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Effects of neurofeedback training

on the alpha activity in quantitative
electroencephalography, cognitive

function, and speech perception in elderly
with presbycusis: a quasi-experimental study

Hyoung Jae Kim', Hee Wook Weon? and Hae Kyoung Son®"

Abstract

Background This study aimed to investigate the effects of neurofeedback training (NFT) on alpha activity in
quantitative electroencephalography (QEEG), cognitive function, and speech perception in elderly with presbycusis.

Methods This study was conducted from June 15 to November 30, 2020. The experimental group (n=28) underwent
NFT, while the control group (n=31) was instructed to continue with their routine daily life. The NFT conducted for

40 min, two times a week, for a total of 16 sessions and was performed using Neuroharmony S and BrainHealth 2.7.
The alpha activity was measured as alpha waves using QEEG. The cognitive function was measured using the Korean
version of Mini-Mental Status Examination, digit span forward and backward (DSF and DSB). The speech perception
was measured using the word and sentence recognition score (WRS and SRS) using an audiometer with the Korean
Standard Monosyllabic Word Lists for Adults.

Results The experimental group demonstrated improvement in the alpha wave of the left frontal lobe measured
as alpha activity (t=-2.521, p=.018); MMSE-K (t=-3.467, p <.01), and DSF (t=-2.646, p <.05) measured as cognitive
function; and WRS (t=-3.255, p=.003), and SRS (t=-2.851, p=.008) measured as speech perception compared to the
control group.

Conclusions This study suggests that NFT could be considered an effective cognitive and auditory rehabilitation
method based on brain and cognitive science for improving alpha activity, cognitive function, and speech perception.
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Background

According to the “2022 Statistics on the Aged,” the num-
ber of elderly individuals aged 65 years and older in
Korea was 9,018,000, accounting for 17.5% of the total
population, and Korea is expected to become a super-
aged society in 2025 [1]. Therefore, social interest in
aging and geriatric health problem is increasing. In par-
ticular, presbycusis, which is the gradual loss of hearing,
is a sensorineural illness that occurs from degenerative
changes attributed to aging. In addition, it is one of the
three common age-related chronic diseases [2].

Especially, presbycusis has negative consequences,
such as social avoidance resulting in poor interpersonal
relationships; psychological problems, such as alienation
and depression, and poor quality of life in the elderly [3—
6]. Based on the cognitive load hypothesis, since hearing
loss leads to degraded auditory signals, which result in
limited communication skills and difficulty in communi-
cation, more cognitive resources for auditory perceptual
processing are warranted; thus, resources used for other
cognitive demands are altered for listening effort. Thus,
individuals with hearing loss should always make a listen-
ing effort, which refers to the attention and concentration
required to understand speech [7]. An excessive cogni-
tive load dedicated to auditory perceptual processing in
everyday life causes brain structural changes and neuro-
degeneration relevant to the detriment of other cognitive
processes; subsequently, a vicious cycle is created that
results in cognitive decline [8].

Previous studies suggested that a significant asso-
ciation exists between presbycusis, a condition that is
highly prevalent in elderly individuals and poorer cog-
nitive function [9, 10]. Among prospective studies have
observed that hearing loss is associated with accelerated
cognitive decline in individuals with prevalent dementia
[11, 12]. Supporting previous hypotheses suggest that the
association may be mechanistic, for example, age-related
hearing loss causing cognitive decline through impaired
speech perception [10].

Cognitive function comprises continuous activities of
the brain cells. The electrical impulse that occurs when
neurons share information with each other is referred
to as a brainwave [13]. Thus, brainwaves are effective in
understanding brain activity. Especially, the alpha (o)
brainwave is a unique rhythm domain with amplitudes
of 20-50 pV and frequencies of 8—12 Hz [14]. When «
waves are high, attention and mental activity are good,
and thinking, concentration, and memory reportedly
improve [15]. The brain activity tends to slightly decrease
before and after the ages of 50s and 60s and markedly
declines after the age of 70 [16]. Thus, « waves increase
from early childhood to adulthood but decrease upon
aging or in senile neurological diseases.
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Based on the frontal lobe hypothesis, the frontal
lobe function of the anterior cerebellum preferentially
declines owing to normal aging; especially the prefron-
tal lobe function greatly declines due to aging. Therefore,
a decline in function in this region attributed to aging
can be detected early compared to the functions based
on other regions [17]. However, the brain has an ability
to change (neuroplasticity) by reacting to environmental
stimulation and education [18]. In this regard, neurofeed-
back training (NFT) has been demonstrated to be effec-
tive in various pathological disorders associated with the
brain, such as epilepsy, attention-deficit hyperactivity
disorder, anxiety disorder, sleep disorder, and cognitive
decline not only in the elderly but also in healthy individ-
uals [15, 19-22]. However, there is insufficient research
to verify the effects of NFT in community dwelling
elderly with presbycusis. Thus, our study aims to verify
the effects of NFT on a activity in quantitative electro-
encephalography (QEEG), cognitive function, and speech
perception in elderly with presbycusis. We aim to estab-
lish source data on cognitive and auditory rehabilitation
based on brain and cognitive science.

The following hypotheses were formulated:

Hypothesis 1 Compared to before participation, a activ-
ity in the elderly with presbycusis will improve after
participation.

Hypothesis 2 Compared to before participation, cogni-
tive function in the elderly with presbycusis will improve
after participation.

Hypothesis 3 Compared to before participation, speech
perception in the elderly with presbycusis will improve
after participation.

Methods

Study design and participants

This is a quasi-experimental research using a pretest-
posttest experimental design. This study was conducted
in an auditory rehabilitation center in Gyeonggi-do,
South Korea and used posters to recruit participants.
Elderly volunteers aged>65 years with presbycusis
and wearing a hearing aid expect for sleeping who fully
understood the study’s purposes and procedures and
were willing to participate in the study were included.
Using the G*Power 3.1 program, the minimum number
of the samples were calculated based on a significance
level a of 0.05, a power of 0.80, and an effect size of 0.8
[23]. This yielded a minimum number of 26 samples
for each group, which is a total of 52. A total of 66 par-
ticipants were enrolled by considering a dropout rate of
20%. Patients with functional disability of the external
and middle ear, such as a foreign body in the external
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auditory canal that could affect corrected hearing impair-
ment by hearing aids, eardrum holes, otitis media, and
mental illnesses that affect brainwaves, were excluded.
A total of five patients were excluded. Of the 61 partici-
pants, 30 and 31 participants were randomized into the
experimental and control groups, respectively. Of them,
two participants in the experimental group dropped out
of the study. Finally, the data of the 59 participants were
analyzed (Fig. 1).

Research tools

General characteristics

Age, sex, pure tone average (PTA), and length of hearing
aid use were considered variables of the general char-
acteristics. The PTA is the method of determining the
degree of hearing loss; when signals using pure tones at
125 Hz, 250 Hz, 0.5 kHz, 1 kHz, 2 kHz, 4 kHz, and 8 kHz
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were presented as a modified method of limits, two of
the three positive responses were determined to be the
thresholds. The degree of hearing loss was divided into
four-frequency PTA (PTA4) based on 0.5 kHz, 1 kHz,
2 kHz, and 4 kHz, and the degree of hearing loss was
interpreted as mild (26-40 dB), moderate (41-55 dB),
moderately severe (56-70 dB), severe (71-90 dB), and
profound (91 dB above) [24].

Alpha (a) activity

For brainwaves, investigators with Board Certification in
Neurofeedback measured the o waves in both the left and
right brain using Neuroharmony S (Panaxtos, Korea), a
two-channel electroencephalogram (EEG), that has been
approved by the Food and Drug Administration. The
participants wore a gold-plated hairband for brain wave
measurement.

[ Enrollment ]

Assessed for eligibility (n=66)

Excluded (n=5)

\ 4

Not meeting inclusion criteria (n=5)

(otitis media, depression diagnosis)

Randomized (n=61)

S

Allocation ]

Allocated to control group (n=31)

Did not receive allocated neurofeedback training

Allocated to intervention group (n=30)

Received allocated neurofeedback training

Fig. 1 Consort flow diagram

(n=31) (n=30)
( Follow-Up ] l
Lost to follow-up (n=0) Lost to follow-up (n=28)
Discontinued intervention (n=2)
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Excluded from analysis (n=0) Excluded from analysis (n=2)
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According to the international 10-20 electrode place-
ment system, the active, ground, and reference elec-
trodes were placed on Fpl and Fp2, Fpz, and Al of the
left earlobe, respectively, to measure brainwaves (Fig. 2).
In 1958, International Federation in Electroencephalog-
raphy and Clinical Neurophysiology adopted standard-
ization for electrode placement called 10-20 electrode
placement system [25]. Each English letter implies the
regions of the brainwave measurements, such as frontal
pole (Fp), frontal (F), central (C), parietal (P), temporal
(T), and occipital (O). In terms of numbers, left side of
the head refers to odd numbers, right side refers to even
numbers, and midline refers to Z. This EEG is being
widely used for medical purposes in the US. The reli-
ability was established at 0.916 (p<.001) compared with
the Grass Neurodata Amplifier System (USA), as an EEG
measurement device.

Cognitive function

Cognitive function was assessed using the Korean ver-
sion of Mini-Mental Status Examination (MMSE-K) [26]
and the Digit Span Test (DST) [27]. The MMSE-K incor-
porates a range of elements that include Orientation to
Time (5 points; year, month, day, days of week, season),
Orientation for Place (5 points; Province [city], dis-
trict [county], myeon [dong], floor (name of the current
place), what is a place for), Registration (3 points; repeat-
ing names of three objects), Attention and Calculation (5
points; subtracting 7 from 100 five consecutive times or
saying a word “Samchunrigangsan” backward), Recall (3
points; recalling the names of three objects), Language (6
points; naming a paper and clock, obeying a three-step
command, and repeating tongue twisters such as ‘Peter

Ground electode
(Fpz) *».,

Reference electrode
(Al)

Fig. 2 International 10-20 electrode placement system
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Piper picked a peck of pickled peppers’), Visual Con-
struction (1 point; copying the intersecting pentagon),
and Understanding and Judgement (2 points; the reason
for washing clothes and how to return someone’s resi-
dent registration card if one picks it up from the street).
The measure yields a total score of 20, and higher scores
mean better cognitive ability. The MMSE-K is a tool with
modified questions and scoring methods in consideration
that many older Korean adults are uneducated. If the par-
ticipants are uneducated, up to four extra points will be
given by adding 1 point for Orientation to Time, 2 points
for Attention and Calculation, and 1 point for Language.
According to a study examining the validity of MMSE-K
in the elderly that was conducted at the time of develop-
ing MMSE-K [28], the cut-off scores of 23/24 points (sen-
sitivity =92.0%, specificity=91.5%) was the optimal level
to diagnose dementia based on Diagnostic and Statisti-
cal Manual of Mental Disorders, Third Edition-Revised
(DSM-III-R). Participants with scores of >24 points
were diagnosed as “definite normal,” 20-23 points were
“suspected dementia,” and <19 points were “definitive
dementia”

The DST is a neuropsychological test in most common
use for measuring attention-concentration and working
memory capacity [27]. The DST is useful for assessing
the impact of age-related hearing loss on cognitive func-
tion among elderly, since it is easy to be administered [27,
29]. It consists of Digit Span Forward (DSF) and Digit
Span Backward (DSB). In the DSF test, digit sequences
of increasing length (containing three to nine digits)
were presented auditorily for immediate verbal recall,
whereas in the DSB test, digit sequences of increasing
length (containing two to eight digits) had to be recalled

Active electrode
=== (Fpl, Fp2)
Two Channel

INION
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in reverse order. There were two trials for each sequence
length. The DSF and DSB scores corresponded to the dig-
its of the steps performed correctly by the participants.
The test-retest reliability coefficients were 0.72 and 0.57,
respectively [27].

Speech perception

Speech perception was measured using the Word Rec-
ognition Score (WRS) and Sentence Recognition Score
(SRS) tests. These tests were performed in a soundproof
audiometric booth, and the noise level of the audiometric
booth measured by a sound level meter, SC-2 C (Cesva,
Spain), was approximately 30 dB. Harp basic (Inven-
tis, Italy), an audiometer, and DD-45 (RadioEar, USA), a
headphone, were used to present the stimulation tone.
Both ears of the participants were tested through PTA,
and the better hearing ear was selected in accordance
with the method from the previous study [24]. If both
ears are the same, the one mainly with a hearing aid was
selected [24].

First, based on a study by Joo & Jang [30], we mea-
sured the WRS to examine the degree of speech percep-
tion for participants with general hearing impairment. To
measure the WRS, an audiologist presented 50 mono-
syllable words at a participant’s most comfortable level
(MCL), and the participant was instructed to listen care-
fully and repeat exactly as the audiologist said. The mea-
surement was presented as a percentage (%). For words
presented at WRS, The Korean Standard Monosyllabic
Word Lists for Adults (KS-MWL-A) was used [31]. The
WRS was classified as very poor (<50%), poor (50—
<70%), fair (=70-<80%), good (=80-<85%), very good
(2 85-<95%), and excellent (= 95-100%) [32].

For measuring the SRS, the participants were
instructed to listen and repeat sound sources of SRS pre-
sented along with a multi-talker babble noise, in a noise
environment, through headphones. Signal-to-Noise
Ratio (SNR) was set to 10 dB and 0 dB. Sound source
from the Korean Standard Sentence List for Adults (KS-
SL-A), the presented sentences, is a tool that has been
verified with equivalency of levels between test lists in
auditory only situations. In this study, multi-talker babble
noise used in a study by Park et al. [33] was utilized. The
multi-talker babble noise that was used was recorded by
healthy adults with normal hearing function (10 men, 20

Table 1 Neurofeedback training and characteristics
Training Game mode

Brain reaction area
Whole Brain

Relaxation Training Spoon Flection

Concentration Training Archery Frontal Union
Somatosensory cortex
Motor cortex

Memory Training Planetary Array Prefrontal lobe

Temporal lobe
Hippocampus

Page 5 of 10

women, mean age: 21.7 years) by reading scripts of soap
opera, TV news, and newspapers for 2 min in a sound-
proof booth in the Auditory Research Institute of Hal-
lym University. When the recording was conducted, the
Shure microphone was used as a transmitter, and the
distance between the mouth of the reader and the micro-
phone was maintained at 10 cm. The sampling frequency
was 45,000 Hz. Data recorded by each person was syn-
thesized using the computerized speech lab. The SRS
test scores range from 0 to 100 points, and a higher score
indicates better function.

Neurofeedback training

NET was conducted using the Neuroharmony S (Panax-
tos, Korea) and BrainHealth 2.7 programs in a sound-
proof booth optimized for avoiding electromagnetic
waves or noise. The training was conducted for 40 min,
two times a week, for a total of 16 sessions. For each par-
ticipant, relaxation, concentration, and memory training
were conducted simultaneously as possible. Game modes
in the training device and brain reaction areas are pro-
vided in Table 1 [34]. During the training, the partici-
pants were instructed to minimize their movement while
they were in a comfortable position. For the NFT mode
for each participant, the attention and concentration
training modes were selected, after self-control ability
assessment in the brain quotient analysis.

Data collection

This study was conducted in an auditory rehabilitation
center in Gyeonggi-do, South Korea from June 15, 2020
to November 30, 2020. This study was conducted by
trained investigators with a Master’s degree in Audiology,
audiological specialist license, and nationally certified
brain trainer license. Participants volunteered based on
the announcement of the posters in the center. Data from
NFT and structuralized questionnaires and brainwaves
measurement were collected. An interval between the
pre-test and post-test in both groups was eight weeks,
considering the intervention period. Especially, it’s cru-
cial to ensure that an adequate interval between two tests
was provided to mitigate any potential learning effects
and allow participants to sufficiently rest administrations.
Trained investigators verbally explained the principles
and procedures of NFT to the elderly taking into consid-
eration that the older adults were not familiar with the
NFT provided to the experimental group, and assisted
them in training and data collection. In contrast, the
control group was instructed to maintain daily life in the
same condition as usual.

Data analysis
Data were analyzed using the SPSS/WIN 25.0 program.
The participants’ general characteristics and variables
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were analyzed using descriptive statistics. Homogeneity
between the experimental and control groups was ana-
lyzed using an independent sample t-test and Chi-square
test. The effectiveness of the intervention was tested
using paired sample t-test. P-value of <0.05 was consid-
ered statistically significant.

Ethical considerations

This study was approved by the Institutional
Review Board of S University (No. 27004121ANO1-
202006-HR-063-02). The investigators thoroughly
explained the study objectives and methodology verbally
using an information sheet describing the study to the
participants to provide voluntarily consent to participa-
tion. The collected data were used only for study pur-
poses, and all the data were anonymized and encoded
to protect personal information. For reference, since the
study was conducted during the coronavirus disease 2019
(COVID-19) pandemic period, all the participants were
assessed for body temperature and COVID-19-related
symptoms; infection control (periodic ventilation) and
safety were prioritized.

Results

General characteristics

The participants’ general characteristics are shown in
Table 2. The mean age of the participants in both the
experimental and control groups was 77.541+6.37 and
76.3516.09 years, respectively, showing no significant
differences between the two groups (p>.05). Consider-
ing the age, 14 (50.0%) men and 14 (50.0%) women were
present in the experimental group, while 20 (64.5%)
men and 11 (35.5%) women were present in the control
group; no significant differences were observed between
the sexes in both groups (p>.05). The mean PTAs of
the experimental and control groups were 53.25+15.94
dB and 56.321+14.89 dB, respectively, which demon-
strated no significant differences between the two groups
(p>.05). The length of hearing aid use was no significant
differences between the two groups (p>.05).

Table 2 General characteristics of the participants (N=59)
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Prior homogeneity

The prior homogeneity test showed no statistically sig-
nificant differences in the a activity in QEEG, cognitive
function, and speech perception between the two groups
(Table 3). The two groups were found to be homogeneous
(p>.05).

Intervention effects

Hypothesis 1. Compared to before participation, a activity in
the elderly with presbycusis will improve after participation
The experimental group that participated in the NFT
showed a statistically significant improvement in a activ-
ity of the left frontal lobe compared to before participa-
tion (t=-2.521, p=.018), whereas the control group did
not show any statistically significant difference (p>.05).
Thus, Hypothesis 1 was approved (Table 4).

Hypothesis 2. Compared to before participation, cognitive
function in the elderly with presbycusis will improve after
participation

The experiment group that participated in the NFT
showed a statistically significant improvement in the
MMSE-K (¢=-3.467, p<.01) and DSF (t=-2.646, p<.05)
compared to before participation, whereas the control
group did not show a statistically significant difference
(p>.05). Thus, Hypothesis 2 was approved (Table 4).

Hypothesis 3. Compared to before participation, speech
perception in the elderly with presbycusis will improve after
participation

The experiment group that participated in the NFT
showed a statistically significant improvement in the
WRS (t=-3.255, p=.003) and SRS at the noise level of
SNR=10 dB (t=-2.851, p=.008) compared to before par-
ticipation, whereas no statistically significant difference
was observed in the SRS at the noise level of SNR=0
dB (p>.05). Thus, Hypothesis 3 was partially approved
(Table 4).

Characteristics Categories Exp. Con. tory2 p
(n=28) (n=31)
M=SD or n (%) M=SD or n (%)
Age (years) - 7754+637 76.35+6.09 0.727 0470
Sex Male 14(50.0) 20(64.5) 1.270 0.260
Female 14(50.0) 11(35.5)
PTA (dB) - 53.25£15.94 56.32+14.89 -0.765 0447
Length of <1 18(58.1) 18(62.1) 0.503 0481
hearing aid use >1and <5 4(12.9) 6(20.7)
(years) >5and <10 6(193) 3(103)
210 3(9.7) 2(6.9)

N: number, M£SD: mean standard deviation, Exp.: Experimental group; Con.: Control group, PTA: Pure tone average
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Table 3 Prior homogeneity test between the groups (N=59)
Variables Group n M+SD t P
Alpha () awave, L (Hz) Exp 28 6.25+1.04 -1.621 0.110
activity Con 31 6.74+1.26
awave, R (Hz) Exp 28 6.46+1.26 -0.468 0.649
Con 31 6.61+1.23
Cognitive function MMSE-K Exp 28 27.18+1.66 1.841 0.071
Con 31 26.03+2.89
DSF Exp 28 6.00£1.52 -0.154 0.878
Con 31 6.06+1.69
DSB Exp 28 346+1.10 0.162 0.872
Con 31 342+1.03
Speech perception WRS (%) Exp 28 71.00+21.65 1.038 0.303
Con 31 65.23+21.03
SNR=10dB Exp 28 3461+821 -0.070 0.945
SRS Con 31 34.74+6.60
SNR=0dB Exp 28 11.57+£1040 1.158 0.252
SRS Con 31 835+10.88

M=£SD: meantstandard deviation, Exp.: Experimental group; Con.: Control group, L: left, R: right, MMSE-K: Korean version of Mini-Mental Status Examination, DSF:
Digit Span Forward, DSB: Digit Span Backward, WRS: Word Recognition Score, SRS: Sentence Recognition Score, SNR: Signal-to-Noise Ratio

Table 4 NFT effects

Characteristics Exp. (n=28) Con. (n=31)
M=SD t(p) M=SD t(p)
Pre-test Post-test Pre-test Post-test

Alpha () activity

awave, L 6.25+1.04 6.82+1.16 2.521* 6.74+1.26 6.90+1.33 0.681(0.501)
(0.018)

awave, R 046+1.26 6.89+1.10 1.759 6.61+123 697+1.22 1.321(0.196)
(0.090)

Cognitive function

MMSE-K 27.18+1.66 2839+1.31 3467% 2640+2.08 27.13+£1.68 1.898(0.068)
(0.002)

DSF 6.00+1.52 6.50+145 2.646*% 6.06+1.69 6.03+1.20 0.107
(0.013) (0.916)

DSB 346+1.10 3.68+1.06 1.236 342+1.03 3.35+0.98 0.338
(0.227) (0.738)

Speech perception

WRS (%) 71.00+21.65 76.86+17.70 -3.255** 65.23+21.03 63.74+19.04 0.810
(0.003) (0424)

SNR=10dB SRS 3461821 3793+3.14 -2.851** 34.74+6.60 33.35+9.80 1.204
(0.008) (0.238)

SNR=0dB SRS 11.57+£1040 13.25+£12.18 -1.304 835+10.88 6.13+9.18 1.987
(0.203) (0.056)

NFT: neurofeedback training, M£SD: mean+standard deviation, Exp.: Experimental group; Con.: Control group, L: left, R: right, MMSE-K: Korean version of Mini-
Mental Status Examination, DSF: Digit Span Forward, DSB: Digit Span Backward, WRS: Word Recognition Score, SRS: Sentence Recognition Score, SNR: Signal-to-

Noise Ratio
**»<.01, *p<.05

Discussion
This study demonstrated the effects of NFT on the «a
activity in QEEG, cognitive function, and speech percep-
tion in elderly with presbycusis.

First, there was a statistically significant increase in the
a wave of the left frontal lobe compared to before par-
ticipation. The increased a wave of the left frontal lobe
due to NFT imply the possibility of neuroplasticity in the

elderly even though the mean age of the older adults par-
ticipating in NFT was 76.35%26.09 years. In particular, a
previous study reported that the brain in the left frontal
lobe is a key region for language working memory and
the brain in the right lobe is a key region for visual-spa-
tial working memory, an increase in o wave of the left
frontal lobe helps the elderly improving language work-
ing memory [35]. There is a previous study that predicts
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visual-spatial working memory performance through the
characteristics of an EEG in the resting state [35]. How-
ever, few studies have analyzed brain activity based on the
prefrontal lobe in relation to language working memory.
Therefore, further studies are warranted to establish the
basis for understanding the activities of brainwaves on
working memory in detail. Furthermore, current study
measured just brain waves, not other types, such as func-
tional Near Infra-red Spectroscopy (fNIRS) which is a
non-invasive brain functional analysis system using near
infrared, which measures brain metabolism and changes
in cerebral blood flow [36]. In future research, it is neces-
sary to use the hybrid functional neuroimaging technique
to evaluate different features from QEEG and fNIRS.

Cognitive function in the elderly individuals who par-
ticipated in the NFT significantly increased compared to
before participation, and a significant improvement in
memory items, such as memory recall, the sub-item of
MMSE-K was observed. Furthermore, the experimental
group showed a statistically significant increase in the
DSE. In this study, MMSE-K scores of =24 points were
diagnosed as “definite normal” [28] and DSF scores of 26
were above average (MeantSD=5.44+1.41) of Korean
older people aged =55 years [27]. Both short-term-mem-
ory and working-memory capacities were significantly
lower in the hearing loss condition [29]. According to
the hemispheric encoding/retrieval asymmetry (HERA)
model, the left prefrontal cortex (PFC) is more involved
than the right PFC in episodic memory encoding,
whereas the right PFC is more involved than the left PFC
in episodic memory retrieval [37]. For example, when
the participants were instructed to memorize words, the
words became verbal episodic memory, and an increase
in the left PFC activation was observed. The PFC and hip-
pocampus support complementary functions in episodic
memory. Connections between the PFC and the hippo-
campus are particularly important for episodic memory.
Moreover, we believe that the increased o wave corre-
lated with an improvement in the cognitive function [15,
38]. Further studies are warranted to evaluate brain activ-
ity as per the degree of hearing loss and further compare
neuroplasticity following NFT. Furthermore, systematic
NFT should be developed based on the scientific and
objective analysis of brainwaves in the elderly with cog-
nitive decline due to profound hearing loss or long-term
hearing loss.

However, this study measured changes in cognitive
function using the MMSE-K for the participants whose
existing cognitive function is close to normal. The
MMSE-K is the most widely used impaired cognitive
function screening tool in Korea and has the advantage
of being able to easily assess the intellectual condition
and cognitive function of the subject in a short time [39,
40]. According to the results of preceding researches,
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MMSE-K scores significantly increased after interven-
tion with cognitive tasks in cognitively normal elderly
[41]. After intervention, there was also a significant dif-
ference in the comparison of variation in MMSE-K
scores between the experimental and control groups [42].
Accordingly, the results of this study in the elderly are
significantly meaningful and these findings are consis-
tent with the prior results of a various program based on
cognitive training in the elderly in which MMSE-K scores
improved. Nevertheless, as a limitation, this quasi-exper-
imental study recruited participants using convenience
sampling from an auditory rehabilitation center; there-
fore, the results should be carefully interpreted and gen-
eralized by repeating studies that target a large sample of
elderly with presbycusis according to cognitive function.

In this study, only the experimental group showed
a statistically significant increase in the WRS. Espe-
cially in the experimental group, WRS increased from
71.00£21.65 to 76.86+17.70. According to the criteria
of David & Constance [32], a significant improvement in
the “fair (270-<80%)” category was observed. However,
the mean pre-WRS was 65.23+21.03 and the post-WRS
was 63.74119.04 in the control groups corresponding to
the “poor (250-<70%)” category. In the control group,
the WRS was decreased. In particular, for WRS, the par-
ticipants listen and repeat the one-syllable word. This
rehearsal is carried out by working memory. Therefore,
speech perception is related to the improvement in cog-
nitive function as supported by a previous study [10, 39].

Since WRS can distinguish cognitive ability by pho-
nemes, it provides information on word recognition
ability in objective information about the possibility of
rehabilitation in cases of hearing loss in older adults. In
addition, diagnostic information related to the location
of the lesion and information about each frequency of
brainwaves by phoneme can be obtained. Thus, WRS test
should be further conducted [43]; however, the WRS is
a speech perception that is performed at a pleasant level
to hear in a soundproof booth instead of a noise environ-
ment. Therefore, attention resources that were presented
in the human information processing model of Wickens
et al. [44] are less distributed. Thus, speech perception
in actual daily life of the elderly with hearing loss cannot
be perfectly reflected. Therefore, it needs to be consid-
ered by comparing with SRS at noise levels of SNR=10
dB and SNR=0 dB. In this study, SRS at the noise level
of SNR=10 dB statistically significantly increased in the
experimental group.

For the SRS at the noise level of SNR=10 dB, the SRS
was confirmed at the level of multi-talker babble noise,
very little noise, and the results were determined to
be attributed to improvement in the working memory
through brain activity (such as « wave, left). This is sup-
ported by a previous study that reported that working



Kim et al. BMC Geriatrics (2024) 24:639

memory is highly correlated with sentence recognition
level [45, 46]. Moreover, listening to what another per-
son says under noise conditions largely requires atten-
tion resources. Especially, the elderly listens in less
audible environment due to the aging of the auditory
system compared to young adults [47]. However, a
study reported that the elderly can also overcome the
difficulty of auditory processing by understanding the
context based on the long experience of listening [24].
The prefrontal lobe plays an important role in this pro-
cess, which could be attributed to the interrelationship
between the prefrontal lobe regions and attention con-
trol and working memory. Thus, an improvement in the
SRS under multi-talker babble noise is the result of the
effects of NFT on the mutual relations of the prefron-
tal lobe regions and the improvement in the working
memory and attention. Moreover, both groups did not
show statistically significant changes in the SRS under
the multi-talker babble noise at the large noise level of
SNR=0 dB. This is attributed to the size that reached the
limit, which can distribute attention resources. However,
the experimental group showed an increase in the SRS at
the noise level of SNR=0 dB, whereas the control group
showed a decrease. The SRS under noise conditions was
favorable when the measurement was closed to the nor-
mal score (100 points), while the elderly with presbycusis
in this study showed lower mean values. This is because
distorted factors caused by auditory processing disorder
under noise conditions act more strongly in the elderly
with presbycusis. Based on the results, we suggest that
future studies should establish an actual rationale that
can set the direction of auditory training and rehabili-
tation in the elderly with presbycusis according to the
degree of hearing loss.

Conclusions

This study implies that the NFT can improve a activ-
ity in QEEG, cognitive function, and speech perception
in elderly with presbycusis; thus, NFT can be a novel
method of cognitive and auditory rehabilitation. Con-
sidering that decline in the prefrontal lobe in relation to
aging of the elderly is noticeable, the NFT improves o
activity by maintaining the plasticity and homeostasis of
the brain resulting in positive effects on cognitive func-
tion and speech perception. Moreover, brainwave activity
can be used as an objective tool for auditory assessment
based on the relationships between « activity in QEEG,
cognitive function, and speech perception in elderly indi-
viduals with presbycusis. However, since the participants
of this study were aged 65 years and older, trainers need
to assist older adults who are not familiar with computer-
based NFT. Motivation is extremely necessary for par-
ticipating in and maintaining NFT. Thus, NFT should be
improved and its effects should be verified to increase its
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accessibility, familiarity, sustainability, and effectiveness
in elderly individuals with presbycusis.
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