with a touch of perceived '"room characteristics” of the
reproductions. The adjective "soft/gentle" is outstanding on

one side (.96), followed by '"restrained", "faint", "monotonous",
"subdued', and "shut up". On the other side the highest loadings
are held by "loud", '"ringing", "open", "wide, "impression of
room”", "brilliant", and "airy". The "loud - soft/gentle" oppo-
sition is thus combined with an impression of an "open" or
"airy" reproduction in contrast to a reproduction which is

"shut up" or '"narrow’.

In the authors' opinion the direct oblimin solution seems some-
what more consistent than the varimax solution. The oblique
relation between factors in the direct oblimin solution is mainly
limited to F II and I III, which correlate positively +.42
(correlation between F I and F II +.0), between F I and ' TIT
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+.314). In this context it is interesting to compare the rank
orders of the P x S combinations in their factor scores in I II
and T' III (Table III). On the '"noisy', "coarse", and "blurred"
side of ' IT there are the lowpass filtered system (83) and the
head-worn system (32), on the "clear!” and '"distinct" side there
are the broad-band system (Sl) and the highpass filtered system
(85); the body~-worn system (Su) lies in the middle. The situation
in F IITI is similar in certain respects: on the "soft/gentle",
"restrained" and "shut up" side there is mainly the lowpass
filtered system (83) and on the "ioud" and "open" side the
broad-band system (Sl) is outstanding. The head-worn system (82)
and the body-worn system (Su) mainly appear in the middle, while
the highpass filtered system (85) is scattered over most of the
range including the reproduction of the male voice (PHSS) as

the most extreme P x S combination on the "soft/gentle" and
"shut up" side (the same thing occurred in I III at the varimax
solution). A detailed study of Table IIIl suggests many P x 3
interactions, that is, the position of a system within the rank
orders may depend on which program section 1s reproduced; com-
pare, for instance, the position of the lowpass filtered system
(83 in I II when reproducing the music sections (P283, P583)

and when reproducing the other program sections.

Table IIT about here

Factor analyses on correlations between P x § combinations

The results given here refer to the factor analyses described
in alternatives b, e, and g under Data treatment. Since the
results from alternative e agreed with the results from the
move comprehensive analyses in b and g they are not given sep-
arately here.

[

In general two or three factors accounted for 85-90 % of the
total variance. There were practically no differences between
the results from the three different rotation methods (varimax,
bi-quartimin, direct oblimin). The analyses on the corrected
data resulted in fewer interpretable factors than the analyses

on the original data. On the other hand the rank order of the



17

systems in the different factors was more consistent in the

solution based on corrected data.

The results may be described rather briefly since they in most
respects agree with those obtained from the factor analyses on
correlations between adjectives. I' I is, as in the earlier ana-
lyses, a '"sharpness-softness” dimension. The rank order of the
P x S combinations in their factor loadings in I' I is similar
to that given for P I in Table II, that is, with the highpass
filtered system (85) and the head-worn system (82) belonging
to the "sharp" side, the lowpass filtered system (83) and the
broad-~band system (Sl) relatively more to the "soft" side, and
the body-worn system (Sq) in between. The adjectives "tiring",
"sharp", "shrill", "obtrusive", '"hard", and "elashing' had the
highest factor scores on one side, while the highest factor
scores on the opposite side belonged to '"scothing™, "soft",

"pleasant', "mild", 'natural', Ycalm", and "dark".

In F I¥ there were substantiai factor loadings for P x S com-
binations only on one side of the continuum with the highest
loadings (-.91 to -.60) occurring for all reproductions by the
lowpass filtered system (8;) and for three reproductions by

the body-worn system (Sq), viz. the reproductions of program
sections 3, 4, and 6 which have relatively less treble content
than the other program sections. The adjectives with the highest
factor scores on this side were "dull", "subdued", "muddy', and
"dark”. This "dullness/darkness" dimension is thus mainly re-
iated to the degree of bass content (relative to treble content).
It is apparently also related to F I, and at the oblique rota-

ticns the correlation between ' I and T II was about +.35.

However, F II might be somewhat dubious. When the analyses were
made on the corrected data it did not appear as a separate fac-
tor but was fused into I' I, which again was interpretable as a
"sharpness-softness'" dimension (or possibly "sharpness-soft-
ness/dullness/darkness’”, that is, with a certain modification

of one polie of the dimension),

I ITTI finally was interpretable as a "clearness/distinctness"”

factor with the broad-band system {Sl) outstanding in factor
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loadings on one side (roughly .90 to .70). In contrast the
head-worn system (S,} and one or two reproductions by the other

systems (S,, Sy 85) had slightly negative loadings.

Three mode factor analyses

The results of the three-mode factor anélyses will be described
only in rather general terms. As pointed out by Tucker (1966)
there are many questions to be considered when using three

mode F'A. The results will, for instance, be dependent on whether
the data are scaled (normalized) in different ways. As with
ordinary FA the results are further dependent on which type of
rotation is applied (only the varimax rotation was tried in the
present case). It will also make a difference which three of

the four matrices {(one for the program sections, one for the
systems, one for the adjectives, and the so-called "core matrix"
which represents the interrelations between the factors obtained
in the three modes) are varimax rotated and, consequently, which

one is compensationally rotated to fit the data.

A number of different analyses was tried on the present data,
including different normalizations (among them that described
in alternative g under Data treatment), different varimax rota-

tions, and different number of factors. Looking at the resulting

factor loading matrices for the adjectives (which are the easiest

to interpret) one generally finds the same factors which were
described for the earlier analyses: "sharpness-softness",
"brightness-darkness", "clearness/distinctness', and "loudness".
The adjectives denoting "room characteristics" are in most cases
fused into the "clearness/distinctness" factor but appear as a
separate factor in certain analyses, characterized by the ad-
jectives "shut up", "narrow", and "distant" on one side versus
"open', "airy", "wide", and "giving impression of room" on the

other side.

The interpretation of factors for the systems was in most cases
rather obvious (as, for instance, if the broad-band system was
contrasted against all others, or if the lowpass filtered system
was contrasted against the highpass filtered system). The inter-

pretation of factors for the program sections was fairly obvious
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in some cases (for instance, if the two music sections were
contrasted against all other sections) but also uncertain in
many cases. Finally, the interpretation of the core matrix
(which is important since it represents the relations between
the factors for the adjectives, the programs, and the systems)
was hard to do. Although there were suggestions to meaningful
interpretations in some respects no guite convincing overall

interpretation was obtained.

On the whole, then, the results from the three mode YA were in
many respects similar to those from the earlier analyses. It is
necessary to get more experience of three-mode FA in further
experiments to make an evaluation of its applicability to the

present problems.

DISCUSSTON

A well-known problem in experiments of this type is that the
resulting factors (dimensions) may depend on the specific selec-
tion of program sections, reproduction systems, adjectives,

and individuals. It is thus necessary to investigate the gener-
ality of the resulting factors over a number of various selec-
tions in these respects. However, the dimensions described here
agree in many respects with dimensions found for loudspeaker

reproductions (Gabrielsson et al., 1871, 1872, 1973, 1974).

Another embarrassing point is the dependency of the results on
the specific factor analytical procedure, for instance, whether
one chooses to apply the simple structure criterion to the ad-
jectives or to the P x S combinations and which type of rotation
is applied to satisfy this criterion. Considering the explora-
tory purpose with this investigation, however, these problems
are not so important. It is quite clear that essentially the
same factors emerged from the different analyses tried here.
And, above all, the resulting factors are only taken as working
hypotheses for follow-up experiments in which their validity
and the underlying psychophysical relations have to be investi-

gated separately for each factor.
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A problem is alsc the delicate shades of meaning for many of

the adjectives. It is sometimes proposed that the meaning of

an adjective may be clearer defined to the subjects if one also
gives the opposite of the actual adjective. While this may be
possible in certain cases it is not so simple in many other
cases. Conversely, it is in some cases possible to think of
several opposites. The whole question is still more complicated
due to individual differences in the way of interpreting the
adjectives. Still the present approach seems to work in a satis-

factory way.

A related problem discussed earlier is the difficulty to sep-
arate the effects of the reproducing systems from the "effects”
of the program sections as such. The correction of data described
in alternative g under Data treatment might be of a certain value
for the practical purposes at hand but presents no general "solu-
tion",

In summary the following perceptual dimensions (and attaching
psychophysical relations) were suggested by the present exper-

iment:

a) "Hardness/Sharpness - Softness”. In the present context

"hardness/sharpness" 1s related to the highpass filtering sys-
tem (85) and to the head-worn system (82), the latter being
characterized by a relatively small frequency range and intro-
ducing distortion components. "Softness" is related to the
lowpass filtering systen (83) and, to a certain extent, to the
broad-band system (Sl) and the body-worn system (Sq), both of
them with a broad frequency range and introducing relatively

little distortion.

b) ("Brightness) - Darkness"., In the present experiment this

dimension did not appear quite so clear-cut as in some earlier
experiments. However, it formed a separate factor at the T'A on
correlations between P x S combinations, the perceived "dark-
ness/dullness" being related to the lowpass filtered system (83)
and to the degree of bass content (relative to treble content)

in the program sections.

There seem to be interesting relations between the two dimen-

sions hitherto mentioned. As noted under Results the adiectives
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"bright" and "dark" got rather high factor loadings in the
"hardness/sharpness - softness' dimension, for "bright" on

the "hard/sharp" side and for "dark" on the "soft" side.
Analogous phenomena were also found in Gabrielsson et al. (1973).
Which of the factors will appear in the most obvious form might
depend on the actual stimuli as suggested under Results. It can
be noted, too, that the evaluative adjectives ('"pleasant",
"natural’, "irritating™, "painful’, "tiring") get rather extreme
loadings on the "soft" and "hard/sharp" side, respectively,
while they get more neutral loadings in the "brightness-dark-

ness" dimension (Gabrielsson et al., 1973).

c¢) "Clearness/Distinctness". As appearing here the perceived

"elearness/distinctness" seems related to the frequency range
(the greater, the better) and the amount of distortion (the

less distortion, the better). Its relation to the present high-
pass and lowpass filtering seems to vary with the program sec-
tions. A "clear/distinct' reproduction, as examplified above

all by the broad-band system (Sl), is contrasted against repro-
ductions which are "muddy", "blurred", "noisy" and the like,
sometimes also "restrained", "faint", and "subdued" (see also
again the 1973 report). The specific meaning of '"clear/distinet"

may thus vary somewhat in different contexts.

In this dimension there alsc often appear adjectives denoting

various "room characteristics'" of the reproductions, see below.

d) "Impression of room". This is a rather loose term for a

dimension in which there is a contrast between reproductions

which are "open', "wide", "airy", give "impression of room" and
reproductions which are "narrow", and "shut up". The adjectives
"near" and "distant” also often appear on the respective sides

of this dimension.

Tn fact these adjectives most often appear fused into a "clear-
ness/distinctness” dimension or sometimes into a "loudness'
dimension. In general the "clear/distinct® reproductions and/or
the "loud" reproductions are also those which are being charac-
terized as "open', "wide", "airy",etc. In some analyses, however,
the "room dimension' appeared as a separate factor. Its relative

importance and independence may reasonably be expected to vary
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with the stimuluslcontext.

e) "Loudness'". A separate loudness dimension was found in at
least one analysis, contrasting adjectives as "soft/gentle",
"pestrained”, "faint" against "loud", and "ringing'. In most
analyses, however, it seems that "loud" and "soft/gentle'" are

fused into some of the other dimensions.

Once again it should be emphasized that the listed dimensions
and the suggested psychophysical relations are considered only
as working hypotheses for further research which is in progress.
An important thing to notice in this context is the frequently
oceurring interactions between program sections and systems,
some examples of which were mentioned under Results {(many more

could be given).

In summary it seems that the results provide a good basis for
further research on perceived sound quality of hearing aid
systems. It is necessary, of course, to gradually introduce
people suffering from hearing loss and using various types of

hearing aids. Such experiments are now under preparation.
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TABLE I. Factor loadings for adjectives at varimax rotation

and at direct oblimin rotation.

Yarimax Direct oblimin
Adijectives r I F 1T I PTII IIT
Avldgsen ("Distant") .62 .67 .70 .36 .28
Behaglig ("Pleasant") .91 .38 .95 .05 15
Briljant ("Brilliant™) L34 .88 L5 47 48
Brusig ("White noise') .80 L85 L84 .06 .33
Bullrig ("Noisy/Rumbling"} .09 .56 03 .97 R
Dov ("Dull™) .83 46 .76 07 .32
Ddmpad ("Subdued'") . B4 .71 .55 .46 .55
Frdn ("Harsh') .97 L1l .98 .05 .08
Frdsande ("Hissing") .87 .26 .89 L12 .16
Fyllig ("Full/-toned/") . 85 et .88 07 32
Grov ("Coarse/Gruff") R L3 L34 .90 .15
Grumlig ("Muddy/Confused") .10 .90 .23 .67 Sl
Gall ("Shrili™) .98 .02 .98 L1 17
Hird ("Hard") .98 .06 .99 .06 .21
Thalig ("Hollow") . 8Y4 LU0 .89 06 17
Instdngd ("Shut up") .53 .78 .61 W25 .50
Irriterande ("Irritating") .94 .32 .97 . OY .07
Jamn ("Uniform/Smooth") .89 .27 .93 W12 .02
Kall ("Cold/Chilly™) .95 .18 .97 .07 .02
Klar ("Clear") .35 . 86 L7 .61 .35
Klingande ("Ringing") .17 . 84 .08 . 36 .65
Ljus ("Bright/Light") L8l .26 .86 .39 .18
Luftig ("Airy™) .67 . Bu Y .08 Lu5
Lugn ("Calm/Quiet") .97 .09 .99 .05 .18
Matt ("Faint/Feeble') .59 74 .51 .35 .65
Mild ("Mild"™) .97 Ldh .99 .05 .12
Mijuk ("Soft™) .99 .08 .99 .05 1l
Moncton ("Monotonous'™) 072 .88 1?2 .33 .65
Mullrande ("Rumbling") .60 51 .51 .80 .05
MBrk ("Dark') .80 35 .80 49 .19
Naturiig ("Natural') .80 . H7 .86 .16 L 29




TABLLE T continued

Varimax Direct oblimin
Adjectives P I I' I1 I I T1 P IIT
Ndra ('"Near™") .67 .56 L75 .34 L17
Orolig ("Agitated™) .93 27 97 .16 07
Pldgsam ("Painful") .96 .20 .98 Ol .02
Patrdngande ("Obtrusive') .94 .18 .97 .08 .08
Ren ("Clean/Pure™) .65 .71 c 7 .39 .29
Rogivande ("Socothing') L9l .26 .97 .01 .05
Rumskdnsla ("Impression of 70 .61 .76 .00 .48
room")
Ra ("Raw/Crude™) .92 .27 .96 .21 .10
Skarp ("Sharp") .99 05 .98 .16 .16
Skrapande {("Scraping') .93 .23 .9y .13 .12
Skrikig ("Screaming') .87 04 .97 .08 .12
Skrovlig ("Rough/Raucous™) .79 43 .85 .34 .00
Skrdllig ("Clashing") .98 . OH .99 .05 .23
Skdrande ("Shrill") .98 .06 .99 .08 11
Spetsig ("Pointed") .98 .00 .98 .20 .07
Sprucken ("Cracked") .97 W20 .99 04 .01
Stark ("Loud') .83 .28 .82 .19 . B4
Stickande ("Pricking/Sharp") .98 .05 .97 -, 20 .03
Strdv ("Harsh'") .83 . 3h .87 .10 .08
Stétig ("Knocking') .89 .15 .90 .03 .02
Suddig ("Biurred") .21 .84 .3y .73 .27
Svag ("Soft/Gentle"; oppo- .09 .75 ! .19 .96
site to "loud")
Tillbakahdllen ("Restrained") .0l .92 J12 .38 .66
Trang ("Narrow'") AT .60 .81 Sl .35
Trottande ("Tiring") .90 .39 .95 1y a9
Tunn ("Thin") .95 .ib .95 22 11
Tydlig ("Distinct/Clear™) c51 A .62 LBl .18
Vass ("Sharp/Keen") .99 .03 .99 .16 .09
Vid ("Wide') .71 .61 .76 .10 .55
Vinande ("Whistling") L92 W21 L9y .07 .05
Appen ("Open") 49 .80 V57 .13 .62
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TABLE III. Rank order of P x § combinations in factor scores a

at the direct oblimin sclution on corrected data.

roTT FOITI
PeS, (1.27)  P.S, (1.70)
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