Acoustical
Society of
America
2018
#3aPP3

Phoneme categorization with simulated variable cochlear implant insertion depths
Michael L. Smith

UNI\ ERSITY «
WASHI N(JTON

isten Lab
INTRODUCTION

Matthew B. Winn

Speech-Language-Hearing Sciences
University of Minnesota

Speech & Hearing Sciences
University of Washington

METHODS

RESULTS

f \( )
Cochlear implants (CIs) have shallow electrode insertion depth | | Participants: 15 normal hearing listeners (ages 20-47) /Ja/-/sa/ bias due to spectral shifting /ba/-/da/ bias due to vocoding
Shallow insertion depth of Stimuli: Two phonetic continua and fillers o — oo SE Listeners | s | Categorical
the implant causes an . : o Number maintained two bias was seen
. * /ba-da/: 8-step continuum of formant transitions _ -8/ B g5 distinct phonetic ~ _ L
d 1 shift 5 r—— €075 . B 75l with signal
upward spectral shi T Dl EO0E) NG =7 g categories until ' degradation
(Rosen et al., 1999; Svirsky et al., 2004) 2 % -5 g 0.50 the 4mm £ 050l (arrows) while
Spectral shifting results in /Ja-sa/: 7-step continuum of spectral peaks £ x -3 5. tcfl’ndmon where g categorization
. 1000 = 2 & YT ° 4 :
e difficulty with phoneme (gradual blending of /fa/ and /sa/) | T increase in fs/ 3 broke down i
. . 0.00 3 1 e
((;agzesﬁ:r)lfolnziglf)or&F 2010) /ra/&/la/tokensaddedforvariability F1a!o o1 ez oas }23456’; }’23456’; }234567 *}f234562 4}234567' responses (bias) 000123456?8 15345675 13345675 15345678 13345675 condition
u , > L1 u, . . ime (seconds| g ! s s bl 'df bl fdl 1o/ idf bl fdl 1o/ fd/
\ y (Winn & Litovsky, 2015) ime (eecors) Spectral Tilt Step

Formant Step

As spectral shifting increased there was a bias in perception towards /s/ (arrows) Bias towards /d/ due to vocoding; no systematic effect of spectral shifting

. . . P : 6-al ive fi hoice fi h
( Consonants that differ by place of articulation ) rocedure: 6-alternative forced choice for each sound

should be affected by a Spectral Shift

Individual Differences: Listeners

/fa/-/sa/ Continuum

Conditions: Normal, vocoded with 0, 2, 4, 6mm shift N267 == N273

/ba/-/da/ Continuum

. . ) ) . . e o | o v | A i Listeper could not
Changes in Trials: 9 trials per continuum step in each condition " Both listeners ) \/—[\/ ;;Le:}tlgllstﬁltf(t)the
Pl f Articulation 3 e er eve . £°" maintair.ledtwodi‘stinct ;0?5- .

ace ot Articulatio E Word Intelligibility: 50 CNC words/condition — — 2 ool phonemic categories as - £ comsomant reliably
(POA) result in E_ g indicated by the upper g T Y
o e 5 0251 and lower asymptote of 2 025 Listener
Ehanges to the < VOCOder and SpeCtI‘al Shlftlng o the response function - to the
I‘equel’lcyspectl‘um | With a ard iééx’-éé?12315671234$571231ae7 123155?81234.}67812345678123455?8 spectral shift and
© ! _ shift lsn eli,lg.vyﬂl;mg Vocoder: Shifting: stimuli were spectrally ! o Spectl Ti Step ! o Formant Sep o maintained two
2 I b 0 = shifted in varying amounts of cochlear space Differences of Calibration: Bimodal distribution of responses categories
2 I perceived as /s/* 16 spectral channels between 100Hz - 8000Hz : )
. = . Ty - (using the Greenwood (1990) function) to /fa/-/sa/ Continuum /ba/-/da/ Continuum )
Example. [/ and = «  Envelope LPF at 600Hz simulate shallow implant insertion depths. ) p——— - 1ol —e—-— . . -/ Listeners
od Iy ' vV > p [I—— . X | = Responses | . showed greater
/s/ are categorize » - 7 | Res e
. P ors 5. .. X indicate some . variability of
dlfferenﬂy due to = 9D Or does the /d/ fs/ mm o 2 | listeners could g response range
hei 1 v el perceptual a - shifting £ s . ’ to £ . . . | inthestop
their spectra S 3 : ) é’ N * the spectral H ’ . . contrast and a
differences 5 T boundary shift g B hift and oth ; : : i1 | bimodal
. o] pu— &0 sSnirt and others L4 . .
§ along with the £ Mww 4 /\MMMMII 0 could not . - ) ‘ y distribution of
‘ 2 = A — (S 0.00 L. :' - i
\ Frequency Spectrums ) g“ W AL | Uncalibrated | | \ | responses in the
Spectrum ’-\ Spef?;rl;m o o Co)nléL;:cn o o e Co)nmon o Unh(:::iibrated
r 3 A ° Mo~ ot/ | o
Questions ) — 0 is similar to CONCLUSIONS
1 shifti £, . 1) Phoneme categorization was affected by spectral shifting with listeners showing a bias in categorization
1) How does spectra Sl tlng attect from /b/ towards /d/ and from /[/ toward /s/. This bias manifested differently among the two contrasts:
phoneme categoriz ation? ) '—-/'\'-’VW\WI w /f/ - /s/was systematically affected by greater amounts of spectral shifting resulting in larger bias
T — 4 /b/-/d/was affected by signal degradation regardless of the spectral shift
77 70 . p
Will listeners be blased.to hear consorfants that naturally E W W 2) Some individuals recalibrated to maintained two phonetic categories after shifting;
have higher frequencies? g W W while others perceived everything as roughly the same sound.
(e.g. /s/ rather than /{/, /d/rather than /b/) B PPN P A e i 3) CI listeners struggle to perceive place of articulation, which may be partially explained by spectral shifting.
Freq uency (Iog-Scale('J HZ) 1 go.sellz, Si\,/let ';11.1(1(999). ;&iaptattion by né)'ltmal li;telzetr.s totupwarc}:1 iPegtral 'Sh]iﬁs c1>ff speech: Implic’jionsofor cichlear irlnpl'amtsA JASA
. . . 2 Svirsky, M, et al. (2004). Long-term auditory adaptation to a modified peripheral frequency map. Acta Ooto-Laryngologica
2) Can listeners recalibrate to spectral shifts? cnc  Condition Normal  omm  zmm  4mm  6mm 2 R0, Somn, . o) Recopinof sy g s ey i ol vt s bt 4454 dscari " 1 -
. . J ’im.q’, . ’, ' i-ovs ,‘ .'Y. (2015). Using speech sounds to test functional spec .ra resolution in listeners with cochlear implants. Own Oa
Wlll some llSteners recallbrate b etter than OtherS? Group % Correct 100 94 91 67 21 g ‘évreenul}:{)(?d, %.LDt. (191;};)1.{AY00(ch1e§)r fLrquugenfz)y-pgsition(}u:wttiont g(lJlr s;verai sgecgeslfm}lfe;rs latelr. LtTASA th cochl plants. JASA
L ) Scores  gid. Error o 1 1 7 3 This work was funded by NTH-NIDCD Ro3DC014309 (Winn) Email:
k J Moira McShane and Ashley Moore assisted with data collection smithm59@uw.edu




