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® Problem statement and motivation
® Background studies related to current research
® Proposed experiments to investigate the problem

® Preliminary results
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® Prior experiments showed that a few sounds were erroful for |

each HI ear with or without frequency dependent insertion gain
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Examples of perceptual cues

® Primary cue region (green)

® Conflicting cue region (red)
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Experiments to determine SNR,
= SNR,,

» SNR in which NH listeners on average can recognize the sound
at least 90% correct
» Is a useful summary of the perceptual response of NH ears to a particular token
» SNR,,, SNR¢,, and SNR,, predict one another with low error for almost all tokens
> If we shift P, [%] curves to align their SNR.,, we observe that within a range of
a few dB (i.e., +/-6 [dB]), the score drops around 50%
» Enforce consistency by removing outliers (tokens whose SNR., and SNR,, are not consist)

® Present the CV tokens to +30 NH listeners in a random fashion

» Start at high SNR (SNR > 20 dB)

» Two down, one up procedure
v If subject recognizes the CV correctly, play the CV at two SNR levels down
v If subject have error in the CV, play the CV at one SNR level up

» Continue until reaching three cycles within a same loop

» Plot the average score versus SNR, the SNR in which the plot passes 90% from
the right for first time, is the SNRy,

® The SNRy, of CV is the average SNR,, thresholds across all NH subjects
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SNRy,:
A Perceptual Measure for Understanding Speech in Noise

m Experiment [: Try to improve intelligibility for HI listeners by improving SNR,
» Experiment: improve SNRy, by choosing a different talker
» Changing the talker may change the score, depending to the SNRy, of CV [Toscano & Allen, 2014]
» NH listener should recognize the CV correctly at any SNR at least 6 [dB] above the SNRy, [Singh & Allen, 2012]

m Experiment 2: Change to a token with different vowel, but with the same SNR,,
» Changes the formant transitions [Ohman 1966, Delattre et. al., 1966, Sussman et. al., 1991]
» Changes the center frequency of burst spectrum [Winitz et. al., 1972]
» Changes the acoustic specrotemporal context of relevant cues [Lisker 1975]
» Changes the lexical context related to the CV [Ganong, 1980]

= We would like to control these effects by controlling over the SNRy,

10



SNRy,:
A Perceptual Measure for Understanding Speech in Noise

® Changing the token changes a lot of details of the waveform
m All tokens are pre-evaluated by SNRy,

® For NH listener, if CV, and CV, have similar SNR,

» primary consonant cue is about the same level in both CVs

m f HI have different P, for these two CVs
» must be caused by something other than the level of primary cue
v’ Co-articulatory cues [Lisker 1975, Ohman 1966]
v’ Spectrotemporal context [Stevens 1987]
v’ Lexical neighborhood density [Ganong 1980]

= By controlling over SNR,,, we rule out the primary cue level as cause of perceptual deficiency
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Usage of SNRy,in Experiment I: Talker Change

® For NH listeners, if we amplify the primary cue of the erroful CV to the levels ~ 6 [dB] above CV’s
SNR,,, the error should drop to ~ 0 [Kapoor & Allen, 2012]

> Also, if we replace the CV by the same CV but with different talker with more clear voice (more salient CV),
that has SNR,, well above previous CV, the error will drop to ~ 0 [Toscano & Allen, 2014]

= We would like to investigate this fact on HI listeners (experiment I)

» Hypothesis: In HI phone recognition, if we replace the CV by the same CV but with different talker with more
clear voice (more salient CV), that has SNR,, well above previous CV, the error should drop

v" Replace CV, by CV, (same consonant and vowel) where SNR90, = SNR90, + 6 [dB]
v" This will constitute a change in the intensity of the primary cue region

® Check the impact of this change on error, entropy, confusion pattern of the HI CV recognition
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Example of cue change in Experiment I

m Replace /pa/ with more salient /pa/

Al-gram of m112pa at 0 dB SNR
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Usage of SNRy,in Experiment II: Vowel Change

®m NH CV recognition is affected by changing the vowel as a result of:
» Formant transitions [Ohman 1966, Delattre et. al., 1966, Sussman et. al., 1991]
» Displace of center frequency of burst spectrum [Winitz et. al., 1972]
» Acoustic specrotemporal context variations of relevant cues [Lisker 1975]
» Changes the lexical context related to the CV [Ganong, 1980]

= We would like to investigate whether these effect play role in HI phone recognition??

» For this matter, we replace CV, by CV, with same consonant but with different vowel
» CV, and CV, should have similar SNRy, (|JASNRy,|< 3 dB)

» This will constitute a change in the spectrotemporal features of the consonant

® Check the impact of this change on error, entropy, confusion pattern of the HI CV recognition
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Designed Software for Adaptive Testing
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ECE Department, UIUC, 2017 ali
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STIMULUS

Designed Software for Adaptive Testing

® Confusing sounds pattern to induce more error
» Derived from previous phone recognition experiments
» Each consonant has up to 3 confusing consonants

» Uniform transition probability for outgoing paths

TABLE ITL Confusion matrix for S/N=—6 db and frequency response of 200~6500 cps.
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Designed Software for Adaptlve Testing

© © ©

® Transition probabilities between lists

» To increase randomness, we use consonants
from different confusion groups as seeds

» When there is enough diversity of consonants
(9+ different consonants), we use CVs within lists
as seeds




Confusion Matrix data Analysis -
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Preliminary Results

® Pure tone thresholds of 4 HI listeners
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Preliminary Results: Experiment I

® Experiment I: change the talker (intensity of primary cue)

» Improving SNR, caused HI listeners to have fewer errors
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Number of tokens

Preliminary Results: Experiment I

® [mprovement vs degradation in error for talker change
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Preliminary Results: Experiment II

®m Experiment II: change the vowel (manipulate frequency of primary cue)

» Average error for various vowels:
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Preliminary Results: Experiment II

® Summary of vowel change improvement vs degradations for different vowels

Changed vowel Improvement [%] Degradation [%]

/a/ 75 14
/ae/ 71 16
/1/ 63 24
/€/ 72 18

24



Preliminary Results: Experiment II

® [mprovement vs degradation in error for vowel change

Vowel /a/ — /@/ for subjects Vowel /a/ — /@/ for consonants
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Preliminary Results: Experiment II

® [mprovement vs degradation in error for vowel change

» Vowel /ae/ changes
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Preliminary Results: Experiment II

® [mprovement vs degradation in error for vowel change

Vowel /l/ — /a/ for subjects

» Vowel /I/ changes
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Preliminary Results: Experiment II

® [mprovement vs degradation in error for vowel change

» Vowel /¢/ changes
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Examples of entropy vs P, curves
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HI Consonant Recognition Predication by SNRy,

® HI confusion pattern are similar to NH [Trevino & Allen, 2013]

m SNRy,: a perceptual measure of hearing speech on noise, derived from NH data

m SNRy, can predict error for HI speech perception
» Tokens presented in noise levels well above SNR,,, should be recognized by NH and HI
» This is not always the case for HI
v" Higher noise can mask conflicting cues
v Reducing noise in these cases may increase the error
v Some HI ears do not respond to talker change as expected
v' Should investigate the conflicting cues
v If vowel change (with similar SNR,,) increases the error for HI ear

v" Should investigate the particular changes on formant transitions, spectrotemporal context of CV, etc
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Examples of complicated confusion patterns
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Conclusions
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