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Abstract The objective was investigating the effect of age
on speech-in-noise perception (SINP) using word percep-
tion score in white noise (WPS in WN). This cross-sectional
study was conducted on 76 participants, including 30 elderly
(older than 61 years) and 46 young adults (between 14 and
35 years) with normal levels of stress, night sleep and mini-
mental states. Audiological evaluations included acoustic
immittance testing, pure tone audiometry, determination of
speech reception threshold and WPS in WN. Data analy-
sis were performed using Mann—Whitney and Tukey HSD
tests. Based on the results of the tests, the participants were
divided into three groups: (1) young adults with normal hear-
ing (n=30), (2) elderly adults with normal hearing (n=16),
(3) elderly adults with mild to moderate high frequency
hearing loss (n=14). In both groups of old adults, the means
WPS in WN differences were significant only in the left ears
(Pv=0.008, 0.033, 0.025 for SNR=0,+5,+10 dB). In the
three groups and in the right ears, there were the significant
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differences between the means of WPS in WN (Pv=0.002,
0.000, 0.001 for SNR =0, +5,+10 dB), and also the left ears
(Pv=0.000, 0.002, 0.002 for SNR =0,+5,+10 dB).There is
a relationship between increasing age and decreasing WPS
in WN. The deleterious effects of aging on SINP decline are
greater than that of hearing loss.
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Abbreviations
SINP Speech-in-noise perception

WPS in WN  Word perception score in white noise
SNR Signal to noise ratio

Introduction

Presbycusis, which is predominantly associated with pro-
gressive bilateral high-frequency hearing loss [1] has
become a pervasive public health issue and is often associ-
ated with social isolation [2], communication, language, and
speech difficulties [1, 3].

Clinical features of presbycusis include slow central
processing of auditory information [4], SINP problems [3],
temporal synchrony disorders, widening of auditory filters
[5], and mechanical changes in the middle ear due to which
there is a possibility of conductive hearing loss [6].

The type and level of background noise, regional vocab-
ulary, the ability to understand vowel sounds, the type of
pronunciation and loudness of the speaker’s voice, the speed
of speech, bilingualism, the level of hearing loss and the
listener’s linguistic knowledge are effective on SINP scores.
However, the specific neurobiological mechanisms underly-
ing these difficulties remain unclear [7].
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Age-related decline in SINP is associated with decreased
brain activation in the right superior temporal cortex and
arising stimulation to noise in the left anterior temporal lobe,
which is related to structural changing in auditory brain [8].
Significant structural destruction in multiple brain areas
complicated in perceiving and producing speech show that
gray matter density declines with age. However, SINP are
affected both changing in brain structure and functioning [9].
Therefore, this research was designed with the objective of
investigating the effect of age on SINP using WPS in WN.

Material and Methods

This research was a cross-sectional study. Its practical work
was done in the fall season of 2022 in Hamedan city, Iran.
The study population involve 186 participants, which was
included 93 elderly (over 61 years old) living in nursing
homes and 93 young adults (between 14 and 35 years old).
All 186 participants were educated in elementary and high
school in Hamedan city.

Flow chart 1- Steps to find 3 studied groups on inclusion criteria (CI)

186 Participants
146 Participants with first conditions of CI
76 Participants with second conditions of CI
60 Participants based on audiological evaluations

16 old adults 30 young adults 14 old adults

The inclusion criteria were monolingualism (native
speakers of Persian language with Iranian dialect), normal
stress level, normal night sleep, normal mental state, no self-
reported speech, voice, language, and swallowing disorders,
no history of underlying diseases, no acute or chronic ear
infections, no rheumatological diseases, vasculitis, acoustic
neuroma, known neurological disorders and ear surgery, no
smoking (even one cigarette per day) and drugs, as well as
immunosuppressive drugs including interferons before the
study, corten, anticonvulsants and sedatives.

The exclusion criteria contained unwillingness to con-
tinue cooperation in our project, suffering from ear diseases
and mentioned conditions and diseases during the research.

At the beginning of the work, the study procedures were
explained to 186 participants, of which 146 participants (71
elderly and 75 young people) met the basic conditions for
entering the study and signed the consent forms, the rest
were excluded from the research.

Then the stress level (based on the GHQ28 question-
naire), night sleep position (based on the Petersburg ques-
tionnaire) and mini-mental state (based on the mini—mental
state examination) were determined. Out of 146 participants,
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76 of them had normal results and met the second condition
of inclusion criteria (n=30 old adults + 46 young adults),
the rest were excluded from the study.

All these 76 participants were evaluated by general audio-
logical evaluations, which included acoustic immittance test-
ing, pure tone audiometry and speech reception threshold
test. Based on the results, the participants were divided into
three groups:

1. Young adults with normal hearing that included 15
women (50%) and 15 men (50%).

2. 0ld adults, which included 10 women (62.5%) and 6
men (37.5%).

The hearing thresholds of groups 1 and 2 were within the
normal level, which were less than 25 dBHL in the fre-
quency range of 250 to 8000 HZ [10].

3. Old adults, which included 6 women (86.42%) and 8
men (14.57%). The hearing thresholds of these partici-
pants were normal in the frequency range of 250 to 2000
HZ, but in 4000 to 8000 HZ (high frequency) had 40-55
dBHL (mild to moderate) hearing loss [10].

Considering that until the date of conducting this
research, there was no norm for WPS in WN of Persian lan-
guage with Iranian dialect. It was necessary to determine
its norm in a population consisting of students and school
teachers. Therefore, we considered the minimum age for the
norm group to be 14 years. Because, the right ear matures
at the age of 10 and becomes similar to adult performance,
while the maturity of the left ear is around 13 and 14 years
old [11]. We considered the maximum age of the norm group
to be 35 years; the ministry of sports and youth of Iran has
also declared the maximum age of youth to be 35 years [12].

Our last test was WPS in WN, by which we evaluated 76
participants. The WPS in WN was measured by phoneti-
cally balanced monosyllabic words. In each trial, one word
was presented, at an individually adjusted intensity based
on participants’ comfort level. The words were presented
200 ms apart to minimize working memory demand. Par-
ticipants were asked to determine if the words were identi-
cal or different. The presentation of the second words was
followed by a question mark cueing participant to respond.
They were asked to answer as quickly. The inter-trial interval
was 1000 ms. If no response was made, the next trial auto-
matically begun 2000 ms after the last stimulus was played.
All stimuli were presented using presentation software
through high-quality headphones, by a woman voice with
the accompanying carrier phrase (Say the word...), while
participants were comfortably seated in a soundproof room.
The pairing of the responses and button on the response
box was counterbalanced across participants. The SNR was
at three levels: 0,4+ 5,4+ 10 dB. All the results are recorded
in the main questionnaire of the project. For this reason, we
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had to evaluate each participant three times, and in order not
to distort the results due to their fatigue, we evaluated each
participant on three separate days.

Designing Word Perception Score in White Noise Test
(WPS in WN)

To make phonetically balanced monosyllabic words, we
selected 150 words based on 6 Persian vowels, which are:
/A1, 10/, 17, /A, 10UV, [EL/.

The words were prepared in the order /consonant/vowel/
consonant/ and in each list of 25 words had only one similar
vowel (Table 1). Examining their frequency spectrum were
done based on Fourier analysis. All of them were meaning-
ful and familiar. To determine the validity of them, the lists
were presented to 20 professionals of linguistics, speech
therapy and persian literature.

The reason for our work was that brainstem is respon-
sive to pitch and rhythm. The cerebral cortex is sensitive to

meanings and concepts [13]. In other words, the brainstem
participates in the detection of the main frequency of the
human voice (FO) or pitch of the speech, which is transmit-
ted by the vowels [13, 14].

Whereas, FO does not convey the required cues to pro-
cessing the concept and lexical information, and the audi-
tory cortex is also not sensitive to the main frequency of
the human voice, it is only activate by the differentiation
between the frequencies of the first and second formant of
the vowels [14]. The crucial specific of FO perception is
that listeners native a language are able to recognize a cer-
tain voice as uniform feature regardless of the speaker’s FO
[10, 13]. In a situation where the rhythm of words and their
tonality change, it will be easier to recognize them with the
help of phonetic information [10, 14]. If the vowels in each
list were unsimilar, we had checked both the function of the
brainstem and auditory cortex. We wanted to have a specific
test, which is only to evaluate brain function and concept
comprehension.

Table 1 The phonetically balanced monosyllabic words lists of the Persian language for word perception score in white noise test (WPS in WN)

N Consonant vowel of Consonant Consonant Consonant vowel ~ Consonant Consonant
£ consonant Vowel of O consonant Vowel of EI consonant of A consonant Vowel of A consonant Vowel of

OU conso-
nant

1 Shaen Shol Seib Kar Sar Goush

2 Sen Pol Sheib Bar Dar Moush

3 Jeen Gol Jeib Mar Kar Doush

4 Geel Kol Seir Ghar Shar Noush

5 Del Khol Peir Zar Par Housh

6 Heel Ghom Deir Yar Zar Joush

7 Seel Gom Sheir Har Khar Shoush

8 Tel Khom Gheir Dar Nar Mour

9 Vel Dom Zeir Nar Tar Shour

10 Bah Som Jeir Sar Kar Sour

11 Mzh Ton Meir Khal Sam Dour

12 Deh Bon Teir Sal Nam Zour

13 Zazh Nok Meish Mal Kham Kour

14 Seh Shok Neish Bal Jam Gour

15 Mesh Kor Peish 74l Dam Jour

16 Kesh Sor Keish Kal Bam Nour

17 Shaesh Shor Feil Shal Sham Bour

18 Fer Lor Peil val Gham Tour

19 Sheer Ghor Meil Nam Ram Doud

20 Gheer Boz Beil Sham Shab Soud

21 Zer Hoz Meim Dam Tab Ooud

22 Vez Poz Neim Jam Lab Koud

23 Teez Moz Beim Kam Shak Boud

24 Mes Khosh Teim Vam Tak Zoud

25 Hees Shosh Seim Ram Sag Roud
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Data Analysis

All analysis were done by means of the statistics software
SPSS17. Descriptive statistics were Kolmogorov—Smirnov
and Shapiro—Wilk tests were used for evaluation of normal
test distribution. Intera class correlation and Cronbach’s
Alpha used to study the stability of the WPS in WN. The
normatic values expressed as mean + standard deviation and
as percentages. Mann—Whitney and Tukey HSD tests were
used for the multiple comparisons. The significance level
was determined to be less than 0.05.

Results

To determine the stability of WPS in WN with SNR between
0,45 and + 10 dB, the total intraclass correlation coefficient
(0.39) and Cronbach’s alpha (0.88) were evaluated. There
was a high correlation between initial test and retest perfor-
mance, confirming high test/retest reliability.

The participants were divided into three groups
based on the WPS in WN results: youth group
(mean age =24 +7.68 years), elderly group 1 (mean
age 75+9.32 years), and elderly group 2 (mean
age="72+8.95 years).

In each groups, the means WPS in WN of the right ears
(with SNR between 0,+5,+ 10 dB) were greater than the
left ears (Tables 2, 3, 4). But, the differences were not sig-
nificance (Mann—Whitney, Pv > 0.05).

In all groups and in the right ears, there were the sig-
nificant differences between the means of WPS in WN
(Pv=0.002, 0.000, 0.001 for SNR=0,+5,+ 10 dB), the dif-
ferences in the means of the left ears were also significant
(Pv=0.000, 0.002, 0.002 for SNR=0,+5,+ 10 dB).

As can be seen in Tables 2, 3 and 4 the standard deviation
values are high, which indicate heterogeneity. According to
the minimum and maximum values of WPS in WN, the rea-
son is determined. This situation is observed in all three
groups, and it is more in two old groups, which may be due
to the small number of participants.

Table 2 Mean +standard deviation (S.D) of word perception score in
white noise (with SNR between 0,+5,+ 10 dB) of youngsters with
normal hearing (Right ears =30, Left ears =30)

Table 3 Mean + standard deviation (S.D) of word perception score in
white noise (with SNR between 0, +5,+ 10 dB) of oldsters1 with nor-
mal hearing (Right ears =16, Left ears=16)

Ear SNR Mean+S.D (%) Max Min
Right 0 25.47+15.447 52 0
Left 0 19.53 +14.621 48 0
Right +5 41.32+19.137 72 6
Left +5 34.88 +24.377 84 4
Right 10+ 65.05+26.794 100 12
Left 10+ 58.35+25.022 88 8

The means of WPS in WN of the left and right ears
had significantly difference in three groups (Mann—Whit-
ney, Pv=0.000, 0.002, 0.002 for SNR=0,+5,+ 10 dB).
The differences of the means of WPS in WN in left ears
of normal-hearing old adults compared to old adults with
mild to moderate high frequency hearing loss were sig-
nificant (Mann—Whitney, Pv=0.008, 0.033, 0.025 for
SNR =0,+5,+ 10 dB). While none of the differences in
the means of WPS in WN of the right ears were significant
in two old groups (Mann—Whitney, Pv=0.077, Pv=0.077,
Pv=0.094 for SNR=0,+5,+10 dB).

Discussion

Our objective was investigating the effect of age on speech-
in-noise perception (SINP) using word perception score in
white noise (WPS in WN). We used of phonetically balanced
monosyllabic words lists of the Persian language to elimi-
nate the participation of the brainstem in detection the pitch
of the words. The tonality can be effective as a guide key in
discovering the meaning and facilitates the recognition of
the words [10].

Semantic understanding of speech is essential, everyday
conversations and communication take place in background
noise [1, 3]. Especially in competitive situations, when sev-
eral talkers are speaking at the same time [5]. The smallest

Table 4 Mean +standard deviation (S.D) of word perception score
in white noise (with SNR between 0,+5,+ 10 dB) of oldsters2 with
mild-moderate high tone loss (Right ears = 14, Left ears=14)

Ear SNR Mean +S.D (%) Max Min Ear SNR Mean +S.D (%) Max Min
Right 0 54.20+13.780 88 26 Right 0 14.91% + 14.761 40 0
Left 0 52.47+17.624 80 22 Left 0 9.23% +17.157 64 0
Right 5+ 67.47+17.059 92 32 Right +5 27.64% +31.923 92 0
Left S5+ 66.67 +15.548 92 28 Left +5 23.54% +23.808 80 4
Right 10+ 88.13+9.126 100 72 Right 10+ 46.55% +26.909 92 8
Left 10+ 87.73+13.683 100 48 Left 10+ 37.23% +24.461 84 0
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amount of structural/functional lesions of the auditory cortex
can cause great problems in personal relationships, living
conditions and cognitive abilities of patients, especially the
old adults [4]. Therefore, the use of a test that estimates
the vocabulary comprehension capacity can be effective in
the diagnosis, treatment and rehabilitation of patients. Our
findings showed that SINP decreased with age in both right
and left ears, and there was an inverse relationship between
means WPS in WN and age. Also, in our participants the
amount of SINP was higher for the right ears than the left.
The reason for this difference can be the known asymmetry
in humans; the dominance of the right ear for listening to
speech sounds is thought to confirm the superiority of the
left hemisphere of the brain for processing vocal communi-
cation [15].

The dissimilarity in SINP between young and normal-
hearing old adults suggests dysfunction of central audi-
tory processing, which is associated with impairments in
temporal resolution and increased central reaction time in
older adults [16]. Sensitivity to temporal envelope, temporal
fine structure, and consonant recognition in noise is lower
for normal-hearing adults than for young adults, which is
due to cognitive and perceptual changes apart from age-
related hearing loss. Cognitive abilities guaranteed with
aging include short-term memory and sustained attention.
Whereas, the elderly are weaker than young people in most
cognitive functions [17]. Age-independent intelligibility
effects occur in several motor and premotor areas, compris-
ing the left ventral premotor cortex and the right supplemen-
tary motor area. Age-dependent intelligibility effects are also
happen mostly in sensorimotor cortical areas and in the left
dorsal anterior insula [9].

There is a correlation between stimulation of the anterior
insula and correcting sentence processing function in which
rate are operated to decrease intelligibility. The activation
within the anterior insula is poorer in elderly during syllable
repetition task in competing situations with worse scores.
These failures can explain for the weakening in attention that
happens in aging and can have a negative result on SINP [8].

Relationship between brain structure and function in
elderly is relative dissociated, suggests that they may be
connected to separate risk factors for age-related communi-
cation problems [9]. The volume of the left inferior frontal
gyrus and the thickness of the left superior frontal gyrus are
greater in old adults [18] and there is the microstructural
damages in the middle longitudinal fasciculus [19]. Its func-
tion is vocabulary selection, sequencing and higher order
processing [20], which through the temporal lobe can play
arole in primary auditory processing [19].

With aging, the number and even density of neurons
and synapses in the nucleus of the cochlea and auditory
centers of the brain deteriorate and the size of the cells
also decreases [22]. The reduction of cells is not the same

in all parts of the brain usually deterioration occurs in
hearing areas, which are caused by the decreasing the
weight of the brain and its blood flow. The main reason of
brain weight loss is the decline of protective tissues and
cellular atrophy [9]. Aging affects Heschl’s gyrus/supe-
rior temporal gyrus region morphology and can induce
SINP problems for old adults already limited by low gray
matter volume. The structural differences in this area are
happen even after monitoring for hearing loss, suggesting
independent effects of aging on the peripheral and central
auditory processing [23].

Presbycusis patients with cognitive impairment undergo
topological reorganization of the whole-brain functional net-
work and show more obvious changes than patients without
cognitive impairment. Structural/functional changes in these
patients may compensate for the pathology by mobilizing
additional neural resources [21].

The modulation of top-down influences may change the
size of the effect of hearing loss in reducing SINP of old
adults, which are larger for word scoring than phoneme scor-
ing. Indeed, when word scoring is used, older adults with
normal hearing are able to take greater advantage of context
cues than their counterparts with hearing loss, possibly relat-
ing to the abnormal cognitive functions caused by periph-
eral hearing impairment [24]. Then hearing aid efficiency
is determined, at least in part, by the structural integrity of
low-level auditory cortex, and only a minor percentage of
old adults who can help from amplification are successful
hearing aid users [23].

However, the idea of hidden hearing loss is emerging in
the literature, and it is likely that some of the functional
difficulties related to these subclinical deficits are present
in clinical populations and may best be seen in more com-
plex listening tasks, such as SINP [25]. The interdependence
between central auditory function and cognitive processing
presents not only challenges to inference but also unique
opportunities in identifying targets for prevention. Further
studies need to understand why some individuals can set off
neural compensations and others seemingly cannot.

Conclusion

Aging can be an important factor in the deterioration of
SINP. There is a relationship between decreasing ability to
semantic comprehension and increasing age. The destructive
effects of old age on the reduction of speech perception are
greater than those of hearing loss.

Limitations

Research in the field of old age requires a lot of patience in
order to obtain accurate and valid results from the responses
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of the participants, a case that we faced in this research, as
some of our elderly were sensitive and bored, their reactions
were very slow and we had to devote a lot of time to gain
their trust and cooperation.

Another point is that we wanted to check the relation-
ship between word perception score in white noise and the
amount of time they spend reading books during the day,
which unfortunately we could not do because of the small
number of elderly participants who had normal hearing.
Obviously, research at the national level and larger samples
can solve this problem.
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