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There were no exclusion criteria for the amount of air-bone gap (ABG) present in
either group of subjects and ABG was calculated by subtracting each subject’s air-
conduction threshold from their bone-conduction threshold. The greatest ABG was 20
dB in an older adult subject’s right ear at 1,000 and 4,000 Hz; all other ABGs were 15 dB
or less. An independent samples t-test at each octave revealed no significant differences

between the mean ABG of older and young adults.

Table 5.
Average Pure Tone Audiometric Findings in Younger and Older Adults
Frequency (Hz)
Group Measure 250 500 1000 2000 4000 8000
Ol Air 1154 (7.59) 11.35(8.43) 11.15(6.37) 10.60 (7.40) 21.54(13.02) 29.62 (-21.12)

Bone 13.40 (9.65) 10.38(6.31) 8.46(8.81) 19.62(14.21)
ABG -240(8.43) 0.77(7.17) 1.73(7.61) 1.92(6.64)

Young  Air 6.46 (8.53) 4.38(8.12) 2.29(6.08) 0.83(8.16) 0.00(6.92) 4.58 (7.79)
Bone 3.75(8.88) 1.25(8.24) 1.25(10.96) 0.83(7.02)
ABG 0.63(7.27) 1.04(4.66) -0.42(6.41) -0.83(6.37)

Table 5. The group mean air conduction and bone conduction audiometric thresholds and air bone gaps for
both older and younger adults. Standard Deviation values are represented in parentheses.

Figure 9. Individual Air Conduction Thresholds in the Younger and Older Adults
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Figure 9 provides the individual hearing thresholds, obtained via air conduction, in young adults (plotted on
the left) and older adults (plotted on the right).
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Distortion Product Otoacoustic Emission Transmission

In order to determine how middle ear absorbance could influence the transmission
of otoacoustic emissions, we measured distortion product otoacoustic emissions signal to
noise ratio (DPOAE SNR) and DPOAE amplitude in each subject at 1,000, 2,000, and
4,000 Hz. Simple linear regressions were performed to determine the relationship
between wideband immittance measured in adults and the DPOAE magnitude at
corresponding frequencies, as well as determine the relationship between pure tone
hearing thresholds and DPOAE magnitude. Then multivariate regressions were
performed to determine the amount of variance explained by each predictor. All
wideband immittance data presented for 1,000, 2,000, and 4,000 Hz used for statistical

analysis correspond to the 2 portion of the DPOAE.

Distortion Product Otoacoustic Emission Signal to Noise Ratio Relationships:

The first dependent variable examined was the distortion product otoacoustic
emission signal to noise ratio (DPOAE SNR) measured at 1,000, 2,000, and 4,000 Hz.
Figures 10 and 11 show the relationship between DPOAE SNR and wideband immittance
(top panels) as well as pure tone thresholds and wideband immittance (bottom panels).
At 1,000 Hz, WBT (r=-0.327, p=0.010) and WBA (r=-0.269, p=0.030) measurements
were negatively correlated with DPOAE SNR, demonstrating that as absorbance
increased DPOAE SNR decreased. There was no significant correlation between hearing
threshold and DPOAE SNR at 1,000 Hz (r=-0.116, p=0.211). When the variance related

to hearing sensitivity is accounted for with a multivariate regression analysis, neither
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wideband immittance nor hearing sensitivity are predictive of DPOAE SNR at 1,000 Hz,
see Table 6 for all multiple regression values. For measures obtained at 2,000 Hz there
was no statistically significant relationship between WBT (r=-0.003, p=0.491) and WBA
(r=-0.006, p=0.484) measures with DPOAE SNR. On the other hand, a statistically
significant negative relationship was found for 2,000 Hz hearing sensitivity and DPOAE
SNR (r=-0.450, p<0.001). This relationship demonstrated that DPOAE SNR decreased
as hearing threshold increased. A multivariate regression analysis revealed that neither
WBT nor WBA contribute significantly to the variance of DPOAE SNR at 1,000 and
2,000 Hz, but pure tone threshold accounted for approximately 45-46% of the variance
when measured at 2,000 Hz (see Table 6 for detailed listing of correlation coefficients

and significance values).

Measures taken at 4,000 Hz resulted in significant findings across all variables.
Simple linear regression revealed a statistically significant positive correlation between
WBT (r=0.564, p<0.001) and WBA (r=-0.579, p<0.001) with DPOAE SNR, all
measured at 4,000 Hz. There was also a negative statistically significant correlation
between pure tone thresholds and DPOAE SNR at 4,000 Hz (r=-0.679, p<0.001).
Further examination utilizing multivariate regression revealed the predictors (WBT and
pure tone thresholds) significantly predicted DPOAE SNR. The results of the regression
indicated that these two predictors explained 74% of the variance in 4,000 Hz DPOAE
SNR (R%= 0.741, F(2,47)= 67.15, p<0.001). WBT significantly predicted 19% of the
variance in DPOAE SNR-(b=12.51, SE=3.75, t(47)=3.34, p=0.002, r?y(1.2=0.192). Pure
tone threshold uniquely predicted 62% of the variance in DPOAE SNR when WBT and

WBA were partialled out (b= -0.42, SE=0.05, t(47)=-8.75, p<0.001, r?21)=0.619).
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Multivariate regression also revealed the predictors (WBA and pure tone thresholds)
accounted for significant amount of variance (74%) in DPOAE SNR, R?= 0.747,
F(2,47)=69.225, p<0.001, R%4j=0.736. When the variance of pure tone thresholds were
partialled out, WBA had a unique effect on DPOAE SNR at 4,000 Hz, (b=13.50,

SE=3.825, t(47)=3.531, p=0.001, r%(12=0.210).

Table 6.
Standard Multiple Regression Analysis with DPOAE SNR
Dependent Unstandard. Stand. 5 5 5
Variable Coeff. Coeff. P Foea R R R Richsg
B SE Beta
1,000 Hz Model 2.90 0.33 0.11 0.07 0.11
(Constant) 23.97 4.24 - 5.66 <0.001 - - - - -
WBT -13.90 e6.16 -0.32 -2.26 0.03 - -0.31 0.10 - -
HT 049 010 -0.07 -0.52 0.61 - -0.06 0.00 - -
Model 1.97 0.28 0.08 0.04 0.08
(Constant) 20.48 3.37 - 6.07 <0.001 - - - - -
WBA 952 528 -026 -1.80 0.078 - 0.25 0.06 - -
HT 049 010 -0.07 -0.52 0.61 - 0.06 0.00 - -
2.,000Hz Model 20.13 0.68 0.46 0.44 0.46
(Constant) 28.79 4.90 - 5.88 <0.001 - - - - -
WBT -6.87 7.02 -0.11 -0.98 0.33 - -0.14 0.02 - -
HT -0.54 009 -0.69 -6.34 <=0.001 - -0.68 0.46%* - -
Model 1926 0.67 0.45 0.43 0.45
(Constant) 24.54 435 - 5.63 <0.001 - - - - -
WBA -0.686 6.36 -0.01 -0.11 0.92 - -0.02 0.00 - -
HT -0.53 009 -067 -6.21 =0.001 - -0.67 0.45%* - -
4,000 Hz Model 67.15 0.86 0.74 0.73 0.74
(Constant) 19.31 2.59 - 7.46  <0.001 - - - - -
WBT 12.51  3.75 0.27 3.34 .002 - 0.44 0.19* - -
HT 042 005 -0.71 -8.75 =001 - -0.79 0.62%* - -
Model 69.23 0.86 0.75 0.74 0.75
(Constant) 1822 276 6.61 <0.001 - - - - -
WBA 13.50 3.83 0.29 3.53 0.001 - 0.46 0.21% - -
HT 042 005 -0.71 -8.74 =0.001 - -0.79 (0.62%* - -

*p<0.03, #*p<0.001
Note. WBT=wideband absorbance measured at peak pressure; WBA= wideband absorbance measured at
ambient pressure; HT=audiometric hearing threshold



Figure 10. WBT and DPOAE SNR Relationships
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Figure 11. WBA and DPOAE SNR Relationships
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Figure 10 & 11. DPOAE SNR as a function of WAI (top row) and audiometric threshold (bottom row) for

three conditions of F2= 1,000, 2,000, and 4,000 Hz. Pearson correlation coefficients and p values are

provided. Correlation coefficient, obtained from multiple regression analysis, is provided for each predictor
when findings were significant (p<0.05).
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Distortion Product Otoacoustic Emission Amplitude Relationships:

The second dependent variable examined with simple and multiple regression
analysis were distortion product otoacoustic emission amplitude. Figures 9 and 10 show
the relationship between DPOAE amplitude and wideband absorbance (top panels) as
well as pure tone thresholds and wideband absorbance (bottom panels). Simple linear
regressions revealed no significant correlation between WBT (r=-0.17, p=0.12) and
WBA (r=-0.58, p=0.35) measurements with DPOAE amplitude measured at 1,000 Hz.
On the other hand, 1,000 Hz pure tone thresholds were significantly correlated with
DPOAE amplitude (r=-0.39, p=0.003). The predictors, WBA and pure tone thresholds
measured at 1,000 Hz predicted 15% of the variance in the DPOAE amplitude (r>=-0.151,
p=0.02). Pure tone thresholds uniquely accounted for nearly all of variance in the

DPOAE amplitude at 1,000 Hz.

DPOAE amplitude measured at 2,000 Hz revealed neither WBT nor WBA had a
significant relationship with DPOAE amplitude at the corresponding frequency(r=-0.06,
p=0.35). However, pure tone thresholds had a statistically significant relationship to
DPOAE amplitude at 2,000 Hz (r=-0.66, p<0.001). Both predictors (wideband
immittance measures and pure tone thresholds) accounted for 44% of the variance in the
dependent variable (R?= 0.44, F(2,47)= 18.08, p<0.001). However, multivariate
regression revealed that primarily hearing thresholds contributed significantly to the
variance in DPOAE amplitude (b= -0.54, SE=0.09, t(47)= -5.99, p<0.001, r?21)=0.43).
WBT and WBA did not serve as unique predictors for variance in DPOAE amplitude at

2,000 Hz (see table 7 for multiple regression values).
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significant difference between older and younger adult RF, on average the older adults
had lower resonant frequency and significantly larger ear canal volume. It is well known
that high resonant frequencies are generally seen with stiffening pathologies of the
middle ear, such as otosclerosis and low resonant frequencies are generally seen in
pathologies that increase the mass component of the middle ear (ME) system, such as
ossicular discontinuity (Shanks, Lilly, Margolis, Wiley, and Wilson, 1988). The lower
resonant frequency and larger ear canal volume seen in the older adult group is consistent
with the wideband immittance pattern we found. A larger ear canal volume and a less
stiff ME system would result in the WAI pattern we found in aging adults. Wideband
acoustic immittance (WAI) measures have the advantage of measuring the middle ear’s
transfer function across the frequency range most important for speech understanding,
across the range used for pure tone audiometric testing, and provide greater detail on the
effect of aging when compared to traditional 226 Hz tympanometry. The present study
hypothesized and demonstrated that middle ear aging would result in decreased
transmission of high frequency sounds and increased transmission of low frequency
sounds. The age effect observed with WAL is consistent with the aging WA\ literature
and supports the theory that the middle ear loses stiffness with advanced aging. In
addition to the age effect, factors such as ECV and sex should be considered when
interpreting changes in middle ear transmission with aging. Feeney and Sanford (2004)
demonstrated that older adults had significantly decreased reflectance (increased
absorbance) from 800-2000 Hz and increased reflectance (decreased absorbance) around
4000 Hz. The present study showed greater absorbance for older adults beginning in a

lower frequency range 226-500 Hz. Feeney and Sanford (2004) utilized different
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equipment and probe assembly which may have resulted in some variance between the
studies. The present study measured wideband absorbance (WBA) at peak pressure and
ambient pressure conditions with round silicone tips with an impedance system from a
different manufacturer. Measuring WBA at peak pressure allowed the tester to ensure an
air tight seal was obtained for each subject as the air pressure sweep would not be
initiated without a reasonable seal. In contrast, Feeney and Sanford (2004) utilized WBR
measurements at ambient pressure only with foam tips and determined appropriate probe
fit by ensuring WBR was less than 0.8 after 2 minutes of allowing the foam tip to fully
expand. While there are slight differences between the studies in the frequencies where
older and younger adults best absorbed energy, both studies demonstrated middle ear
transfer patterns that suggest the stiffness of the middle ear system decreases as age
progresses from young to older adults. Feeney and Sanford (2004) examined effects of
gender on WBR measures and did not examine the effect of ear canal volume on WBR
measures. They found no significant difference between male and female WBR within
the elderly adult group but there was a significant difference between males and females
when looking at young adults. The young females had decreased absorbance at 794-1000
Hz and increased absorbance at 5040 Hz. The present study examined the effect of both
sex and ear canal volume and both factors contribute significantly to the variance seen in
WAI measures with aging, this provides another important contrast and potential
variation in WAI measures observed in Feeney and Sanford (2004).

Another recent study conducted by Mazlan et al. (2015) also examined age effects
on WAI. This study measured WBA in the ambient condition in adults ages 20-82 years,

in addition this study examined gender effects. They found that older adults (65-82 yrs.)
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had significantly reduced mean absorbance from approximately 2,200-5,000 Hz and their
maximum peaks were at 1780 and 2830 Hz. This study utilized the same impedance
system as the present study which should reduce some variability between studies,
however Mazlan et al. found significant difference between older and younger adult
WBA at a greater number of frequencies in the high frequencies and minimal age effect
in the lower frequencies. The participants in Mazlan et al. were on average 12 years
older than the present study’s participants which may have resulted in a greater age effect
observed in that particular study. The Mazlan et al. study also examined gender effect and
found that women had decreased low frequency absorbance and increased high frequency
absorbance at 2,830 and 4,490 Hz, a finding similar to the present study where females
had increased absorbance from approximately 3,200-6,300 Hz. The current study had
more than double the number of females compared to males in both age groups and the
gender effect was greatest in the older adults with older males demonstrating decreased
absorbance in the higher frequencies.

Tympanometric peak pressure is another source of variability for the
measurement of WAIL. The TPP inclusion criteria for the present study was + 50 daPa.
Other related studies had inclusion criteria that were stricter (e.g. Feeney and Sanford
(2004), £10 daPa) and looser (e.g. Mazlan et al. (2015) +50 to -100 daPa). Feeney,
Sanford, and Putterman (2014) examined sources of variability in WBR measures and
found that individuals with significantly negative TPP (below -100 daPa) had increased
reflectance (decreased absorbance) at frequencies below 4,000 Hz and greater than 300-
400 Hz. Shaver and Sun (2013) took a closer look at how the magnitude of

experimentally induced negative TPP affects WBR measurements in adults. They
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demonstrated that middle ears with negative TPP had increased WBR (decreased
absorbance) for low to mid frequencies with the greatest change occurring between 1,000
and 1,500 Hz and decreased WBR (increased absorbance) for frequencies greater than
3,000 Hz with the greatest change observed between 3,500 and 4,500 Hz. Shaver and
Sun (2013) showed that even a small degree of negative ME pressure (-40 to -65 daPa)
can significantly alter the transmission of low frequency sounds (Shaver and Sun, 2013).
The greatest amount of negative TPP among the present study’s subjects was -32 daPa.
This small deviation from 0 daPa introduces minimal variation from negative TPP.
Considering that an increase in negative TPP increases the stiffness of a stiffness
controlled system, one may relate this knowledge to the expected absorbance pattern of
young versus older adults. The present study found that absorbance was decreased in the
low frequencies and increased in the higher frequencies in younger adults; this is a
similar pattern to what one would expect to see in ears with significant negative middle
ear pressure and in turn a stiffer middle ear system. This parallel with negative TPP and
increased stiffness further supports the hypothesis that the middle ear may lose stiffness
with aging of the middle ear system.

The primary focus of this research is on the aging of the middle ear, however it
was important to consider other variables that ultimately contributed to the findings. It
was observed that ear canal volume and sex played a significant role in the measurement
of WAI measures in older and younger adults. It appears that larger ear canal volume,
which was observed more frequently in older adults, has a significant impact on high
frequency middle ear absorbance. When all three factors of ECV, sex, and age were

examined, age and ECV each predicted approximately 4% of the variance in WBT
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measures, whereas sex predicted the greatest amount of variance (16%) in WBT measure.
Together sex, age, and ECV predicted 29% of the variance in WBT. In future studies the
researcher may want to consider the factors of sex and ECV as potential co-variable when
examining age effects of middle ear immittance measures. These factors may contribute

to the inconsistencies present in the literature about mechanical changes in the middle ear

during aging.

Relationship Between WAI and DPOAE Magnitude at 4,000 Hz

Further examination of how middle ear transfer can impact other audiometric
measures is another important area of research. The hypothesis that there would be a
relationship between wideband acoustic immittance and DPOAE magnitude, independent
of pure tone threshold sensitivity, was supported but found to be significant only at
f2=4,000 Hz. The present study showed that as WAI at f2=4,000 Hz increased, the
magnitude of the 4,000 Hz DPOAE increased, even when the variance from hearing
sensitivity was partialled out. The relationship between WAI measured at f1 and 2f1-f2
components of the 4,000 Hz DPOAE were briefly examined as additional independent
variables. The addition of WAI at f1 and 2f1-f2 within the multiple regression analysis
did not significantly increase the amount of explained variance (1.5-3%) and thus were
not reported. One may speculate that middle ear absorbance at 2, the stimulus
frequency, is a greater influence on the magnitude of the DPOAE and forward
transmission of acoustic energy may account for more variance than backward

transmission of the 2f1-f2.
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The present study’s findings are consistent with the Schairer et al. (2011) study
that examined the relationship between WBR measured in the ambient condition and
DPOAE’s in adults with normal hearing and normal tympanometric status. The
researchers found a significant correlation between WBR and DPOAE amplitude and
SNR at f2=4,000 Hz. The present study and Schairer et al. (2011) did not find a
significant relationship at f2=1,000 or 2,000 Hz. There are several possible reasons for
this finding. In 2007, Gorga et al. looked at non-linearity in the cochlea with DPOAE 1/O
functions at 500 and 4,000 Hz and found that there may be a greater dynamic range and
greater cochlear amplification provided at 4,000 Hz which is located at the base of the
cochlea compared to 500 Hz located at the apical end of the cochlea. If there is a
stronger response from the cochlea in the 4,000 Hz region due to cochlear non-linearity,
then this may potentially reflect a stronger response from the cochlea as a result of this
non-linearity rather than the magnitude of absorbance. A smaller dynamic range with the
lower frequency DPOAEs may prevent a measurable relationship between WAI and
DPOAE:s at lower frequencies. Another consideration is that ear canal acoustics can have
a dominant effect in adult DPOAE measurement for the f2 range of 3,000 to 4,000 Hz
and that forward transmission (the f1 and f2 component) is frequency dependent in adults
and can account for better sensitivity of DPOAESs vs TEOAE in identifying hearing loss
at 4,000 HZ (Keefe and Abdala 2007).

There is evidence that negative middle ear pressure can affect the amplitude of
DPOAE’s (Sun and Shaver, 2009). Measuring DPOAEs at peak pressure could
potentially demonstrate a stronger relationship between WAI and DPOAEs and achieve

significance at lower f2 measurement frequencies. The present study only measured
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DPOAE’s at ambient pressure. Measuring DPOAEs at peak pressure and examining the
relationship with WAI measures would be useful for determining optimal screening

methods and a potential area for future research.

Conclusions

Overall, the findings from the present study suggest that for older adults there is
decreased ME absorbance of higher frequency sounds and increased ME absorbance of
low frequency sounds compared to younger adults. WAI measures also better identify
ME aging effects when compared to traditional 226 Hz tympanometry. Finally, there is a
positive predictive relationship between wideband immittance measures and distortion
product otoacoustic emissions magnitude at 4,000 Hz. It is possible that a decrease in
middle ear’s absorbance of high frequency acoustic energy in older adults may contribute

to reduced DPOAE amplitude and in turn hearing sensitivity.
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Appendix A: Participant Questionnaire
Questions:

Month/Year of birth:

Age:

Gender:

1. Do you have any complaints of hearing loss?

If so, do you wear a hearing aid or cochlear implant?

If so, how long have you experienced hearing difficulty?

2. Do you have any medical history of ear infections?

If so, when and was it treated?

3. Have you ever or do you currently have pressure equalization tubes in either ear drum?

4. Do you have a medical history of any perforations or holes in your ear drums?

5. Do you have any history of significant trauma to the head and/ or ear?
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Subject Age Sex Ytm (ml) | TG (daPa) TPP (daPa) ECV (ml) | RF
4CO-R 65 F 0.39 158 6.5 1.57 843.5
4CO-L 65 F 0.41 146.5 -8 1.46 846.5
3DO-R 51 F 0.52 119.5 115 1.76 733.5
3DO-L 51 F 0.73 139 -17.5 2.03 739
8DO-R 58 F 0.76 74 -10.5 2.01 774
8DO-L 58 F 1.27 68.5 -5.5 2.20 689
4DO-L 61 F 0.40 109 -32 1.47 983.5
3CO-R 58 F 0.58 1175 -2.5 1.58 801
3CO-L 58 F 0.37 2395 -8 1.67 1085.5
6SO-R 65 F 1.11 86 -4.5 1.88 668
6SO-L 65 F 0.67 1315 -3 2.07 612.5
5HO-R 62 F 0.83 93 -4 1.64 757
5HO-L 62 F 0.64 105.5 -10.5 1.63 802
KDO-R 55 M 1.51 56 6 2.30 623.5
KDO-L 55 M 0.97 70.5 -5 243 762
KSO-R 56 F 0.69 67.5 -22.5 1.37 853.5
KSO-L 56 F 0.80 72 -21.5 1.37 811.5
6HO-R 58 F 0.63 268 -15 2.58 581
6HO-L 58 F 0.56 139.5 3 2.13 605.5
8CO-R 64 M 0.61 112.5 1 1.69 758.5
8CO-L 64 M 0.51 1315 115 1.83 668.5
JCO-R 60 M 1.10 101 -9 1.63 705
JCO-L 60 M 0.86 94 -22.5 1.77 675.5
ASO-R 71 M 0.48 117.5 -1.5 1.80 814
ASO-L 71 M 0.61 123 -4 2.03 832
4HO-R 51 F 0.87 98 -15 2.38 833.5
AHY-R 24 F 0.63 84.5 0.5 1.80 892
AHY-L 24 F 0.55 85.5 -4.5 1.69 987.5
9DY-R 23 F 0.63 107 -8.5 1.70 817.5
IDY-L 23 F 0.75 109 -13.5 1.77 818.5
QHY-R 23 F 0.25 109.5 -13.5 1.33 981
QHY-L 23 F 0.21 119.5 -11 1.33 907.5
10SY-R 22 M 0.49 107.5 -8.5 2.03 799
10SY-L 22 M 0.48 115 -3 1.90 822.5
QCY-R 25 F 0.85 80.5 -10 1.39 789.5
QCY-L 25 F 0.69 76 -1.5 1.43 847
7CY-L 24 F 0.58 92 -8.5 1.97 908
KHY-R 23 F 0.67 97 -75 1.87 859
KHY-L 23 F 0.69 97.5 -3.5 1.64 834.5
10CY-R 22 F 0.46 115.5 -25 1.40 974.5
10CY-L 22 F 0.45 101.5 -25.5 1.44 904
ADY-R 23 F 0.45 109 -5 1.37 1078.5
ADY-L 23 F 0.39 109.5 -3 1.38 1102
7SY-R 25 M 2.01 75.5 -24 1.90 418.5
7SY-L 25 M 1.38 82.5 -13 1.74 486
QDY-R 25 M 0.37 143 6 1.38 812.5
QDY-L 25 M 0.27 114.5 3.5 1.48 723.5
6DY-R 22 F 0.32 135.5 -9 1.21 649
6DY-L 22 F 0.33 121.5 -24 1.21 737.5
9CY-R 22 F 0.56 123 -9.5 1.45 744
9CY-L 22 F 0.97 95 16.5 1.49 605
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Appendix C: Wideband Absorbance at Peak Pressure (226-1260 Hz)

Subject 226 297.3 385.55 500 629.96 793.7 1000 1259.92
4CO-R 0.140 0.157 0.201 0.265 0.380 0.484 0.617 0.733
4CO-L 0.149 0.169 0.210 0.264 0.381 0.494 0.639 0.737
3DO-R 0.234 0.259 0.307 0.354 0.446 0.549 0.652 0.655
3DO-L 0.263 0.294 0.353 0.426 0.542 0.639 0.727 0.702
8DO-R 0.289 0.304 0.353 0.424 0.546 0.657 0.736 0.735
8DO-L 0.347 0.378 0.453 0.550 0.682 0.787 0.830 0.791
4DO-L 0.127 0.140 0.177 0.210 0.282 0.368 0.532 0.634
3CO-R 0.180 0.207 0.267 0.339 0.459 0.642 0.791 0.807
3CO-L 0.156 0.178 0.218 0.253 0.339 0.419 0.592 0.747
6S0-R 0.302 0.336 0.397 0.498 0.635 0.720 0.804 0.818
6S0-L 0.253 0.269 0.313 0.399 0.527 0.594 0.643 0.656
5HO-R 0.207 0.232 0.292 0.379 0.534 0.726 0.844 0.707
5HO-L 0.212 0.236 0.285 0.353 0.483 0.605 0.702 0.704
KDO-R 0.312 0.354 0.447 0.541 0.713 0.836 0.864 0.749
KDO-L 0.275 0.302 0.360 0.436 0.560 0.656 0.719 0.736
KSO-R 0.156 0.176 0.219 0.276 0.404 0.564 0.757 0.811
KSO-L 0.184 0.217 0.289 0.357 0.453 0.609 0.727 0.742
6HO-R 0.334 0.359 0.416 0.471 0.574 0.614 0.639 0.633
6HO-L 0.304 0.322 0.366 0.420 0.536 0.600 0.638 0.629
8CO-R 0.222 0.242 0.282 0.387 0.539 0.725 0.834 0.815
8CO-L 0.235 0.284 0.321 0.445 0.541 0.642 0.749 0.776
JCO-R 0.265 0.319 0.366 0.478 0.621 0.789 0.841 0.873
JCO-L 0.296 0.347 0.407 0.552 0.667 0.826 0.916 0.886
ASO-R 0.166 0.185 0.232 0.299 0.411 0.509 0.647 0.615
ASO-L 0.181 0.205 0.252 0.311 0.442 0.594 0.786 0.652
4HO-R 0.290 0.315 0.365 0.423 0.528 0.640 0.802 0.845
AHY-R 0.177 0.198 0.250 0.317 0.427 0.534 0.670 0.698
AHY-L 0.155 0.173 0.215 0.264 0.367 0.480 0.639 0.740
9DY-R 0.202 0.227 0.280 0.343 0.454 0.545 0.631 0.669
9DY-L 0.236 0.263 0.324 0.397 0.515 0.609 0.714 0.789
QHY-R 0.109 0.123 0.153 0.185 0.248 0.299 0.397 0.497
QHY-L 0.099 0.111 0.139 0.171 0.233 0.286 0.382 0.452
10SY-R 0.181 0.202 0.252 0.319 0.424 0.510 0.595 0.615
10SY-L 0.185 0.205 0.249 0.299 0.410 0.520 0.612 0.639
QCY-R 0.200 0.222 0.273 0.359 0.527 0.683 0.786 0.820
QCY-L 0.173 0.195 0.244 0.322 0.472 0.572 0.735 0.785
7CY-L 0.182 0.199 0.242 0.305 0.427 0.524 0.628 0.700
KHY-R 0.198 0.220 0.266 0.319 0.441 0.579 0.739 0.727
KHY-L 0.172 0.195 0.241 0.298 0.412 0.550 0.661 0.728
10CY-R 0.143 0.154 0.197 0.248 0.352 0.438 0.562 0.664
10CY-L 0.161 0.179 0.222 0.275 0.377 0.462 0.572 0.664
ADY-R 0.113 0.123 0.149 0.186 0.275 0.377 0.557 0.660
ADY-L 0.110 0.119 0.146 0.185 0.246 0.322 0.501 0.584
7SY-R 0.371 0.444 0.538 0.714 0.793 0.827 0.814 0.801
7SY-L 0.298 0.348 0.392 0.592 0.789 0.846 0.847 0.791
QDY-R 0.124 0.155 0.146 0.221 0.317 0.503 0.623 0.633
QDY-L 0.134 0.160 0.161 0.240 0.314 0.452 0.663 0.691
6DY-R 0.144 0.174 0.194 0.305 0.424 0.546 0.631 0.731
6DY-L 0.164 0.176 0.183 0.285 0.377 0.488 0.561 0.639
9CY-R 0.173 0.212 0.235 0.336 0.439 0.623 0.706 0.648
9CY-L 0.215 0.259 0.314 0.486 0.686 0.857 0.864 0.776




Appendix D: Wideband Absorbance at Peak Pressure (1587-8000 Hz)
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Subject 1587.4 2000 2519.84 | 31748 4000 5039.68 | 6349.6 8000
4CO-R 0.767 0.796 0.737 0.767 0.806 0.515 0.257 0.251
4CO-L 0.767 0.751 0.740 0.798 0.824 0.575 0.280 0.233
3DO-R 0.628 0.636 0.641 0.600 0.564 0.622 0.594 0.484
3DO-L 0.636 0.551 0.535 0.588 0.494 0.530 0.483 0.370
8DO-R 0.670 0.585 0.649 0.560 0.353 0.333 0.449 0.552
8DO-L 0.773 0.715 0.608 0.466 0.315 0.347 0.494 0.567
4DO-L 0.635 0.780 0.752 0.725 0.591 0.524 0.480 0.259
3CO-R 0.831 0.827 0.932 0.940 0.702 0.442 0.195 0.164
3CO-L 0.855 0.845 0.651 0.625 0.808 0.592 0.259 0.202
6S0-R 0.790 0.715 0.724 0.817 0.755 0.646 0.558 0.561
6S0-L 0.611 0.653 0.743 0.802 0.735 0.667 0.587 0.559
5HO-R 0.569 0.514 0.662 0.640 0.502 0.532 0.596 0.432
5HO-L 0.615 0.564 0.587 0.723 0.663 0.604 0.625 0.499
KDO-R | 0.699 0.613 0.745 0.823 0.573 0.527 0.366 0.220
KDO-L | 0.794 0.705 0.590 0.547 0.461 0.564 0.403 0.243
KSO-R 0.751 0.626 0.624 0.804 0.829 0.684 0.476 0.207
KSO-L 0.735 0.701 0.729 0.861 0.885 0.703 0.448 0.161
6HO-R 0.585 0.491 0.420 0.384 0.297 0.379 0.452 0.435
6HO-L 0.562 0.487 0.462 0.449 0.358 0.404 0.461 0.362
8CO-R 0.771 0.683 0.619 0.458 0.302 0.234 0.289 0.305
8CO-L 0.791 0.681 0.653 0.672 0.494 0.326 0.280 0.142
JCO-R 0.885 0.894 0.867 0.707 0.262 0.203 0.258 0.134
JCO-L 0.919 0.928 0.852 0.481 0.125 0.043 0.086 0.116
ASO-R 0.564 0.683 0.582 0.499 0.399 0.447 0.436 0.216
ASO-L 0.729 0.627 0.623 0.526 0.387 0.448 0.424 0.273
4HO-R 0.764 0.685 0.464 0.491 0.545 0.494 0.565 0.595
AHY-R | 0.694 0.697 0.665 0.735 0.633 0.704 0.566 0.305
AHY-L | 0.697 0.714 0.706 0.710 0.668 0.810 0.710 0.454
9DY-R 0.707 0.674 0.592 0.672 0.703 0.646 0.476 0.304
9DY-L 0.794 0.716 0.706 0.676 0.735 0.641 0.408 0.245
QHY-R | 0.555 0.533 0.576 0.555 0.530 0.516 0.466 0.249
QHY-L | 0.484 0.466 0.570 0.585 0.539 0.525 0.492 0.260
10SY-R | 0.645 0.593 0.611 0.584 0.537 0.556 0.471 0.389
10SY-L | 0.703 0.724 0.696 0.751 0.795 0.682 0.400 0.337
QCY-R | 0.704 0.634 0.695 0.737 0.751 0.659 0.380 0.113
QCY-L 0.744 0.719 0.733 0.824 0.807 0.595 0.334 0.093
7CY-L 0.665 0.581 0.692 0.625 0.504 0.457 0.369 0.250
KHY-R | 0.738 0.692 0.668 0.670 0.713 0.637 0.594 0.528
KHY-L | 0.757 0.769 0.680 0.776 0.865 0.747 0.551 0.318
10CY-R | 0.754 0.750 0.802 0.749 0.792 0.538 0.263 0.125
10CY-L | 0.663 0.767 0.758 0.707 0.785 0.599 0.375 0.256
ADY-R | 0.746 0.715 0.769 0.723 0.842 0.794 0.604 0.317
ADY-L |0.651 0.750 0.756 0.806 0.833 0.747 0.589 0.357
7SY-R 0.724 0.664 0.609 0.697 0.741 0.558 0.476 0.552
7SY-L 0.799 0.791 0.751 0.778 0.764 0.632 0.477 0.545
QDY-R | 0.651 0.539 0.495 0.447 0.294 0.415 0.461 0.177
QDY-L | 0.587 0.503 0.499 0.529 0.276 0.357 0.383 0.256
6DY-R 0.820 0.898 0.896 0.754 0.515 0.349 0.305 0.078
6DY-L 0.709 0.722 0.854 0.946 0.713 0.534 0.360 0.044
9CY-R 0.544 0.495 0.518 0.676 0.703 0.587 0.512 0.350
9CY-L 0.753 0.716 0.606 0.579 0.472 0.385 0.267 0.126
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Appendix E: Wideband Absorbance at Ambient Pressure (226-1260 Hz)

Subject | 226 297.3 385.55 500 629.96 793.7 1000 1259.92
4CO-R 0.097 0.139 0.178 0.246 0.352 0.408 0.490 0.552
4CO-L 0.104 0.147 0.176 0.220 0.338 0.436 0.570 0.650
3DO-R 0.143 0.195 0.232 0.284 0.369 0.427 0.501 0.518
3DO-L 0.166 0.228 0.282 0.359 0.483 0.534 0.611 0.630
8DO-R 0.193 0.243 0.277 0.332 0.443 0.549 0.672 0.692
8DO-L 0.202 0.263 0.317 0.404 0.557 0.705 0.839 0.817
4DO-L 0.064 0.093 0.113 0.142 0.210 0.269 0.399 0.512
3CO-R 0.128 0.188 0.244 0.307 0.431 0.614 0.764 0.783
3CO-L 0.114 0.167 0.202 0.235 0.323 0.392 0.542 0.683
6S0-R 0.217 0.293 0.343 0.448 0.572 0.648 0.766 0.831
6S0-L 0.233 0.303 0.335 0.422 0.556 0.621 0.671 0.684
5HO-R 0.136 0.186 0.227 0.296 0.434 0.598 0.792 0.762
5HO-L 0.153 0.206 0.243 0.310 0.450 0.565 0.642 0.659
KDO-R | 0.216 0.280 0.335 0.438 0.623 0.759 0.857 0.728
KDO-L | 0.177 0.239 0.282 0.353 0.492 0.561 0.636 0.626
KSO-R 0.080 0.118 0.146 0.189 0.309 0.455 0.721 0.838
KSO-L 0.116 0.169 0.225 0.296 0.389 0.552 0.722 0.774
6HO-R 0.251 0.315 0.361 0.413 0.517 0.547 0.559 0.518
6HO-L 0.211 0.279 0.313 0.364 0.490 0.526 0.538 0.518
8CO-R 0.159 0.256 0.279 0.423 0.486 0.580 0.731 0.806
8CO-L 0.177 0.257 0.278 0.416 0.477 0.576 0.725 0.781
JCO-R 0.200 0.283 0.285 0.408 0.536 0.716 0.798 0.858
JCO-L 0.207 0.310 0.352 0.516 0.635 0.830 0.961 0.946
ASO-R 0.084 0.117 0.145 0.197 0.314 0.374 0.520 0.510
ASO-L 0.084 0.122 0.149 0.196 0.326 0.461 0.723 0.676
4HO-R 0.126 0.176 0.204 0.246 0.345 0.434 0.600 0.664
AHY-R | 0.128 0.180 0.219 0.281 0.405 0.554 0.741 0.715
AHY-L | 0.102 0.145 0.177 0.228 0.342 0.461 0.640 0.773
9DY-R 0.107 0.157 0.203 0.254 0.354 0.428 0.501 0.512
9DY-L 0.114 0.166 0.214 0.277 0.383 0.449 0.525 0.565
QHY-R | 0.065 0.094 0.111 0.137 0.202 0.242 0.330 0.403
QHY-L | 0.062 0.090 0.109 0.136 0.201 0.246 0.332 0.378
10SY-R | 0.181 0.202 0.252 0.319 0.424 0.510 0.595 0.615
10SY-L | 0.185 0.205 0.249 0.299 0.410 0.520 0.612 0.639
QCY-R ]0.129 0.176 0.215 0.296 0.458 0.615 0.758 0.850
QCY-L |0.115 0.161 0.197 0.265 0.409 0.507 0.660 0.696
7CY-L 0.121 0.166 0.199 0.266 0.400 0.487 0.577 0.633
KHY-R | 0.127 0.179 0.217 0.267 0.388 0.499 0.658 0.680
KHY-L | 0.108 0.152 0.191 0.249 0.367 0.503 0.655 0.770
10CY-R | 0.090 0.128 0.156 0.190 0.290 0.349 0.471 0.584
10CY-L | 0.074 0.106 0.129 0.164 0.252 0.320 0.409 0.520
ADY-R | 0.061 0.086 0.152 0.175 0.305 0.430 0.566 0.650
ADY-L | 0.054 0.078 0.145 0.163 0.254 0.357 0.505 0.595
7SY-R 0.193 0.294 0.307 0.489 0.727 0.816 0.798 0.843
7SY-L 0.207 0.298 0.305 0.500 0.777 0.855 0.768 0.759
QDY-R | 0.075 0.124 0.096 0.172 0.241 0.406 0.576 0.597
QDY-L | 0.063 0.106 0.076 0.141 0.200 0.335 0.565 0.757
6DY-R 0.097 0.153 0.153 0.265 0.367 0.461 0.498 0.561
6DY-L 0.111 0.146 0.132 0.207 0.270 0.373 0.436 0.523
9CY-R 0.119 0.186 0.188 0.291 0.382 0.581 0.674 0.605
9CY-L 0.157 0.239 0.257 0.410 0.604 0.847 0.875 0.761




Appendix F: Wideband Absorbance at Ambient Pressure (1587-8000 Hz)
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Subject | 1587.4 2000 2519.84 | 3174.8 4000 5039.68 | 6349.6 8000
4CO-R 0.680 0.762 0.792 0.823 0.808 0.589 0.261 0.234
4CO-L 0.769 0.755 0.746 0.843 0.887 0.686 0.324 0.219
3DO-R | 0.528 0.568 0.586 0.605 0.608 0.705 0.685 0.526
3DO-L 0.599 0.534 0.463 0.564 0.554 0.602 0.568 0.418
8DO-R | 0.662 0.546 0.604 0.606 0.417 0.378 0.492 0.555
8DO-L 0.764 0.649 0.619 0.514 0.338 0.390 0.490 0.521
4DO-L 0.551 0.755 0.834 0.821 0.664 0.554 0.468 0.196
3CO-R 0.856 0.908 0.970 0.846 0.485 0.266 0.117 0.159
3CO-L 0.766 0.892 0.739 0.670 0.832 0.536 0.216 0.214
6S0-R 0.792 0.751 0.744 0.864 0.811 0.651 0.535 0.561
6S0-L 0.641 0.642 0.730 0.799 0.770 0.675 0.611 0.604
5HO-R | 0.627 0.536 0.666 0.658 0.474 0.522 0.600 0.426
5HO-L 0.598 0.559 0.557 0.698 0.708 0.618 0.597 0.430
KDO-R | 0.649 0.580 0.697 0.726 0.549 0.558 0.359 0.205
KDO-L | 0.715 0.686 0.561 0.511 0.456 0.600 0.439 0.277
KSO-R | 0.727 0.616 0.618 0.792 0.890 0.755 0.495 0.178
KSO-L | 0.754 0.759 0.803 0.907 0.925 0.705 0.407 0.091
6HO-R | 0.511 0.463 0.378 0.382 0.363 0.425 0.483 0.381
6HO-L 0.481 0.467 0.455 0.494 0.472 0.481 0.468 0.259
8CO-R 0.830 0.878 0.837 0.733 0.542 0.349 0.306 0.146
8CO-L 0.820 0.673 0.638 0.698 0.551 0.350 0.314 0.105
JCO-R 0.877 0.904 0.914 0.753 0.241 0.163 0.223 0.118
JCO-L 0.967 0.825 0.738 0.393 0.121 0.019 0.052 0.100
ASO-R | 0471 0.623 0.578 0.530 0.451 0.446 0.475 0.192
ASO-L | 0.789 0.756 0.786 0.765 0.598 0.515 0.439 0.125
4HO-R | 0.660 0.702 0.492 0.499 0.692 0.548 0.561 0.531
AHY-R | 0.612 0.665 0.613 0.667 0.596 0.725 0.704 0.373
AHY-L | 0.707 0.719 0.637 0.690 0.694 0.827 0.740 0.396
9DY-R | 0.603 0.630 0.550 0.615 0.732 0.759 0.533 0.302
9DY-L 0.653 0.651 0.610 0.629 0.730 0.755 0.509 0.271
QHY-R | 0.520 0.532 0.571 0.569 0.542 0.520 0.506 0.269
QHY-L | 0.449 0.442 0.521 0.598 0.593 0.550 0.515 0.264
10SY-R | 0.645 0.593 0.611 0.584 0.537 0.556 0.471 0.389
10SY-L | 0.703 0.724 0.696 0.751 0.795 0.682 0.400 0.337
QCY-R | 0.657 0.580 0.672 0.724 0.761 0.736 0.452 0.129
QCY-L | 0.684 0.645 0.665 0.730 0.775 0.655 0.384 0.136
7CY-L 0.642 0.581 0.624 0.654 0.535 0.508 0.407 0.232
KHY-R | 0.716 0.702 0.639 0.669 0.757 0.757 0.648 0.503
KHY-L | 0.766 0.740 0.641 0.760 0.879 0.816 0.572 0.254
10CY-R | 0.748 0.873 0.966 0.877 0.803 0.513 0.212 0.000
10CY-L | 0.660 0.794 0.905 0.834 0.859 0.635 0.315 0.182
ADY-R | 0.720 0.847 0.739 0.882 0.917 0.786 0.466 0.344
ADY-L | 0.664 0.730 0.738 0.779 0.840 0.726 0.534 0.424
7SY-R 0.759 0.678 0.606 0.711 0.814 0.659 0.523 0.490
7SY-L 0.785 0.789 0.742 0.769 0.806 0.687 0.517 0.520
QDY-R | 0.719 0.588 0.569 0.591 0.368 0.405 0.400 0.125
QDY-L | 0.700 0.578 0.569 0.602 0.313 0.284 0.267 0.180
6DY-R | 0.651 0.730 0.784 0.762 0.502 0.468 0.426 0.130
6DY-L 0.616 0.590 0.704 0.916 0.770 0.693 0.500 0.075
9CY-R 0.482 0.442 0.473 0.623 0.672 0.633 0.560 0.371
9CY-L 0.677 0.585 0.609 0.680 0.568 0.474 0.353 0.147
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Appendix G: Air and Bone Conduction Thresholds

Air Conduction Audiometry Bone Conduction Audiometry
Subject 250 | 500 | 1000 | 2000 |4000 |8000 | 500 1000 2000 4000
4CO-R 15 25 15 20 35 20 20 15 15 30
4CO-L 20 25 20 25 35 35 25 20 25 40
3DO-R 15 15 15 5 10 15 30 15 -5 10
3DO-L 10 20 10 0 10 20 - 10 0 5
8DO-R 30 20 20 15 30 30 10 5 15 30
8DO-L 25 10 15 10 25 30 5 10 20 30
4DO-L 5 0 5 0 5 40 10 15 0 10
3CO-R 5 20 10 15 30 20 30 10 20 30
3CO-L 10 15 15 0 10 10 25 10 10 5
6SO-R 5 5 0 10 5 5 5 0 5 5
6SO-L 10 10 15 5 5 5 25 15 5 5
5HO-R 10 10 10 15 35 15 20 15 0 35
5HO-L 15 15 10 15 20 15 10 10 5 30
KDO-R 20 10 20 25 20 25 5 20 10 20
KDO-L 10 15 15 15 25 20 15 20 15 15
KSO-R 10 10 20 10 20 25 5 0 0 0
KSO-L 5 5 10 5 15 25 5 0 -5 10
6HO-R 10 10 10 5 10 10 15 0 0 15
6HO-L 10 10 10 10 10 10 0 10 5 0
8CO-R 0 0 0 5 50 15 10 10 10
8CO-L 0 0 5 5 20 50 20 10 20 20
JCO-R 5 0 0 10 30 70 0 10 10 25
JCO-L 5 0 5 10 40 75 0 10 10 40
ASO-R 15 10 10 20 55 80 10 5 20 50
ASO-L 10 5 5 15 35 50 5 5 15 35
4HO-R 25 30 20 0 20 20 25 20 -5 5
AHY-R 5 0 0 5 5 0 0 -10 -5 0
AHY-L 10 -5 0 0 5 -5 0 0 -10 5
9DY-R 0 -5 -5 -10 -5 10 -10 -10 -5 10
9DY-L -5 -10 | -10 -10 -10 10 -5 -10 -10 -10
QHY-R 5 5 0 0 -5 15 10 -5 0 -5
QHY-L 0 0 0 0 10 10 5 5 -10 5
10SY-R 5 10 5 10 5 15 -5 10 5 0
10SY-L 10 10 10 10 5 5 15 10 10 5
QCY-R 0 0 10 -10 -10 10 0 10 -10 -10
QCY-L 0 5 0 -10 -10 10 0 -5 -5 5
7CY-L 15 15 10 10 10 5 15 5 5 0
KHY-R 10 5 0 -5 0 0 0 0 0 -5
KHY-L 5 5 0 0 -5 0 5 0 5 5
10CY-L 5 0 0 -5 -5 -5 0 0 -10 0
ADY-R -5 0 0 0 5 5 10 0 0 5
ADY-L 0 -5 0 -5 0 0 10 10 -10 10
7SY-R 10 5 5 10 5 5 5 5 15 5
7SY-L 5 10 0 10 0 5 5 0 10 5
QDY-R 20 25 15 15 10 15 25 20 30 10
QDY-L 20 20 15 15 10 20 20 15 25 10
6DY-R -5 0 0 -5 -10 -5 0 -5 -5 -10
6DY-L 0 0 -5 -5 -5 0 0 -5 -5 -10
9CY-R 25 5 0 5 -5 -5 -10 -10 5 -10
9CY-L 20 10 5 -5 0 -10 -5 0 5 0




Appendix H: Air Bone Gap and Pure Tone Average
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Air-Bone Gap AC
Subject 500 1000 2000 4000 PTA
4CO-R 5 0 5 5 20.000
4CO-L 0 0 0 -5 23.333
3DO-R -15 0 10 0 11.667
3DO-L 0 0 0 5 10.000
8DO-R 10 15 0 0 18.333
8DO-L 5 5 -10 -5 11.667
4DO-L -10 -10 0 -5 1.667
3CO-R -10 0 -5 0 15.000
3CO-L -10 5 -10 5 10.000
6SO-R 0 0 5 0 5.000
6SO-L -15 0 0 0 10.000
5HO-R -10 -5 15 0 11.667
5HO-L 5 0 10 -10 13.333
KDO-R 5 0 15 0 18.333
KDO-L 0 -5 0 10 15.000
KSO-R 5 20 10 20 13.333
KSO-L 0 10 10 5 6.667
6HO-R -5 10 5 -5 8.333
6HO-L 10 0 5 10 10.000
8CO-R -15 -10 -10 -5 0.000
8CO-L -20 -5 -15 0 3.333
JCO-R 0 -10 0 5 3.333
JCO-L 0 -5 0 0 5.000
ASO-R 0 5 0 5 13.333
ASO-L 0 0 0 0 8.333
4HO-R 5 0 5 15 16.667
AHY-R 0 10 10 5 1.667
AHY-L -5 0 10 0 -1.667
9DY-R 5 5 -5 -15 -6.667
9DY-L -5 0 0 0 -10.000
QHY-R -5 5 0 0 1.667
QHY-L -5 -5 10 5 0.000
10SY-R 15 -5 5 5 8.333
10SY-L -5 0 0 0 10.000
QCY-R 0 0 0 0 0.000
QCY-L 5 5 -5 -15 -1.667
7CY-L 0 5 5 10 11.667
KHY-R 5 0 -5 5 0.000
KHY-L 0 0 -5 -10 1.667
10CY-L 0 0 5 -5 -1.667
ADY-R -10 0 0 0 0.000
ADY-L -15 -10 5 -10 -3.333
7SY-R 0 0 -5 0 6.667
7SY-L 5 0 0 -5 6.667
QDY-R 0 -5 -15 0 18.333
QDY-L 0 0 -10 0 16.667
6DY-R 0 5 0 0 -1.667
6DY-L 0 0 0 5 -3.333
9CY-R 15 10 0 5 3.333
9CY-L 15 5 -10 0 3.333




Appendix I: DPOAE Signal to Noise Ratio
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Subject dpsnr1000 dpsnr1500 dpsnr2000 dpsnr3000 dpsnr4000 dpsnr6000
4CO-R 9.7 17.8 21.4 24.6 14.6 8.6
4CO-L 11.7 13 16.2 14 10.8 0.8
3DO-R 11.2 16 14.3 16.3 21.6 19.9
3DO-L 12.4 21 17 15.9 15.8 12.4
8DO-R 19.8 17.6 12.8 15.7 16.8 11.3
8DO-L 13.7 22.5 12.9 16.4 13.7 3.6
4DO-L 18.4 19.8 20.7 21.6 30.6 10.9
3CO-R 3.9 -1.8 12.1 16 11 7.1
3CO-L 3.8 1 13.2 17.2 12.1 -1.6
6SO-R 8.6 10.6 20 22.1 29.3 18.6
6SO-L 11.8 19.8 21.2 25 25.1 19.7
5HO-R 15.8 11 10.5 15.3 18.2 4.9
5HO-L 15.3 134 14.4 12.6 19.9 19
KDO-R 18.6 115 2.7 11.1 8.6 10.2
KDO-L 11.8 11.7 17.3 18.7 14.9 5.5
KSO-R 15.8 26.4 28.3 26.2 23.7 21.9
KSO-L 14.7 22.5 21.1 26.1 24.1 15.5
6HO-R 20.1 18.2 22.8 19.3 20.9 14.7
6HO-L 21.7 22.1 25.1 20.8 24.7 16.3
8CO-R 18 28.7 32 25.7 20 3.3
8CO-L 12.7 174 15.7 24.8 14 13.6
JCO-R 6.3 9.1 14.3 16.6 12.6 -5.4
JCO-L 4 7.2 16.8 7.6 -6.8 1.2
ASO-R 10.8 11.2 14.2 -0.4 2.8 -4.9
ASO-L 9.5 18.9 15.9 8.3 13.4 7.2
4HO-R 10.8 24.8 21.3 15.3 12.5 19.8
AHY-R 17.7 29.3 27.9 24.4 29 25.7
AHY-L | 20.4 25.5 28.7 23.8 27.8 29.7
9DY-R 14.1 31.8 30.6 21 32.8 29.8
9DY-L 11.9 23 324 23.6 30.9 10.4
QHY-R | 17.9 30.1 29.5 27.6 24.6 34.5
QHY-L | 2238 27.2 28.9 28.6 27.9 31.7
10SY-R | 116 29.7 18.7 20.2 24.7 20.4
10SY-L | 23.8 28.8 29.1 21.6 28.3 24
QCY-R | 10.6 31.1 27.7 25.5 27.8 23.3
QCY-L | 20.9 32.7 30.8 33 35.3 11.4
7CY-L 13 23.6 22.4 15.2 28.5 34.5
KHY-R | 145 28.1 30.3 29.1 31.9 31.2
KHY-L | 22.7 31.8 315 28.2 32 38.2
10CY-L | 144 19.3 22.3 32.7 38.1 36.2
ADY-R | 221 30.8 31.6 28.1 33.6 35
ADY-L | 838 29.7 27.5 28 32.3 36
7SY-R 7.8 11.2 14 16.7 21.9 23.1
7SY-L 13.8 19 12.5 24 27.5 21.2
QDY-R 9.4 14.8 12.3 11.7 19.8 11.9
QDY-L 18.5 21.9 22.2 19.9 16.5 11.1
6DY-R 19.5 19.3 27.1 19.1 22.9 30.2
6DY-L 10.4 21.3 23.6 17.4 28.1 30.2
9CY-R 15.1 26.6 21.2 24.2 30.2 27.4
9CY-L 13 23 16 12.8 23.8 23.9




Appendix I: DPOAE Amplitude

61

Subject dplevel1000 | dplevel1500 | dplevel2000 | dplevel3000 | dplevel4000 | dplevel6000
4CO-R 0 4.5 4.4 4 -1.3 -16
4CO-L -0.8 2.3 -0.1 -4.9 -4.4 -22.7
3DO-R -0.2 7.2 0.8 -1.7 4.7 7.6
3DO-L 0.9 6 2.2 -4.7 -0.3 -2.3
8DO-R 10.3 8.7 5 1.6 1.6 -12.2
8DO-L 5.9 9.1 -5.7 -2.3 -3.4 -22.4
4DO-L 2.4 3.2 4.4 4.6 12.4 -7.7
3CO-R -7.2 -23 -5.9 -17.5 -6.5 -10.4
3CO-L -9.3 -18.1 -3.2 2.8 -1.6 -22.3
6SO-R -0.2 -6.1 -0.3 4.3 12.6 5.7
6SO-L -5.5 2.4 6.4 5.1 8.4 6.8
5HO-R 1.7 -2.1 -15.8 -11.1 0 -15.8
5HO-L 3 -4.5 -3.1 -7.8 2.2 5.4
KDO-R 5.2 -5.4 -22.3 -7.8 -8.7 -9.8
KDO-L 4.3 1.4 1.2 -2.1 -11.7 -16.1
KSO-R 2.6 11 13 5.4 7 8
KSO-L 3.2 7.6 1.9 7.8 7.8 2.2
6HO-R 10.9 9.3 4.8 1.8 4.2 3.3
6HO-L 8.4 8.7 7.7 11 7.6 3
8CO-R 10.2 17.7 14 5.3 2.3 -21.3
8CO-L 7.5 17 5.2 7 2 -17.7
JCO-R 2.9 9.6 9.3 0.6 -6.1 -17.7
JCO-L -0.1 11.1 2.8 1.6 -24.8 -3
ASO-R | -6 -0.1 -3 -24.4 -19.1 -22.9
ASO-L -1 8.4 1.2 -9.3 -7.5 -15.3
4HO-R -5 9.4 4.9 -2.8 -5.7 6.2
AHY-R 10 14.7 9.1 7.1 11.5 13.1
AHY-L 8.4 8.7 7.7 11 7.6 3
9DY-R 7 16.8 13.4 3.4 15.9 17.2
9DY-L 2.7 10.6 16.1 5.1 15.2 -3.2
QHY-R 5.7 13 11.6 8.5 8.5 20.6
QHY-L |95 13 12.5 8.9 10.4 18.8
10SY-R | 3.9 12.6 1.7 4.6 8.4 7.8
10SY-L 12.5 12.7 10.9 4.5 11.8 12.8
QCY-R -2.2 14.8 114 7.9 11.5 10
QCY-L 7.5 16.3 15.1 14.3 18.4 -1.9
7CY-L 6.1 10.3 3.1 4.6 154 15.3
KHY-R 7.3 14.1 10.9 11.1 15.2 17.6
KHY-L 9.7 16 13.3 9.7 16.3 24.9
10CY-L | 84 11.8 11 17.1 235 27.1
ADY-R 10.6 13.2 13.4 9.4 15.9 22.1
ADY-L 5.7 13.4 10.1 9.1 16.4 23.4
7SY-R 6.3 1.7 0.4 0 3.9 10.5
7SY-L 7 5 0.2 6.2 10.2 9.2
QDY-R 0.9 8.5 5.1 15 8.3 1.2
QDY-L 5.5 9.3 6.5 2.1 -1.2 -7.5
6DY-R 6.7 5.6 7.9 0.6 7.3 16.6
6DY-L 2.4 6.1 7.7 1.2 12 17.6
9CY-R 6.6 15.7 7.8 7.4 135 16
9CY-L 6 114 2.9 -4.5 6.1 11.9
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