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ABSTRACT

For simplified hearing compensation, which combines a high-
frequency boost, pitch shift and speech rate conversion, two
quick individual fitting procedures, based on subjective
assessments, are proposed. Since conventional individual
fitting procedures impose enormous hearing comparisons on a
user for decision of an appropriate parameter set, the proposed
procedures split the fitting process into two steps, namely a
parameter fitting step for each hearing compensation method
and a comprehensive combination step, to reduce the number
of comparisons. Fitting experiments with twenty elderly
subjects over sixty-five showed that the proposed procedures
had effect on hearing with an average of only around 20
comparisons, while the conventional procedure requires
hundreds of comparisons.
Index Terms: hearing
individual fitting

compensation, elderly people,

1. INTRODUCTION

There are a number of elderly people with hearing difficulty.
Since the causes and degrees of hearing difficulty vary
between individuals, individual fitting of hearing
compensation is necessary. We study the individual fitting of
hearing compensation to make cellular phone speech more
intelligible for elderly users. Unlike a hearing aid, which is
fitted to the user’s auditory property completely, our fitting
system treats a simplified hearing compensation, which
combines three hearing compensation methods with discrete
levels: a high-frequency boost over 1.2 kHz with five gain
levels, a pitch shift with five shift levels, and a speech rate
conversion with three conversion levels. An appropriate
parameter set of the three hearing compensation methods is
selected, based on subjective user assessment.

Several individual fitting methods based on repetitive
subjective assessments [1-4] have been proposed. The
conventional methods are categorized into two types: a type
which presents more than three test speech at a time and
requests a user to rank them [1-3], and a type which presents
paired test speech and requests a user to choose the better
quality one [4]. All the conventional methods are based on
GA algorithm. The former type requires very long fitting time
because the user has to listen to the test speech a number of
times to rank them. As a long fitting time must be tedious to
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elderly people, a fitting system based on paired
comparisons is discussed here. However the use of a paired
comparison does not directly reduce the number of
comparisons. For example, the number of combinations of
five levels of a high-frequency boost, five levels of a pitch
shift and three levels of a speech rate conversion is 75 (=
5%5*3). If the 75 parameter sets are compared in round-
robin manner, the number of paired comparisons comes to
2775 (= 75C,), which is too large and not practical.

Therefore two fitting procedures which reduce the
number of paired comparisons are proposed. Instead of the
paired comparisons in round-robin manner or in GA
algorithm, the proposed procedures split the fitting process
into two steps: a parameter fitting step for each hearing
compensation method and a comprehensive combination
step. The proposed procedures are then evaluated in regard
to the number of comparisons and fitting effects in fitting
experiments for twenty elderly subjects over sixty-five.

This paper is organized as follows. In Section 2, two
fitting procedures reducing the paired comparisons are
proposed. In Section 3, fitting experiments are conducted
based on the proposed fitting procedures with twenty
elderly subjects. The number of comparisons and fitting
effects are evaluated in the subject’s assessment.

2. FITTING METHODS OF
SIMPLIFIED HEARING
COMPENSATION

Table 1 shows the three hearing compensation methods and
their discrete levels that the proposed procedures use. A
combination is selected as an appropriate parameter set for
a user by repetitive paired comparisons. To reduce the
number of comparisons for selecting an appropriate
parameter set, the proposed procedures split the fitting
process into two steps. In the first step, one of the discrete
levels for each hearing compensation method is selected by
paired comparisons respectively. In the second step,
combinations of “ON” (i.e. the selected level in the first
step) and “OFF” of the three hearing compensation
methods are compared and an appropriate combination is
selected by paired comparisons. The following two
procedures A and B are variants in decision algorithm in
the first step.
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Table I: Hearing compensation methods and their discrete Table 3: Numbers of paired comparisons in Procedure A and
levels. Procedure B.

Compensation methods Discrete levels Procedure
High-frequency boost +0, +3, +6, +9, +12 [dB] A B
Pitch shift -1/6,-1/12, =0, +1/12, +1/6 [octave] High-frequency boost 10 3or4
Speech rate conversion 1.0, 1.1, 1.2 [times] Step 1 Pitch shift 10 3 or4
o Speech rate conversion 3 2
Table 2 Comblnatlon.s of “ON” an.d “OFF” of the three No default level o1 21
. hearing compensation methods in the second step. Step 2 One default level 3 3
High-frequency O]l 0O | O X O X Two or three defaults 0 0
boost -
Pitch Total number Maximum a4 3
. O O X O X O Minimum 23 8
shift
comerson | O | X [ OO X[ X |0 qu
2.1 Procedure A +(\),:B *0dB +3(:B *+0dB +(\),:B *0dB | +0dB
+12dB +6dB +3dB decided
In the first step of Procedure A (Step A-1 in short), the paired
comparisons are conducted among the discrete levels in +12dB +6dB +3dB
round-robin manner, and the most frequently chosen level is
selected as the appropriate one for each hearing *6dB | iegg | 3B | uagg | 9B | i34 | +3aB
compensation method. The numbers of paired comparisons +1\;SdB +;§B +ng decided
are 10 (= 5C,) for a high-frequency boost and pitch shift, and
3 (=;C,) for a speech rate conversion. . +124B +9dB +6dB
In the second step of Procedure A (Step A-2 in short), the
paired comparisons are conducted among all the combination +9dB 6B
of “ON” and “OFF” of the three hearing compensation vs vs *6dB | +6dB
methods except for the all “OFF” case. Table 2 shows the +12dB +9dB decided
combinations, where a circle indicates “ON” and a cross
indicates “OFF”. The number of the paired comparisons is 21 +12dB| +9dB +9dB
(= ,C,) between the two of the seven cases. If the selected

level of a hearing compensation method in the first step is the
default level (+0 dB for a high-frequency boost, 0 octave
for a pitch shift and 1.0 times for a speech rate conversion),
the level of the hearing compensation method is fixed at the
default level, and the hearing compensation method becomes
out of comparison. If the default level is selected in one
hearing compensation method in the first step, the number of
combination of “ON” and “OFF” except for the all “OFF”
case becomes three, and the number of paired comparisons is
3 (= 3Cy). If the default level is selected in two or three
hearing compensation methods in the first step, no paired
comparison is required in the second step, because only one
combination of three hearing compensation methods remains.

The maximum and minimum total numbers of comparisons
are 44 and 23 respectively, as shown in Table 3.

2.2 Procedure B

In Step A-1, all the paired combinations of the discrete levels
are compared regardless of user preference shown up to the
point. The number of comparisons is thought to be reduced
efficiently by restricting the range of the level stepwise. In
the first step of Procedure B (Step B-1 in short), the paired
test speech is determined by a deterministic algorithm which
restricts the range of the level stepwise based on the result of
the former comparison. Figure 1 shows the deterministic
algorithm of Step B-1 for a high-frequency boost. Firstly, the
maximum (+12 dB) and minimum levels (+0 dB) are

+12dB +9dB
decided decided

Figure I: Deterministic algorithm of Step B-1
(High-frequency boost).

compared. Next paired levels are determined, based on the
result of the former comparison. As shown in Figure 1, the
appropriate level is to be decided in three or four
comparisons for a high-frequency boost. Similarly, a pitch
shift with five levels requires three or four comparisons,
and a speech rate conversion with three levels requires two.

The second step of Procedure B (Step B-2 in short) is
the same as Step A-2 described in Section 2.1.

The maximum and minimum total numbers of
comparisons are 31 and 8 respectively, as shown in Table
3.

3. EXPERIMENTS

3.1 User application

Figure 2 shows the GUI of the fitting system. The system
plays paired test speech. The user listened to the paired
speech and just chooses the better quality one by clicking
one of two buttons. The system and user repeat the
operation to decide the appropriate parameter set.
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& alsorithm/freq 1.2/amp 8.6.9.12/pitch —20.-10.10.20/formant/speed 1.1.1.2
rA B

Which speech do you sound intelligibly?
BERDZOERCLEAERMLTTSO

The latter speech is better
BICENEER
(F8)

The former speech is bette:
EITRNZEE
(F1)

Listen to next pair

LIEX

Table 4: Configurations of fitting experiments.

. 10 males and 10 females over 65
Subjects
years
Listening instrument | SENNHEISER HD270
Listening level of -} ;¢ 4papy o ERp
original speech
Ambient noise 25 dBA
16 utterances selected from NTT-AT
Original speech “SPEECH DATABASE FOR
TELEPHONEMETRY 1994”
Speakers 4 males and 4 females

Table 5: Average numbers of paired comparisons and the
reduction rates from Procedure A to Procedure B for Group R,

Group I and Group A.
Group
R (#12) 1 (#8) A (#20)
Procedure A 25.8 23.4 24.8
Figure 2: GUI-based user fitting system. Procedure B 113 29.9 18.8
Reduction rate 56.0% -27.8% 24.4%

3.2 Procedure of experiments

Table 4 shows the configurations of fitting experiments. The
experiments, based on Procedure A and Procedure B were
conducted for ten male and female elderly subjects over sixty-
five respectively. The test speech set consisted of sixteen
utterances, which were uttered by four male and female
speakers respectively, selected from a standard Japanese
speech database [5]. Each test speech consisted of a pair of
two semantically-independent sentences, uttered by a male
and female speaker, respectively. The subjects listened to the
test speech through headphones in a sound-proof room.

After the fitting experiments were conducted, the fitting
effects of Procedure A and Procedure B were assessed.
Subjects, unaware of whether they were listening to the
original and speech with the selected parameter set, listened to
the pair, and then chose one of three alternatives: “The former
speech is better”, “The latter speech is better” and “Difficult
to say which is better”. The subjects listened to four paired
test speech and assessed each (i.e. four votes for a subject).

3.3 Number of paired comparisons

Table 5 shows the average numbers of paired comparisons
and the reduction rates from Procedure A to Procedure B for
three groups, R, I and A. Group R consists of twelve subjects
whose numbers of comparisons were reduced from Procedure
A to Procedure B. Conversely, Group I consists of eight
subjects whose numbers of comparisons were increased from
Procedure A to Procedure B. Group A indicates al// subjects.
For Group A, the average number of comparisons in
Procedure A is 24.8 and that in Procedure B is 18.8, which
represents a 24.4% reduction. For Group R, the reduction rate
was 56.0%. On the other hand, the increase rate was 27.8%
for Group 1.

Focusing on the difference between Group R and Group I,
Procedure B shows a significant difference between the two
while Procedure A shows little difference. In Procedure B, the
number of comparisons for Group I is larger than twice that
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Table 6: Distributions of subjects with respect to the numbers
of selected default levels in Step A-1 and Step B-1 for Group
R and Group I.

Number of selected default
Step levels at Step 1
0 1 20r3
A-1 1 4 7
G R (#12
roup R (#12) B-1 0 8 4
A-1 0 1 7
Group I (#8) Bl 2 0 0

for Group R. The cause of the difference is investigated in
detail in Table 6, which shows the distributions of subjects
with respect to the numbers of selected default levels in
Step A-1 and Step B-1 for Group R and Group I. For
Group R, more than one default level is selected for all
subjects except for a subject in Step A-1. When the number
of selected default levels is more than one in the first step,
the number of comparisons in the second step is 3 or 0 as
shown in Table 3. The difference in the numbers of
comparisons between Step A-2 and Step B-2 is slight.
Therefore the reduction in the number of comparisons from
Step A-1 to Step B-1 directly resulted in a reduction in the
total number of comparisons from Procedure A to
Procedure B for Group R. Table 3 shows that the maximum
number of reduction from Step A-1 to Step B-1 for a high-
frequency boost is 7 (= 10-3). Similarly, the maximum
reduction for a pitch shift is 7 (= 10-3) and that for a speech
rate conversion is 1 (= 3-2). These numbers lead the
maximum reduction of the number of comparisons from
Step A-1 to Step B-1 to 15 (= 7+7+1) in total. On the other
hand, all subjects of Group I have more than one selected
default levels in Step A-1 whereas the same subjects have
zero in Step B-1. Since 21 comparisons are needed for no
default level in Step A-2 and Step B-2, as shown in Table 3,
the numbers of comparisons in Step B-2 are 18 or 21 larger
than those in Step A-2. Therefore, the increased numbers of
comparisons from Step A-2 to Step B-2 exceeded the
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4. CONCLUSIONS

Table 7: Average numbers of votes in the assessments of

fitting effects. .
Selected Difficult to say | Original For simplified hearing compensation, which combines a
parameter set | which is better Speech high-frequency boost, pitch shift and speech rate
Procedure A 235 0.65 1.00 conversion, two quick individual fitting procedures, based
Procedure B 2.00 0.50 1.50 on repetition of a paired subjective comparison, were

proposed. To reduce the number of comparisons, both the
proposed procedures split the fitting process into two steps.

Table §: Average numbers of votes in the assessments of . ' -
The first step is a parameter fitting step for each hearing

fitting effects for Group R and Group I.

A compensation method, and the second step is a
verage number of votes . L . .

Procedure Selected Difficalt | Orieinal comprehensive comblpatlon step.. The fitting experiments

clecte cu g for twenty elderly subjects over sixty-five showed that the

parameter set to say speech average numbers of comparisons in two procedures were

Group R A 2.08 0.92 1.00 24.8 and 18.8 respectively, whereas the number of round-

(#12) B 2.33 0.67 1.00 robin comparisons for every possible combination is 2775.

Group I A 2.75 0.25 1.00 The assessments of fitting effects by comparing the speech

(#8) B 1.5 0.25 2.25 with the selected parameter set and the original speech

reduced numbers from Step A-1 to Step B-1 for Group I. This

fact explains why the total numbers of comparisons in

Procedure B are larger than that in Procedure A for Group I.
Taking a high-frequency boost as an example, the default

level cannot be selected unless the user chooses “+0 dB” for

all comparisons in the deterministic algorithm of Step B-1.

For a pitch shift and speech rate conversion, there are similar

cases. It is thought that non-default level tends to be selected
by the deterministic algorithm compared to the decision
algorithm based on the most frequently choices.

3.4 Assessments of fitting effects

Table 7 shows the average numbers of votes in the
assessments of fitting effects. For both Procedure A and
Procedure B, the average numbers of votes of the speech with
the selected parameter set are larger than that of the original
speech. This fact can indicate that the speech with the
selected parameter set based on Procedure A or Procedure B
is effective for improvement in hearing. Since the average
number of votes for the speech with the selected parameter
set on Procedure A is larger than that on Procedure B and the
average number of votes for the original speech on Procedure
A is smaller than that on Procedure B, the speech with the
selected parameter set based on Procedure A is more
effective than that on Procedure B.

Table 8 shows the average numbers of votes for Group R
and Group I, as described in Section 3.2. For Group R, the
numbers of votes for the speech with the selected parameter
set on both Procedure A and Procedure B are larger than
those for the original speech. However, for Group I, the
number of votes for the speech with the selected parameter
set on Procedure A is larger than that for the original speech
whereas the number of votes for the speech with the selected
parameter set on Procedure B is smaller than that for the
original speech. As described in Section 3.2, non-default
level tends to be selected by the deterministic algorithm.
Some of the inappropriate non-default levels are selected in
Step B-2 and then could have adversely caused deterioration
in hearing.
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indicated that the speech with the selected parameter set on
both procedures was effective for improvement in hearing.
The deterministic algorithm in the second step of
Procedure B can reduce the number of comparisons
efficiently, while the tendency of selecting non-default
level might adversely cause increase of comparisons and
deterioration in hearing.
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