Monaural and Binaural Categorical Loudness Scaling
In Electric Hearing

Er i Florian Wippel'2, Piotr Majdak’, and Bernhard Laback’

" Acoustics Research Institute, Austrian Academy of Sciences, Austria ?) Institute of General Physics, Vienna University of Technology, Austria

[ 1. General } Fig. 2 Adaptive loudness scaling procedure { 3. Binaural condition } Fig. 5: Binaural loudness functions
CIAP 2007 e e - ey ey 100 #5.b1 EIBL p5.b1EIBR 00 BLIEEL 7 HIERR i
S0 Electrode Left Electrode Left
* In this study efficient monaural and binaural adaptive procedures for * Perform the dynamic range estimation beginning at “Middle (louct €0 Electrode Right a0y Electrods Right

categorical loudness scaling in electric hearing were developed. The L e e loud” (derived from the monaural loudness function at each
procedure is based on the Oldenburg adaptive and constant stimuli ear)

procedures for acoustic hearing (Brand and Hohmann, 2002), which were
adapted to the requirements for cochlear implant listeners. For the

(middle loud) 70 TOF

Conference on
Implantable

* Perform the adaptive loudness scaling procedure calculating

{middle soft) 50} st

Loudness [cu]
Loudness [cu]

o] R R L - i>
: monaural procedure, the aim is to quickly measure the loudness growth as a - the levels for both ears separately
AUdltory function of the current level of the electric stimulus using a categorical 1o * Model the data for both ears using the modified power emer ) i
scale (ShOWﬂ on the left border). The binaural procedure relies on the T T—— 7EI|DC BﬁD[“A] IR TR LT R ET o0 &0 am mlno T R R R E I T ?DIDC BﬁtD[M] a0 1000 i 1z functions (see Flg 5)
Prostheses results from the monaural tests performed at both ears and takes the e e 7 o
binaural loudness summation into account. It was validated by binaural B o [63\0] B0 o fod 20 gggem[ y 00 50
loudness balancing experiments. 4 ) '
Gl‘anllbakken * Seven bilaterally implanted subjects were tested: L 2b Procedure' adaptlve IOUdneSS Scallng 4 General reSUItS p
» Two prelingually deafened subjects (age: 12 and 15 years) .
Con f erence > Five postlingually deafened subjects (ages from 28 to 59 years) * Perform a linear interpolation between “very soft” and “loud” (Fig. 2) * 90% of all adaptive runs converged within 45 stimuli (Fig. 6, left panel) 6. Conclusions
N
Cen ter > A'H sul?ject used MED-EL C40 or C40+ providing monopolar * Collect loudness responses for levels “soft”, “middle soft”, “middle loud”, * The data of all postlingually deafened subjects fit best to models with an . _ . _
L a ke Ta h oe C A stimulation and “loud” obtained from the interpolation exponent lower than 1.5 (Fig. 6, right panel) * irhedadap?"e blnaurﬁl 101111(111355 scahng Pf(l).ceduredresuged In more accurate
y i L . ) oudness functions than the constant stimuli procedure by:
* Unmodulated pulse trains were presented via direct stimulation at:  Perform a linear robust least-square fit to all available data * The data of the two prelingually deafened subjects fit best to models with an > . :
U S A : Presenting and collecting data over a larger range of levels
: : - > one ellectrode (monaural) . o * Repeat to collect enough data for modelling (here: 8 times) exponent higher than 1.5 » Providing more often binaurally loudness-balanced levels
> one bm?lurally fused (Eddington et al., 2003) electrode pair (binaural) * Loudness summation could be confirmed in the binaural data » Showing a smaller difference in loudness in cases where the levels
Paran.neters.. . _ 2 P d . d t d | . resulted in unbalanced loudness.
i Blll)hasm pulses with a phase duration 0f 26.7 ps (C40+) and 40 ps (C40) C. Frocedure. data moaeling This is in agreement with the results of Brand and Hohmann (2002).
; Pulse rate: 200 pps i .
Cal}r?gg ?gj)l A > Duration: 600 ms p function (St 1975) folg' 6: General results o s e b o7 * The presented procedure shows a high efficiency by converging very fast
' ower Iunction (Stevens, : after 11 trials T T T T and thus allows to estimate a loudness function within minutes of testing
90 after 45 trials ’
* The loudness scaling procedure (monaural and binaural) consists of: « Large errors near the threshold (Fig. 3) w0l S 3 ¥ x x However, as a disadvantage the adaptive procedure is more susceptible to
V I d |10 » Dynamic range estimation of 250 | instability.
. . 3 oot £ ' } ' Clx X
ery ou > A.déptl\’e loudness scaling Fig. 3: Data modeling: power function § ol Z'g 2 ~ Prelingual S * The results for the prelingually and postlingually deafened subjects showed
» Fitting the data to a model o - - olerEnL ! T 1 g - . —— a difference in a model parameter — the exponent was higher and lower than
o W 30( i ' Postlingual ~ »| | 1.5 for the prelingually and postlingually deafened subjects, respectively.
2 : } ' ; .
f‘ - : - 70 W T 10 0'5‘; B ¥ el wxl X i * Even though this study was not designed for a direct comparison of the
Loud 2a. Procedure: dynamlc range estimation . = T A mra w ar e’ RTRIRT T binaural and monaural conditions, the data reveal a binaural loudness
‘5 G § < Current [uA] Experiment No. summation effect.
Estimate the level required to stimulate “loud” (Fig. 1): 3 30 - a0 ] ] ]
. . . . : 2 2 Fig. 7: Binaural loudness balancing check
* Begin at 80% of the dynamic range given by the clinical fitting - ] 100 p2 p3 p4| p5,  pb °7 | ool P2 | p3 |pd p5 . pb_ | p7
Middle loud * Increase the level by 4% until response is equal or higher than “loud” ) urrent[iAé]O 3% U Ggfrren?ﬁ% | 600 1200 1400 9. Quallty check 90-2 | | { oo} {) |
‘ ‘ o 1 here the first is already “loud” “very loud” N . oy ! IS LU S TR '
dléci:::: tilve T;iel lfy llrss% r:;g?ﬁ:i (lzf)n%[i;?e zvitho‘ie ir?crreerz:Et very fou * Binaural loudness balancing tests were performed. Six subjects with 18 b 3 § a $ | S S N ? - $ L % : % @ {7
' Modified power function (Fig. 4): electrode pairs in total were tested. > ol u % ‘ $ ¥ é BN & ¥ v ¥ @
) s | 1 X T 9le ) ¢ : :
\_ Estimate the level near the threshold: . F([):“'(IP_I?HR)jLLTHR A Ly<F(0) .. L(I)>"Inaudible” * Comparison of the binaurally balanced levels and the corresponding levels g sop % ¢ 8 || it % S sof & S TS | S
M|dd|e SOft « Begin at 50% of the dynamic range » L S(15,,)=75% for a sigmoidal fit to data: 5(1)=[0 L(I)—"Iﬁzﬁd;blz‘ obtained with the adaptive procedure showed (see Fig. 7, left panel): wof R ¥ ¥ BT ™ S F % $ ¢
‘ | , , , > L, fit parameter, "Inaudible" <L, < "Very soft" > equal loudness in 77% of all cases oy ¢ e || L - ST S P A %
* Decrease the level by 14% until the stimulus is not heard - — v T L — 1~ 1. , :
> a,p: fit parameters with no restrictions » RMS loudness error: 4.0 cu; maximal error: 8 cu 2or Y ;?;tm | Adaptive | |1 | 2o i ;?ﬂht Constant stimuli
* Increase the level by 4% until the stimulus can be heard .. : : . T S e i i i S N LSS S5 L LA s e P Pl B
e  Good estimation of the loudness even at the threshold * Comparison of the binaural balanced levels and the corresponding levels 12345867 X;seri% 1011121314 15 16 17 18 12345678091011121314151617 18
SO ft resulting from the constant stimuli procedure showed (Fig. 7, right panel): : e
. . . . . . . g . » equal loudness in 61% of all cases
Fig. 1: Dynamic range estimation Fig. 4: Data modeling: modified power function 5 1 e , Fig. 8: Comparison between procedures
(pd a2EI5L) R 0769/ Modified: 0.7564 (p2.aBEML) R=0.8515/ Modified 0. 8786 (p6.a2EITR) R® 07851/ Modified 0 4993 RMS loudness c1ror. 76 cu, maleal cIror. 20 cu 13 51EER o7 a1EI5L
”e“":)‘u‘:;zz . 90 cu .l ol 5 . Cgmpgrison between the dgta obtained with the adaptive and constant 122 T x 122 s
— . 5 x X stimuli procedure showed (Fig. 8): § ngfg;itﬁ'\fﬂe““ x DataAdapive
Ve ry Soft o ouc 7ol 000 70 70t » asignificant difference (p=0.003) for “Middle loud” or louder stimuli | L Dete Constant Stmul . 7ol S o
' o 3 » no significant difference (p=0.25) for stimuli softer than “Middle loud” 2
- {middie soft) 501 o g 50t 50¢ % 50 5ol
I n a Ud I b I e é % X Measurment Data §
J E soft) 20 - a0t Modified function 30} I L
E e o o APat | B e S e Powear function References: 30 30
Q0 2Pat oy O THR + Stevens, S.S. (1975). Psychophysics, Introduction to its perceptual neural and social prospects (John
very softy 10} 00/ 10 I 10" O Lo 10 % Wiley, New York) 1ol i
0 CU finauitie) oo cu ‘ o , , , , 0 s s s s %33 MV s s * Brand, T. and Hohmann (2002). “An adaptive procedure for categorical loudness scaling,” J. Acoust.
400 600 800 1000 200 250 300 350 400 - 60? . 800 1000 200 400 - 60? . 500 1000 Soc._Am. 112, 1597-1604 . . 0 "3"EIJO o 5E|]0 6E|]0 "YEIJO 8[|]0 QEIJO o 55‘0" *K 3EIJO 4[‘]0 5E|]0
Current [j1A] urrent [LA] urrent (Al « Eddington, D. K. et al. (2003). “Speech processors for auditory prostheses: Fifth Quarterly Progress Current [uA] Current [wA]

Report,” Neural Prosthesis Program, National Institutes of Health

Corresp. Author: Piotr Majdak, Acoustics Research Institute, Austrian Academy of Sciences, Wohllebengasse 12-14, A-1040 Wien, Austria We thank the Cl listeners for their enthusiastic participation in this study.
The equipment for direct electrical stimulation was provided by MED-EL Corp.

E-Mail: piotr@majdak.com http//WWW kfs.oeaw.ac.at This research was supported by the Austrian Academy of Sciences




