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Evaluation of Difference in Performance of Young Adults 
in Dichotic Digit Test in Tamil and Dichotic Consonant 
Vowel Test
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Background and Aim: Dichotic listening has been defined as the simultaneous stimulation 
of both ears and has been used to evaluate a listener’s binaural integration/separation ability. 
Dichotic tests are available in various languages and use varied stimuli. The study aimed to 
evaluate the differential performance of Tamil-speaking young adults in two tests of dichotic 
perception namely Dichotic Consonant Vowel (DCV) test and Dichotic Digit Test in Tamil 
(DDT-T).

Methods: Sixty adults with normal hearing aged 18 to 35 years were the participants of the 
study. All the young adults were native speakers of the Tamil language without significant 
auditory history. DCV and DDT-T were administered in randomized order at 50 dB SL (re: 
SRT) in free recall condition. The participants were instructed to respond orally and the 
responses were noted.

Results: Better performance was observed in dichotic digit compared to DCV test for all 
participants. This was attributed to the higher number of cues available in DDT-T. Further, 
error analyses of participants’ responses revealed that voicing errors were higher with the 
highest errors in the identification of unvoiced consonant /ta/ in both ears. The reason for this 
could be the lack of contextual cues in DCV test for Tamil-speaking individuals to interpret the 
voicing feature of a consonant.

Conclusion: It can be concluded that DDT-T was more useful in assessing binaural integration 
ability of native Tamil speakers compared to DCV. It is recommended to be used in the 
behavioral test battery for evaluating auditory processing disorder in native Tamil speakers.
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Introduction

ichotic listening was defined by Stevens 
and Davis [1] as stimulating both ears 
at the same time with different stimu-
lus. Musiek and Chermak [2] stated that 
based on the mode of administration, 

dichotic tests can be used to evaluate either the binaural 
integration or binaural separation ability of an individu-
al. American Speech-Language-Hearing Association [3] 
and American Academy of Audiology [4] have recom-
mended the addition of dichotic listening tests as one of 
the behavioral tests for assessing Auditory Processing 
Disorder (APD). One of the initial tests to assess dichotic 
listening ability, staggered spondaic word test was devel-
oped by Katz [5]. Over the years dichotic listening tests 
have been developed using a variety of stimuli including 
Consonant Vowel (CV) pairs [6], words [7], digits [8], 
Consonant Vowel Consonant (CVC) rhyme words [9], 
sentences [10] and competing sentences [11].

Dichotic listening tests have also been developed in 
various Indian languages. They include Dichotic Con-
sonant Vowel (DCV) test [12], dichotic rhyme test in 
Telugu [13], dichotic rhyme test in Kannada [14], dich-
otic rhyme test in Malayalam [15], dichotic rhyme test in 
Tamil [16], dichotic rhyme test in Bangla [17], dichotic 
word (CVC) test in Kannada [18], dichotic word (CVC) 
in Hindi [19], dichotic word test in Tamil [20] and dich-
otic digit test in Tamil [21].

Although, dichotic listening has been assessed using 
various stimuli Speaks et al. [22] reported that dichotic 
digits were less affected by peripheral hearing loss com-
pared to the performance using other dichotic stimuli 
such as dichotic vowel words, dichotic consonant words 
and dichotic CV syllables. Currently, dichotic digit test 
is available in various languages such as English [8], 
Cantonese [23] and Malay language [24]. It is also avail-
able in various Indian languages including Hindi, Kan-
nada, Telugu (N Shivashankar, personal communication, 
March 12, 2018) and Tulu [25]. More recently Dichotic 
Digit Test in Tamil (DDT-T) was developed by Suderso-
nam and Vaidyanath [21].

In India, the widely used [26-28] test to assess binaural 
integration abilities as part of the APD test battery is the 
DCV test recorded by Yathiraj [12]. The test comprises 
of 30 pairs of stop consonant vowel syllables (/pa/, /ta/, /
ka/, /ba/, /da/ and /ga/) with 0 ms lag. This test has been 
used in assessment of binaural integration abilities in the 
Tamil speaking population as well. However, in Tamil 
language perception of stop consonant are governed by 

specific features or rules with orthographic absence of 
difference between voiced and unvoiced consonants be-
ing one such [29]. According to Bhuvaneshwari and Pa-
dakannaya [29] both voiced and unvoiced consonants of 
Tamil are produced with identical point of articulation in 
words and are identified as voiced or unvoiced based on 
the context. Hence, in DCV test when stop consonants 
are presented in isolation, where one CV is presented to 
each ear simultaneously, it is expected that native Tamil 
speakers might have difficulties in differentiating voiced 
from the unvoiced consonants.

The aim of the current study was to evaluate the perfor-
mance of Tamil speaking young adults with normal hear-
ing on two dichotic test including DCV test and Dich-
otic Digit Test (DDT) in Tamil as well as to compare 
the performance on the two. This was done to ascertain 
the advantage of DDT over other stimuli as mentioned 
by Speaks et al. [22]. Also, Mukari et al. [24] stated that 
speech perception has been found to be better when test-
ed in native language.

Methods

Sixty young native speakers of Tamil (30 males) aged 
between 18 to 35 years (mean age=21.5 years) were cho-
sen as participants for the study. The participants hearing 
sensitivity was within normal limits indicated by bilater-
al pure-tone hearing thresholds≤15 dB HL at the octave 
frequencies from 250 to 8000 Hz for air conduction and 
250 to 4000 Hz for bone conduction. A detailed case his-
tory was collected to ensure that the participants had no 
complaints of otological, neurological, cognitive or any 
speech and language difficulties that could influence the 
results. The Edinburgh inventory [30] was administered 
to evaluate the handedness of the participants and all 
were found to be right-handed. All participants provided 
written informed consent prior to the initiation of testing.

The DCV test, recorded by Yathiraj [12] used in this 
study, consisted of 30 pairs of stop consonant vowels 
(/pa/, /ta/, /ka/, /ba/, /da/ and /ga/). The list with 0 ms 
lag was used in the study. The DDT-T [21] consisted 
of six equivalent lists with 30 stimulus sets containing 
four digits with a pair of digits presented to each ear si-
multaneously. The test stimuli consisted of only Tamil 
monosyllabic digits |onnɨ| (1), |renɖɨ| (2), |mu:nnɨ| (3) , 
|na:llɨ| (4), |ʌnʤɨ| (5) and |patɨ| (10). Other digits were 
excluded as these were either bisyllabic or trisyllabic in 
nature. The digits presented to the two ears had simulta-
neous onset. Each pair of digits presented in an ear had 
an inter-stimulus interval of 500 ms. The inter-stimulus 
interval between each stimulus set was 5s and was cal-
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culated from the offset of the digit with longest duration. 
List 1 of DDT-T was used for testing all the participants 
in the current study.

Procedure

The testing was carried out in a sound treated double 
room setup with ambient noise level within the per-
missible limits as recommended by ANSI S3.1 [31]. A 
calibrated dual channel diagnostic audiometer (Piano-
Inventis) with TDH-39 headphones, B-71 bone vibra-
tor and the facility for auxiliary input for routing signals 
was used for the testing. The calibration of the audiom-
eter was done as per the specifications of ANSI S3.6 
[32]. To ensure that the participants had normal hearing 
sensitivity, pure-tone audiometry was carried out at oc-
tave frequencies from 250 to 8000 Hz for air conduction 
and 250 to 4000 Hz for bone conduction. A modified 
Hughson-Westlake procedure [33] was used to obtain 
the pure-tone hearing thresholds. Individuals with hear-
ing thresholds≤15 dB HL and air bone gap<10 dB HL 
were selected as participants for the study. Immittance 
audiometry was carried out to ensure the participants 
had normal middle ear function.

Speech Recognition Threshold (SRT) was obtained 
in all the participants using spondee word list in Tamil 
developed by Samuel [34]. The DCV test and DDT-T 
were administered on all 60 participants who met the 
inclusion criteria. The order of presentation of DCV 
and DDT-T was randomized to avoid any test-order 
effect. A calibration tone of 1000 Hz provided as part 
of the test materials was presented at the beginning of 
each test. The intensity was adjusted such that the par-
ticipants heard the tone in the center with the intensity 
being equal in both the ears. The VU meter deflection 
was also monitored at 0 dB during the presentation of 
the calibration tone. 

Both the dichotic tests (DDT-T and DCV) were admin-
istered as per the recommendations of the original tests 
at 50 dB SL (re: SRT). The two tests were carried out in 
free recall condition. The participants were instructed to 
repeat the digits and CVs heard in the two ears regard-
less of the order. The participants were provided with 
practice trials before the beginning of the testing to en-
sure that instructions were understood. The responses 
were noted down in a response sheet and were scored as 
Single Correct Right (SCR), Single Correct Left (SCL) 
and Double Correct (DC) scores. For the DDT-T, each 
digit correctly repeated was given a score of 0.5 and an 
incorrect response was given a score of 0. While, on the 
DCV each CV correctly repeated was given a score of 

1 and an incorrect response was given a score of 0. A 
double correct score of 1 was provided when the stimu-
lus from both the right and left ears were repeated cor-
rectly. Additionally, the data obtained on the DCV was 
analyzed for errors in identification of each consonant. 
The place, manner and voicing error as well as the total 
number of errors made when both the CVs of the pair 
were voiced or unvoiced versus when one was voiced 
and the other unvoiced were also calculated.

Statistical analysis

The data obtained from 60 participants was subjected 
to descriptive and inferential statistics. Shapiro-Wilk 
test was used to test if the obtained data was normally 
distributed. As the data was found to be not normally 
distributed (p>0.05), non-parametric statistics were 
used for analysis. Wilcoxon signed-rank test was used 
to compare the SCR, SCL and the DC scores obtained 
on the two tests as well as to compare the type of errors 
across the two ears and within an ear on the DCV test.

Results

The mean, median and standard deviation of single cor-
rect right, single correct left and double correct scores of 
the DCV test and DDT-T are provided in Table 1. It can 
be observed from the Table 1 that all three scores (SCR, 
SCL and DC) of DDT-T were higher compared to that 
of DCV. To evaluate if the differences were significant 
further analysis were carried out.

Prior to the analysis, Shapiro-Wilk test was performed 
to evaluate if the scores were normally distributed. From 
the results of normality test it was observed that the SCL 
(W=0.96, p>0.05) and DC (W=0.96, p=0.05) scores 
of DCV test followed a normal distribution (p>0.05). 
However, SCR of DCV (W=0.95, p<0.05) and all the 
three scores [SCR (W=0.84, p<0.001), SCL (W=0.88, 
p<0.001) and DC (W=0.90, p<0.001)] of DDT-T did not 
(p<0.05). Hence, non-parametric tests were used for fur-
ther analysis of the data.

The scores of each ear (SCR and SCL) and the DC on 
the two tests (DDT-T and DCV) was compared using 
Wilcoxon signed-rank test. The results revealed a highly 
significant difference between the scores of the two tests 
[DDT-T SCR – DCV SCR (Z=6.72, p<0.001); DDT-T 
SCL – DCV SCL (Z=6.73, p<0.001); and DDT-T DC – 
DCV DC (Z=6.74, p<0.001)].

In addition to comparing the single correct and double 
correct scores of the two tests the Right Ear Advantage 
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(REA) obtained was also compared using Wilcoxon 
signed rank test. Comparing the difference between 
the right ear and left ear scores (REA) of the two tests 
revealed a highly significant difference (Z=–4.03, 
p<0.001). The mean REA was higher in DCV when 
compared that observed in DDT-T.

The stimulus of the DCV test had six voiced consonant 
pairs (eg. /da/, /ba/), six unvoiced consonant pairs (eg. /
pa/, /ka/) and eighteen pairs that had one voiced and one 
unvoiced consonant (eg. /ka/, /da/). The number of er-
rors made by the participants in voiced consonant pairs, 
unvoiced consonant pairs and voiced and unvoiced con-
sonants pair were compared (Figure 1).

It can be observed from the Figure 1 that the percentag-
es of errors were greatest in the consonant pair with both 
unvoiced CVs followed by the pairs with both voiced 
consonants. The errors were found to be least when the 
pair consisted of one voiced and unvoiced consonants.

The responses of the participants from DCV test were 
further analyzed for errors in place of articulation, man-
ner of articulation and in voicing. Additionally, the num-
ber of errors for identification of each of the six conso-
nants were also calculated. This analysis was carried out 
for each ear separately and the mean errors for each type 
and ear is represented in Figure 2.

Wilcoxon signed-rank test was carried out to com-
pare each type of errors across the two ears. Comparing 
across the two ears, the left ear place errors were found 
to be significantly higher compared to the right ear place 
errors (Z=2.88, p<0.001) and a similar trend was also 
observed for the voicing (Z=2.75, p<0.01) as well as the 
combined place and voicing errors (Z=2.54, p<0.01).

The type of error within each of the two ears was also 
compared using Wilcoxon signed rank test. The voicing 
errors were found to be the maximum followed place er-
rors and combined place and voicing errors in both ears. 
A significant difference was seen when comparing the 

Table 1. Mean, median and standard deviation (SD) of single correct right ear scores, single correct left ear scores and double 
correct scores of dichotic consonant vowel test and dichotic digit test in Tamil

DCV-SCR DCV-SCL DCV-DC DCV-REA DDT-T SCR DDT-T SCL DDT-T DC DDT-T REA

Mean 23.02 20.20 16.25 2.82 29.35 28.57 26.08 0.78

Median 23.50 20.00 17.00 3.00 29.50 28.75 26.00 1.00

SD 4.09 3.55 4.69 3.49 0.70 1.14 2.84 1.12

DCV; dichotic consonant vowel test, SCR; single correct right, SCL; single correct left, DC: double correct, REA; right ear ad-
vantage, DDT-T; dichotic digit test in Tamil; Maximum score for DCV and DDT-T=30

Figure 1. The percentage of errors made by participants in voiced consonant pairs, unvoiced consonant pairs and pairs that had 
one voiced and one unvoiced consonant of the dichotic consonant vowel test
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voiced and one unvoiced consonant of the dichotic consonant vowel test 
 
 
 
 

 
 
Figure 2. The mean number of errors made by participants in place, voicing and place + voicing errors in the right and left ear of the 
dichotic consonant vowel test 
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right ear place error with right ear voicing error (Z=4.57, 
p<0.001), right ear combined place and voicing error 
with right ear voicing error (Z=5.45, p<0.001), left ear 
place error with left ear voicing error (Z=3.96, p<0.001), 
left ear combined place and voicing error with left ear 
place error (Z=2.22, p<0.05) and left ear combined place 
and voicing error with left ear voicing error (Z=5.14, 
p<0.001). However, no difference was not seen when 
combined place and voicing error in right ear was com-
pared to right ear place error (Z=1.59, p>0.05).

The highest number of error was observed in the iden-
tification of voiceless consonant /ta/ in the two ears. This 
was followed by errors in identification of /ba/, /da/, /ga/, 
/pa/ and /ka/ in right ear and /pa/, /ka/, /da/, /ba/ and /ga/ 
in left ear.

Discussion

The results revealed young adults performed better on 
DDT-T compared to that in DCV. The superior perfor-
mance of the participants in DDT-T compared to DCV 
was attributed to the higher number of perceptual cues 
available in the perception of digits compared to the 
CVs. This is identical to the earlier findings of Speaks 
et al. [22]. They compared the performance on dichotic 
digit tests with that of dichotic vowel words, consonant 
words and CV nonsense syllables in individuals with 
sensorineural hearing loss and found the performance 
on dichotic digits to be better compared to other stimuli.

Better scores observed in DDT-T in comparison to 
DCV is also similar to the findings reported by Yathi-
raj and Priyadarsini [35] in children. They administered 
DDT in Kannada and DCV on 24 children in the age 
range of seven to twelve years and found that the scores 
of DDT were better compared to DCV. These authors 
attributed higher scores in DDT to the higher level of 
redundant cues in DDT compared to DCV test.

In addition, the REA that was noted to be higher in 
DCV when compared to the DDT-T is also similar to 
the findings of Speaks et al. [22]. They reported that as 
the test difficulty increased REA increased. They noted 
higher REA while using CV syllables when compared to 
vowel words and consonant words.

Further, the performance of the participants on DCV 
test in the current study was compared with the norma-
tive data for adults developed by Prachi [36]. It was ob-
served that some of the participants (n=18) out of the 60 
obtained scores poorer (below 1 SD) than those reported 
in the norms even when none of these participants re-
ported of any auditory difficulties. This poorer perfor-
mance on the DCV might have been due to the influ-
ence of the native language (Tamil) of these listeners. 
There are high chances of these results being wrongly 
interpreted as an individual having binaural integration 
deficit based on the performance in the test.

In the current study, higher number of voicing errors 
were observed in DCV test and this finds support from 

Figure 2. The mean number of errors made by participants in place, voicing and place + voicing in the right and left ear of the 
dichotic consonant vowel test
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the observation of Bhuvaneshwari and Padakannaya 
[29]. They reported that voicing features of a consonant 
in Tamil was perceived based on the context as voiced or 
unvoiced. Hence, when the CVs are presented in isola-
tion as in the DCV test, they lacked the contextual cues 
required by the Tamil speaking listeners to correctly 
identify the consonants as voiced or unvoiced. Further, 
in the error analysis it was observed that the highest 
number of errors was made in the unvoiced consonant 
/ta/.

Additionally, the findings of the study also highlight 
the need for using test materials in the native language of 
the listeners. Even though the CVs were recorded in the 
Indian accent, the voicing contrast used in the CVs is not 
native to Tamil language. The exposure of the partici-
pants to other languages may not help them overcome 
the influence of their native language. The lack of influ-
ence of second language on the perception of dichotic 
stimuli was also reported by Keith et al. [37]. They ad-
ministered staggered spondaic word test and DCV test 
on native English speakers as well as Hindi and Arabic 
speakers who learnt English as their second language. 
They found that the performance of the Arabic speak-
ers was significantly poorer compared to the other two 
groups. These authors opined that lack of /p/ in the Ara-
bic phonology as one of the main factors for the poor 
performance. They also cautioned about the use of tests 
with meaningful or nonsense speech stimuli in non-
native speakers of the language and comparison with 
norms of native speakers. This could lead to wrongly di-
agnosing an individual with normal processing abilities 
as having an abnormality.

The highest error during the identification of unvoiced 
consonant /ta/ also supports the findings of Berlin et al. 
[38] who reported that /ta/ and /da/ consonants were 
least correctly identified during dichotic CV test. They 
reported that voiced consonants when competing with 
unvoiced consonant did poorly during simultaneous 
presentation. However, the voiced consonant become 
intelligible as the time separation increased. According 
to Berlin et al. the unvoiced consonants seemed to ar-
rive later due to the longer burst duration compared to 
the voiced consonants even though both were presented 
simultaneously.

Conclusion

It can be concluded from the present study that dich-
otic digit test in Tamil (DDT-T) can be used to assess 
binaural integration ability in native Tamil speaking in-
dividuals. This is evident from the higher scores in DDT-

T compared to dichotic consonant vowel (DCV) in lis-
teners with no known auditory difficulties. Also, higher 
number of voicing errors was noted in the DCV test. 
This could be because of the difficulty the native Tamil 
speakers experienced in perception of voicing contrast 
when voiced and unvoiced consonants were presented 
in isolation in DCV test. Hence, based on the findings 
of the study it is recommended to use DDT-T in the test 
battery for evaluation of auditory processing disorder in 
native Tamil speakers.
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