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Introduction

Consonants and vowels are smallest segments or units of 
speech, also known as phonemes. In human communication, 
speech sounds are not produced individually as isolated pho-
nemes, instead consonants, and vowels are combined to form 
syllables, words, phrases, and sentences. When speech is pro-
duced continuously, the articulatory movements of phonemes 
overlap or changes the articulation of neighboring phonemes. 
This phenomenon in which one phoneme affects the produc-
tion of preceding and upcoming phonemes is referred as coar-
ticulation. The coarticulatory effects observed during speech 
production affects the acoustic signal of speech, which in turn 
has an influence on the perception of speech sounds. Several 
investigations have demonstrated coarticulatory effects of con-
sonant contexts on vowel targets [1-3], vowel contexts on con-
sonant targets [4,5], and vowel contexts on vowel targets [6].

Many investigators have studied the effect of vowel conext 
on the perception of place of articulation of consonants [7-11]. 

These studies have shown that perception of the place of ar-
ticulation is dependent on the subsequent vocalic informa-
tion for stop consonants [7,8], and fricatives [9-11] such as 
/∫/ and /s/. Stop consonants with noise burst centered at 1,600 
Hz are perceived as /k/ in the vowel context /a/, and in the vow-
el context /i/ or /u/ perceived as /p/ [7]. Additionally, studies 
have also investigated the effect of vocalic context on categor-
ical perception in the selective adaptation paradigm [12,13]. 
These investigations have found an effect of vowel context 
on the categorical boundaries for place of articulation and 
voice onset time. Cooper [12] investigated ability to identify 
/ba/ vs. /pa/ in the continuum /bi/-/pi/ and /ba/-/pa/ with and 
without alternating adaptors, which included /da/ and /ti/. 
The results showed a shift in the category boundary towards 
voiceless /pi/ for continuum /bi/-/pi/ in the presence of adapter 
/ti/, and towards /ba/ for continuum /ba/-/pa/ in presence of 
adapter /da/.

Consonant recognition in various vowel contexts have been 
investigated by several investigators [14-18]. These investi-
gations have also found an effect of the vowel context on the 
identification of consonants, while the patterns of vowel ef-
fects are not consistent across studies. This discrepancy in the 
findings has been attributed to the differences in the phonetic 
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environment, in the language being investigated, or the con-
sonants being investigated. English consonants are shown to 
be more accurately identified in the environment of /a/ than /i/ 
or /u/ [14]. In addition, information transfer analysis has shown 
that place of articulation information was identified less accu-
rately before /i/ than before other vowels in English but not in 
other languages [15]. Studies have also investigated the effect 
of vowel context on the position of consonant in consonant-
vowel-consonant (CVC) and consonant-vowel (CV)/ vowel-
consonant (VC) syllables and have shown a vowel dependent 
effects on the identification of consonants [16-18]. In gener-
al, results show that initial consonants are identified more ac-
curately than final consonants in the vowel context /a/, while 
final consonants are identified more accurately after the vow-
el /i/. Further, in addition to consonant recognition in auditory 
alone based paradigm, studies have also investigated the ef-
fect of vowel context on the perception of stop consonants in 
audio-visual paradigm or McGurk paradigm [19-22]. Mc-
Gurk effect is a perceptual phenomenon in which ‘when hu-
mans are presented with conflicting visual and auditory speech 
stimuli (e.g., hear-ba/see-ga) listeners’ report of hearing a com-
pletely novel speech sound (e.g., da).’ These studies have 
found that, vowel context also has an influence on the magni-
tude of the McGurk effect [20,21]. McGurk effect was found 
to be largest in the /i/ context, moderate in the /a/ context, and 
almost nonexistent in the /u/ context [20,22].

From the findings of the above investigations it is apparent 
that the recognition of consonants is influenced by the vowel 
context although the extent of the vowel context effect varies 
across the languages [23-26]. Based on these findings, we 
believe it is essential to understand the vowel context effects 
on the recognition of consonants in all the languages. The pres-
ent study was carried out to investigate the effect of the vow-
el context on the recognition of Kannada consonants.

Subjects and Methods

Participants
Seventeen young adults (4 males, 13 females) aged be-

tween 21 to 28 years (mean=22.6, standard deviation=1.8) 
participated in the study. All participants had hearing sensi-
tivity within normal limits in both ears, and pure-tone thresh-
old was less than 15 dB HL at octave frequencies from 250 
Hz to 8,000 Hz. Immittance evaluation also showed A-type of 
tympanogram with acoustic reflex thresholds at normal lev-
els in all the participants, suggesting normal middle ear func-
tioning. None of the participants had otologic or neurologic 
problems, exposure to hazardous noise or ototoxic medica-
tion and difficulty understanding speech in noise. The study 

was approved by Institutional Ethics Committee (IECKMC-
MLR-02-13/29) and informed consent was obtained from all 
participants prior to their participation in the study.

Stimuli
Isolated CV syllables were used to investigate consonant 

perception abilities of the participants. The CV syllables 
composed of 14 consonants (/k/, /g/, /ʧ/, /ʤ/, /ʈ/, /ɖ/, /t/, /d/, 
/n/, /p/, /b/, /m/, /ʃ/, and /s/) followed by one of the five vow-
els (/a/, /i/, /u/, /e/, and /o/). Thus, the present study included 
a total of 70 CV syllables (14 consonant×5 vowels). These 
syllables were spoken by 12 native speakers of Kannada (6 
males and 6 females), and the utterances were recorded using 
Computerized Speech Lab (Model 4150, Ver.3.2.1., Hoya 
Co., Tokyo, Japan). The utterances were digitally recorded 
using 16 bit analog-to-digital converter at a sampling rate of 
44,100 Hz. The recorded utterances was reviewed by two au-
diologists to ensure the intelligibility of the syllables, and when 
the intelligibility of the syllables was judged to be poor such 
utterances were replaced with new recordings. The stimulus 
set included a total of 840 utterances, 70 syllables spoken by 
12 talkers. These CV syllables used in the present study formed 
a subset of syllables used in an earlier investigation [27].

Procedure
Consonant identification task was carried out as a closed set 

identification task. The participants were instructed to identi-
fy the consonants in the CV syllables and respond by click-
ing the corresponding button labelled with an individual 
consonant sound, shown on the computer screen. The CV syl-
lables were presented monaurally to right ear of the partici-
pants using Sennheiser HD 380 pro circum-aural headphone. 
Once the response was obtained, next syllable was presented 
following a short pause of 1.5 seconds. All participants com-
pleted the consonant identification task in one session. Re-
sponses of all the participants were stored separately in the 
form of confusion matrix. The syllables were presented in a 
random order across the speakers, at the most comfortable 
level of the participants.

Data analysis
Consonant identification score was computed, in percent-

age, for each participant across the vowel contexts, and the 
percent correct score was transformed in to rationalized arc-
sine units (RAU). The transformed RAU score was subjected 
to repeated measure analysis of variance (ANOVA) to inves-
tigate the effect of talker gender and vowel context on con-
sonant identification. All statistical analysis were performed 
using Statistical Package for the Social Sciences software ver-
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sion 16.0 (SPSS Inc., Chicago, IL, USA). Confusion matrices 
obtained from all the participants were added separately, 
across the conditions, to obtain combined confusion matrix. 
The combined matrices were subjected to information trans-
fer analysis [16], using feature information xfer software. The 
features of consonants such as place of articulation, manner 
of articulation, and voicing were used for information trans-
fer analysis. The values for place of articulation was bilabial, 
alveolar, palatal, dental, retroflex, glottal, and velar; for man-
ner of articulation the values used were stop, affricate, frica-
tive, glide, liquid, and nasal. Voicing had two values, voiced 
and voiceless.

Results

Overall consonant identification
Fig. 1 shows the average percent correct consonant identi-

fication scores for male and female talkers and the combined 
scores for male and female talkers. The consonant identifica-
tion score was poorest in the /i/ vowel context compared to 
/a/, /u/, /e/, or /o/ vowel contexts. Further, the identification 
score was superior in the /o/ vowel context, followed by the 
/a/ and /u/ vowel contexts, and then the /e/ vowel context. In 
addition performance was superior for consonants spoken by 
female talkers than for consonants spoken by male talkers in 
all the vowel contexts. To evaluate the data in greater detail, 
the percent correct score was transformed to RAU and trans-

formed score was subjected to further statistical analysis. A 
two-way repeated measure ANOVA was performed with 
vowel context (/a/, /i/, /u/, /e/, and /o/) and talker gender (male, 
female, and combined) as repeated measures. The ANOVA 
showed a significant main effect of vowel context [F(4,64)= 

15.778, p<0.001] and talker gender [F(1.1,17.3)=11.041, 
p=0.003], while the interaction between talker gender and 
vowel context was not significant [F(3.6,57.2)=1.818, p= 

0.144]. Bonferroni multiple comparison post hoc test showed 
significantly poorer score for consonants presented in the /i/ 
vowel context (p<0.05) compared to consonants in other 
vowel contexts. Further, identification score in the /e/ vowel 
context was significantly poorer compared to the /o/ context 
(p<0.05). Overall consonant identification score was signifi-
cantly better for female talker compared to male talkers (p= 

0.05), while the absolute difference between scores was only 
1.9%.

Feature and phoneme analysis
Fig. 2 shows the proportion of transmitted information 

scores for consonant features, place of articulation, manner of 
articulation and voicing, as a function of vowel context. Over-
all the manner of articulation feature was transmitted better 
than features place of articulation and voicing. While in the 
vowel context /a/, the manner and voicing features were trans-
mitted better than the place feature. Further, the effect of vowel 
context was present for all the consonant features. All conso-
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nant features had weak effect of the vowel context, and best 
score was observed in the vowel context /o/ for place of articu-
lation, /u/ and /e/ for manner of articulation, and /a/ for voic-
ing. Further, least score was observed in the vowel context /i/ 
for all consonant features. Among these consonant features 
the strongest effect of the vowel context was observed for 
voicing feature.

To further investigate the vowel context effects on individ-
ual consonants, the percent-correct data was calculated for 
each consonant. Fig. 3 shows mean identification score for 
each consonant across the vowel context. Among all the con-
sonants, nasal consonants /n/ and /m/, stop consonants /k/, /p/, 
and /b/, and fricatives /ʃ/ and /s/ were least affected by the 
vowel context. Maximum difference in the consonant recog-

nition score across the vowel context for these consonants 
was less than chance level (7%). Consonants /g/, /ʧ/, /ʤ/, and 
/ɖ/ were slightly affected by the vowel context and the maxi-
mum difference in scores was between 7 to 14%. Consonants 
/ʈ/, /t/, and /d/ were greatly affected with a maximum differ-
ence in scores of greater than 21%. Correct recognition score 
for the consonant /ʈ/ was poorest in the vowel context /i/ and 
/u/, and it was confused with consonants /p/, /t/, and /ɖ/ in the 
/i/ vowel context and with /t/ and /ɖ/ in the vowel context /u/. 
Identification of consonant /t/ was maximally affected in the 
vowel context /i/, /u/, and /e/. In contrast, recognition of the 
consonant /d/ was maximally affected in the vowel context /i/ 
and was confused with consonants /ɖ/ and /t/. Among conso-
nants /g/, /ʧ/, /ʤ/, and /ɖ/ which were slightly affected by the 
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vowel contexts, consonants /g/ and /ʤ/ were maximally af-
fected in the /i/ vowel context, /ɖ/ was greatly affected in the /e/ 
vowel context, and /ʧ/ had poor scores in the vowel context /o/. 
Consonants /g/ and /ʤ/ were confused with each other in the 
vowel context /i/, the consonant /ɖ/ was confused with /d/ and 
/b/, and /t/ was confused with /ʈ/ and with /ʈ/ and /d/ in the /i/ 
and /e/ vowel context respectively. From these findings it is 
evident that each consonant is affected differently in the con-
text of different vowels.

Discussion

Results of the present study shows an effect of vowel con-
text on the recognition of Kannada consonants. This finding 
was expected and is in consonance with the findings of sev-
eral investigations [14-18]. Present study also revealed a sig-
nificant effect of talker gender on the recognition of consonants, 
and is consistent with the findings of previous investigations 
[28,29]. Here, although the mean difference was significant-
ly different statistically the magnitude of difference was not 
relevant for clinical purpose. Further, in the present study, it 
was found that the recognition of consonants was significant-
ly poorer in the vowel context /i/ compared to other vowel 
contexts. Similar finding has been reported by various inves-
tigators for English [14-17] and Japanese [15] consonants. 
While, in contrast to the findings of present investigation, no 
vowel context effect (/a/ and /i/) has been found for Arabic 
consonants [15]. Further, a reverse pattern has been reported 
for Hindi consonants, vowel context /i/ had better identifica-
tion score compared to the vowel context /a/ [15]. 

Information transfer for Kannada consonants, in the present 
study, showed that transfer of information was highest for 
manner of articulation, and lowest for place of articulation. 
This finding obtained in the present study is comparable to 
the results of earlier investigations for Kannada consonants 
[27], but, contrasts the results of investigations with English 
consonants [16,17,30,31]. Here, it could be noted that, al-
though the pattern of vowel context effect are similar for over-
all consonant recognition score, for both Kannada and Eng-
lish consonants, transfer of consonant feature information 
are different. For English consonants, the transfer of infor-
mation is largest for consonant feature voicing and lowest for 
place of articulation. This contrasting finding may be attribut-
ed to the different cues available for listeners in Kannada and 
English consonants for perception. English voiceless conso-
nants are produced with marked aspiration, and it serves as 
an additional cue for perception of voicing differences for 
English consonants. Thus, transfer of information for conso-
nant feature voicing might be greater for English consonants 

than Kannada consonants.
Perception of nasal consonants /n/ and /m/ were least af-

fected, this finding obtained for Kannada consonants in the 
present study is comparable to the findings reported for Eng-
lish, Kannada, Hindi, Arabic, and Japanese consonants [14,15, 
27,30]. Further, the vowel context had least effect or no ef-
fect on the recognition of nasal consonants, fricative conso-
nants, and stop consonants (/k/, /p/, and /b/). This finding ob-
tained in the present study for nasal and fricative consonants 
is in consonance with the earlier investigations [15]. Further, 
affricates and stop consonants (/g/, /ʈ/, /ɖ/, /t/, and /d/) showed 
an effect of vowel context. The vowel context effect observed 
for Kannada consonants was found to be different from Eng-
lish consonants. Studies have shown that perception of English 
affricates are better in the vowel context /i/ [14], while for 
Kannada consonants the vowel context /i/ resulted in lowest 
correct recognition scores. The contrasting findings may be 
attributed to the differences in the acoustical properties of 
speech sounds, as a consequence of differences in the articu-
lation of Kannada and English consonants. In addition, the 
observed difference may also be attributed to differences in 
phoneme inventory between the languages, which also influ-
ences speech perception [32]. Feature analysis revealed that, 
majority of the perceived confusions or errors were related to 
the place of articulation, while the perception of manner of ar-
ticulation and voicing information was accurate. This finding 
in the present study is in agreement with the findings of other 
investigations.

Findings of the present study shed light on the impact of 
vowel context on the perception of Kannada consonants, this 
information could be significant while developing nonsense 
syllable based speech tests in Kannada, for assessing speech 
recognition. Kannada consonants /g/, /ʧ/, /ʤ/, /ɖ/, /ʈ/, /t/, and 
/d/ had errors above chance level thus should be measured in 
different vowel contexts. Further, this information would be 
essential during development of auditory training/rehabilita-
tion programs for listeners with hearing impairment. Auditory 
training could be designed to improve identification of these 
more difficult consonants, which could improve comprehen-
sion of speech and reduce listening effort in everyday listen-
ing conditions. In addition, the finding of the present study 
would serve as baseline for comparison of consonant recog-
nition in noise and among hearing impaired listeners.

To conclude, the result of the present study showed an ef-
fect of vowel context on the recognition of Kannada conso-
nants in quiet listening condition. For overall consonant rec-
ognition score, the vowel context effect observed for Kannada 
consonants was similar to English consonants while it was 
different compared to Arabic and Hindi consonants. Feature 
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analysis showed that the transfer of information for Kannada 
consonants was different compared to English consonants al-
though both had similar vowel effect for consonant recogni-
tion score.
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