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Abstract
Background: Hearing rehabilitation with auditory training (AT) is necessary to improve speech perception ability in patients
with hearing loss. However, face-to-face AT has not been widely implemented due to its high cost and personnel requirements.
Therefore, there is a need for the development of a patient-friendly, mobile-based AT program.
Objective: In this study, we evaluated the effectiveness of hearing rehabilitation with our chat-based mobile AT (CMAT)
program for speech perception performance among experienced hearing aid (HA) users.
Methods: A total of 42 adult patients with hearing loss who had worn bilateral HAs for more than 3 months were enrolled and
randomly allocated to the AT or control group. In the AT group, CMAT was performed for 30 minutes a day for 2 months,
while no intervention was provided in the control group. During the study, 2 patients from the AT group and 1 patient from the
control group dropped out. At 0-, 1- and 2-month visits, results of hearing tests and speech perception tests, compliance, and
questionnaires were prospectively collected and compared in the 2 groups.
Results: The AT group (n=19) showed better improvement in word and sentence perception tests compared to the control
group (n=20; P=.04 and P=.03, respectively), while no significant difference was observed in phoneme and consonant
perception tests (both P>.05). All participants were able to use CMAT without any difficulties, and 85% (17/20) of the AT
group completed required training sessions. There were no changes in time or completion rate between the first and the second
month of AT. No significant difference was observed between the 2 groups in questionnaire surveys.
Conclusions: After using the CMAT program, word and sentence perception performance was significantly improved in
experienced HA users. In addition, CMAT showed high compliance and adherence over the 2-month study period. Further
investigations are needed to validate long-term efficacy in a larger population.
Trial Registration: Clinical Research Information Service (CRiS) KCT0006509; https://cris.nih.go.kr/cris/search/detail-
Search.do?seq=22110&search_page=L
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Introduction
According to a World Health Organization report in 2021,
it is predicted that a quarter of people will have some
degree of hearing loss by 2050 [1]. Hearing loss is known
to be related to the risk of vocational problems, depressed
mood, and even cognitive impairment in adults [2-4]. Adult
aural or hearing rehabilitation, a multifactorial strategy for
patients with acquired hearing impairment, includes 4 main
components: sensory management, instruction, perceptual
training, and counseling [5]. Sensory management involves
enhancing auditory function through the use of hearing aids
(HAs), cochlear implants, and alternative devices. Additional
perceptual training, including auditory training (AT), seems
to be required because sensory management alone has
limitations in improving speech perceptual ability [5,6].

Although AT is known to improve hearing performance
and lower the HA return rate, it has been not sufficiently
provided to patients with hearing loss due to its poor time-
and cost-effectiveness [7-9]. In our previous randomized
controlled trial, we reported significant improvements in
consonant perception and subjective satisfaction after 8 weeks
of AT consisting of in-hospital face-to-face education and
at-home self-training among HA users [10]. However, we
experienced the limitations of in-hospital training programs
during the COVID-19 pandemic, and this led us to consider a
mobile-based AT program.

Smartphone penetration is rapidly increasing worldwide,
and South Korea is a leading county for smartphone use, with
a penetration rate of around 93% in 2021 [11,12]. Among the
older population, around 94% of those older than 60 years
and 60% of those older than 70 years own smartphones,
and most of them (80%) use the internet with a mobile
device [12,13]. The increasing smartphone penetration rate
is a global trend, and mobile-based health care programs are
expected to be used effectively even in the older popula-
tion [14]. We developed a new mobile AT program with
a chat-based interface to increase compliance with hearing
rehabilitation, with attention to the fact that most of the adult
population is familiar with message apps on smartphones
[15].

Several mobile and web-based AT programs have been
introduced in the last decade. However, many mobile-based
AT applications are simple gamified training programs
for pediatric patients, and most of them have no clini-
cal validation to support their efficacy [16]. Even though
a state-of-the-art review showed AT to be effective for
improving auditory perceptions [17], it is unclear whether
mobile-based training will still be effective. Digital therapeu-
tics are expected to change the future of the health care
system; however, clinical validation should first be performed
to prove their effectiveness [18]. In addition, the effect of AT
on experienced HA users has been inconsistently reported,
while the effect of AT on novel HA users is relatively clear.
Of the 16 studies included in a state-of-the-art review on AT,
only 3 investigated experienced HA users, and only 1 of these
studies showed improvements in speech perception [19-21].

Therefore, this prospective randomized controlled study
was conducted to investigate the efficacy of our novel
chat-based mobile AT (CMAT) program for 3 aspects
of hearing rehabilitation in experienced HA users: speech
perception ability, subjective satisfaction, and training
compliance.

Methods
Ethical Considerations
This prospective study was approved by the ethical com-
mittee of Seoul St. Mary’s Hospital (KC21EISI0525) and
followed the tenets of the Declaration of Helsinki. The patient
records and information were anonymized and deidentified
before analysis. All participants provided written informed
consent prior to commencement of the study and voluntarily
participated in this clinical trial.
Participants
A prospective randomized controlled trial with an unblin-
ded study setting was carried out. Bilateral HA users were
recruited from the department of otorhinolaryngology–head
and neck surgery at a tertiary referral center between
September and December 2021. Study eligibility criteria were
as follows: (1) age ≥20 years; (2) bilateral moderate to
severe sensorineural hearing loss (mean threshold of pure
tone audiometry measured at 500, 1000, 2000, and 4000 Hz
was 41 to 80 dB hearing level, and the air-bone gap was
less than 15 dB hearing loss); and (3) the patient had been
using bilateral HAs for more than 3 months, demonstrated
sufficient functional gain, and consistently used the HAs for
more than 8 hours per day. Patients were excluded if they had
fluctuation in hearing loss, brain tumor, or difficulty using the
program or coordinating hearing tests.

The randomization was performed using premade random
cards with a 1:1 allocation ratio prepared by a contract
research organization (Medical Excellence). The cards were
then opened by the health care provider after obtaining
informed consent. Participants allocated to the AT group
(ATG) were provided instructions about the CMAT program
by a coauthor (JL) and were encouraged to use it daily for 8
weeks. One CMAT session consisted of 20 questions, took
about 5 to 10 minutes, and was repeated 3 times a day.
Those assigned to the control group (CG) did not receive
the CMAT. All participants were asked to complete audio-
logic tests, speech perception tests, and questionnaires before
enrollment and at 1 and 2 months after the start of the study,
respectively.

Assuming that the effect of offline AT and CMAT would
be similar, we determined the number of target participants
in the same way as in our previous study [10]. For statisti-
cal significance at a .05 confidence level with 80% power,
the sample size required for the 2 groups was estimated as
18 patients per group. Allowing for a 10% dropout rate, 42
patients were estimated to be required in total.
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Chat-Based AT Program
Our CMAT program was developed in the form of a web-
based program that can be accessed from computers, tablets,
and smartphones. However, all participants were requested to
connect with their smartphones to avoid device bias in this
clinical trial. When a participant accessed a provided link,
the ID and password given during participant registration
were required to be entered, and a page was provided to
additionally confirm the consent form for clinical trials and
the collection of personal information. Afterward, a problem
was presented in a chat-based interface. In the chat-based
interface, we designed a conversational partner as a character
representing a medical professional, intending to give users
the feeling of exchanging chat bubbles with a health care
provider. Participants could choose 1 of 4 answers, and a
message was shown giving feedback after a problem was
answered. All participants were instructed to train in a quiet
place while wearing their HAs.

The rehabilitation program consisted of 2 parts: word and
sentence training. For word training, a total of 1540 two-syl-
lable Korean words that are frequently used in daily life were
extracted based on data provided by the National Institute of
the Korean Language. Four words with the same or similar
vowels but different consonants were provided, and then one
of these words was provided twice. Then, the participant was
asked to choose the word that he or she heard. For sentence

training, daily phrases consisting of 2- to 12-word phrases
were provided, and the frequency of the words used was
checked to correct or delete infrequently used words (eg, “We
decided to meet at Seoul Station”). A total of 1225 sentences
were composed, and a question was made for each sentence.
The sentences and related questions were provided once, and
3 words similar to the correct answer were shown with it (eg,
“Question: Where would you like to meet?”; “Answers: (1)
Sadang Station, (2) Sung-soo Station, (3) Sung-book Station,
(4) Seoul Station”).

This CMAT program was presented as if chatting with
a virtual character. If a participant answered the question
correctly, the next question among the word and sentence
training question pools was shown randomly. If a participant
chose a wrong answer, the question was repeated up to 3
times. Ten-word and 10-sentence questions were randomly
assigned to participants for solving within a single session.
AT dosage was planned to be around 30 minutes of training
per day, similar to our previous study, as solving 20 questions
was expected to take approximately 10 minutes. However,
if a participant wanted to solve more questions, they could
engage in an additional session. Participants included in the
ATG were instructed to repeat this session 3 times a day,
spaced out, following a similar approach to our previous
study [10]. A schema of the CMAT is shown in Figure 1.

Figure 1. Schematic diagram of chatbot-delivered auditory training program.

The Korean language was used in this program, and words
and sentences were synthesized using Google Cloud text-to-
speech software. To facilitate scalability for increases in the
number of sentences or upgrades in the future, we determined

that software-generated voices would be a reasonable
choice. The speech was randomly generated using male or
female voices provided by the software, and the default
settings of the program were used for other suprasegmental
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characteristics of sentences, including speed, pitch, and
volume. The log-in time and the number of questions
solved were automatically collected by the program; however,
prompts to use the CMAT were not provided.
Outcome Measures

Study Design
All participants completed audiologic tests, speech perception
tests, and questionnaires at the 0-, 4-, and 8-week visits, and
the results were collected using Excel (Microsoft). Among
these measured outcomes, speech perception test results were
used as the primary end point, and questionnaire results were
used as the secondary end point.

Audiologic Tests
Pure tone audiograms (PTAs) without HAs and sound field
threshold audiometry tests with HAs were conducted to
exclude changes in hearing level and inappropriate func-
tion of HAs. Speech audiometry tests, including the speech
reception threshold test and speech discrimination scores,
were evaluated both with and without the participants wearing
HAs.

Speech Perception Tests
A total of 5 speech perception tests were conducted by a
female audiologist in quiet conditions while the patient wore
an HA. The Ling Six Sound test was conducted for phoneme
detection [22], and the Vowel and Consonant Imitation Test
(VCIT) was used to measure phoneme perception [23]. To
evaluate word perception ability, monosyllable and bisyllable
open-set tests were used [24]. Sentence perception ability was
evaluated using the Korean version of Central Institute for the
Deaf (K-CID) test [25].

Questionnaires
Subjective benefits were measured by 3 validated ques-
tionnaires. The Korean version of the Hearing Handicap
Inventory for the Elderly (K-HHIE) was used to measure
situational and emotional handicaps in everyday life due
to hearing problems [26]. In addition, the Korean versions
of the International Outcome Inventory for Hearing Aids
(K-IOI-HA) and Abbreviated Profile of Hearing Aid Benefit
(APHAB) tests were conducted to evaluate the subjective
satisfaction with HA use [27,28].
Statistical Analysis
Statistical analysis was conducted using SAS (version 9.4;
SAS Institute). The Shapiro-Wilk test was used to examine

the normality of the measured variables. Data were expressed
as mean, SD, and percentage. P values were calculated
using the chi-square test or Fisher exact test for categorical
variables, the Mann-Whitney test or independent 2-tailed t
test for pairs of independent variables, and the Wilcoxon rank
sum test or paired t test for continuous variables. All speech
perception tests were collected as percentage data, and as
the data did not meet the normality assumption based on the
Shapiro-Wilk test, we conducted additional analyses using
arcsine transformation. Speech perception tests and question-
naire surveys were analyzed with a linear mixed-effect model
and post hoc test. Random effects included the intercept,
while fixed effects included group (ATG and CG), time
(initial, 1 month, and 2 month), group × time interaction,
and the covariate “aided 4 kHz threshold result of the right
ear.” The inclusion of the aided 4 kHz threshold result of the
right ear as a covariate was due to the significant differen-
ces between the 2 groups in the initial hearing test despite
randomization. Further details regarding this will be provided
in the Results section. Two covariance structures in the linear
mixed model, variance components and compound symme-
try, were compared. There were no substantial differences in
the results of the fixed effect type 3 test, so we described
the variance components estimation. The Akaike information
criterion values representing model fit varied depending on
the specified model, from 280 to 680. Bonferroni correction
was used for multiple comparisons and adjusted P values
are presented. Correlations between pairs of variables were
analyzed with the Pearson correlation test. Differences were
considered significant when the P value was less than .05.

Results
Clinical Characteristics
A total of 42 participants were initially enrolled after
informed consent was obtained. The ATG and CG were
each randomly allocated 21 patients, with 1 participant
subsequently withdrawn from the ATG due to withdrawal
of consent. During the 2-month study follow-up period, 1
participant in the ATG was excluded from the analysis due
to low compliance (CMAT completion rate <50%), and 1
participant in the CG was excluded for refusing to perform
speech perception tests. Therefore, 19 participants in the ATG
and 20 participants in the CG were analyzed. The CONSORT
(Consolidated Standards of Reporting Trials) flow diagram is
shown in Figure 2. None of the participants in the ATG had
any problems using CMAT during the study.
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Figure 2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.

There were no significant differences between the 2 groups
in age, sex, duration of hearing loss, type of HA being used,

or duration of HA use. The detailed patient demographics are
shown in Table 1.

Table 1. Clinical characteristics of the participants.
Total (n=41) Auditory training group

(n=20)
Control group
(n=21)

P value

Age (years), mean (SD) 70.0 (10.9) 70.5 (6.9) 69.5 (13.8) .41a

Sex, n .90b

Male 16 8 8
Female 25 12 13

Hearing aid type, n .75c

Complete in the canal 67 33 34
Invisible hearing aid 10 4 6
Receiver in the canal 5 3 2

Hearing loss duration (months), mean (SD) 103.0 (86.5) 107.9 (83.3) 98.3 (91.3) .48a

Hearing aid use duration (months), mean (SD) 54.5 (62.1) 56.1 (72.2) 53.0 (50.7) .80a
aMann-Whitney test.
bFisher exact test.
cChi-square test.

Audiologic Evaluations
Although we randomly allocated participants to the 2 groups,
there were unintended differences in the baseline hearing
tests. In the ATG, the high-frequency thresholds (3000, 4000,
and 6000 Hz) of the right ear were significantly higher than
in the CG in both unaided and aided conditions (independent
t test or Mann-Whitney test, all P<.05). However, there was
no significant difference in the left ear. In speech audiometry,

mean values for speech discrimination score were higher in
the CG without a statistically significant difference (inde-
pendent t test or Mann-Whitney test, all P>.05). No sig-
nificant changes over time were observed in the repeated
audiologic tests under either unaided or aided conditions
(linear mixed model, all P>.05). These audiologic test results
are presented in Figure 3.
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Figure 3. Results of audiologic tests. (A) Pure tone audiometry showing significantly higher thresholds in the auditory training group (ATG) at 3000,
4000, and 6000 Hz frequencies in the right ear. (B) Speech reception threshold test showing no significant difference between the ATG and the
control group (CG). (C) Speech discrimination scores were higher in the CG without statistical significance. A: aided; dB HL: decibel hearing level;
U: unaided. *P<.05; independent t test or Wilcoxon rank sum test.

Speech Perception Tests
With the exception of the vowel imitation test, the ini-
tial mean scores for the remaining 5 tests were better in
the CG. Although the Ling Six Sound test, monosyllable
and bisyllable open-set tests, and the K-CID test showed
no significant differences (adjusted P>.05 for all tests;
Mann-Whitney test with Bonferroni correction), the initial
consonant imitation test exhibited a statistically signifi-
cant difference (adjusted P=.003; Mann-Whitney test with
Bonferroni correction). Therefore, the aided 4 kHz threshold
result of the right ear, which exhibited a significant difference
in the initial PTA result (P=.002; Mann-Whitney test), was
included as a variable in the analysis of the linear mixed
model, considering that high-frequency hearing loss is a
well-known factor affecting hearing perception [29].

When conducting a linear mixed model that includes the
4 kHz threshold of the right ear as a variable, we observed

no significant difference in the initial scores of any speech
perception tests (all P>.05).

In the Ling Six Sound test, the VCIT (vowel and conso-
nant) and monosyllable test results showed no significant
group differences (all P>.05, linear mixed model). However,
in the bisyllable condition, the ATG demonstrated signifi-
cantly better results compared to the CG (P=.04, linear
mixed model). Similarly, in the K-CID test, the ATG showed
significantly greater improvement than the CG (P=.03, linear
mixed model). These results are visualized in Figure 4, and
detailed linear mixed model analyses, including post-hoc P
values, are presented in Table 2. Additionally, an arcsine
transformation was applied to the percentage values, yielding
almost the same results. Detailed values and statistical
analyses of both the percentage and arcsine-transformed data
are provided in Multimedia Appendix 1.
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Figure 4. Results of speech perception tests. The auditory training group (ATG) showed significant improvement in speech perception compared to
the control group (CG) in the intergroup analysis of the 2-syllable word recognition test and the K-CID (Korean version of Central Institute for the
Deaf) test. ns: not significant; VCIT: Vowel and Consonant Imitation Test. *P<.05; linear mixed model.

Table 2. Linear mixed model analysis of speech perception tests.
Group, post hoc P
value

Time, post hoc P value Group × time, post hoc P
value

F (df) P
valuea

Auditory training group Control group
Initial 1 mo 2 mo Initial

minus
1 mo

1 mo
minus 2
mo

Initial
minus
2 mo

Initial
minus
1 mo

1 mo
minus 2
mo

Initial
minus
2 mo

Initial
minus 1
mo

1 mo
minus 2
mo

Initial
minus
2 mo

Ling Six
Sound test

>.99 .79 >.99 .05 <.001 .004 >.99 .11 .008 >.99 >.99 .03 0.64
(2, 73)

.53

VCITb
(vowel)

>.99 .74 >.99 .04 >.99 .03 .21 .27 .002 >.99 >.99 .25 0.52
(2, 73)

.60

VCIT
(consonant)

.20 >.99 >.99 .01 .28 <.001 >.99 .70 .15 .07 .65 .01 2.24
(2, 73)

.11

Monosyllab
le test

.92 >.99 >.99 .04 .17 <.001 >.99 .02 .003 .51 .35 .004 1.04
(2, 73)

.36

Bisyllable
test

>.99 .85 .47 <.001 >.99 <.001 .28 >.99 .19 .30 <.001 .24 3.37
(2, 73)

.04

K-CIDc .83 >.99 >.99 <.001 .35 <.001 .36 .09 .001 .16 <.001 .006 3.81
(2, 73)

.03

aGroup × time interaction effects compared the initial minus 1 month or initial minus 2 months.
bVCIT: Vowel and Consonant Imitation Test.
cK-CID: Korean version of Central Institute for the Deaf test (linear mixed model).

Subjective Satisfaction
There was no significant difference between the 2 groups
in all 3 types of questionnaire surveys (all P>.05; linear
mixed model). Detailed results are described in Multimedia
Appendix 2.

Compliance With CMAT Program
Except for one participant in the ATG who withdrew consent,
all participants (n=20) in the intervention group accessed
the CMAT program in a mobile environment. One of 20
participants (5%) was excluded from the analysis in this study

JMIR MHEALTH AND UHEALTH Han et al

https://mhealth.jmir.org/2024/1/e50292 JMIR Mhealth Uhealth 2024 | vol. 12 | e50292 | p. 7
(page number not for citation purposes)

https://mhealth.jmir.org/2024/1/e50292


because the duration of CMAT use was less than 50% of the
required AT. The remaining 19 participants (95%) completed
at least 50% of the training sessions, and 17 (85%) completed
more than the required AT.

Log-in times, completion rates, and scores of all partici-
pants were collected by the CMAT program and analyzed.
Mean daily application log-in time was 20.3 (SD 11.4)
minutes in the first month and 20.4 (SD 10.7) minutes in the

second. The completion rate was higher than our recommen-
dation; 123.7% (SD 71.4%) in the first month and 128.5%
(SD 61.3%) in the second month. There were no statisti-
cally significant differences among these variables (P=.80 for
completion rate and P=.50 for log-in time; Wilcoxon signed
rank test) (Figure 5A). The analysis of compliance and speech
perception tests revealed no significant correlation (Figure
5B).

Figure 5. Compliance of chatbot-delivered mobile auditory training program and its correlation with speech perception tests. (A) Completion rate
(%) and log-in time (min) were similar in the first month and second month (both P>.05; Wilcoxon signed rank test; error bars indicate SD). (B) No
significant correlations were observed between compliance and speech perception tests (all P>.05, Pearson correlation test). K-CID: Korean version
of Central Institute for the Deaf.

Discussion
Principal Results
In this study, we developed a new CMAT program in the
Korean language, and we confirmed that it was effective in
improving speech perception abilities and had high compli-
ance among experienced bilateral HA users.

Our study evaluated speech perception performance at the
levels of phoneme, word, and sentence. When the tests were
repeated, they all showed improvements in both the ATG
and CG. This is a similar finding as our previous report,
and it might have been caused by the participants adapting
to the test materials [10,30]. Interaction effects implied that
compared to the initial time point, at 1 month and 2 months
there was a greater performance improvement in the ATG in
the bisyllable test and K-CID test. However, no significant
findings were observed for the Ling Six Sound test, VCIT, or
monosyllable test. The prominent improvement in bisyllable
word and sentence perception tests could be explained by the

effect of AT having been achieved only to a limited degree
for the trained task. The CMAT program used bisyllable
words and sentences, which resulted in marked improvement
on the tests assessing the same ability. Several previous
studies suggested that the effect of AT appeared only in
trained tasks and did not lead to improvements in untrained
tasks [21,31,32].

All 3 questionnaires measuring subjective hearing
disability and HA satisfaction showed no improvement after
2 months of CMAT, a result that is contrary to our previous
study. Our previous study investigated the effectiveness of
hospital-based AT and showed significant improvements on
the K-IOI-HA and K-HHIE questionnaires in the intervention
group [10]. A systematic review suggested that telemedicine
has similar feasibility as conventional hearing rehabilitation;
however, this review paper was not focused on AT; it
focused more on HA fitting, device testing, and counseling
[33]. To the best of our knowledge, only 3 comparative
studies have been conducted of telemedicine and conven-
tional AT [34-36]. A pilot study comparing the feasibility of
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tablet-based AT and conventional face-to-face AT in adult
cochlear implant recipients reported similar results to our
study. Even though tablet-based AT showed better speech
improvements in tablet-based training, subjective auditory
ability measured by the Oldenburger Inventory-R question-
naire showed partial improvement only in the conventional
AT group and not in the teletherapeutic group [36]. The
reason why we could not find subjective speech perception
improvement in the questionnaire seems to be the lack of
interaction between the participants and health care providers,
who encourage and reassure patients during each session of
conventional AT programs. A relatively short study period
might be another reason. A long-term follow-up study or
a study with participants who are more exposed to health
care providers during CMAT might be needed to support our
suggestions in the future.

Of the 20 participants who agreed to CMAT, 17 (85%)
completed all or more requested training times, and there was
no difference in compliance during the 2-month study. Our
completion rate is similar to previous studies [10,37], and it
seems that mobile-based AT is easily accessible and that the
chat-based interface gives users a more interactive impression
[8].

In our study, there was no statistically significant
correlation between CMAT compliance and listening
performance, which might be due to the high and homogene-
ous completion rate of an average of 120% of the program in
the ATG. However, previous studies suggested that training
duration is related to the improvement in listening abilities. A
study using the Listening and Communication Enhancement
training program in veterans using HAs reported that 84%
(42/50) of participants completed the required sessions, and
improvement in off-task performance was significantly better
in the group of participants who completed all the sessions
[38]. Another study examined the use of ReadmyQuips
among new HA users and reported a correlation between
the words-in-noise test and training time but not between the
hearing-in-noise test and training time [39].
Strengths and Limitations
The mobile-based AT program we introduced has several
advantages that set it apart from other internet-based AT
programs. The first advantage lies in the interface, which
features chatting, thus catering to users familiar with mobile
messengers and providing a more convenient experience.
Simplistic problem-solving might bore users easily, and
gamification could come across as juvenile for adult users.
Additionally, our interface uses a format in which users
chat with a character resembling a medical professional,
aiming to give users the impression of receiving remote
treatment from experts. The second advantage pertains to
the quality and quantity of the provided problems. Other
AT programs sometimes present meaningless word lists
or scenarios where the sound completely differs from the
presented words. However, our CMAT program was designed
with the intention of using 1540 frequently used words
provided by the National Institute of the Korean Language
to offer assistance in users’ everyday lives. We aimed to

enhance consonant discrimination abilities that are challeng-
ing for individuals with hearing impairments by creating
problems that categorize cases where the vowels are similar
but the consonants differ. Additionally, due to the vast
number of questions, each exceeding 1000, participants might
not encounter the same question more than once during the
2-month test period.

Nevertheless, CMAT also has its limitations. Recent
artificial intelligence (AI)–powered language models like
ChatGPT, which enable real-time interactions, were not
integrated. The program did not incorporate various user-
responsive technologies such as those found in AI-driven
tools. Furthermore, additional settings such as background
noise or speech speed adjustments were not possible in
this version of CMAT. We refrained from including these
adjustable settings to maintain the consistency of the training
program and avoid introducing bias in the study. However, in
the next version, we plan to incorporate features that allow
users to adjust the program to their skill level.

From a clinical study perspective, there are several other
advantages. Foremost among them is the fact that this is the
first well-designed study conducted using a mobile-based AT
program using the Korean language. This study also suggests
the possibility that AT could be widely applied to the hearing
rehabilitation process by showing the effect of AT on users
with HA experience, which has been controversial in previous
reports [19-21].

However, several limitations that emerged during the
course of this study should also be taken into consideration.
First, despite the randomization, the high-frequency hearing
threshold in the right ear was significantly higher in the ATG
than the CG, indicating that the CG score was better in most
initial speech perception tests. We considered a subgroup
analysis such as participant matching to avoid differences
in initial hearing threshold, but we could not conduct such
an analysis due to the limitations of a randomized prospec-
tive study with a relatively small number of participants.
Instead, we tried to minimize unintentional bias by adjust-
ing the 4 kHz threshold of the PTA when analyzing with
the linear mixed model; however, there is a possibility that
the effect of CMAT was underestimated due to differences
in initial hearing threshold. Further research using a larger
number of participants is needed in the future. Second, a
2-month training time and follow-up duration might not be
long enough to show the effect of CMAT on all types of
hearing performance and subjective satisfaction. Therefore,
a future study to evaluate the long-term effects of CMAT
with a longer training time is needed. Third, this study was
not blinded, and the potential risk of type I error should be
considered. Lastly, fitting verification results, such as real-ear
measurements, were not included, and data on HA use time
during the trial were not included in this analysis. Instead,
fitting validation was conducted using sound field tests, and
only those who had been using HAs for more than 3 months
and for at least 8 hours a day were included in this study.
Incorporating more objective fitting verification and HA use
time monitoring with data logging would be beneficial in
future studies.
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Several points for improving this CMAT program can be
considered in the future. First and foremost, AI technology
can be adapted to enable 2-way interactions between the user
and the program. The AI system can generate an almost
infinite number of new questions and adjust the question
difficulty level based on the user’s responses. Additionally,
while this study used a chat-based interface for adults, more
casual training methods, such as gamified training, could be
adopted for pediatric patients with hearing loss.

Conclusions
In this study, we developed a novel mobile-accessible AT
program with a chat-based interface and showed that it
enhanced speech perception ability in experienced HA users.
CMAT seems to increase the accessibility of and compliance
to AT, and we expect that it will be used in all stages of the
hearing rehabilitation process.

Acknowledgments
This work was supported by the Technology Development Program (S2964607), funded by the Ministry of SMEs and
Startups of Korea. The funding organization had no role in the design or conduct of the study; in the collection, analysis, or
interpretation of the data; in the decision to submit the article for publication; or in the preparation, review, or approval of the
article.
Data Availability
The data that support the findings of this study are available on request from the corresponding author. The data are not
publicly available because they contain information that could compromise the privacy of the research participants.
Conflicts of Interest
JL is the developer of the software used in this study (Nara Information Co, Ltd).
Multimedia Appendix 1
Linear mixed model analysis of speech perception tests after arcsine transformation.
[DOCX File (Microsoft Word File), 33 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Detailed results of 3 questionnaire surveys.
[DOCX File (Microsoft Word File), 25 KB-Multimedia Appendix 2]

Checklist 1
CONSORT eHEALTH checklist (V 1.6.1).
[PDF File (Adobe File), 1032 KB-Checklist 1]
References
1. WHO: 1 in 4 people projected to have hearing problems by 2050. World Health Organization. Mar 2, 2021. URL: https://

www.who.int/news/item/02-03-2021-who-1-in-4-people-projected-to-have-hearing-problems-by-2050 [Accessed
2024-01-17]

2. Cosh S, Helmer C, Delcourt C, Robins TG, Tully PJ. Depression in elderly patients with hearing loss: current
perspectives. Clin Interv Aging. Aug 14, 2019;14:1471-1480. [doi: 10.2147/CIA.S195824] [Medline: 31616138]

3. Lasak JM, Allen P, McVay T, Lewis D. Hearing loss: diagnosis and management. Prim Care. Mar 2014;41(1):19-31.
[doi: 10.1016/j.pop.2013.10.003] [Medline: 24439878]

4. Loughrey DG, Kelly ME, Kelley GA, Brennan S, Lawlor BA. Association of age-related hearing loss with cognitive
function, cognitive impairment, and dementia: a systematic review and meta-analysis. JAMA Otolaryngol Head Neck
Surg. Feb 1, 2018;144(2):115-126. [doi: 10.1001/jamaoto.2017.2513] [Medline: 29222544]

5. Boothroyd A. Adult aural rehabilitation: what is it and does it work? Trends Amplif. Jun 2007;11(2):63-71. [doi: 10.
1177/1084713807301073] [Medline: 17494873]

6. Ferguson M, Maidment D, Henshaw H, Heffernan E. Evidence-based interventions for adult aural rehabilitation: that
was then, this is now. Semin Hear. Feb 2019;40(1):68-84. [doi: 10.1055/s-0038-1676784] [Medline: 30728650]

7. Lawrence BJ, Jayakody DMP, Henshaw H, et al. Auditory and cognitive training for cognition in adults with hearing
loss: a systematic review and meta-analysis. Trends Hear. 2018;22:2331216518792096. [doi: 10.1177/
2331216518792096] [Medline: 30092719]

8. Sweetow RW, Sabes JH. Auditory training and challenges associated with participation and compliance. J Am Acad
Audiol. Oct 2010;21(9):586-593. [doi: 10.3766/jaaa.21.9.4] [Medline: 21241646]

9. Martin M. Software-based auditory training program found to reduce hearing aid return rate. Hear J. 2007;60(8):32. [doi:
10.1097/01.HJ.0000286505.76344.10]

JMIR MHEALTH AND UHEALTH Han et al

https://mhealth.jmir.org/2024/1/e50292 JMIR Mhealth Uhealth 2024 | vol. 12 | e50292 | p. 10
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=mhealth_v12i1e50292_app1.docx
https://jmir.org/api/download?alt_name=mhealth_v12i1e50292_app1.docx
https://jmir.org/api/download?alt_name=mhealth_v12i1e50292_app2.docx
https://jmir.org/api/download?alt_name=mhealth_v12i1e50292_app2.docx
https://jmir.org/api/download?alt_name=mhealth_v12i1e50292_app3.pdf
https://jmir.org/api/download?alt_name=mhealth_v12i1e50292_app3.pdf
https://www.who.int/news/item/02-03-2021-who-1-in-4-people-projected-to-have-hearing-problems-by-2050
https://www.who.int/news/item/02-03-2021-who-1-in-4-people-projected-to-have-hearing-problems-by-2050
https://doi.org/10.2147/CIA.S195824
http://www.ncbi.nlm.nih.gov/pubmed/31616138
https://doi.org/10.1016/j.pop.2013.10.003
http://www.ncbi.nlm.nih.gov/pubmed/24439878
https://doi.org/10.1001/jamaoto.2017.2513
http://www.ncbi.nlm.nih.gov/pubmed/29222544
https://doi.org/10.1177/1084713807301073
https://doi.org/10.1177/1084713807301073
http://www.ncbi.nlm.nih.gov/pubmed/17494873
https://doi.org/10.1055/s-0038-1676784
http://www.ncbi.nlm.nih.gov/pubmed/30728650
https://doi.org/10.1177/2331216518792096
https://doi.org/10.1177/2331216518792096
http://www.ncbi.nlm.nih.gov/pubmed/30092719
https://doi.org/10.3766/jaaa.21.9.4
http://www.ncbi.nlm.nih.gov/pubmed/21241646
https://doi.org/10.1097/01.HJ.0000286505.76344.10
https://mhealth.jmir.org/2024/1/e50292


10. Han JS, Park JM, Kim Y, et al. Effect of hearing rehabilitation therapy program in hearing aid users: a prospective
randomized controlled study. Clin Exp Otorhinolaryngol. May 2022;15(2):144-152. [doi: 10.21053/ceo.2021.00948]
[Medline: 35255665]

11. Global smartphone penetration rate as share of population from 2016 to 2022. Statista. 2023. URL: https://www.statista.
com/statistics/203734/global-smartphone-penetration-per-capita-since-2005/ [Accessed 2024-01-17]

12. Smartphone ownership rate. Korea Information Society Development Institute. 2022. URL: https://stat.kisdi.re.kr/
statHtml/statHtml.do?orgId=405&tblId=DT_405001_I182&conn_path=I2&language=en [Accessed 2022-07-01]

13. Kim K, Park SY, Kang HC. Smartphone proficiency and use, loneliness, and ego integrity: an examination of older adult
smartphone users in South Korea. Behav Inf Technol. May 19, 2021;40(7):625-634. [doi: 10.1080/0144929X.2020.
1713213]

14. Abbaspur-Behbahani S, Monaghesh E, Hajizadeh A, Fehresti S. Application of mobile health to support the elderly
during the COVID-19 outbreak: a systematic review. Health Policy Technol. Mar 2022;11(1):100595. [doi: 10.1016/j.
hlpt.2022.100595] [Medline: 35018280]

15. Top 3 frequently used applications of smart devices. Korea Information Society Development Institute. 2022. URL:
https://stat.kisdi.re.kr/kor/tblInfo/TblInfoList.html?vw_cd=MT_ATITLE&siteGb=SITE002 [Accessed 2024-01-04]

16. Olson A, Williams R, Livingston E, Futscher C. Review of auditory training mobile apps for adults with hearing loss.
Perspect ASHA SIGs. Jan 2018;3(7):12-23. [doi: 10.1044/persp3.SIG7.12]

17. Stropahl M, Besser J, Launer S. Auditory training supports auditory rehabilitation: a state-of-the-art review. Ear Hear.
Aug 2020;41(4):697-704. [doi: 10.1097/AUD.0000000000000806] [Medline: 31613823]

18. Dang A, Arora D, Rane P. Role of digital therapeutics and the changing future of healthcare. J Family Med Prim Care.
May 2020;9(5):2207-2213. [doi: 10.4103/jfmpc.jfmpc_105_20] [Medline: 32754475]

19. Barcroft J, Spehar B, Tye-Murray N, Sommers M. Task- and talker-specific gains in auditory training. J Speech Lang
Hear Res. Aug 1, 2016;59(4):862-870. [doi: 10.1044/2016_JSLHR-H-15-0170] [Medline: 27567015]

20. Olson AD, Preminger JE, Shinn JB. The effect of LACE DVD training in new and experienced hearing aid users. J Am
Acad Audiol. Mar 2013;24(3):214-230. [doi: 10.3766/jaaa.24.3.7] [Medline: 23506666]

21. Saunders GH, Smith SL, Chisolm TH, Frederick MT, McArdle RA, Wilson RH. A randomized control trial:
supplementing hearing aid use with listening and communication enhancement (LACE) auditory training. Ear Hear. Jul
2016;37(4):381-396. [doi: 10.1097/AUD.0000000000000283] [Medline: 26901263]

22. Glista D, Scollie S, Moodie S, Easwar V. The LING 6(HL) test: typical pediatric performance data and clinical use
evaluation. J Am Acad Audiol. Nov 2014;25(10):1008-1021. [doi: 10.3766/jaaa.25.10.9] [Medline: 25514453]

23. Kim SJ, Kim LS, Ahn YM, Lee HO, Rhee KS. Speech perception abilities over time in children with a cochlear implant
on vowel and consonant imitation test. Korean J Otorhinolaryngol-Head Neck Surg. 1997;40(12):1741-1751. URL:
https://www.kjorl.org/journal/view.php?number=399

24. Kim LS, Lee MY, Huh MJ, Oh YJ. Open-set speech perception development in children with cochlear implants. Korean
J Otorhinolaryngol-Head Neck Surg. 2004;47(1):15-21. [doi: 10.3342/kjorl-hns.2010.53.9.534]

25. Jang JH, Chang HK, Park HY, et al. Comparison analysis between Korean Central Institute for the Deaf sentence and
Korean hearing in noise test sentence. Korean J Otorhinolaryngol-Head Neck Surg. 2012;55(2):85. [doi: 10.3342/kjorl-
hns.2012.55.2.85]

26. Park SN, Han GC, Cho YS, et al. Standardization for a Korean version of Hearing Handicap Inventory for the Elderly.
Korean J Otorhinolaryngol-Head Neck Surg. 2011;54(12):828. [doi: 10.3342/kjorl-hns.2011.54.12.828]

27. Chu H, Cho YS, Park SN, et al. Standardization for a Korean adaptation of the International Outcome Inventory for
Hearing Aids: study of validity and reliability. Korean J Otorhinolaryngol-Head Neck Surg. 2012;55(1):20. [doi: 10.
3342/kjorl-hns.2012.55.1.20]

28. Yun DH, Yoon TH, Lee KS. Subjective satisfaction in hearing aid users by APHAB. Korean J Otorhinolaryngol-Head
Neck Surg. 2000;43(7):698-702.

29. Hogan CA, Turner CW. High-frequency audibility: benefits for hearing-impaired listeners. J Acoust Soc Am. Jul
1998;104(1):432-441. [doi: 10.1121/1.423247] [Medline: 9670535]

30. Yund EW, Woods DL. Content and procedural learning in repeated sentence tests of speech perception. Ear Hear. Dec
2010;31(6):769-778. [doi: 10.1097/AUD.0b013e3181e68e4a] [Medline: 20562624]

31. Humes LE, Kinney DL, Brown SE, Kiener AL, Quigley TM. The effects of dosage and duration of auditory training for
older adults with hearing impairment. J Acoust Soc Am. Sep 2014;136(3):EL224. [doi: 10.1121/1.4890663] [Medline:
25190425]

32. Reis M, McMahon CM, Távora-Vieira D, Humburg P, Boisvert I. Effectiveness of computer-based auditory training for
adult cochlear implant users: a randomized crossover study. Trends Hear. Jan 2021;25:23312165211025938. [doi: 10.
1177/23312165211025938] [Medline: 34591702]

JMIR MHEALTH AND UHEALTH Han et al

https://mhealth.jmir.org/2024/1/e50292 JMIR Mhealth Uhealth 2024 | vol. 12 | e50292 | p. 11
(page number not for citation purposes)

https://doi.org/10.21053/ceo.2021.00948
http://www.ncbi.nlm.nih.gov/pubmed/35255665
https://www.statista.com/statistics/203734/global-smartphone-penetration-per-capita-since-2005/
https://www.statista.com/statistics/203734/global-smartphone-penetration-per-capita-since-2005/
https://stat.kisdi.re.kr/statHtml/statHtml.do?orgId=405&tblId=DT_405001_I182&conn_path=I2&language=en
https://stat.kisdi.re.kr/statHtml/statHtml.do?orgId=405&tblId=DT_405001_I182&conn_path=I2&language=en
https://doi.org/10.1080/0144929X.2020.1713213
https://doi.org/10.1080/0144929X.2020.1713213
https://doi.org/10.1016/j.hlpt.2022.100595
https://doi.org/10.1016/j.hlpt.2022.100595
http://www.ncbi.nlm.nih.gov/pubmed/35018280
https://stat.kisdi.re.kr/kor/tblInfo/TblInfoList.html?vw_cd=MT_ATITLE&siteGb=SITE002
https://doi.org/10.1044/persp3.SIG7.12
https://doi.org/10.1097/AUD.0000000000000806
http://www.ncbi.nlm.nih.gov/pubmed/31613823
https://doi.org/10.4103/jfmpc.jfmpc_105_20
http://www.ncbi.nlm.nih.gov/pubmed/32754475
https://doi.org/10.1044/2016_JSLHR-H-15-0170
http://www.ncbi.nlm.nih.gov/pubmed/27567015
https://doi.org/10.3766/jaaa.24.3.7
http://www.ncbi.nlm.nih.gov/pubmed/23506666
https://doi.org/10.1097/AUD.0000000000000283
http://www.ncbi.nlm.nih.gov/pubmed/26901263
https://doi.org/10.3766/jaaa.25.10.9
http://www.ncbi.nlm.nih.gov/pubmed/25514453
https://www.kjorl.org/journal/view.php?number=399
https://doi.org/10.3342/kjorl-hns.2010.53.9.534
https://doi.org/10.3342/kjorl-hns.2012.55.2.85
https://doi.org/10.3342/kjorl-hns.2012.55.2.85
https://doi.org/10.3342/kjorl-hns.2011.54.12.828
https://doi.org/10.3342/kjorl-hns.2012.55.1.20
https://doi.org/10.3342/kjorl-hns.2012.55.1.20
https://doi.org/10.1121/1.423247
http://www.ncbi.nlm.nih.gov/pubmed/9670535
https://doi.org/10.1097/AUD.0b013e3181e68e4a
http://www.ncbi.nlm.nih.gov/pubmed/20562624
https://doi.org/10.1121/1.4890663
http://www.ncbi.nlm.nih.gov/pubmed/25190425
https://doi.org/10.1177/23312165211025938
https://doi.org/10.1177/23312165211025938
http://www.ncbi.nlm.nih.gov/pubmed/34591702
https://mhealth.jmir.org/2024/1/e50292


33. Bush ML, Thompson R, Irungu C, Ayugi J. The role of telemedicine in auditory rehabilitation: a systematic review. Otol
Neurotol. Dec 2016;37(10):1466-1474. [doi: 10.1097/MAO.0000000000001236] [Medline: 27755363]

34. Bernstein C, Bakke M, Mazevski A, et al. Benefits of speech tracking training on sentence recognition, tracking rate, and
self-assessed communication function in adult cochlear implant users. J Acad Rehabil Audiol. Jan 2012;45:11-39. URL:
https://www.researchgate.net/publication/258218831_Bernstein_C_Bakke_M_Mazevski_A_Blake-Rahter_P_Presley_
R_Hume_K_Plant_G_Levitt_H_2012_Benefits_of_Speech_Tracking_Training_on_Sentence_Recognition_Tracking_
Rate_and_Self-Assessed_Communication_Function

35. Verma H, N B, Mishra R, Panda NK. Outcome measures following tele-rehabilitation and conventional face to face
rehabilitation in paediatric cochlear implant users during COVID-19 pandemic: a pilot study in a tertiary care setup. J
Otol. Jan 2022;17(1):31-38. [doi: 10.1016/j.joto.2021.10.002] [Medline: 34745238]

36. Völter C, Stöckmann C, Schirmer C, Dazert S. Tablet-based telerehabilitation versus conventional face-to-face
rehabilitation after cochlear implantation: prospective intervention pilot study. JMIR Rehabil Assist Technol. Mar 12,
2021;8(1):e20405. [doi: 10.2196/20405] [Medline: 33709934]

37. Henshaw H, Ferguson MA. Efficacy of individual computer-based auditory training for people with hearing loss: a
systematic review of the evidence. PLoS One. 2013;8(5):e62836. [doi: 10.1371/journal.pone.0062836] [Medline:
23675431]

38. Chisolm TH, Saunders GH, Frederick MT, McArdle RA, Smith SL, Wilson RH. Learning to listen again: the role of
compliance in auditory training for adults with hearing loss. Am J Audiol. Dec 2013;22(2):339-342. [doi: 10.1044/1059-
0889(2013/12-0081)] [Medline: 24018575]

39. Abrams HB, Bock K, Irey RL. Can a remotely delivered auditory training program improve speech-in-noise
understanding? Am J Audiol. Sep 2015;24(3):333-337. [doi: 10.1044/2015_AJA-15-0002] [Medline: 26649542]

Abbreviations
AI : artificial intelligence
APHAB: Abbreviated Profile of Hearing Aid Benefit
AT: auditory training
ATG: auditory training group
CG: control group
CMAT: chat-based mobile auditory training
CONSORT: Consolidated Standards of Reporting Trials
HA: hearing aid
K-CID: Korean version of Central Institute for the Deaf
K-HHIE: Korean version of the Hearing Handicap Inventory for the Elderly
K-IOI-HA: Korean version of International Outcome Inventory for Hearing Aids
PTA: pure tone audiogram
VCIT: Vowel and Consonant Imitation Test

Edited by Lorraine Buis; peer-reviewed by Anne Olson, Erin Picou; submitted 27.06.2023; final revised version received
11.12.2023; accepted 11.12.2023; published 09.02.2024

Please cite as:
Han JS, Lim JH, Kim Y, Aliyeva A, Seo J, Lee J, Park SN
Hearing Rehabilitation With a Chat-Based Mobile Auditory Training Program in Experienced Hearing Aid Users:
Prospective Randomized Controlled Study
JMIR Mhealth Uhealth 2024;12:e50292
URL: https://mhealth.jmir.org/2024/1/e50292
doi: 10.2196/50292

© Jae Sang Han, Ji Hyung Lim, Yeonji Kim, Aynur Aliyeva, Jae-Hyun Seo, Jaehyuk Lee, Shi Nae Park. Originally published
in JMIR mHealth and uHealth (https://mhealth.jmir.org), 09.02.2024. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR mHealth and uHealth, is
properly cited. The complete bibliographic information, a link to the original publication on https://mhealth.jmir.org/, as well
as this copyright and license information must be included.

JMIR MHEALTH AND UHEALTH Han et al

https://mhealth.jmir.org/2024/1/e50292 JMIR Mhealth Uhealth 2024 | vol. 12 | e50292 | p. 12
(page number not for citation purposes)

https://doi.org/10.1097/MAO.0000000000001236
http://www.ncbi.nlm.nih.gov/pubmed/27755363
https://www.researchgate.net/publication/258218831_Bernstein_C_Bakke_M_Mazevski_A_Blake-Rahter_P_Presley_R_Hume_K_Plant_G_Levitt_H_2012_Benefits_of_Speech_Tracking_Training_on_Sentence_Recognition_Tracking_Rate_and_Self-Assessed_Communication_Function
https://www.researchgate.net/publication/258218831_Bernstein_C_Bakke_M_Mazevski_A_Blake-Rahter_P_Presley_R_Hume_K_Plant_G_Levitt_H_2012_Benefits_of_Speech_Tracking_Training_on_Sentence_Recognition_Tracking_Rate_and_Self-Assessed_Communication_Function
https://www.researchgate.net/publication/258218831_Bernstein_C_Bakke_M_Mazevski_A_Blake-Rahter_P_Presley_R_Hume_K_Plant_G_Levitt_H_2012_Benefits_of_Speech_Tracking_Training_on_Sentence_Recognition_Tracking_Rate_and_Self-Assessed_Communication_Function
https://doi.org/10.1016/j.joto.2021.10.002
http://www.ncbi.nlm.nih.gov/pubmed/34745238
https://doi.org/10.2196/20405
http://www.ncbi.nlm.nih.gov/pubmed/33709934
https://doi.org/10.1371/journal.pone.0062836
http://www.ncbi.nlm.nih.gov/pubmed/23675431
https://doi.org/10.1044/1059-0889(2013/12-0081)
https://doi.org/10.1044/1059-0889(2013/12-0081)
http://www.ncbi.nlm.nih.gov/pubmed/24018575
https://doi.org/10.1044/2015_AJA-15-0002
http://www.ncbi.nlm.nih.gov/pubmed/26649542
https://mhealth.jmir.org/2024/1/e50292
https://doi.org/10.2196/50292
https://mhealth.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://mhealth.jmir.org/
https://mhealth.jmir.org/2024/1/e50292

	Hearing Rehabilitation With a Chat-Based Mobile Auditory Training Program in Experienced Hearing Aid Users: Prospective Randomized Controlled Study
	Introduction
	Methods
	Ethical Considerations
	Participants
	Chat-Based AT Program
	Outcome Measures
	Statistical Analysis

	Results
	Clinical Characteristics
	Audiologic Evaluations
	Speech Perception Tests
	Subjective Satisfaction
	Compliance With CMAT Program

	Discussion
	Principal Results
	Strengths and Limitations
	Conclusions



