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Speech perception processing in a noisy environment is subjected to age-related decline. We 
used functional magnetic resonance imaging (fMRI) to examine cortical activation associated 
with such processing across four groups of participants with age ranges of 23–29, 30–37, 41–
47 and 50–65 years old. All participants performed a forward repeat task in quiet environment 
(SQ) and in the presence of multi-talker babble noise (SN; 5-dB signal-to-noise ratio, SNR). 
Behavioral test results demonstrated a decrease in the performance accuracy associated with 
increasing age for both SQ and SN. However, a significant difference in the performance 
accuracy between these conditions could only be seen among the elderly (60–65 years old) 
subjects. The fMRI results across the four age groups showed a nearly similar pattern of 
brain activation in the auditory, speech, and attention areas during SQ and SN. Comparisons 
between SQ and SN demonstrated significantly lower brain activation in the left precentral 
gyrus, left postcentral gyrus, left Heschly’s gyrus, and right middle temporal gyrus under 
the latter condition. Other activated brain areas showed no significant differences in brain 
activation between SQ and SN. The decreases in cortical activation in the activated regions 
positively correlated with the decrease in the behavioral performance across age groups. 
These findings are discussed based on a dedifferentiation hypothesis that states that increased 
brain activation among older participants, as compared to young participants, is due to the 
age-related deficits in neural communication. 
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INTRODUCTION

A noisy background is distracting; the presence of 
noise affects both ability to concentrate and ability to 
communicate and, therefore, may impose deleterious 
effects on cognitive processing [1]. Previous studies 
indicated that speech processing diminished in the 
presence of background noise [2, 3]. It is, therefore, 
not surprising that older adults experience increased 
difficulties in understanding speech against a noisy 
background, as compared to younger adults [4]. 

Throughout a normal human development, changes in 
the brain structure and functions take place totolerate-
interference from background noise. These age-related  
changes in neural activationand mechanisms in the 
brain areas dedicated to auditory, memory, and speech 
processing have been reported in many previous 
studies [1–3, 5]. In addition, the effects of noisy 
background on the aging brain have also been reported 
[1, 3]. What are lacking in the previous works are the 
neural mechanisms of such processing across age 
groups; the respective studies would provide additi-
onal information with regards to changes in the brain 
underlying the process of normal aging. 

As was mentioned earlier, noise may impose 
deleterious effects on various cognitive processing, 
and the respective shifts are greater in older adults. 
Recent evidence showed that the increasingly 
compromised speech understanding under noisy 
condition in older adults was due not only to auditory 
changes, but also to alterations in other cognitive 
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areas, such as attention-, memory-, and other related 
cognitive processing areas [6, 7]. Previous studies 
reported age-related changes in cognition, which 
were not uniform across all cognitive domains and 
across all older individuals. Furthermore, attention- 
and memory-related structures were the most affected 
processing areas. Perception also showed a significant 
age-related decline attributable mainly to declining 
sensory capability. A deficit at early processing 
stages could affect cognitive functions in the latter 
processing stream. Higher-level cognitive functions, 
such as language processing and decision making, 
may also be affected by age. These tasks naturally rely 
on more basic cognitive functions and will generally 
show deficits to the extent that those fundamental 
processes are impaired. Moreover, complex cognitive 
tasks may also depend on a set of executive functions, 
which manage and coordinate various components 
of the task realization. Considerable evidence points 
to impairment of the executive function as a key 
contributor to age-related declines in a range of the 
cognitive tasks [8, 9]. Previous researchers also 
agreed that, as neural areas in the brain are tightly 
interconnected with each other, a deficit in one area 
might result in deterioration of the entire process [10]. 
For example, changes in cognition may be attributed 
to changes in sensory processing (i.e., deficits in 
vision and hearing), which, in turn may contribute 
to alterations in speech, attention, and memory [11]. 
Previous studies have also shown that older adults 
exhibit dissimilar patterns (i.e., underactivation or 
overactivation) of brain activation, compared to 
younger adults, during the execution of various tasks, 
including tasks involving auditory, memory, attention, 
and speech processing [12–15]. 

Based on previous evidence in cognitive aging 
studies, we put forward two major hypotheses. The 
first hypothesis is about dedifferentiation; it suggests 
that some intensification in brain activation in older 
participants (as compared to young ones) is due to 
the deficits in neurotransmission which causes a 
decrease in the signal-to-noise ratio (SNR) and loss of 
neural specialization [7, 8, 16]. The dedifferentiation 
hypothesis is contrasted by the second hypothesis 
known as compensation, which predicts that age-
related increases in brain activation, as well as the 
recruitment of additional areas, compensate for various 
neural and behavioral deficits [6, 7, 12, 13, 15].

In this our study, we aimed to investigate whether the 
underactivation and overactivation in neural networks 
during speech perception processing in the elderly 

are caused by dedifferentiation or compensation. To 
achieve this, an fMRI technique was applied to four 
groups of subjects with different age ranges, in order 
to capture brain responses at different ages during the 
performance of a speech perception task in the quiet 
environment and under the action of background noise 
(5-dB SNR). If the dedifferentiation hypothesis can 
be generalized to other sensory domains, we would 
see a decrease in brain activation in such a way that 
cognitive processing is accompanied by decreases 
in the behavioral performance across age groups. 
Conversely, if the compensation hypothesis is in 
action, we would see a decrease in brain activation 
in some brain areas, which will be accompanied by 
increases of activation in other brain areas, and the 
behavioral performance remain comparable across all 
age groups.

METHODS

Participants. Fifty-two right-handed [17] adult 
Malay male participants, with an age ranges from 20 
to 65 years, were divided into four groups (Table 1). 
Data obtained from group 1 have been mentioned in 
our previous communication [18]. All participants 
had normal hearing and were free from tinnitus 
and neurological diseases. The oldest participants  
(50 years old and above) were subjected to Mini Mental 
Status Examination (MMSE) [19]. All participants 
scored normal in such examination (between 28 and 
30). 

Audiometry. Prior to the fMRI scans, answers to 
a standard questionnaire and an online audiometric 
measures (Rochester Hearing and Speech Center,  
ht tp: / /myhearingtest .net/)  were obtained from 
participants.The hearing thresholds for all participants 
were within the normal limits in the frequency range 
relevant for speech perception (250-8000 Hz) [20].

Experimental Stimuli .The stimuli consisted 
of a series of natural speech words produced by a 
Malay male adult and were digitally recorded (Sony 
Digital Voice Editor), stored, and edited using Adobe 
Audition 2.0 software. The average intensity of the 
stimuli was approximately 55 dB SPL. For the noisy 
condition, the same stimuli were used with babble 
noise (+5 dB above the background). Babble noise is 
the sound of multi-talkers (n = 7) reading different 
texts; these sounds were digitally recorded, stored and 
edited using the previously mentioned software. The 
intensity of the stimuli was fixed. The loudness of the 
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stimuli was adjusted and matched to all conditions so 
that all participants could hear the stimuli clearly and 
comfortably. The order of the delivery of the stimuli 
(with and without babble noise) was counterbalanced. 
More details of experimental stimulation can be found 
in our previous reports [21–23].

Experimental  Paradigm .  A total  of  four 
experimental conditions were used, as shown in Fig. 1 
A; (i) listening and responding to speech stimuli in the 
quiet environment (SQ), (ii) listening and responding 
to speech stimuli in the noisy environment (SN), (iii) 
listening to babble noise (N) and (iv) listening under 
quiet condition (Q; not shown). Both the SQ and SN 
conditions consisted of five consecutive 0.6-sec-long 
stimuli separated by 0.5-sec-long silence intervals, 
making up a total stimulus duration of 5 sec per 
stimulus train. Figure 1B, C illustrates the delivery 
of the speech stimuli in the presence of background 
babble noise. Speech stimuli consisted of 30 two- or 
three-syllable unrelated familiar Malay words (verbs 
and nouns). These words were randomized to produce 
each of the 20 SQ and SN trial sets. During a trial, the 
stimuli were presented at the 6th second and lasted 
approximately 5 sec, as shown in Fig. 1A. During the 
speech perception task, participants were given 5 sec 
to repeat forward all the five words presented. Each 
trial lasted 16 sec, and there were 120 trials in total.

Instructions to the Participants. Prior to fMRI 
scans, a detail explanation about the speech perception 
task was given to the participant. It was emphasized 
that the participant must focus with an otherwise 
clear mind throughout the procedure and to keep 
still. During the scan, participants lay comfortably in 
a supine position in the MRI scanner. An adjustable 
head holder restricted head movements.Auditory 
stimuli were presented binaurally through earphones. 
In addition, individual participant’s score (number 

of correct answers) were recorded manually by the 
experimenter in the console room.

fMRI Scans. Details of fMRI data acquisition and 
analysis can be found in our previous publications [18, 
24, 25] but are also given here in brief. Participants were 
positioned in a 1.5-Tesla magnetic resonance imaging 
(MRI) system (Siemens Magneton Avanto, Siemens, 
Germany) equipped with functional imaging options 
and echoplanar imaging capabilities. A radiofrequency 
(RF) head coil was used for signal transmission and 
reception. Prior to the functional imaging scans, 
structural T1-weighted images were acquired using 
a multiplanar reconstruction (MPR) spin-echo pulse 
sequence with the following parameters: Repetition 
time (TR) = 1240 msec, field of view (FOV) = 
= 250 × 250 mm, flip angle = 90 deg, matrix size = 
= 128 × 128, and slice thickness 1.0 mm. Functional 
images were then acquired using a gradient echo-
echo planar imaging (GRE-EPI) pulse sequence. 
Each whole brain acquisition consisted of 21 axial 
slices covering all brain regions including the 
cerebellum. The following parameters were used for 
the functional scans: TR = 2000 msec, echo time (TE) 
= 50 msec, (FOV) = 192 × 192 mm, flip angle (α) = 
= 90 deg, matrix size = 128 × 128, and slice thickness 
5 mm with 1.25 mm gaps. A sparse temporal sampling 
was used to avoid the interference of scanner sound 
onto the stimulus [26].

Data Analysis. Each participant’s behavioral 
performance was scored as how many times the series 
of words were correctly repeated. Repeated-measure 
analyses of variance (ANOVA, SPSS 20.0) were then 
implemented on all participants’ data using age group 
as a between-subjects factor, to evaluate the effect of 
age-related differences on the performance accuracy. 
The data were further analyzed using the Tukey post-
hoc test to obtain pairs of groups that showed age-

T a b l e 1. Demographic and Performance Data Obtained from the Participants of Different Age Groups

Т а б л и ц я 1. Дані про учасників та виконання завдань обстеженими різних вікових груп

Age groups Group 1 (youngest) Group 2 Group 3 Group 4 (oldest)

N 14 14 10 14

Age range 23 – 29 30 – 37 41 – 47 50 – 65

Mean age 27 ± 2.2 33 ± 2.2 45 ± 2.3 59 ± 2.7

Years of education 14.80 ± 0.79 15.40 ± 1.50 13.90± 3.16 13.00 ± 2.46

Behavioral performance during SQ 17.50 ± 2.27 17.70 ± 2.36 14.20 ± 2.90 15.07  ±  3.51

Behavioral performance during SN 17.28 ± 2.92 18.36 ± 2.02 14.50 ± 2.91 12.71  ±  3.98

F o o t n o t e s. SQ and SN are quiet and noisy (5-dB SNR) conditions; means ± s.d. are shown. 
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related differences. Linear regression was used to 
evaluate the performance accuracy vs. age across four 
groups of the participants. Finally, correlation analysis 
was applied to the data to evaluate the relationship 
between the performance accuracy of four age groups 
and levels of brain activation and to evaluate the 
relationship between sensory and cognitive areas (each 
brain area was evaluated separately). 

The sparse fMRI data were analyzed using 
MATLAB 7.4 – R2008a (Mathworks Inc., USA) and 
Statistical Parametric Mapping (SPM8) (Functional 
Imaging Laboratory, Wellcome Department of Imaging 
Neuroscience, Institute of Neurology, University 
College of London, Great Britain; http://www.fil.ion.

ucl.ac.uk/spm). The first two image volumes of every 
EPI-recording session were discarded to account for 
the approach to steady state of the MR signal. Prior 
to image analysis, each participant’s raw data were 
motion-corrected and normalized. The magnitude 
of absolute motion did not exceed 3 mm for any 
participant [27–30]. The data of two participants were 
discarded from data analysis due to excessive motion. 
Data were further analyzed using a 12-parameter non-
linear normalization onto the MNI-reference state as 
implemented in SPM8 and with smoothing (FWHM = 
= 6 mm). The fMRI data were analyzed according 
to the general linear model (GLM). With regard to 
different conditions, four regressors were included 
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F i g. 1. Experimental paradigm. A) Illustration of the sparse fMRI paradigm. B) Stimulus train consisting of a sequence of five unrelated 
familiar words (randomly selected verbs and nouns) for listening and responding to speech in the quiet (SQ) and background babble noise 
(SN) environments. C) Pattern of the noise used in the tests.

Р и с. 1. Експериментальна парадигма.
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in the design, SQ, SN, N, and Q. The regressors 
were convolved using the hemodynamic response 
function, as provided in SPM8. Statistical analysis was 
performed using a mixed-effects model; fixed-effects 
analysis (FFX) was used for single-participant analysis 
and random-effects analysis (RFX) was applied for 
group analysis. For the letter, contrast images were 
computed for each participant. The one-sample t-test 
was later performed. For FFX analysis, the statistical 
significance was set at P < 0.05 and corrected for 
multiple comparisons from a whole-brain analysis. For 
RFX analysis, the statistical significance was set at 
P < 0.001, and uncorrected for multiple comparisons 
with a minimum cluster size of 20 voxels and t-values 
greater than 3.5. RFX analysis is based on regions-of-
interest using automatic anatomical templates from the 
toolbox of Wake Forest University (WFU) pickatlas 
[31]. 

ANOVA were then used on all participants’ data 
using an age group as the between-subjects factor, to 
evaluate age-related differences within all activated 
areas obtained from both tasks. The data were further 
analyzed using the Tukey post-hoc test, to evaluate 
which groups show age-related differences. Linear 
regression was used to evaluate the activated areas vs. 
age across four groups of the participants. Finally, a 
paired t-test was applied to the data, to evaluate the 
differences between brain activation at SQ and SN 
tasks. Each brain area was analyzed separately.

RESULTS

Behavioral Data. These data for SQ and SN 
conditions across four age groups are presented in 
Table 1. For SQ, there was a significant main effect 

of age on the behavioral scores:F (3, 48) = 4.786,  
P = 0.005. Further analysis using linear regression also 
revealed a significant effect (P = 0.005, b = –0.388,  
F (1, 50) = –2.977, R2 = 0.151). A similar result was 
also obtained for SN, with a significant main effect 
of age on the behavioral scores: F (3, 48) = 8.735, 
P = 0.001. The Tukey post hoc test further revealed 
significant differences between group 1 and group 4  
(P = 0.003) and between group 2 and group 4  
(P = 0.001). Linear regression analysis also revealed 
a significant effect (P = 0.001, b = –0.522, F (1, 50) = 
= –4.330, R2 = 0.272). These results allowed us to 
conclude that there is a decrease in the performance 
accuracy with increasing age for both SQ and SN. 

A paired t-test was applied to examine the difference 
in the performance accuracy between SQ and SN 
and revealed a significant difference between tasks 
only in group4 of the participants (t = 0.001). This 
result demonstrates that participants of this group 
(the oldest one) scored significantly better during 
SQ, as compared to the respective values during SN. 
Other groups showedonly statistically insignificant 
differences between the two conditions 

fMRI. Under N condition, the STG and MTG were 
activated bilaterally and showed a significant main 
effect of age: F (3, 48) = 170039.73, P < 0.001 for 
the left STG, F (3, 48) = 4552662.92, P < 0.001 for 
the right STG, F (3, 48) = 430899, P < 0.001 for the 
left MTG, and F (3, 48) = 2421807.35, P < 0.001 for 
the right MTG. These results indicated that there were 
changes in the brain activation pattern for both left and 
right STGs and MTGs across age groups. However, 
these changes were not uniform. This brain activation 
pattern is tabulated in Table 2 and Fig. 2. The number 
of activated voxels (NOV) in the left STG decreased 
slightly with age. However, for the bilateral MTGs 

T a b l e 2. Numerical Data Obtained from Group Analysis Across Four Groups of Participants During Listening to Babble Noise (N) 

Т а б л и ц я 2. Результати аналізу даних чотирьох груп учасників при слуханні «шуму натовпу»

Anatomical 
areas Hemisphere

Group 1 Group 2 Group 3 Group 4

P 
value

Coordinates
(x, y, z, mm) NOV P 

value
Coordinates
(x, y, z, mm) NOV P 

value
Coordinate
(x, y, z, mm) NOV P 

value
Coordinate
(x, y, z, mm) NOV

STG L 6.06  -66, -26, 6 1131 6.79  -56, -2, -2 1165 8.42  -64, -18, 6 1079 7  -58, -26, 8 963

 R 5.09 46, -20, 2 1120 6.52 44, 8, 20 824 10.33 54, 8, -12 2058 9.27 62, -14, -2 1307

MTG L 6.60  -66, -38, 8 525 5.92  -62, -14, 0 246 7.56  -58, -6, -8 700 6.50  -58, -32, 8 343

 R 5.22 70, -34, -2 326 4.69 66, -26, -2 62 8.91 60, -8, -16 1161 6.24 58, 0, -14 463

F o o t n o t e. L and R, left and right hemispheres; NOV, number of activated voxels; STG and MTG, superior and middle temporal  gyri, respectively
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F i g. 2. Profile of brain activation (number of activated voxels, 
NOV) for the bilateral superior temporal gyri (STGs) and middle 
temporal gyri (MTGs) across the age groups 1–4. a) left STG, b) 
right STG, c) left MTG, and d) right MTG. 

Р и с. 2. Профіль церебральної активації (кількість активованих 
вокселів) для верхніх (STGs) та середніх (MTGs) скроневих 
звивин у чотирьох вікових групах.

(post-CG), and HG were activated. For both SQ and 
SN situations, the ANOVA test revealed that there was 
a significant main effect of brain activity in all areas 
across age groups.The NOV and P-values are tabulated 
in Table 3 for SQ and Table 4 for SN, while plots of 
the brain activation pattern are depicted in Figs. 3 
and 4 for the above conditions, respectively. All areas 
showednearly similar brain activation patterns in 
the left and right hemispheres. The NOV peaked for 
group-2 participants before decreases with increasing 
age, as opposed to the N condition in which NOV 
peaked for group-3 participants. However, the results 
of linear regression analysis revealed that only four 
areas showed significant effects. These areas are the 
bilateral MTGs (left: P = 0.046, b = –2.78, F (1, 50) = 
= 4.98, R 2= 0.077, right: P = 0.004, b = 0.39, F (1, 50) = 
= 8.95, R 2= 0.152) during SQ. During SN, these were 
left MTG (P = 0.001, b = –0.55, F (1, 50) = 22.05,  
R2 = 0.306) and left cerebellum (P = 0.043, b = –0.282,  
F (1, 50) = 4.32, R2 = 0.08). 

Comparisons between SQ and SN demonstrated 
significant decreases in brain activation in the left 
PCG (in groups 3 and 4), left post-CG (in group 4), 
left HG (in groups 1, 2, and 4), and right MTG (in 
group 4) under the latter condition. However, the right 
HG showed an increasedlevel of activation in group-4 
participants during SN. Other activated areas showed 
no significant differences in both tasks. 

Age group

F i g. 3. Brain activation profile for seven brain areas (a–g) during the speech perception task under quiet condition (SQ) acrossg roups 1–4 
in the left (A) and right (B) hemispheres; a) SCG, b) MTG, c) PCG, d) cerebellum, e0 thalamus, f) post CG, and g) HG. 

Р и с. 3. Профіль церебральної активації у семи зонах мозку (a–g) лівої (A) та правої (B) півкуль при реалізації завдання мовної 
перцепції в умовах тиші в групах 1–4.

and right STGs, NOV showed some fluctuations but 
peaked for group-3 participants. 

Results obtained from group analysis of the fMRI 
data indicated that, under SQ and SN conditions, 
areas including the STG, MTG, precentral gyrus 
(PCG), inferior frontal gyrus (IFG), middle frontal 
gyrus (MFG), cerebellum, thalamus, postcentral gyrus 

Age group

0

200
400
600

800
1000
1200
1400
1600
1800

STG MTG PCG
Post CGThalamus

HG
a-g: Cerebellum

2000

1 2 3 4

N
O

V

A

0

200
400
600

800
1000
1200
1400
1600
1800

STG MTG PCG
Post CGThalamus

HG
Cerebellum

2000

1 2 3 4

N
O

V

B

a-g:



NEUROPHYSIOLOGY / НЕЙРОФИЗИОЛОГИЯ.—2017.—T. 49, № 6492

H. A. MANAN, A. N. YUSOFF, E. A. FRANZ, and S. Z.-M. S. MUKARI

T a b l e 3. Numerical Data Obtained from Group Analysis across Four Groups of Participants during the Speech Stimuli Task 
Under Quiet Condition (SQ)

Т а б л и ц я 3. Результати аналізу даних чотирьох груп учасників при виконанні завдання з мовними стимулами в умовах 
тихого оточення (SQ) 

Anatomical 
Areas Hemisphere

Group 1 Group 2 Group 3 Group 4
P 

value
Coordinates
(x, y, z, mm) NOV P 

value
Coordinates
(x, y, z, mm) NOV P 

value
Coordinates
(x, y, z, mm) NOV P 

value
Coordinates
(x, y, z, mm) NOV

STG L 6.61 –60, –12, 12 276 13.13 –56, –6, 0 1504 12.72 –58, –20, 2 571 6.04 –58, –32, 10 253

R 7.23 46, –24, –4 170 12.45 64, –10, 6 1192 14.30 54, –16, –8 430 8.11 64, –18, 0 422

MTG L 5.59 –54, –28, –4 122 9.90 –62, –14, 0 322 8.49 –58, –20, 0 145 5.91 –58, –32, 8 106

R 4.92 48, –22, –8 25 6.15 69, –20, –4 23 11.42 52, –16, –10 108 4.60 –58, –16, 0 38

PCG L 5.09 –50, –4, 46 96 8.71 –54, –6, 34 737 8.79 –42, 2, 38 196 7.83 –42, –8, 44 105

R 4.64 50, –8, 36 23 9.24 50, –4, 40 393 6.66 46, 0, 34 148 5.68 44, –6, 42 51

IFG L – – – 8.83 –44, 22, 28 1185 – – – – – –

R – – – 6.38 48, 18, –12 184 12.74 48, 12, 34 14 –

MFG L – – – 8.01 –44, 14, 14 512 8.00 –24, 0, 50 88 – – –

R – – – 5.53 40, 16, 4 44 7.42 28, 4, 56 20 –

Cerebellum L 5.34 –4, –74, –24 42 8.18 –24, –62, 
–28 469 10.23 –40, –68,–

28 51 4.12 –33, –1, 9 28

R 6.40 26, –64, –30 35 9.69 34, –60, –30 646 8.86 36, –58, –32 108 4.59 38, –78, –24 19

Thalamus L – – – 5.82 –4, –8, 8 168 9.52 –6, –20, 12 96 – – –

R 4.96 0, –12, 8 42 5.78 2, 14, 12 150 7.78 4, –16, 6 51 – – –

Post CG L 7.67 –62, –10, 14 300 9.56 –56, –6, 16 530 8.19 –58, –2, 20 66 6.96 –44, –10, 40 99

R 5.25 56, 10, 22 145 8.19 56, –4, 30 227 6.31 56, –2, 22 73 – – –

HG L 5.58 –32, –30, 10 50 6.08 –36, –30, 14 185 6.55 –48, –16, 6 42 4.61 –42, –26, 10 11

R – – – 6.92 40, –20, 6 124 5.57 60, –4, 6 10 6.69 64, –4, 6 31

F o o t n o t e s. PCG, precentral gyrus; IFG, inferior frontal gyrus; MFG, middle frontal gyrus; IPL, inferior parietal lobes; SPL, superior parietal lobes; Post-CG, 
postcentral gyrus, and HG, Heschly’s gyrus; “–“, difference is insignificant. Other designations are similar to those in Table 2. 
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F i g. 4. Brain activation profile for seven brain areas (a–g) of two hemispheres (A, B) during the speech perception task under noisy 
condition (SN) across groups 1–4. Designations are similar to those in Fig. 3. 

Р и с. 4. Профіль церебральної активації у семи зонах мозку (a–g) лівої (A) та правої (B) півкуль при реалізації завдання мовної 
перцепції на тлі шуму.

a-g:
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DISCUSSION

In our previous study [18], we found that the 
performance accuracy during the speech perception 
task in a quiet environment (SQ) is comparable with 
the speech perception task against a noisy background 
(SN) for young participants with ages varying between 
20 to 29 years. The respective relative difference in 
the behavioral performance between both tasks was 
accompanied by the increase in activation in the left 
superior temporal gyrus (STG), left middle temporal 
gyrus (MTG), and bilateral cerebellum during SN. We 
proposed that such increase in brain activation in these 
areas during SN were to compensate the interference 
from background noise.The purpose of our present 
study was to examine further the effects of 5-dB SNR 

background babble noise across four age groups with 
the age range between 20 to 65 years old. As aging 
is accompanied by many deleterious effects, it is 
very important to know whether similar results are 
reproducible across all four age groups, or the 5-dB 
SNR background noise would only cause significant 
interference in older groups of the participants. 
This study also explored the effects of 5-dB SNR 
background babble noise to the sensory/cognitive 
cortical activation across the examined age groups. 

This study provides the interplay between cognitive 
and sensory cortical activities pertaining to SQ and SN 
in four groups of the participants. Our findings support 
the dedifferentiation hypothesis. The latter postulated 
that the neurophysiological characteristic of an aging 
brain pertaining to sensory/cognitive demanding tasks 

T a b l e 4. Numerical Data Obtained from Group Analysis across Four Groups of Participants during the Speech Stimuli Task 
Under Noisy Condition (SN)

Т а б л и ц я 4. Результати аналізу даних чотирьох груп учасників при виконанні завдання з мовними стимулами в умовах 
оточення з наявністю шуму(SN) 

Anatomical 
Areas Hemisphere

Group 1 Group 2 Group 3 Group 4
P 

value
Coordinates
(x, y, z, mm) NOV P 

value
Coordinates
(x, y, z, mm) NOV P 

value
Coordinates
(x, y, z, mm) NOV P 

value
Coordinates
(x, y, z, mm) NOV

STG L 5.78 –50, 12, –18 293 12.98 –56, –6, 0 1431 18.25 –58, –18, 4 624 8.47 –56, –10, 4 270

R 5.73 44, –26, –4 10 11.39 66, –10, 6 1262 12.69 52, –12, –6 730 7.46 62, –18, 0 354

MTG L 5.81 –54, –28, –4 179 10.73 –62, –14, 0 304 8.12 –66, –20,–10 104 6.96 –58, –10, –6 111

R 5.22 43, –12, 1 121 6.93 68, –20, –4 30 12.31 66, –18, –10 141 5.43 52, 7, 11 102

PCG L 4.74 –48, –8, 42 67 10.06 –56, 0, 34 807 7.38 –28, –4, 48 28 5.01 –44, –8, 44 35

R 5.24 50, –8, 38 58 9.83 52, –2, 40 491 6.66 44, 0, 34 15 4.84 48, –6, 40 44

IFG L 7.56 –40, 22, 14 331 7.4 –44, 24, 22 914 6.81 –36, 24, 16 12 – – –

R – – – 8.48 46, 18, –12 219 5.11 46, 14, 4 18

MFG L – – – 6.35 –36, 4, 62 95 12.01 –24, 0, 50 68 – – –

R – – – 5.24 52, 2, 52 46 10.51 30, 6, 54 103

Cerebellum L 5.04 –28, –60, 
–32 46 10.14 –24, –60,–

26 610 6.41 –38, –66,–30 45 4.14 –32, –11, 7 15

R 5.61 24, –66, –28 46 11.63 36, –60, –30 899 7.39 24, –66, –24 62 5.89 38, –78, –24 63

Thalamus L 4.88 –2, –14, 8 11 6.56 –4, –8, 8 165 – – – –

R – – – 7.19 2, –16, 10 173

Post CG L 5.35 –62, –2, 18 191 8.42 –50, –8, 32 466 8.15 –58, –4, 20 57 5.06 –46, –10, 40 58

R 5.5 50, 10, 36 131 9.75 42, –10, 32 271 – – – 4.24 56, –6, 36 12

HG L 5.72 –34, –30, 6 14 5.86 –40, –20, 2 166 8.96 –48, –16, 6 76 – – –

R – – – 6.73 42, –20, 4 142 6.16 50, –16, 4 48 5.44 62, –2, 6 49

F o o t n o t e s. Designations are similar to those in Table 3. 
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include a reduction in the behavioral performance 
and brain activation in the sensory- and cognitive-
associated areas. 

The N condition in the present fMRI study served 
as the control. The main purpose of this condition was 
to evaluate the effects of aging on auditory processing. 
Noise placed great requirements on participant’s 
attention, speech recognition, and speech production 
[32]. The multi-talker noise qualified as babble noise 
and used in this study shares many characteristics 
of speech and may, therefore, activate brain areas 
associated with language processing, such as the 
bilateral STGs and MTGs. Such activations in the STG 
and MTG have been reported by previous studies [32, 
33].

The comparing between the left STG and right 
STG revealed that activation of the former showed no 
significant differences across age groups. Conversely, 
the right STG showed activation changes across 
groups with a steady increase in brain activation 
peaked in group 3; this index, however, decreased in 
group 4. Our results proposed that both hemispheres 
were engaged differently during the task used. This 
is due to the fact that the right hemisphere is more 
specialized for attention than the left one [34]. The 
N condition places great requirements on attention; 
therefore, it is not surprising that brain activation 
of the left STG showed no significant differences 
across age groups. Attention is thought to involve a 
distinctive neural network that interacts with other 
brain systems to facilitate various cognitive processes; 
it is generally agreed that attention functions to orient 
a subject to sensory events, to detect specific signals 
for subsequent processing, and to maintain vigilance 
over time [35]. 

The brain activities of the right STG and bilateral 
MTGs were the highest in group 3 and decreased 
somewhat in group 4. This suggests that different 
processing demands were required for each group 
of participants to process the speech task.This result 
strongly suggests that older brains will engage and 
recruit brain areas differently than younger ones to 
accomplish the same task, and this was confirmed in 
the previous study [36]. 

Our findings related to brain activation during SQ 
and SN confirmed the dedifferentiation hypothesis, 
according to which reduced brain activation in the 
sensory- and cognitive-associated areas is accompanied 
by a decrease in the performance accuracy across the 
four agegroups. We found positive correlation between 

brain activation and behavioral scores in group-2, 
group-3, and group-4 participants, with the exception 
of the right MTG and right HG. These changes in the 
brain activation pattern across the four age groups 
were suggested to be due to significant reorganization 
and pruning underwent by the brain [37]. This could 
also be understood as a result of neural inhibition 
that caused a decrease in the overall hemodynamic 
response [6, 38].Our findings support those by Li and 
Lindenberger [39] who suggested that the reduction 
in brain activation across age groups may reflect age-
related changes in recruiting the specialized brain 
areas, and the decrease is just one of the examples 
of the effects of aging on the brain functions. Brain 
activation showed an increase in activity from group 
1 to group 2, and it peaked at group 3.This situation 
has been proposed to reflect possible compensatory 
processes associated with normal aging. The idea 
that such compensatory processes were involved has 
been further supported by the behavioral performance 
result. We also found that the intensity of brain activity 
was decreased in group 4. These patterns of brain 
activation from group 3 to group 4 might be related to 
neural changes in the form of structural or volumetric 
effects induced by aging [40]. 

It is interesting to note that our present study found 
rather strong positive correlations (P < 0.05, r > 0.7) 
between the spatial extent of activation and age for the 
sensory (STG and MTG) and attention (cerebellum and 
thalamus) areas. This indicates that there are global 
changes in all activated areas for both SQ and SN 
conditions. Moreover, the functions of these areas are 
interrelated to each other [8]. It is important to note 
that, in order for the decreased activation to be truly 
dedifferentiation, such activation must be linked to the 
behavioral performance, as was really found in this our 
study. Positive correlation between brain activation 
and the behavioral performance across age groups is 
quite consistent with the dedifferentiation hypothesis. 

An important part of speech stimuli processing is 
sound-to-meaning processing. It has been suggested 
that the ventral auditory pathway, especially between 
bilateral superior to middle temporal areas, are 
involved in such processing [41]. Our results showed 
age-related decreases in the bilateral STGs and MTGs 
during both SQ and SN. The inconsistency between 
our present study and that by Wong et al. [3], which 
found age-related increases in the ventral temporal 
areas during language processing, is perhaps due to 
some differences in task requirements and sensory 
modalities.
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The comparison between SQ and SN in the present 
study did not find any differences that are general 
to both cognitive and sensory areas, but rather an 
increase in some and a decrease in others. The pattern 
of brain activation showed significant decreases in 
brain activation in the left PCG (in groups 3 and 4), 
left post-CG (in group 4), left HG (in groups 1, 2, and 
4), and right MTG (in group 4) during SN. The right 
HG showed an increase in the activation intensity 
in group-4 participants during SN. However, the 
performance accuracy under SQ and SN conditions 
revealed the existence of significant difference 
between tasks only in group 4 (t = 0.001). In theory, 
speech stimuli presented against noise should create 
greater processing demands than speech stimuli in 
quiet, which is portrayed by higher brain activation 
[42], or, by increased activation in the attentional 
network areas during the task, as more attention should 
be given in order to compete between the disturbance 
(background noise) and the main speech stimuli [43]. 
However, our study demonstrated the results differing 
from those by Wong et al. [3] and Kujala and Brattico 
[32], which demonstrate greater demands in cognitive 
processing in the presence of background noise. The 
discrepancy of the present results and previous ones is 
perhaps due to differences in the types of background 
babble noise used, which are dissimilar in the 
frequency, temporal pattern, and modulation content. 
Taken together, the decrease in brain activation (in 
the left PCG, left post-CG, left HG, and right MTG) 
during SN are suggested to serve as a beneficial 
strategy to compensate the effects of background noise 
(for participants of groups 1–3). This is supported by 
a previous finding that suggested that noise exerts a 
complex effect on neural functions underlying speech 
processing [32], and its effect may be either enhancing 
or suppressive, depending on the type of the process 
[24, 44–46]. Furthermore, Lim et al. [37] found that 
connections in the brain tend to get more streamlined 
over time, which can allow the subject for faster and 
more efficient information processing. Still, a plenty 
of long-range connections are preserved, especially of 
those that play a role in integration of information. 
However, future research is needed to disentangle the 
underlying causal relationships in the activation and 
deactivation of these areas across the three age groups 
during SN condition. 

The decrease in the performance accuracy in group-4 
participants during SN is expectable. Throughout a 
normal human development, changes took place in 

the brain to tolerate the effects of background noise 
on processing of auditory speech stimuli. Naturally, it 
is especially difficult for older adults to discriminate 
speech stimuli (during SN) under challenging 
conditions, even if such subjects have no clinically 
significant losses of the auditory sensitivity. This 
may be due to their hearing capability that becomes 
increasingly compromised. This can also be explained 
by changes in attentional pathway processing and 
changes in the auditory system itself [47].

In summary, our results showed that a complex 
network is activated during both SQ and SN. Both 
processing modes have been found to be affected 
by aging. Moreover, the effects of aging were more 
pronounced in the presence of 5-dB SNR background 
babble noise, especially in group-4 (old) participants. 
Both SQ and SN conditions activated a network of the 
brain areas connecting the frontal lobe, temporal lobe, 
cerebellum, and thalamus. The behavioral performance 
showed a decrease in its accuracy with increasing age 
for both conditions. Comparisons between conditions 
revealed a significant difference only in group 4 
(older adult group). The main activated areas showed 
very close brain activation patterns across four groups 
of the participants with increasing age. Our present 
study confirms the dedifferentiation hypothesis, 
as decreased brain activation in speech stimuli 
processing in the sensory/cognitive neural networks 
is accompanied by a worse behavioral performance 
across age groups. 
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Р е з ю м е

Обробка інформації при сприйнятті мови в середовищі з 
наявністю шуму утруднюється по мірі старіння. Ми вико-
ристовували методику функційної магнітно-резонансної 
томографії (фМРТ) в дослідженні кортикальної активації, 
асоційованої з такою обробкою, у чотирьох групах обсте-
жених (вік 23–29, 30–37, 41–47 та 50–65 років). Усі учас-
ники виконували завдання повторення мовних стимулів у 
тихому оточенні (SQ) та за наявності «шуму натовпу» (SN) 
з відношенням сигнал/шум 5 дБ. Результати поведінкового 
тесту свідчили про погіршення точності реалізації зі 
збільшенням віку тестованих в умовах як SQ, так і SN. 
Вірогідна різниця в даному аспекті, проте, спостерігалася 
лише у суб’єктів похилого віку (60–65 років). Результа-
ти фМРТ в чотирьох вікових групах вказували на ниж-
чу інтенсивність активації в лівих прецентральній та 
постцентральній звивинах, лівій звивині Хешлі та правій 
середній скроневій звивині в другій із вказаних умов (SN). 
В інших активованих зонах мозку істотних відмінностей 
між рівнями активації в умовах SQ та SN не спостерігалося. 
Зменшення рівнів кортикальної активації у вікових гру-
пах знаходилося в позитивній кореляції з погіршенням 
поведінкової реалізації. Отримані дані обговорюються з ура-
хуванням гіпотези про дедіференціацію; згідно з останньою, 
посилення церебральної активації у старших суб’єктів у 
порівнянні з такою у молодших тестованих зумовлене за-
лежним від віку дефіцитом нейральної комунікації. 
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