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ASE MANUAL VS SELF-TEST

CLINICAL VALIDATION:
LOUDNESS SCALING

Introduction

Audiqueen has a feature that allows to perform tonal audiometry, loudness scaling and

phoneme discrimination tests (Govaerts PJ 2006) in Self-test mode. In this mode, the patient can
perform psychoacoustic tests without any help nor instruction of an audiologist. The patient records
his or her responses through a touch screen. In figure 1, some typical screen shots are depicted
during Self-test mode. The goal of this study is to validate the clinical efficacy of the Loudness Scaling
Self-test compared with the normal test procedure where an audiologists delivers instructions and
performs the testing.

Press SOUND when you heard a sound or SILENCE when you heard nothing.

Pressthe GREEN buton every time you hear the “odd” sound, which s different from the sound thatis repeated allthe ime.

Figure 1: Screenshots of the Self-test mode of Audiqueen. Upper left panel: Tonal audiometry, Upper right panel:
Loudness scaling. Lower panel: Phoneme discrimination. The test subject receives detailed instructions before and during
a test and can record their responses by clicking on the buttons through a touch screen.

Loudness scaling Self-test procedure

The ASE loudness scaling test is performed using 1/3rd octave narrow band noises centered at 250,
1000, and 4000Hz. The 1876ms stimulus was presented twice at each level and the loudness is
scored on a visual analogue scale ranging from 0 (inaudible) to 6 (too loud). The score on each
intensity is averaged and therefore, the test resolution is 0,5. Levels were randomly presented at 5
dB increments between 30 and 85 dB HL.

To perform the Self-test, subjects are placed in front of a touch screen, while wearing the
appropriate transducer, for example headphones inside a soundproof test booth. Before running the
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test, the audiologist must select the appropriate frequencies to be tested. After a short introduction
to get acquainted with the stimulus sound and buttons on the touch screen, the actual test can start.
Each time a stimulus is played, the subject can choose between the seven score buttons displayed on
the screen (figure 1, upper right panel).

Materials and Methods

Subjects entry criteria

The validation was performed on three groups of people: normal hearing persons, persons with
hearing loss and Cl recipients. The inclusion criterium for normal hearing persons was based on the
ISO norm 7029 (1984) that describes the normal threshold hearing zone as a function of age and
gender. Furthermore, all subjects were at least 16 years of age and willing and able to:

e Perform a psychoacoustic test twice.
e Able to read and interpret detailed instructions and work with a touch screen.

The subject group size target was N=30 at each frequency for the three study groups.
Test procedure

Psychoacoustic testing is first performed in Self-test mode or through manual testing in a random
sequence. The same test was then performed again by the subject but with the other test condition
and with the same transducer. For normal hearing subjects and hearing loss subjects, the transducer
used was headphones in a sound proof test booth. For Cl recipients the transducer used was either
Otocube! or Coala?. Testing was done in the Audiqueen psychoacoustic test suite (Otoconsult NV,
Antwerp, Belgium). The loudness scaling test is designed for three frequencies: 250 Hz, 1000 Hz and
4000 Hz.

Statistics

Nonparametric statistics were used for the analysis of data, with Tukey’s five parameters (median,
lower and upper quartiles and extremes) and box and whisker plots for descriptive statistics (Tukey
JW 1977, Hollander M 1999).

The Wilcoxon test statistic was used to detect significant within-subject differences between the data
groups of Self-test and manual testing. Since each psychoacoustic test consists of multiple sub results
at different frequencies or intensities, a multiple testing correction was applied in the form of FDR
(False Discovery Rate) (Benjamini Y 1995, Glickman ME 2014). Furthermore, to investigate clinical
equivalence between manual testing and Self-test mode, the TOST® procedure was used. With this
test, equivalence is established at the a significance level if a (1-2a) x 100% confidence interval for the
within-subject difference distribution is contained within an interval (-8, 6) (Walker E 2011). The value
6 is defined as the clinical equivalency margin. This is the difference in measurement that would not
be considered as clinically significant (Whitton JP 2016). The equivalency margin for loudness scaling
can be considered the same as the test resolution,so 6 =1

Tests for normality are performed with the Shapiro-Wilk test statistic. Since it will turn out that a lot
of data sets are not normally distributed on a 5% significance level, and thus there is no reliable

1 Otocube™: A portable desktop box which replaces a fully equipped audiological room for Cl recipients.

2 Coala™ is a testing environment in Audiqueen for Nucleus CP910 Cl recipients through an AUX cable. This
feature is developed by Otoconsult and Cochlear.

3 TOST: Two one-sided tests
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indicator that the within-subject differences of Self-test vs manual testing are normally distributed,
confidence intervals are consistently created with the empirical bootstrap method (Chernick MR
2007). The statistical significance level used is 5%.

Results

The tables (1-9) depict the statistical data of the within-subject differences between the Self-test
results and the results of manual testing (SELF — MAN) for each study group and at each frequency.

These consist of:

e Shapiro-Wilk p-values to check normality of the within-subject differences

mode with FDR correction applied.

The Tukey parameters (first quartile, median, third quartile and extremal values),
mean and standard deviation,

90% confidence intervals on the mean and median
Wilcoxon p-values to detect significant differences between Self-test mode and manual

Since a lot of data sets are not normally distributed on a 5% significance level after a Shapiro-Wilk
test, and thus there is no reliable indicator that the within-subject differences of Self-test vs manual
testing are normally distributed, confidence intervals are consistently created with the empirical

bootstrap method.

In figure 1-3 box and whisker plots are shown of the data of the three groups pooled together for the

three test frequencies.

Table 1: (NH 250 Hz) Statistical data of the within-subject differences between the Self-test and manual testing (SELF
— MAN) for the 250 Hz loudness scaling test for normal hearing subjects. The stimulus intensity is given in dB HL. The
p-values colored red are significant on a 0.05 confidence level after FDR correction.

Intensity [dB HL] 30 35 40 45 50 55 60 65 70 75 80
# cases 31 31 31 31 31 31 31 31 31 31 31
PO -1 -1 -0.5 -0.5 -1 -2 -1 -0.5 -1.5 -0.5 -1.5
P25 -1 -0.5 -0.5 -0.5 0 -0.5 -0.5 0 0 0 0
P50 0 0 0 0 0 0 0 0 0 0 0.5
P75 0 0 0 0.5 0 0.5 0.5 0.5 1 0.5 1
P100 0,5 1,5 1,0 1,0 1,5 2,0 1,0 1,5 3,5 3,0 1,0
Mean -0.1 -0.1 0.0 0.0 0.1 0.1 0.1 0.2 0.4 0.4 0.3
St dev 0.4 0.4 0.4 0.7 0.0 0.7 0.7 0.4 0.7 0.4 0.7
Shapiro Wilk 3E-5 0.0005 7E-5 0.0003 3E-05 0.1 0.009 0.002 0.0001 4E-06 0.0006
p-value
90% conf on mean [-0.30] [-0.3 [-0.10.1] [-0.20.1] [-0.10.2] [-0.10.3] [-0.05 [0.06, [0.10.6] [0.20.5] [0.20.5]
0.03] 0.3] 0.3]
90% conf on median [0, 0] [0,0.5] [0,0] [0,0.5] [0,0] [-0.5,0] (0,0] (-0.5,0] (-0.5,0] (-0.5,0] (0.5, 1]
Wilcoxon p-value 0.095 0.22 0.74 0.88 0.59 0.46 0.25 0.024 0.0094 0.0026 0.0069
* * %k * %k * %k
Table 2: (NH 1000 Hz) Statistical data of the within -subject differences between the Self-test and manual testing (SELF —
MAN) for the 1000 Hz loudness scaling test for normal hearing subjects.
Intensity [dB HL] 30 35 40 45 50 55 60 65 70 75 80 85
# cases 32 32 32 32 32 32 32 32 32 32 32 32
PO -2 -1 -0,5 -1 -1 -1 -2 -1 -1,5 -1,5 -1 -2
P25 -0 -0.5 0 -0.5 -0.5 0 -0.5 -0 -1 0 -0.4 0
P50 0 0 0 0 0 0 0 0 0 0 0.3 0.5
P75 0 0 0 0.4 0.4 0.5 0 0.5 0.5 0.5 1 0.875
P100 0,5 15 1 1 1 1 1 1 15 15 1,0 2,0
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Mean -0.1 -0.1 0.0 -0.1 0.0 0.1 -0.1 0.0 0.1 0.2 0.2 0.4
St dev 0.1 0.4 0.0 0.6 0.6 0.4 0.4 0.6 0.7 0.4 1.0 0.6
Shapiro Wilk 3E-06 0.0002 0.0001 0.02 0.005 0.0002 0.007 0.008 0.06 0.06 0.003 0.008
p-value
90% conf on [-0.2, [-0.2, [-0.08, [-0.3, [-0.2, [-0.08, [-0.3, [-0.08, [-0.1, [-0.03, [0.02, [0.1,
mean 0.05] 0.05] 0.1] 0.03] 0.1] 0.2] 0.03] 0.2] 0.3] 0.3] 0.4] 0.6]
90% conf on [0, 0] [0, 0.5] [0, 0] [0, 0.5] [0, 0] [-0.5, 0] [0, 0] [0, 0] [-0.5, 0] [-0.5, 0] [0,0.5 [0.5, 1]
median
Wilcoxon p-value | 0.36 0.16 0.66 0.22 0.75 0.63 0.31 0.57 0.44 0.23 0.12 0.11
Table 3: (NH 4000 Hz) Statistical data of the within-subject differences between the Self-test and manual testing (SELF —
MAN) for the 4000 Hz loudness scaling test for normal hearing subjects
Intensity [dB HL] | 30 35 40 a5 50 55 60 65 70 75 80 85
# cases 30 30 30 30 30 30 30 30 30 30 30 30
PO -1,5 -1 -1 -1 -1 -1 -1,5 -1 -1 -1,5 -1 -1,5
P25 -0 -0.1 -0 -0.5 -0.5 0 -0 -0.1 -0 -0.1 0 0
P50 0 0 0 0 0 0.3 0 0 0 0 0.5 0
P75 0 0 0.5 0.1 0.5 0.5 0.5 0.5 0.5 0.5 1 0.5
P100 1 1 1 1 1 1 1 1 2 1 1,5 1,5
Mean 0.0 0.0 0.1 -0.1 0.0 0.2 0.1 0.1 0.2 0.1 0.3 0.2
St dev 0.1 0.0 0.5 0.5 0.7 0.4 0.5 0.5 0.5 0.5 0.7 0.4
Shapiro Wilk 0.001 0.001 0.005 0.02 0.006 0.01 0.02 0.01 0.009 0.02 0.03 0.005
p-value
90% conf on [-0.2, [-0.2, [-0.07, [-0.3, [-0.2, [0.07, [-0.08, [-0.1, [0.0, [-0.07, [0.1, [-0.02,
mean 0.1] 0.1] 0.2] 0.07] 0.2] 0.4] 0.3] 0.2] 0.4] 0.3] 0.5] 0.4]
90% conf on [0, 0] [0, 0] [0, 0] [0,0.3] [0, 0] [0, 0.5] [-0.5, 0] [0, 0] [-0.5, 0] [-0.5, 0] [0.5, 1] [-0.5, 0]
median
Wilcoxon p-value | 0.83 1 0.35 0.33 0.77 0.032 0.44 0.68 0.12 0.24 0.047 0.18
*
Table 4: (HL 250 Hz) Statistical data of the within-subject differences between the Self-test and manual testing (SELF —
MAN) for the 250 Hz loudness scaling test for hearing loss subjects.
Intensity [dB HL] 30 35 40 45 50 55 60 65 70 75 80
# cases 30 30 30 30 30 30 30 30 30 30 30
PO -0,5 -1 -0,5 -1 -1,5 -1,5 -1,5 -2 -1,5 -2 -2,5
P25 0 0 0 -0.5 -0.5 -0.5 -0.63 -0.5 -0.5 -0.5 -0.5
P50 0 0 0 0 0 0 -0.3 0 0 0 0
P75 0.5 0 0 0.125 0 0 0.5 0.5 0 0.625 0.5
P100 2,5 2 3 2 2 1 2 1 1,5 1,5 1,5
Mean 0.2 0.1 0.1 0.0 -0.1 -0.2 -0.1 -0.2 -0.1 0.1 0.0
St dev 0.6 0.5 0.6 0.7 0.7 0.6 0.8 0.6 0.6 0.8 0.7
Shapiro Wilk 7E-8 1E-7 1E-7 0.0003 0.01 0.01 0.03 0.007 0.02 0.2 0.0009
p-value
90% conf on [0.05, [-0.08, [-0.1, [-0.2, [-0.3, [-0.3, [-0.4, [-0.3, [-0.3, [-0.2, [-0.2,
mean 0.4] 0.2] 0.3] 0.2] 0.1] 0.03] 0.1] 0.03] 0.1] 0.4] 0.3]
90% conf on [0, 0] [0, 0] [0, 0] [0, 0.3] [0,0.3] [0, 0] [-0.5, 0] [0, 0.5] [0, 0] [-0.50.3] [0, 0]
median
Wilcoxon p-value 0.024 0.61 0.64 0.52 0.40 0.18 0.34 0.27 0.42 0.42 0.51
Table 5: (HL 1000 Hz) Statistical data of the within-subject differences between the Self-test and manual testing (SELF —
MAN) for the 1000 Hz loudness scaling test for hearing loss subjects. The p-values colored red are significant on a 0.05
confidence level after FDR correction.
Intensity [dB HL] 30 35 40 a5 50 55 60 65 70 75 80 85
# cases 30 30 30 30 30 30 30 30 30 30 30 30
PO -1 -1 -1 -1 -1 -1 -1,5 -1,5 -1,5 -1 -1 -0,5
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P25 0 -0.5 0 0 -0.5 -0.5 -0.5 0 -0.13 0 0 0
P50 0 0 0 0 0 0 0 0.5 0 0.5 0.3 0
P75 0 0 0 0.5 0 0.5 0.5 0.625 0.5 1
P100 1 3,5 2 1,5 3 1,5 4 3 3,5 2,5
Mean 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.2 0.3 0.4 0.4 0.4
St dev 0.4 0.8 0.5 0.6 0.6 0.6 0.8 0.6 1.0 0.7 0.8 0.7
Shapiro Wilk 1E-5 2E-7 7E-7 0.008 0.0002 7E-5 0.002 0.01 0.001 0.0003 4E-5 0.0004
p-value
90% conf on mean [-0.1, [-0.3, [-0.2, [-0.05, [-0.2, [-0.2, [-0.1, [0.07, [0.03, [0.1, [0.2, [0.2,
0.1] 0.2] 0.2] 0.3] 0.2] 0.1] 0.3] 0.4] 0.6] 0.6] 0.6] 0.6]
90% conf on median [0, 0] [0, 0] [0, 0] [0, 0] [0,0.3] [0,01 | [-03,0] | [0.51] | [-0.50] | [0.51] | [0,0.5] | [-0.5,0]
Wilcoxon p-value 0.90 0.47 1 0.28 0.69 0.66 0.60 0.026 0.081 0.0067 0.0041 0.0044
* * % * % * %
Table 6: (HL 4000 Hz) Statistical data of the within-subject differences between the Self-test and manual testing (SELF -
MAN) for the 4000 Hz loudness scaling test for hearing loss subjects.
Intensity [dB HL] 30 35 40 45 50 55 60 65 70 75 80 85
# cases 30 30 30 30 30 30 30 30 30 30 30 30
PO -1 -0,5 -0,5 -0,5 -1 -0,5 -1,5 -1 -1 -1 -1 -1
P25 0 0 0 0 0 0 0 0 -0.13 -0.13 -0.5 -0.5
P50 0 0 0 0 0 0 0 0 0 0 0 -0.3
P75 0.125 0 0 0 0 0.5 0.5 0.5 0 0.125 0.5 0
P100 1 1 0,5 1 1 1 1,5 2 1 1 1 1,5
Mean 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.2 0.0 -0.1 -0.1 -0.2
St dev 0.4 0.3 0.2 0.3 0.5 0.4 0.6 0.7 0.4 0.5 0.6 0.5
Shapiro Wilk 8E-7 2E-7 5E-9 2E-7 8E-6 0.0005 0.01 0.03 0.0005 0.002 0.01 0.001
p-value
90% conf on [0.02,0.2] [0.02, [-0.02, [0.02, [-0.07, [-0.05, [-0.1, [-0.02, [-0.2, [-0.2, [-0.2, [-0.3,0]
mean 0.2] 0.08] 0.2] 0.2] 0.2] 0.2] 0.4] 0.08] 0.1] 0.2]
90% conf on [0,0] [0, 0] [0,0] [0,0] [0, 0] [0, 0] [0, 0] [-0.5,0] [0, 0] [0,0] [0,0] [-0.5,0]
median
Wilcoxon p-value 0.13 0.071 0.073 0.065 0.50 0.38 0.75 0.21 0.67 0.67 0.85 0.080

Table 7: (Cl 250 Hz) Statistical data of the within-subject differences between the Self-test and manual testing (SELF —

MAN) for the 250 Hz loudness scaling test for Cl recipients.

Intensity [dB HL] 30 35 40 45 50 55 60 65 70 75 80
# cases 32 32 32 32 32 32 32 32 32 32 32
PO -1 -1 -1 -1,5 -1 -1 -1 -2 -2 -2 -2
P25 0.0 -0.5 -0.5 -0.5 -0.5 -1.0 -0.4 -0.5 -0.5 -0.5 0.0
P50 0.0 0.0 -0.5 -0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
P75 0.4 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5
P100 0,5 1,5 0,5 1 1 1 1,5 1,5 1,5 2 2
Mean 0.0 -0.2 -0.2 -0.2 -0.1 -0.3 0.0 -0.1 0.0 0.0 0.1
St dev 0.4 0.5 0.5 0.6 0.5 0.6 0.5 0.6 0.7 0.9 0.7
Shapiro Wilk 0.0001 0.0003 0.0005 0.06 0.01 0.003 0.0006 0.0001 0.0009 0.1 0.008
p-value
90% conf on [-0.09, [-0.4, [-0.4, [-0.4, [-0.3,0] [-0.4, [-0.2, [-0.2, [-0.2, [-0.2, [-0.08,
mean 0.1] -0.08] -0.06] -0.06] -0.08] 0.1] 0.1] 0.2] 0.3] 0.3]
90% conf on [0, 0] [0, 0.5] [-1, -0.5] [-1,-0.5] [0, 0.5] [0, 0.5] [0, 0] [0, 0.3] [0, 0] [-0.5, [-0.5, 0]
median 0.01]
Wilcoxon p-value 0.84 0.016 0.039 0.047 0.13 0.020 0.67 0.69 0.88 0.79 0.33
* * * *
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Table 8: (Cl 1000 Hz) Statistical data of the within-subject differences between the Self-test and manual testing (SELF -

MAN) for the 1000 Hz loudness scaling test for Cl recipients.

Intensity [dB HL] | 30 35 40 45 50 55 60 65 70 75 80 85
# cases 32 32 32 32 32 32 32 32 32 32 32 32
PO -1,5 -2,5 2 -3,5 -2 -1,5 -1 -1,5 2 -1 -1,5 -1
P25 -0.5 -1.0 -1.0 -1.0 -0.9 -0.5 -0.5 -0.9 -0.5 -0.5 -0.5 -0.5
P50 0.0 -0.5 -0.5 -0.5 0.0 -0.3 0.0 0.0 0.0 0.0 0.0 0.0
P75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.5 0.5
P100 0,5 1 1 1,5 1 0,5 1 1 1,5 2 2 2
Mean -0.1 -0.5 -0.4 -0.4 -0.3 -0.3 -0.1 -0.1 -0.1 0.2 0.1 0.1
St dev 0.5 0.7 0.8 0.9 0.7 0.5 0.5 0.7 0.7 0.8 0.8 0.8
Shapiro Wilk 0.0007 0.005 0.1 0.004 0.01 0.002 0.0006 0.01 0.07 0.001 0.01 0.004
p-value
90% conf on [-0.3, [-0.7, [-0.6, [-0.7, [-0.5, [-0.5, [-0.3,0] [-0.3, [0.3,0.2] [-0.1, [-0.2, [-0.2,
mean 0] -0.3] -0.2] -0.2] -0.08] -0.2] 0.2] 0.5] 0.4] 0.4]
90% conf on [0, 0] [-1,-0.5] [-1,-0.5] [-1,-0.5] [0, 0.5] [-0.5, 0] [0,0.3] [0, 0.5] [0, 0.5] [-0.5, 0] [0, 0] [0,0.3]
median
Wilcoxon p-value 0.13 0.00069 0.0060 0.014 0.039 0.0044 0.17 0.50 0.49 0.23 0.76 0.58
%k k * % * * * %
Table 9: (Cl 4000 Hz) Statistical data of the within-subject differences between the Self-test and manual testing (SELF —
MAN) for the 4000 Hz loudness scaling test for Cl recipients.
Intensity [dB HL] | 30 35 40 45 50 55 60 65 70 75 80 85
# cases 33 33 33 33 33 33 33 33 33 33 33 33
PO -2,5 -1,5 -1,5 -2 -2 -1,5 -2 -2 -1,5 -2 -2 -1
P25 -0.1 -0.5 -1.0 -0.6 -0.5 -0.5 -0.5 -0.5 -0.5 0.0 0.0 -0.5
P50 0.0 0.0 -0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
P75 0.5 0.0 0.0 0.1 0.1 0.0 0.0 0.5 0.5 0.5 1.0 0.5
P100 1 0,5 1 1 2 1 1 1 1,5 1,5 2 2
Mean 0.0 -0.2 -0.3 -0.2 -0.2 -0.2 -0.2 0.0 0.0 0.1 0.3 0.1
St dev 0.7 0.5 0.7 0.8 0.8 0.6 0.6 0.7 0.7 0.7 0.8 0.8
Shapiro Wilk 3E-5 0.0005 0.01 0.06 0.05 0.01 0.003 0.002 0.04 0.008 0.04 0.02
p-value
90% conf on [-0.2, [-0.3, [-0.5, [-0.4, [-0.4, [-0.3, [-0.3, [-0.2, [-0.2, [-0.1, [0.03, [-0.1,
mean 0.2] -0.07] -0.1] 0.01] -0.01] 0.01] 0.04] 0.2] 0.2] 0.3] 0.5] 0.3]
90% conf on [0,0] [0,05] | [-0.5,0] | [0,0.5] [0, 0.5] [0,0.3] [0,0] [-0.5, 0] [0,0] [-0.5,0] | [-0.5,0] [0,0]
median
Wilcoxon p-value 0.84 0.016 0.013 0.18 0.091 0.18 0.23 0.76 0.94 0.29 0.070 0.47
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Loudness scaling difference (Self-test - Manual)
250 Hz Pooled data

Score difference

g

30 35 40 45 50 55 60 65 70 75 80
Intensity [dB HL]

Figure 1: Box and whisker plot of the within-subject loudness scaling score difference at 250 Hz between Self-test and
manual testing conditions for the three groups pooled together. Box and whiskers represent the median (square),
interquartile range (box), non-outlier range (whiskers) and outliers (dots) and extremes (asterisk) for each group. An
outlier is defined as any value that lies more than one and a half times the length of the box from either end of the box.
An extreme is defined as any value that lies more than 2 times the length of the box from either end of the box.
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Loudness scaling difference (Self-test - Manual)
1000 Hz Pooled data
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Figure 2: Box and whisker plot of the within-subject loudness scaling score difference at 250 Hz between Self-test and
manual testing conditions for the three groups pooled together.

Loudness scaling difference (Self-test - manual)
4000 Hz pooled data

Score difference

30 35 40 45 50 55 60 65 70 75 80 85
Intensity [dB HL]

Figure 3: Box and whisker plot of the within-subject loudness scaling score difference at 250 Hz between Self-test and
manual testing conditions for the three groups pooled together.
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Discussion

Across all study groups and frequencies, most median within-subject differences are zero and all the
median values lie between -0.5 and 0.5. All confidence intervals of the mean and median lie well
within the clinical equivalency margin of [1, 1] and most of them lie within the test resolution margin
of [-0.5, 0.5]. Furthermore, most Wilcoxon p values denote that there is no difference detectable
between Self-test results and manual testing results. From the cases where the Wilcoxon test implies
a significant difference after the FDR correction, the confidence intervals still lie within the clinical
limit of [-1, 1].

Conclusion

Loudness scaling on Self-test mode was compared against the manual test procedure for subjects
with a Cl, normal hearing subjects and hearing loss subjects. It can be concluded that the Self-test
mode is clinically equivalent to the manual mode of the Audiqueen Loudness scaling test.
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