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Introduction

Numerous studies have shown decline in speech perception 
at the presence of competitive noise among elderlies even 
those having normal hearing ability. Difficulty in speech per-
ception of old people can be due to various reasons some of 
which have not been completely understood [1]. However, 
they can be attributed to deficits in the peripheral auditory 
system, central auditory processing and cognitive problems 
[2]. Audiometric thresholds cannot properly show speech per-

ception performance of the elderly people due to the nature of 
the test. 

To identify a specific stream of sound in a mixture of other 
sounds, the auditory information entered to the auditory sys-
tem has to be segregated and grouped based on its character-
istics [3]. The process of segregation and grouping of differ-
ent sound sources was first described by Bregman [4] in 1990 
as a phenomenon called auditory scene analysis. Segregation 
processes are automatic or primitive and operate before atten-
tion commencement (top-down control). Numerous evidences 
have demonstrated that bottom-up sensory processes conduct 
sound segregation for sound sources differentiation in pre-at-
tentive stages (i.e. before the effect of top-down processes). 
This indicates that auditory stream segregation is performed 
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before stimuli selection [5-7]. Segregation of a combination 
of sounds from different sources entering the auditory sys-
tem occurs automatically in lower levels of the auditory sys-
tem facilitating the selection of external sources for better 
speech processing and understanding [5].

Auditory system segregates different sounds including 
speech at least by two basic elements (i.e. temporal and fre-
quency characteristics). Segregation of different simultane-
ously presented sound streams will be done based on their 
frequency contents and harmonic relations which lead to sep-
aration of each sound stream and source. Finally, their inde-
pendent perception representations will be shaped in the cen-
tral auditory system. Information obtained from young people 
with normal auditory ability showed that fundamental fre-
quency (F0) and low-frequency harmonics in combination 
with auditory stimuli such as speech have crucial importance 
in understanding sounds pitch and perceptual segregation and 
therefore, facilitation of speech perception in a noisy environ-
ment [4,8]. A possible deficit in frequency representation is 
supported by reduced frequency following responses to tone 
bursts, as well as increased frequency discrimination differ-
ence limens in older adults compared to young people [9].

Based on the mentioned points, it can be expected that cor-
rect and automatic extraction of fundamental frequencies and 
their consequences (discovery of pitch, formant properties, 
vowels, and their harmonic relationships) can be considered as 
the first step in speech perception especially in noisy and crowd-
ed environments [1,8,10]. Reduction of pitch perception due 
to the decrease in nervous processing ability in the brainstem 
and subcortical regions is one of the problems of the elderly 
people which disables them in speech perception in noisy 
environments [1,11].

To investigate speech processing, various tools and tests 
can be used. In this study, two speech identification behavior-
al tests were employed: speech-in-noise (SIN) test and Iranian 
version of the speech, spatial, and qualities of hearing scale 
(SSQ) questionnaire. Speech auditory brainstem response 
(ABR) test was also employed to investigate the performance 
of brainstem regarding F0.

For behavioral investigation of speech identification at the 
presence of noise, the Iranian version of adult temporal acuity 
test was employed; speech stimuli comprised four lists of fifty 
words-monosyllabic lists, which were presented to the right 
ears with continuous noise on signal-to-noise ratios (SNRs) 
of 0 and -10 dB [12,13].

SSQ is a questionnaire developed to measure a listener’s 
self-reported ability to hear in a variety of everyday situations 
for some purposes. In particular, SSQ is a promising tool for 
assessing the difficulties that listeners may have in understand-

ing auditory signals (speech and non-speech) in challenging 
and realistic conditions that involve issues such as reverbera-
tion, the spatial positions of sounds, and different types of mask-
ing [14]. The Iranian version of this questionnaire which con-
tains 47 statements is designed in three sections of speech 
perception, spatial hearing, and some qualities of hearing which 
was translated from the original version and its reliability and 
validity was confirmed [15].

Speech ABR is a proper test for evaluation of the subcorti-
cal electrophysiological auditory processing of speech [16]. 
It provides a clear relation between the stimuli and nervous 
system responses and evaluates the quality of fundamental 
frequency reception; and some degree of its quantization is 
also possible at brainstem level [17]. Previous studies have 
indicated the relationship between SIN processing spectral 
and temporal constituents of Speech ABR in children [17], 
adults, and the elderly people [1]. Variations in this test can be 
regarded as an objective sign of changes in nervous system 
function.

The results of behavioral tests of speech in noise, self-as-
sessment of speech processing by Iranian version of SSQ 
questionnaire and variations of fundamental frequency am-
plitude of Speech ABR in the elderly people with normal 
hearing ability (complaining of speech perception difficulties) 
and their correlation were surveyed by this study and com-
pared with those of young people with normal hearing ability 
who had no problem regarding speech perception.

Subjects and Methods

Subjects
The present descriptive-analytical study was conducted from 

January to March 2017 on 32 elderly people over 60 years old 
(17 male and 15 female) with mean age of 68.9 [standard de-
viation (SD)=6.33] and 32 young adults aged 18-25 years 
old (16 male and 16 female) with mean age of 21.43 (SD= 

1.74) having normal hearing thresholds in Rofaideh Hospi-
tal, Tehran, Iran. This study was approved by the Ethics Com-
mittee of University of Social Welfare and Rehabilitation Sci-
ences. Written consents of subjects were obtained after complete 
explanation of the method and ensuring them that they will be 
informed of the results. 

The elderly people were recruited from Yas senior nursing 
home and health centers of Tehran Municipality. All samples 
were randomly selected from those having inclusion criteria: 
right-handedness (using Persian version of Edinburgh Hand-
edness Inventory questionnaire), being monolingual (master 
in Persian language as mother language), having normal ex-
ternal auditory canals with intact tympanic membranes, and 
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no history of ear diseases, epilepsy, head trauma or accident, 
brain surgeries, and nervous system medications. The pure tone 
average of all subjects in the range of 500-4,000 Hz was bet-
ter or equal to 25 dB HL in both ears; thresholds of each of 
four frequencies were better or equal to 40 dB HL with a 
maximum mean difference of the threshold for each similar 
frequency in both ears as 5 dB HL. Tympanometry and acous-
tic reflex were conducted to make sure on the normal perfor-
mance of the middle ear. The Mini-Mental State Examina-
tion was used to screen the normal cognitive function of the 
elderly. The same criteria were also considered for selection 
of young volunteer participants from students of University 
of Social Welfare and Rehabilitation Sciences, Tehran. The 
pure tone average for young participants was better than 25 
dB HL in the frequency range of 500-4,000 Hz in both ears.

Stimuli
All participants underwent SIN test and filled the SSQ ques-

tionnaire. For investigating the SIN perception, four 50-word 
standard lists along with continuous noise at two SNRs of 0 
and -10 were applied. Then, the Iranian version of SSQ ques-
tionnaire was completed by participants. This questionnaire in-
cludes 47 statements regarding 3 aspects of speech perception, 
spatial hearing, and hearing quality. Participants’ abilities were 
assessed at each statement and determined through a 10-degree 
horizontal scale in which zero and 10 represented minimum 
and maximum ability, respectively.

Procedures
Speech ABR test was performed on each old and young 

participant by Bio-Logic Navigator Pro System, in which the 
noninverting electrode, inverting electrode, and earth elec-
trode were placed in Cz, on the right earlobe, and on the fore-
head, respectively. During the recording phase, impedance 
was kept below 5 kΩ and inter-electrode impedance was 
maintained below 1.5 kΩ. Stimuli were presented by insert 
earphone (Etymotic Research, Elk Grove Village, IL, USA), 
ER-3A. The stimuli consisted of a 40 ms synthesized stop 
consonant /da/ provided with the BioMARK module. This 
syllable contained an initial noise burst, a formant transition 
between the consonant and a steady-state vowel with a funda-
mental frequency (F0) which linearly rose from 103 Hz to 125 
Hz; the voicing begins at 5 ms with an onset release burst dur-
ing the first 10 ms. The first formant frequency (F1) linearly in-
creased from 220 Hz to 720 Hz, while the second formant (F2) 
decreased from 1,700 Hz to 1,240 Hz over the duration of the 
stimulus. The third formant (F3) fell slightly from 2,580 Hz to 
2,500 Hz, while the fourth (F4) and fifth (F5) formants remained 
constant at 3,600 Hz and 4,500 Hz, respectively. The stimulus 

was presented by stimulus costume option in Biologic AEP 
software (version 7.0) with alternating polarity and presenta-
tion rate of 10.9 per second. Stimulus intensity was 80 dB 
SPL calibrated by 2-cm3 DB-0138 coupler audiometer Bruel 
& Kjaer Type 2203 and a microphone with a 1-inch diameter. 
Online filter setting of 100-2,000 Hz, sampling rate of 1,024 
and time window of 85.33 ms (including a 15 ms pre-stimulus 
time) were also employed. All the stimuli were applied on the 
right ear according to the current standards and individual 
traces exceeding ±23.8 mV were eliminated from the aver-
age. Total 4,000 (two sub averages of 2,000 sweeps) artifact 
free responses were obtained. The test was carried out in 
calm condition with closed eyes in reclining position on a 
comfortable chair in a soundproof room with low light and 
low electrical and environmental noise. The spectral survey 
of the obtained responses was done by Mat Lab software, 
version R2013a (The Math Works, Inc., Natick, MA, USA).

Statistical analysis
Statistical analysis of this research was done by SPSS (ver-

sion 16, SPSS Inc., Chicago, IL, USA). Normality of the data 
was examined by Kolmogorov-Smirnov test. The multi-vari-
able analysis was used for comparing the results of SIN test, 
SSQ questionnaires and variation of fundamental frequency 
F0 range. Correlation of the behavioral tests results with F0 
range variations was calculated through Pearson correlation 
coefficient.

Results

On account of the normal distribution of the data, the multi-
variable analysis was applied for comparing the results of 
younger and older people.

Speech-in-noise test
Table 1 shows the results of SIN test in two SNRs (0 and 

-10) for both groups. In both cases, the score gained by elderly 
people was lower than the younger subjects and this difference 
was statistically significant (p<0.001). For the younger adults, 
the mean 0 and -10 SNR scores were 68.18% (SD=7.54%) 
and 39.06% (SD=7.03%), respectively. For the older adults, 

Table 1. Distribution of speech in noise test per group

SNR (dB) Group No Mean (%) SD p-value
0 Young 32 68.18 7.54 <0.001

Elderly 32 51.56 6.84
-10 Young 32 39.06 7.03 <0.001

Elderly 32 23.93 5.82
SNR: signal-to-noise ratio, SD: standard deviation
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the mean scores for 0 and -10 SNR were 51.56% (SD=6.84%) 
and 23.93% (SD=5.82%), respectively.

The Iranian version of SSQ
As shown in Table 2, in comparison with older adults, young-

er subjects gained higher scores on the overall score, speech, 
spatial and qualities subscales. For the younger adults, the 
mean overall SSQ, speech, spatial, and qualities subscale 
scores were 8.78 (SD=0.65), 8.82 (SD=0.62), 8.77 (SD=0.49), 
and 9.04 (SD=0.47), respectively. However, the older adults 
obtained 7.07 (SD=0.35), 7.11 (SD=0.32), 7.04 (SD=0.41), 
and 7.1 (SD=0.48) for the same subscales. These differences 
between the two groups were statistically significant (p<0.001).

Spectral analysis of speech ABR
Spectral analysis was applied to measure the precision and 

magnitude of neural phase locking at fundamental frequency 
F0, first formant frequency F1, and higher frequencies of the 
first formant HF (Table 3). Analyses of the spectral domain 
of responses indicated that fundamental frequency (F0) encod-
ing amplitude was lower for the elderly people [6.98 (SD=2.8)] 
as compared with young people [10.38 (SD=3.12)]. This dif-
ference was statistically significant (p<0.001).

Moreover, results of SIN behavioral test in two SNRs of 0 
(r=0.366, p<0.003) and -10 (r=0.299, p< 0.016) and the total 
score of SSQ questionnaire (r=0.342, p< 0.006) showed high 
correlation with F0 range.

Discussion and conclusion
In SIN test and for both SNRs, the elderlies’ mean score 

was lower than the young subjects. Mean score of young peo-
ple was 68.18% and 39.06% in SNRs of 0 and -10, respec-
tively. These results are in agreement with the results of 
Omidvar, et al. [13] (66.2% and 33% in the same order). Also, 
the scores of the elderly people were 51.56% and 23.93% for 
the SNRs of 0 and -10, respectively, which were in accordance 
with the studies of Jafari, et al. [18] and Stuart and Phillips [19].

Investigation of the groups in terms of their responses to 
SSQ questionnaire showed that the score of the elderly peo-
ple (7.08) was less than the young subjects (8.78). This trend 
was also observed in the mean score of the three items of the 
questionnaire: speech perception, spatial hearing, and hearing 
quality. This decrease can indicate the impact of age on com-
municative abilities. The scores of this study are in agreement 
with the results of Singh and Pichora-Fuller [20] in which 
older adults and young people gained the scores of 7.7 and 8.8, 
respectively.

Through Speech ABR test, fundamental frequency F0 and 
its spectral analysis were conducted in microvolts. The results 
of the elderly people were less than young subjects. This 
trend was in agreement with the results of Anderson, et al. [1] 
and Vongpaisal and Pichora-Fuller [21].

Anderson, et al. [1] showed that the older adults need im-
proved coding in fundamental frequency at sub-cortex level 
for better understanding of speech. In more summarized form, 
the better the fundamental frequency receiving ability in these 

Table 2. Distribution of Iranian version of SSQ per group

Item Group No Mean (scores) SD p-value
Speech perception Young 32 8.82 0.62 <0.001

Elderly 32 7.11 0.32
Spatial hearing Young 32 8.77 0.49 <0.001

Elderly 32 7.04 0.41
Hearing quality Young 32 9.04 0.47 <0.001

Elderly 32 7.10 0.48
Total score Young 32 8.78 0.65 <0.001

Elderly 32 7.07 0.35
SSQ: speech, spatial, and qualities of hearing scale, SD: standard deviation

Table 3. Distribution of the spectral magnitudes per group

Spectral magnitudes Group No Mean (mV) SD p-value
F0 Young 32 10.38 3.12 <0.001

Elderly 32 6.98 2.80
F1 Young 32 8.77 0.49 <0.001

Elderly 32 7.04 0.41
HF Young 32 9.04 0.47 <0.001

Elderly 32 7.10 0.48
SD: standard deviation, F0: fundamental frequency, F1: first formant frequency, HF: higher frequencies of the first formant
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people, the less problems they will face in speech perception at 
the presence of noise.

In this study, only the effect of aging was addressed as the 
elderly participants had normal hearing threshold and no cog-
nitive problems. Therefore, hearing loss and cognitive prob-
lems had the least possible impact on the study result. How-
ever, as the elderly who entered the study suffered from poor 
speech perception in noisy conditions (based on their own 
statement), the obtained results indicated the effect of aging on 
effective auditory processing in speech perception in noise. 

Older adults are unable to benefit from voicing cues as ef-
fectively as younger adults in an informational masking task 
[22,23] and this affects their ability to process pitch cues. This 
deficit may interfere with following a single stream among the 
competing voices. 

The decline in the ability to use pitch cues may arise from 
age-related decreases in γ-Aminobutyric acid (GABA) inhi-
bition. Reduction in GABA has been found in the inferior 
colliculus and dorsal cochlear nucleus of rats [24,25]. Down-
regulation of inhibitory function may also lead to degrada-
tion of subcortical temporal resolution [26] by decreasing the 
selectivity of pertinent acoustic features in the stimulus [27-
29]. It is possible that deficit in GABA inhibition may partly 
be responsible for weaker F0 encoding and less stable/precise 
neural timing in the older adult group. While decrease in GA-
BAergic inhibition may contribute to age-related deficits in 
subcortical encoding of pitch and timing. The primary purpose 
of this study was to examine the aspects of important subcorti-
cal processing for SIN perception in older adults rather than to 
assess the effects of aging on subcortical responses. Previous 
findings have demonstrated smaller representation of F0 in 
children and young adults with poor SIN perception [1,17,30], 
so our finding regarding these effects in older population could 
be indicative of a fundamental and age-independent mecha-
nism of auditory processing.

Results of SIN test and SSQ questionnaire showed that 
having a normal hearing threshold in the elderly people is 
not associated with normal speech perception in noisy envi-
ronments as good as normal young people. Moreover, the 
high correlation of behavioral and self-assessment test results 
as well as the results of receiving a range of F0 in this study 
indicates the impact of F0 receiving range reduction on the 
speech processing. Fundamental frequency has a key role in 
segregation of simultaneous speech sounds and identification 
of the speaker. Higher ability in receiving F0 enables the per-
son to segregate simultaneous sounds easier; which is of cru-
cial importance in speech perception in noisy environments. 
The decrease in the range of F0 can lead to the weak perfor-
mance of elderly people in brainstem nervous processing. 

Such reduction may cause the weaker perception of the target 
speech and its improper segregation from the background 
noise and therefore, disability of the older adults to follow the 
speech of a person. Therefore, the elderly people would fail to 
follow a discussion.
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