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Abstract 
Background and Aim: Bilingualism is an 
important phenomenon with different effects on 
each aspect of language processing. Auditory 
temporal processing is a major component of 
the auditory processing ability. Since bilingual 
and monolingual individual’s brain process are 
different, and no studies have yet been 
conducted on the effect of temporal processing 
on speech recognition performance of Azeri-
Persian bilinguals, the purpose of the present 
study is the comparison of auditory temporal 
processing between Persian monolinguals and 
early Azeri-Persian bilinguals. 
Methods: In this cross-sectional study, the 
Persian version of time compressed speech test 
was performed with monosyllabic words in 
three compression rates of 0, 40 and 60 percent 
in the most comfortable level in each ear, 
separately. The subjects were 36 Persian 
monolinguals and 36 Azeri-Persian bilinguals 
aged from 18 to 30 and were analyzed based on 
languages’ compression rate and ear factors. 
Results: The speech recognition scores (SRS) 
in both groups were decreased by increasing 
compression rate and a significant difference 

was shown between mean SRS of the two 
studied groups (p<0.0001). There was no 
significant difference between three 
compression rates by the ear (p>0.05). 
Conclusion: In compression rate of 40 percent, 
bilingual group had lower speech recognition 
ability in comparison with monolingual group. 
In addition, there was more significant 
difference when compression rate increases 
from 40 to 60 percent. 
Keywords: Bilingualism; auditory processing; 
speech recognition 
 
Introduction 
A bilingual is an individual who uses two 
languages in daily life systematically and even 
if not equally proficient in both languages, has 
adequate proficiency in second one [1]. In 
general, bilingual individuals are categorized 
into three groups and based on Harley’s 
categorization, early bilinguals are the 
individuals that acquire second language 
between 4 and 7 years of age [1]. Research 
shows that there is a difference between the first 
and the second language processing in bilingual 
population, as bilingual individual does not 
access contextual information in second 
language, like a native, particularly in adverse 
listening environments [2]. Since speech 
production ability of early bilingual individuals 
in second language is similar to native 

* Corresponding Author: Department of Audiology, 
School of Rehabilitation Sciences, Iran University of 
Medical Sciences, Nezam Alley, Shahid Shahnazari 
St., Madar Square, Mirdamad Blvd., Tehran, 15459-
13487, Iran. Tel: 009821-22228051 ext. 409,  
E-mail: jarollahi.f@iums.ac.ir 



99                                                                                                    Effect of bilingualism on temporal processing 

Aud Vest Res (2015);24(2):98-103.                                                                                           http://avr.tums.ac.ir 

individuals, it may be assumed that speech and 
auditory perception and production abilities of 
the two groups are identical, however, different 
studies show otherwise. Therefore, more 
understanding of similarities and differences 
between the two populations (monolinguals and 
bilinguals) in term of auditory processing ability 
is particularly important [3]. 
The major component of the auditory 
processing ability is auditory temporal 
processing [4]. Auditory temporal processing is 
auditory system ability to process changes in 
acoustic signal over time [4]. Auditory temporal 
processing is recognized as a basic skill for 
auditory perception of verbal and non-verbal 
sounds, music perception, rhythm, pitch 
discrimination, duration and phonemes [5]. Few 
studies have examined auditory processing 
ability and particularly auditory temporal 
processing ability of bilingual individuals [1]. In 
a study by Stuart et al. the performance of 
speech recognition of Mandarin-English 
listeners was evaluated using stationary and 
non-stationary noise in each version of the test. 
The results of their study indicated that bilingual 
subjects performed significantly better in first 
language than second language in presence of 
both kinds of noises [6]. In another study, 
Hapsburg and Pena on 20 subjects with normal 
hearing showed poorer performance in bilingual 
group in presence of the noise, while there was 
no statistically difference between the two 
groups in quiet [7]. Based on the evidence, it 
seems that bilingual individuals need more 
quality of signal in their second language to 
access to the level of the performance equal to 
monolingual individuals [7,8,9]. One of the 
ways of evaluating temporal processing ability 
is time compressed speech test (TCST) [10]. 
TCST is one of the most frequent monaural 
low-redundancy speech tests (MLRST) that has 
been used by many researchers [10,11]. 
Multilingualism is a prevalent phenomenon in 
Iran and it is not limited to a determinate and 
specific region [12]. About 24% of Iran's 
population speaks Azeri (a dialect of Turkish). 
Since this language in comparison with Persian 
is quite different in terms of phonetic, syntactic, 

and grammatical structure [1,12] and probably 
the processing characterizations of these two 
populations are different [12]; evaluation of the 
effect of Azeri-Persian bilingualism on different 
aspects of language processing is important. In 
TCST, because of the temporal compression of 
the stimuli, auditory temporal processing ability 
as one of the most important characterizations 
of auditory processing is evaluated well. 
Consequently, considering the use of the speech 
stimuli, evaluation of temporal processing by 
following the same approach would result in a 
more realistic assessment. Also, evaluating of 
the speech perception in second language in 
adverse conditions is very important in a world 
where learning of the second language or even 
the third language is increasing [13]. Since no 
study has engaged in the effect of temporal 
processing on speech recognition performance 
of Azeri-Persian bilinguals, thus, the purpose of 
the present study was the comparison of 
auditory temporal processing between Persian-
language monolinguals and early Azeri-Persian 
bilinguals by TCST. 
 
Methods 
The present cross-sectional study was 
performed in the Audiology Clinic at School of 
Rehabilitation Sciences, Iran University of 
Medical Sciences. 36 Persian monolingual 
subjects and 36 Azeri-Persian bilingual subjects 
aged from 18-30 (mean, 22.63 SD=1.98) 
participated in this study. Both groups had 
normal hearing sensitivity in PTA test 
(<20dBHL, based on ANSI, 1996), and normal 
middle-ear function, based on American 
Speech-Hearing Language Association 
(ASHLA), 1997 [1]. All participants were right-
handed, based on the 10 factor right-handedness 
Edinburgh Inventory scale and did not have 
history of ear diseases or surgery, hearing, 
speech, language and cognitive problems. In the 
bilingual group, second language acquisition 
(Persian) between 4 to 7 years of age was 
considered as one of the inclusion criteria 
(based on Harley’s categorization, 2001), in 
early bilingual group [1]. All bilingual subjects 
were speaking Azeri at home and their parents 
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were Azeri-speaking. All participants were 
randomly selected among students from Iran 
University of Medical Sciences and entered in 
the study after signing written consent. This 
study was approved by the Committee of Ethics 
of Iran University of Medical Sciences 
 .(105/1777/د/93)
The following description was given to eligible 
participants for TCST: “This test is easy and 
quite safe. In this test the words are presented 
separately to each ear and after hearing each 
word you should write it down in a specific 
form”. Before performing the test, the output of 
the lap top was calibrated by sound level meter 
(SLM). Then, stimuli were presented via a CD 
player through lap top and Genius earphones, 
Hs-500 x model (made in China), in the most 
comfortable level (MCL) in each ear, 
separately. It should be noted that in the present 
study, for all subjects, 65 dB HL, as the most 
comfortable level, was ideal. The most 
comfortable level was set based on the report of 
the participants through presentation of five 
words for their introduction about the test. In 
this survey, the speech recognition scores (SRS) 
of both groups were measured with 
monosyllabic words in three compression rates 
of 0, 40 and 60%, in each ear, separately. There 
were 2 lists of monosyllabic words for all three 
compression rates, separately, (one list for the 
right ear and another one for the left ear), 
therefore, a total of six lists was used. These 
lists selected from Mosleh et al. monosyllabic 
word lists which the materials were recorded by 
a male talker. Since there were 25 words per 
list, after performing the test, the number of 

correct responses was multiplied by 4 in each 
presentation and expressed in percentage as the 
participant’s final score [10]. 
Statistical analysis was performed through 
SPSS19. Kolmogorov-Smirnov test was used to 
verify the normal distribution of the data. t-test 
and Mann-Whitney U test were conducted to 
compare means of speech recognition scores 
between groups of monolinguals and bilinguals, 
based on normal or abnormal distribution of 
data, respectively. The mean of scores between 
three compression rates were compared using 
Friedman test. Wilcoxon test was used to 
compare the scores of two ears. Significance 
level was set at p<0.05. 
 
Results 
Results showed that the speech recognition 
scores (SRS) of both groups were decreased by 
increasing compression rate (p<0.0001). Mean 
and the standard deviation of the speech 
recognition scores and compression rates are 
shown in Table 1. 
The distribution of data was not normal in 
compression rate of 0%, and to this compression 
rate there was no significant difference between 
monolinguals and bilinguals (p>0.05). However, 
the data were normally distributed in 
compression rates of 40 and 60% (p>0.05) and 
to these rates there was a significant difference 
in mean scores between the two groups. That is, 
bilingual group have lower speech recognition 
scores in comparison with monolinguals 
(p<0.05). The results are shown in detail in 
Table 1. 
Statistical analysis showed no significant 

Table 1. Mean and standard deviation of time-compressed speech scores presented as an average of 
two ears’ scores at three compression rates of 0, 40 and 60% in monolingual and bilingual subjects 

 

 Mean (SD) of scores  

Compression ratio (percent) monolingual bilingual p 

0 95 (2.59) 94 (2.50) 0.12 

40 91 (4.68) 88 (4.80) 0.03 

60 82 (3.73) 76 (4.77) <0.0001 
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difference in mean speech recognition scores in 
three compression rates between the right and 
the left ears (p>0.05). Fig. 1 shows a 
comparison of the SRSs of the two ears in three 
compression rates in monolingual and bilingual 
groups. 
 
Discussion 
In the present study, in both groups of listeners, 
SRS changed by changing compression rate 
from 0 to 60% which associates with previous 
studies [14]. In current study, SRS was 
decreased by increasing compression rate. In a 
study by Beasely et al. in order to examine the 
effect of the temporal compression on the 
performance of the auditory discrimination, 
monosyllabic words were presented with five 
rates of the temporal compression, from 30 to 
70% in steps of 10% and with a mode without 
compression, in 96 adults with normal hearing. 
The results showed gradual decrease in the 
recognition ability of NU-6 monosyllabic words 
by progressive increase of the compression rate 

from 30 to 70% [15]. For interpreting the effect 
of the compression rate on SRSs, according to 
statements of Lazzaroni and Calearo, negative 
effect of speed increments in the speech 
presentation at a determined range can be 
negated by more utilization from intrinsic 
redundancy. However, at the higher 
compression rates, greater stimulus intensity is 
required to improve SRS [8,10]. Since in this 
study, the level of presentation of stimulus was 
stable, it is expected that SRSs decrease by 
increasing compression rate. 
At each three compression rates in the present 
study, there was superior SRS in Persian-
language group in comparison with Azeri-
Persian group. This difference was significant at 
40 and 60% compression. In addition, the 
difference of SRS of two groups increased by 
increasing compression rate, as the difference 
between the two groups was more significant at 
rate of 60% compared to rate of 40%. This 
result is in agreement with other similar studies, 
for example, Rosenhouse et al. compared 

Fig. 1. The comparison of time-compressed speech scores of two ears at three compression rates of 0, 
40 and 60% in monolingual and bilingual subjects. 
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bilinguals’ perception of Arabic and Hebrew 
speech (as first and second language, 
respectively) and reported the effect of speech 
rate (temporal compression) on word 
recognition ability in each two languages. All 
bilinguals were evaluated with the presentation 
of the 22 sentences at a slow rate as well as fast 
rate. They had to recognize target word. Similar 
to the present study, their results showed that 
word recognition was more comfortable at slow 
rate in comparison with fast rate in each two 
languages. Also, their perception of Arabic 
words (first language) was better than Hebrew 
(second language) [8]. 
The significant difference observed between the 
two groups in compression rates of 40 and 60% 
could be explained according to following 
reasons. Based on Kuhl et al. at six months after 
birth, in order to analyze the language, human's 
central auditory nervous system converts to a 
special network structure for categorization of 
the phonemes of the language in which the 
person is exposed to. By this special network 
structure, acoustic signals that are parts of 
features of first language will be perceived 
easier than the second language [16]. Previous 
studies have shown that during exposure to a 
second language in adverse listening conditions, 
bilinguals show lower performance than 
monolinguals. This lower performance happens 
because in these conditions extrinsic 
redundancy is reduced and subjects have to use 
more up-down resources; therefore, it is 
believed that they perform poorer in their 
second language [6,7,8]. Wingfield states that 
fast speech requires more cortical resources (up-
down) for processing, and a lot of information 
must be processed in a limited time. Thus, it is 
expected that bilinguals' performance would be 
poorer in comparison with monolinguals in 
compression rates of 40 and 60%.This 
decreasing level of the performance will 
become more relevant by hardening the 
listening conditions, because in this condition 
more resources from cortical is required [8]. 
Thus, there would be more differences between 
the two groups by increasing the compression 
rate from 40 to 60%. According to Hapsburg 

and Pena, the reason for different performance 
of the two groups is the bilinguals’ use of their 
both lexicons [7]. Therefore, this group spends 
more time for processing of words in both 
languages that are active most of the time. 
Therefore, it seems that the simplicity of the 
word recognition test and the test being less 
time consuming in compression rate of 0%, are 
the reasons that bilingualism does not affect the 
test results; however, if the test is conducted in 
compression rate of 40 and 60%, bilingualism 
will affect the results. 
Since TCST evaluate temporal processing 
ability, it can be concluded that bilinguals have 
lower temporal processing ability in comparison 
with monolinguals. Various similar studies that 
used words as test stimuli showed this 
difference between the two groups clearly [6,7]. 
The results of this study were inconsistent with 
the results of Sanayi et al. that used Gap in 
Noise (GIN) test  to evaluate auditory temporal 
processing ability of Turkish-Persian bilingual 
subjects and Persian monolinguals. Their results 
showed no significant difference between 
performances of the two groups [17]. In GIN 
test, distinguishing silent intervals between 
broadband noise and word recognition is not 
required. In fact, the test stimuli are not 
sufficiently challenging. Probably, broadband 
stimulus is the simplest stimulus that can be 
used for detection of the interval and cannot 
differentiate between the two groups [17]. 
Convincing evidence denote that encoding 
temporal information begins from cochlear 
nucleus to auditory cortical. It seems, temporal 
processing depends on cerebral and inter-
hemisphere processing, although the processes 
of the brainstem and under-cortical structures 
support appropriate processing [4]. On the other 
hand, as the hearing thresholds of all 
participants were in normal range, it seems that 
the reason of the difference in temporal 
processing ability between Persian and Azeri-
Persian groups should be researched in higher 
auditory centers [1]. 
In the present study, there was no significant 
difference between word recognition scores of 
both ears, in each three compression rates and 



103                                                                                                    Effect of bilingualism on temporal processing 

Aud Vest Res (2015);24(2):98-103.                                                                                           http://avr.tums.ac.ir 

the results are consistent with previous studies 
[11,15]. In one study by Rabelo and Schochat 
there was no notable difference between the 
scores of both ears, too [11]. In general, there is 
no reported notable advantage between 
performance of right and left ear in monaural 
studies [15]. Though the left hemisphere is the 
dominant hemisphere for language processing, 
in TCST, due to the presence of monaural 
stimuli and activation of ipsilateral and 
contralateral paths, the effect of preference of 
right ear on left ear (similar to some dichotic 
stimuli [15]) is negated [10,11]. 
Investigating the effect of this factor on each 
aspects of auditory processing is important due 
to the limited knowledge about complex effects 
of bilingualism [1,2,3]. Therefore, it is 
necessary to evaluate other temporal processing 
features of bilinguals, that is, temporal ordering, 
temporal integration and temporal masking. 
Other tests must be used to obtain exact and 
comprehensive information about processing 
procedures of this group. Also, since about a 
quarter of Iran’s population are Azeri-Persians, 
examining auditory temporal processing 
including speech stimuli in Azeri-Persian 
bilinguals using Azeri and Persian versions of 
the tests are suggested. 
 
Conclusions 
In the present study, there was a significant 
difference between the scores of monolingual 
and bilingual individuals (except for 0% 
rate).Therefore, based on the results of this 
study, Azeri-Persian individuals have lower 
temporal processing ability in comparison with 
Persian-language group. 
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