
 
 
Participants: 
•  Thirteen prelingually-deafened, early implanted children with CIs 
•  Four postlingually-deafened adults with CIs  
•  Individuals with two cochlear implants performed the tests with each CI 

separately 
Demographics 
•  Children: 

•  Six females and seven males.  
•  Ages ranged between 11-17.5 years old (mean =14.2 years) 
•  Each child had experience with their implant for a range of 2-13.7 

years 
•  Adults 

•  Three females and one male   
•  Ages ranged from 40-77 years old (mean = 63 years) 
•  Each adult had experience with their implant for a range of 

1-11years. 
Tasks: 
•  Vowel Recognition consists of 10 vowels in /hVd/ context spoken by a 

native Pacific Northwest female speaker 
•  If the participant scored 80% or higher on vowel identification in quiet, they 

performed the task again in noise (multitalker babble with +10 signal to 
noise ratio)  

•  Speech Categorization: Here’s where you would talk about the 
methods for this test – stimuli were on a contimuum of two different 
cues… etc. Then this part will be after that. Participants will be shown a 
computer screen with the six sound options and instructed to click on 
whichever option the stimuli sounded most like to the listener. Though all of 
these sounds (/ba/, /da/, /sa/, /Sa/, /la/, /ra/) will be presented for variety, the 
crucial contrast is between /ba/ and /da/.1 
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•  A cochlear implant (CI) is a surgical prosthesis with internal and external 
components 1,2  that can restore auditory perception to individuals with severe 
to profound hearing loss who do not receive benefit from hearing aids 

•  CIs can help to improve speech perception abilities for these individuals 3 
•  However, there is significant variability in speech recognition performance 

among adults and children with Cis 4 

•   Current clinical tests of speech identification in quiet and in noise may not 
provide the full picture of CI users’ struggles in real-world environments 

•  Further, the validity of these current clinical tests may be impacted by various 
linguistic factors because users calibrate to their devices over time to 
reinterpret speech sounds 

•  As a result, there is a need for low-level auditory assessments that measure 
the abilities that underlie accurate speech recognition, rather than speech 
recognition ability itself 

•  In the current study, children and adults with CIs performed a vowel 
recognition task and a recently-developed test of functional spectral 
resolution, a speech categorization task 

•  This study examined whether or not performance on the speech 
categorization task predicted vowel identification scores  

•  If such a relationship exists, this test of spectral resolution could inform 
clinicians of speech and language perception abilities of individuals with CIs  

•  In addition, results from the vowel identification and the speech categorization 
task were compared between a group of children and group of adults with CIs 
to determine whether or not these two populations differ in their responses  
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Children with cochlear implants 

Adults with cochlear implants 

Figure 3: Use of formant (A, C) and tilt (B, D) cues in the speech categorization task plotted 
against vowel identification scores in quiet (A,B) and in noise (C,D) for children with CIs. 
Coefficient values (with greater values indicating better use of the cue) are on the x-axis and 
performance on vowel identification is on the y-axis. Each point represents a single tested CI. Circles 
represent the child’s first implanted ear and squares represent the child’s second implanted ear. The 
dotted lines connect ears of an individual. The solid line represents the line of best fit for total data.  

Pediatric CI Users Compared to Adult Users 
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Figure 1 5 Summary: This figure shows the 
formant frequencies of /ba/ and /da sounds, 
showing how at the onset of the syllable, 
the first and fourth-highest formants are the 
same, but the second and third are 
different. This demonstrates the continuum 
of sounds that span from /ba/ (pink) to /da/ 
black  

Figure 2 5 Summary: This figure summarizes the 
spectral tilt  of the sounds used for this test. The 
steepest tilt is light colored and most like /ba/. The 
shallowest tilt is black and most like /da/.  
 
 

•  Differences in performance on tests of vowel 
identification and speech categorization were observed 
when comparing children and adults with CIs 

•  Overall, adults are better than children at vowel 
identification in quiet, but children are better than adults 
at the task in noise 

•  Adult CI users rely more on the tilt cue than the formant 
cue, which is consistent with previous studies utilizing 
the speech categorization task  

•  Despite heavier reliance on the spectral tilt cue, 
people with CIs in this study were able to reliably 
recognize vowels 

•  However, children with CIs rely on both the formant and 
tilt cue to categorize speech sounds  

•  As the use of either the formant cue OR the tilt cue 
increases, so does the performance on vowel 
identification 

•  This difference may be because the pediatric CI users 
have have only had electrical stimulation, so there may 
be no “wrong” cue to use 
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Summary of Findings: Data is considered significant if there is a p value less than 0.05. The 
use of the formant cue significantly predicted vowel recognition in quiet (R = . 611 p 
= .002). The use of the tilt cue also significantly predicted vowel recognition in quiet 
(R=.538, p= .007). But in noise, neither the use of the formant cue (R = .290 p = .
294) nor the use of the tilt cue (R = .12 4 p = .660) predicted vowel recognition. 
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Figure 4: Use of formant (A, C) and tilt (B, D) cues in the speech categorization task plotted 
against vowel identification scores in quiet (A,B) and in noise (C,D) for adults with CIs. 
Coefficient values (with greater values indicating better use of the cue) are on the x-axis and 
performance on vowel identification is on the y-axis. Each point represents a single tested CI. Circles 
represent the child’s first implanted ear and squares represent the child’s second implanted ear. The 
dotted lines connect ears of an individual. The solid line represents the line of best fit for total data.  

Summary of Findings: Data is considered significant if there is a p value less than 0.05. The 
use of the tilt cue significantly predicted vowel recognition in quiet (R= .922, p= .009). 
However, the use of the formant cue did not predict vowel recognition in quiet (R = .
524 p = .286).  In noise, neither the use of  the formant cue (R = .685 p = .202) nor 
the tilt cue (R = .113 p = .857) significantly predicted vowel recognition  
 

Figure 5: Performance on vowel identification in quiet (A), Performance on vowel identification 
in noise(B), formant coefficient (C), and tilt coefficient (D) for children compared to adults with 
CIs. Each bar for each population (Children and Adults) represent the average performance or 
coefficient of the group. 

Summary of Findings: The children and adults perform equally on the vowel identification in 
quiet (A). The children CI users generally perform better on the vowel identification in noise 
than the adults (B). When comparing the groups directly, the children rely more on the 
formant cue than the adults whereas the adults rely more on the tilt cue. 


