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Abstract
Background: Everyday listening ability is essential for individual health and well-being. Age-related hearing loss (ARHL)
is associated with reduced communication engagement, social isolation, loneliness, cognitive decline, and increased dementia
risk. Interventions that simultaneously target auditory processing and cognitive function, particularly within engaging and
ecologically valid contexts, may offer greater benefits than unimodal approaches. However, culturally adapted, web-based,
gamified auditory-cognitive dual-task training (ACDT) tailored for older adults with ARHL remains underexplored. At
the time of this writing, few auditory or auditory-cognitive training programs are available in Chinese languages, creating
linguistic and cultural barriers for older adults.
Objective: This study aimed to (1) assess the feasibility and acceptability of home-based ACDT among older Chinese adults
with ARHL and (2) examine its preliminary effects on global cognition, hearing, social engagement, and loneliness. It was
hypothesized that the intervention group would demonstrate greater improvements in global cognition, hearing, and social
engagement than the control group.
Methods: Sixty community-dwelling older adults with mild-to-moderate ARHL were randomized 1:1 to either the ACDT
group or a waitlist control group in a single-blinded pilot randomized controlled trial. Demographic data and outcome
measures were collected at baseline, week 6, and week 12. Postintervention interviews were conducted to assess the feasibility
and acceptability of ACDT.
Results: A total of 60 participants were randomized (mean age 67.65, SD 4.78 years; 45/60, 75% male). ACDT demonstrated
high feasibility and acceptability. The ACDT group showed significant improvements in focused attention (mean change=–
0.15; P=.02; d=–0.46) and divided attention (mean change=–0.21; P=.002; d=–0.63). Significant cognitive improvements
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on the Hong Kong-Montreal Cognitive Assessment were identified in naming (r=0.37; P=.05) and visual cognition (r=0.44;
P=.02) in the intervention group, while no significant improvements were found in the control group. Both groups reported
significant decreases in emotional hearing handicap, with slightly greater improvement in the intervention group (r=0.39;
P=.03) than in the control group (r=0.37; P=.04). Linear mixed model analysis revealed a small to moderate group effect
(Cohen d=0.38) for 5-minute delayed recall on the Auditory Verbal Learning Test, with the fixed effects explaining 69% of
the variance (marginal R²=0.69). A significant time×group interaction was observed for left-ear thresholds (P=.01). Qualita-
tive analysis identified three key themes: (1) intervention coherence and participants’ affective attitude toward ACDT; (2)
perceived benefits in cognition, information acquisition, and self-awareness from ACDT; and (3) perceiving ACDT as less
burdensome with enhanced self-efficacy.
Conclusion: Future iterations should incorporate artificial intelligence–enhanced personalization. Large-scale randomized
controlled trials involving diverse samples and active control conditions are needed to confirm sustained effects on auditory
and cognitive health, dual-task listening-cognitive abilities, and real-world functioning.
Trial Registration: ClinicalTrials.gov NCT06486285; https://clinicaltrials.gov/study/NCT06486285

JMIR Aging 2026;9:e84083; doi: 10.2196/84083
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Introduction
Everyday listening ability is essential for individual health
and well-being. Age-related hearing loss (ARHL) represents
a highly prevalent sensory deficit, affecting approximately
one-third of adults aged 60 years or older [1,2]. ARHL is
associated with reduced communication engagement, social
isolation, and loneliness [3-5]. Beyond these social conse-
quences, ARHL shows consistent associations with cogni-
tive decline and increased risk of dementia [6-8]. Research
indicates that even subclinical ARHL may increase the
long-term risk of cognitive decline and dementia [9-12],
with greater hearing loss severity correlating with poorer
performance on memory, executive function, and mental
status measures [13,14].

The mechanisms underlying these associations appear
multifactorial, involving a complex interplay of sensory
deprivation, increased cognitive load during auditory
processing, accelerated brain atrophy (particularly in temporal
regions), and reduced social-cognitive stimulation leading
to neural disuse [15-19]. The sensory deprivation hypoth-
esis suggests that prolonged reductions in sensor input
(eg, hearing loss) increase the cognitive effort required for
listening, and are subsequently associated with neural atrophy
[17-19], while reduced auditory stimulation may cause
structural brain changes, such as cortical thinning, reduced
gray matter volume, and altered connectivity in auditory
and multimodal networks [15,16]. The Cattell-Horn-Carroll
theory of cognitive abilities provides a structured frame-
work for describing and classifying the cognitive domains
examined in relation to ARHL [20]. For example, increased
listening effort may place greater demands on cognitive
resources, particularly working memory and processing
speed. This chronic reallocation of resources may reduce
the capacity available for higher-order cognitive functions,
including novel problem-solving, memory retrieval, and
the application of acquired knowledge. Thus, hearing loss
can cascade into broader cognitive impairment, extending
beyond auditory processing alone [20]. Longitudinal evidence

indicates that untreated ARHL is associated with a 30%‐50%
increased risk of incident dementia and accelerates cognitive
decline by 30%‐40% over 6‐10 years [13,21,22]. Hearing loss
treatment in mid-life may reduce dementia risk by 8% [23]
with potential benefits in lowering health care use and costs
[24,25]. These findings highlight the need for early interven-
tion to mitigate the cognitive risks associated with ARHL.

While hearing aids may help mitigate the risk of cognitive
decline [26], adherence challenges persist, and their benefits
might be limited primarily to peripheral hearing deficits [27].
However, ARHL also involves central auditory processing
difficulties, which appear to be more strongly associated with
cognitive impairment than pure tone thresholds. These central
deficits place significant demands on cognitive domains that
are essential for understanding speech in complex listen-
ing environments. Accordingly, interventions that simultane-
ously target auditory processing and cognitive function [27],
particularly in engaging and ecologically valid contexts, may
offer greater benefits than unimodal approaches [28,29]. The
auditory trainings for older adults with hearing loss mainly
focus on speech or word recognition in noise, with audi-
tory processing as the primary outcome [28]. Some stud-
ies have expanded these approaches by combining auditory
training with cognitive training [30], contextual and visual
cues [31], or elements of real-world communication [32]. For
example, a randomized controlled trial (RCT) in the United
Kingdom used computer-delivered phoneme training with 11
synthesized phoneme continua derived from natural voice
recordings and implemented using a 3-interval, 3-alterna-
tive forced-choice oddball paradigm. Although the training
produced substantial on-task learning effects in older adults
with hearing loss, further research is needed to determine
which training tasks are most effective, especially given
the considerable individual variability in outcomes [30].
Dual-task training approaches, which require participants to
perform distinct measurable tasks concurrently or sequen-
tially [33], represent a promising direction for maximizing
cognitive benefits [34]. Such training may improve the
allocation of limited cognitive resources under challenging
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listening conditions while also providing repeated stimulation
that could support neuroplastic changes in relevant networks
[27]. In parallel, web-based cognitive training has shown
promise for enhancing cognition [35,36], and gamification
may further improve engagement in digital health interven-
tions [37].

However, culturally adapted, web-based, gamified
auditory-cognitive dual-task training (ACDT) tailored for
older adults with ARHL remains underexplored. At the time
of this writing, few auditory or auditory-cognitive trainings
are available in Chinese languages, creating linguistic and
cultural barriers for older adults. Given evidence that auditory
training delivered in one’s native language may enhance
comprehension, engagement, and listening skill transfer [38],
this study aimed to (1) assess the feasibility and acceptability
of a web-based, gamified ACDT program performed at home
among older Chinese adults with ARHL, and (2) examine
its preliminary effects on global cognition, hearing, social
engagement, and loneliness. It was hypothesized that the
intervention group would demonstrate greater improvements
in global cognition, hearing, and social engagement compared
with the control group.

Methods
Study Design
A prospective, single-blind, 2-arm parallel pilot RCT,
followed by descriptive semistructured individual interviews,
was conducted between April 28, 2023, and June 27, 2025.
Reporting followed CONSORT (Consolidated Standards of
Reporting Trials; Checklist 1) guidelines [39], with the trial
protocol available in Multimedia Appendix 1.
Ethical Considerations
The institutional review board of the Hong Kong Polytech-
nic University (HSEARS20230223006) approved the study.
All participants enrolled in this study voluntarily and signed
informed consent before the formal start of the assessment
after being informed that they could withdraw at any time.
Each participant was introduced to the aims and content
of the study, potential risks, and benefits. All participants
provided written informed consent in accordance with the
Declaration of Helsinki. HKD $200 (~US $26; a currency
exchange rate on April 28, 2023, is applicable) supermar-
ket vouchers were provided to participants as an incentive
to compensate for their time spent on the interview and
completion of questionnaires. All data, audio recordings, and
written records are stored on a password-protected laptop;
only the research team has access to them. In addition, all
data were used for research purposes only and could not
be disclosed without the participants’ consent. To ensure
privacy protection, the participants’ personal information was
anonymized and labeled “P1-P60.”

Study Participants
Participants were recruited using convenience sampling
through community health centers and advertisements across
Hong Kong (eg, social media). Eligibility criteria included
(1) aged 60 years or older and living in the community;
(2) mild-to-moderate hearing loss, defined as a pure-tone
average (PTA) of 20‐50 dB across octave frequencies from
0.5 to 4 kHz in both ears; (3) no prior use of hearing
aids; (4) normal cognitive performance (Montreal Cognitive
Assessment score ≥26); and (5) willingness and ability to
provide informed consent and comply with study procedures.
Exclusion criteria were (1) a history of psychosis, mania,
bipolar disorder, substance use disorder, or suicidal idea-
tion; (2) severe or unstable medical illness; (3) significant
retrocochlear pathology or an organic lesion causing hearing
loss; (4) a diagnosis of probable Alzheimer disease, vascular
dementia, frontotemporal dementia, or Parkinson disease; and
(5) use of medications, such as antidepressants, sedatives, or
antiepileptics, that may affect cognition.
Sample Sizes
This pilot RCT was not designed to definitively test inter-
vention effects, which would require a fully powered trial.
Due to the absence of established effect sizes from previ-
ous literature, a target sample of 60 participants (30 per
arm), allowing for 15% attrition, was determined based on
recommendations for pilot RCTs [40,41] and with considera-
tion of the study objectives, timeline, budget, and available
tablets.
Interventions
The ACDT training system was co-designed by the research
team and older adults with hearing loss, in collaboration
with service providers in Hong Kong, and is patented
(HK30110757) [42]. The 12-week training intervention
consisted of five 60-minute sessions per week [42] and
used a sequential dual-task training approach [33]. To
enhance engagement, the system incorporates sound effects
and interactive gamification elements, including likes, praise,
fireworks, and leaderboards (Figure 1). In Figure 1, screen-
shot 1 illustrates the daily training pathway (only one module
is activated per day). Screenshots 2‐4 show a listening
task with background noise, in which the participant listens
to a sentence spoken by a male voice, repeats it, and
checks whether all words were correctly heard. Screenshots
5‐8 demonstrate different cognitive training tasks, including
indicating a time using hand gestures, identifying locations,
counting numbers, and reading Chinese idioms forward
and backward. Screenshot 9 shows the scoring system,
and Screenshot 10 presents the ranking list. It also offers
participants flexibility for individual training while fostering a
sense of virtual group participation through the leaderboard.
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Figure 1. Screenshot examples of the web-based gamified auditory-cognitive dual-task training (ACDT) system developed by the team.

Each session begins with a 5-minute volume adjustment to
establish a comfortable listening level, followed by atten-
tion or orientation training exercises where participants
answer questions related to person (identifying their name),
time (date, month, or year), and place (location at the
time of this writing). This was followed by 25 minutes

of auditory training based on culturally adapted exerci-
ses from the Listening and Communication Enhancement
program [43]. The auditory training includes speech-in-noise
perception, rapid speech comprehension, and competing
speaker discrimination, all contextualized within real-life
scenarios such as medical visits or dim sum gatherings.
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Difficulty hearing a speaker in noisy environments is a
common and frustrating consequence of hearing loss. In
the training, participants were trained to listen to a medium-
length sentence presented in background noise, repeat it
aloud, and then see the sentence in writing to confirm
whether they understood every word. The difficulty levels
of the sentence and background noise are automatically
adjusted based on the participant’s performance on the
previous sentence. This training enhances the brain’s auditory
processing by helping participants filter out background noise
and focus on the target voice. Understanding rapid speech
is another common challenge for older adults with hearing
loss. In this training, the system automatically adapts the
speed of sentences to help participants focus on fast talk-
ers, aiding in comprehension. Additionally, ARHL makes
listening difficult when multiple speakers are talking. During
the training, participants listen to one of 3 voices (male,
female, or child) as the target voice, while a competing voice
is presented at varying volumes to create a challenge. This
training teaches the participant’s brain to ignore a compet-
ing speaker’s voice and focus on the conversation they are
engaged in. The auditory training was followed by 25 minutes
of cognitive training delivered in a game-based format. These
activities target executive function (forward/backward serial
counting), perceptual-motor ability (arm-clock positioning),
memory (forward/backward repetition of numbers/words),
and complex attention (forward/backward spelling of Chinese
idioms/poetry) using culturally relevant materials. Sessions
concluded with a 5-minute wrap-up featuring communica-
tion strategy review (“learning classroom”) and recall of
visuospatial and memory tasks.
Waitlist Control
The waitlist control group received no intervention during the
study period but was given access to the ACDT after T2 data
collection.
Randomization
Stratified randomization based on key sociodemographic
factors (eg, age, gender, and education level) was used to

ensure balanced group allocation. An independent statistician
assigned participants to either the ACDT or the waitlist
control group in a 1:1 ratio using R software (R Core
Team). Group assignments were placed in sealed opaque
envelopes, and participants were informed of their allocation
after completing all baseline assessments.
Study Procedures
After obtaining informed consent, a blinded researcher
collected demographic data and administered outcome
measures at baseline (T0), week 6 (T1), and week 12
immediately postintervention (T2). The week-6 assessment
was included to identify potential early intervention effects,
monitor participant attrition patterns, and verify adherence to
the intervention dosage. Prior to intervention commencement,
participants attended briefing sessions on system operation
and received personal accounts with instructional videos.
Technical support was available via a hotline.

All the ACDT participants were invited to take part
in an individual interview at T2 following a semistruc-
tured interview guide (Textbox 1). The interviews were
informed by the theoretical framework of acceptability
(TFA) [44], which includes 7 constructs, including affective
attitude, burden, perceived effectiveness, ethicality, interven-
tion coherence, opportunity costs, and self-efficacy [44].
The TFA was used in the present study to gain a compre-
hensive understanding of participants’ experiences with the
ACDT, as well as their perceptions of and acceptability
toward the intervention and study design. Interviews were
held at community centers or in a university lab and lasted
around 45‐60 minutes. All the interviews were audio recorded
to facilitate data analysis. Interview data were reviewed
regularly by the study team until no new topics emerged,
indicating that data saturation had been reached [45].

Textbox 1. Semistructured interview guide.
Example of questions

• How was your experience of participating in this study?
• Please tell me about your overall experience of attending the auditory-cognitive dual-task training (ACDT) sessions.
• Have you noted any changes in your health/daily life after participating in the ACDT? If so, do you think these

changes were related to the training?
• Which ACDT task did you find most helpful, and which did you find least helpful? Please explain your reasons. What

made them useful or not useful? How was your experience with the auditory training in this program?
• How was your experience with the cognitive training in this program?
• How was your experience performing the auditory and cognitive trainings simultaneously?
• What difficulties or problems did you experience when using the program?
• Would you like to continue this training at home in the future?
• What did the instructors or facilitators do that was most/least helpful?
• How do you think about the group-based setup of this ACDT program?
• Do you have any suggestions for improving the ACDT program?
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Outcome Measures

Primary Outcome
The primary outcome of global cognition was assessed
using a neuropsychological battery comprising (1) the
Chinese Auditory Verbal Learning Test (AVLT), which
assesses multiple cognitive domains including immediate
recall, learning efficiency, delayed recall, retention rate, and
recognition memory, and has demonstrated high test-retest
reliability (intraclass correlation coefficient [ICC]=0.79‐0.82)
and 78% sensitivity; (2) the Chinese Trial Making Test
Parts A and B, which measures visual attention, process-
ing speed, and executive function, and has shown strong
discriminant validity (Cohen d=1.2 for vascular dementia)
[46]; and (3) the Hong Kong-Montreal Cognitive Assessment
(HK-MoCA), a 30-point cognitive screening tool covering
attention, naming, memory, language, visuospatial skills,
abstraction, and orientation, with reported sensitivity of 89%
and reliability (ICC=0.89‐0.92) [47]. Alternating versions of
HK-MoCA were used to minimize practice effects.

Secondary Outcomes
Secondary outcomes included: (1) hearing, measured by
PTA and the Chinese version of the Hearing Handicap
Inventory for the Elderly, which has demonstrated strong
internal consistency (α=.91) and convergent validity with
PTA (r=0.74) [48]; (2) social engagement assessed via
the validated 6-item Chinese version of the Lubben Social
Network Scale, with high test-retest reliability (ICC=0.85)
[49]; and (3) loneliness measured by the 6-item Chinese De
Jong Gierveld loneliness scale, demonstrating good internal
consistency (α=.80) and discriminative validity for social
isolation (area under the curve [AUC]=0.79) [50].

Covariates encompassed age, gender, baseline hearing and
cognitive function, duration of hearing loss, education level,
health status, and psychological well-being.

Feasibility and Acceptability
The feasibility and acceptability of the ACDT were assessed
based on qualitative interviews and comprehensive logs
documenting recruitment, retention, adherence, participant
contacts, implementation challenges, withdrawal reasons, and
completion factors (Multimedia Appendix 2). The interven-
tion completion rate was defined as the extent to which
participants completed the 60 training modules during the
12-week intervention period. System-generated data (training
dates, progress, and performance metrics) were downloaded
after the intervention.
Statistical Analysis
Data analyses and plotting were performed using SPSS
Statistics (version 29.0.2.0; IBM Corp) and Python (version
3.11; Python Software Foundation). A 2-sided P<.05 was
set as the predetermined threshold for statistical significance.
Missing data (<7% across variables) were imputed using
group means to support analyses requiring complete paired
observations and to avoid excluding participants due to
missing covariates. A natural log transformation was applied

to TMT scores at all time points to address skewness.
Baseline group equivalence was confirmed via independent
t tests (continuous variables) and chi-square tests (categori-
cal variables). The primary analysis focused on within-group
changes from baseline to T2. Normality of the distribution of
outcome change scores was evaluated using the Shapiro–Wilk
test. Based on the results, within-group changes for normally
distributed variables (P≥.05) were analyzed using paired t
tests, with Cohen d calculated to measure effect size. For
nonnormally distributed variables (P<.05), the nonparametric
Wilcoxon signed-rank test was used.

Effect size r for the Wilcoxon signed-rank tests was
calculated based on the standardized test statistic (Z) and the
total number of observations. Effect sizes were interpreted
using established criteria, with thresholds of 0.1, 0.3, and
0.5 indicating small, medium, and large effects, respectively.
Between-group differences across time points (baseline,
wk-6, and wk-12) were evaluated using linear mixed effects
models. Each model included time (categorical, 3 levels),
group, and the time×group interaction as fixed effects, while
adjusting for the baseline value of the respective outcome as a
covariate. Within-participant correlations across time points
were modeled using a first-order autoregressive residual
covariance structure. Models were fitted using restricted
maximum likelihood. Pairwise comparisons of estimated
marginal means for time×group interactions were conducted
using the least significant difference adjustment. Given the
explorative nature of the study, no adjustment for multiplicity
was applied to the multiple comparisons of global cognition
scores.

Qualitative data were analyzed using the hybrid thematic
analysis approach described by Braun and Clarke [51],
combining inductive coding with deductive theme organiza-
tion guided by the TFA [44]. Two researchers (IYZ and
HM) independently analyzed data in Chinese to preserve
the original meaning conveyed by participants. Initial codes
were generated directly from the transcripts and then mapped
onto TFA domains using NVivo (version 14; Lumivero).
Codes that did not align with existing TFA domains were
used to inform theme refinement or adaptation. All codes
and preliminary themes were documented in a spreadsheet,
translated into English, and then back-translated into Chinese
by HM and verified by IYZ. Any discrepancies were solved
with input from the study team.

Results
Participants
A total of 60 participants were randomized. Baseline
characteristics were comparable between groups regarding
age, gender, education, employment status, marital status,
living arrangements, and health status (Table 1). The mean
age of the participants was 67.65 years (SD 4.78). Out of 60
participants, the cohort included 45 (75%) men and 15 (25%)
women. Most participants (47/60, 78%) were retired and
had attained an upper-secondary education or above. Seventy
percent were married, while the majority (52/60, 87%) lived
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with a spouse, family members, or friends. Regarding health
status, 42% (25/60) self-reported their health as good to very
good, while 52% (31/60) reported their health as normal.

Table 1. Demographic characteristics of the participants.

Outcomes
Total
(n=60)

Intervention
(n=30)

Control
(n=30) Test P value

Age (year), mean (SD) 67.65 (4.78) 67.73 (4.38) 67.57 (5.15) t testa .90
Sex, n (%) χ²b .60
  Female 15 (25) 6 (20) 9 (30)
  Male 45 (75) 24 (80) 21 (70)
Education, n (%) Fisher exact test .90
  Primary school 2 (3) 1 (3) 1 (3)
  Lower-secondary 9 (15) 3 (10) 6 (20)
  Upper-secondary 26 (43) 14 (47) 12 (40)
  Bachelor’s or equivalent 17 (28) 9 (30) 8 (27)
  Master’s or equivalent 6 (10) 3 (10) 3 (10)
Employment, n (%) Fisher exact test .08
  Retired 47 (78) 24 (80) 23 (77)
  Full-time employed 5 (8) 0 (0) 5 (17)
  Part-time employed 4 (7) 3 (10) 1 (3)
  Seeking work 1 (2) 1 (3) 0 (0)
  Housewife 3 (5) 2 (7) 1 (3)
Marital status, n (%) Fisher exact test .22
  Married 42 (70) 23 (77) 19 (63)
  Single 14 (23) 4 (13) 10 (33)
  Divorced 1 (2) 1 (3) 0 (0)
  Widowed 3 (5) 2 (7) 1 (3)
Living arrangement, n (%) Fisher exact test .60
  Live alone 8 (13) 4 (13) 4 (13)
  With spouse 24 (40) 14 (47) 10 (33)
  With family 27 (45) 12 (40) 15 (50)
  With friend 1 (2) 0 (0) 1 (3)
Health status, n (%) Fisher exact test .57
  Not good 4 (7) 3 (10) 1 (3)
  Normal 31 (52) 14 (47) 17 (57)
  Good 24 (40) 12 (40) 12 (40)
  Very good 1 (2) 1 (3) 0 (0)

aContinuous variable: independent-samples t test,
bCategorical variables: chi-square test or Fisher exact test.

Feasibility of the Intervention
The trial proceeded according to the protocol without early
termination. There were 69 candidates screened for eligibility;
4 were excluded for not meeting the eligibility criteria, and
5 withdrew prior to randomization due to health issues or
loss of contact (Figure 2). Of the 60 participants who met the
eligibility criteria, 30 were randomized to the ACDT group,
and 24 of them completed all 60 training modules, while

6 participants completed 55 modules. The overall interven-
tion completion rate was nearly 98% (1770/1800). At the
beginning of the study, our hotline received a small number
of calls regarding login issues, primarily from participants
who had forgotten their passwords or were unsure how to
reset them. This issue was resolved after we improved the
study briefing sessions. No adverse events were reported in
either the intervention or control group.
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Figure 2. CONSORT (Consolidated Standards of Reporting Trials) diagram.

Quantitative Results
Within-group analyses showed significant decreases in
TMT completion times over 12 weeks, reflecting improved
performance in focused attention (intervention: mean
change=–0.15; P=.02; d=–0.46; control: mean change=–0.10;
P=.027; d=–0.46), and divided attention (intervention: mean
change=–0.21; P=.002; d=–0.63; control: mean change=–

0.11; P=.02; d=–0.45). The intervention group demonstra-
ted moderately greater improvements than the control group
(Table 2). Both groups reported a significant decrease in
overall hearing handicap. No statistically significant within-
group changes were observed in HK-MoCA total scores or in
social relationship and loneliness scores in either group.
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Table 2. Results of a paired t test.
Variable and group Mean change P value Effect size (Cohen d)
Focused attention (TMT-A)a
  Intervention –0.15 .02 –0.46
  Control –0.10 .02 –0.46
Divided attention (TMT-B)b
  Intervention –0.21 .002 –0.63
  Control –0.11 .02 –0.45
HK-MoCA total scorec

  Intervention 0.40 .30 0.19
  Control –0.13 .74 –0.06
Hearing handicap (HHIE), overalld
  Intervention –2.43 .05 –0.37
  Control –3.83 .005 –0.56
Hearing handicap (HHIE), sociald
  Intervention –1.79 .34 –0.42
  Control –2.50 .14 –0.65
Social engagement (Lubben Social Network Scale)
  Intervention 0.60 .43 0.15
  Control 1.00 .11 0.30
PTA (left ear)e
  Intervention –1.64 .16 –0.26
  Control –0.42 .63 –0.09
PTA (right ear)e
  Intervention –1.39 .26 –0.21
  Control –1.79 .08 –0.33

aTMT-A: Trial Making Test Part A.
bTMT-B: Trial Making Test Part B,
cHK-MoCA: Hong Kong-Montreal Cognitive Assessment.
dHHIE: Hearing Handicap Inventory for the Elderly.
ePTA: pure-tone average.

For outcome variables that violated the normality assump-
tions, Wilcoxon signed-rank tests were conducted separately
within each group (Table 3). In the intervention group,
significant cognitive improvements were observed in the
HK-MoCA subdomains of naming (Z=2.00; P=.05; r=0.37)
and visual cognition (Z=2.39; P=.02; r=0.44), while the
control group showed no significant within-group changes
in these areas. Both groups reported significant decreases in

emotional hearing handicap; however, the intervention group
demonstrated a larger effect size (Z=2.15; P=.03; r=0.39)
than the control group (Z=2.03; P=.04; r=0.37). Similarly,
both groups demonstrated significant improvements in 5-min
delayed recall on the AVLT, with the intervention group
exhibiting greater improvement (Z=4.16; P<.001; r=0.76)
than the control group (Z=4.11; P<.001; r=0.75).

Table 3. Results of Wilcoxon signed-rank tests.
Outcomes and group Z P value Effect size (R) Magnitude
Naming (HK-MoCA)a
  Intervention 2.00 .05 0.37 Medium
  Control 1.63 .10 0.30 Small
Visual cognition (HK-MoCA)
  Intervention 2.39 .02 0.44 Medium
  Control 1.15 .25 0.21 Small
Hearing handicap (emotional), HHIEb

  Intervention 2.15 .03 0.39 Medium
  Control 2.03 .04 0.37 Medium
5-min delayed recall (AVLTc)
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Outcomes and group Z P value Effect size (R) Magnitude
  Intervention 4.16 <.001 0.76 Large
  Control 4.11 <.001 0.75 Large
Recognition (AVLT)c
  Intervention 1.81 .07 0.33 Medium
  Control 2.08 .04 0.38 Medium
Language (HK-MoCA)
  Intervention N/Ad N/A N/A N/A
  Control 1.34 .18 0.24 Small
Memory (HK-MoCA)
  Intervention 0.99 >.99 0.18 Small
  Control 1.28 .41 0.23 Small
Orientation (HK-MoCA)
  Intervention 1.63 .10 0.30 Small
  Control 0.00 >.99 0.00 Trivial
Abstract (HK-MoCA)
  Intervention 0.92 .36 0.17 Small
  Control 0.28 .78 0.05 Trivial
Attention (HK-MoCA)
  Intervention 0.83 .41 0.15 Small
  Control 0.55 .58 0.10 Small
Loneliness (single question)
  Intervention 0.00 >.99 0.00 Trivial
  Control 0.82 .41 0.15 Small
Emotional loneliness
  Intervention 0.68 .50 0.12 Small
  Control 0.00 >.99 0.00 Trivial
Social loneliness
  Intervention 0.13 .89 0.02 Trivial
  Control 1.22 .22 0.22 Small
Overall loneliness
  Intervention 0.51 .61 0.09 Trivial
  Control 0.90 .31 0.16 Small

aHK-MoCA: Hong Kong-Montreal Cognitive Assessment.
bHHIE: Hearing Handicap Inventory for the Elderly.
cAVLT: Chinese Auditory Verbal Learning Test.
dN/A: not applicable due to zero variance in the difference scores.

Changes in visual cognition, naming, divided attention, and
5-minute delayed recall at baseline, 6 weeks, and 12 weeks
are shown in Figure 3 for the intervention group (blue
circles) and the control group (gray circles). Each data point
represents an individual participant’s score, with a horizon-
tal offset added for clarity. Lines connect the group means
at each time point, and error bars indicate 95% CIs. The
intervention group showed significantly greater improvement
than the control group in these functions.

According to the linear mixed effects model analysis, a
small to moderate group effect was observed for 5-minute

delayed recall on the AVLT (Cohen d=0.38), with the fixed
effects explaining 69% of the variance (marginal R²=0.69).
Baseline scores strongly predicted follow-up performance
(standardized β=0.78). A significant main effect of time was
identified (F2, 129.5=25.70; P<.001), along with a significant
group difference (F1, 81.2=3.997; P=.05), indicating that
the intervention group showed better memory scores across
visits. The time×group interaction was nonsignificant (F2,
129.5=0.022; P=.98; Figure 4).
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Figure 3. Trajectories of visual cognition, naming, divided attention, and 5-min delayed recall across the assessment time points. Significance of
within-group change from baseline to 6 weeks is indicated above each group’s trajectory. AVLT: Auditory Verbal Learning Test; HK-MoCa: Hong
Kong-Montreal Cognitive Assessment; TMT-B: Trial Making Test Part. *P<.05, **P<.01, and ***P<.001.

Figure 4. Estimated marginal means of 5-min delayed recall on the auditory verbal learning test (AVLT) for both intervention and control groups
from baseline to 6 weeks and 12 weeks.

Cognitive performance was similar between the groups
at baseline. Post hoc pairwise comparisons showed that
cognitive functions on HK-MoCA total scores in the

intervention group increased significantly from baseline to
week 6 (P=.03) and were maintained at week 12. In contrast,
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the control group showed a significant decline from week 6 to
week 12 (P=.02) with no net change from baseline.

For hearing thresholds (Figure 5), the standardized
baseline coefficient was strong (β=0.88), but the group effect
remained minimal (Cohen d=0.17), with a marginal R² of
0.67. A significant time×group interaction was observed
for left-ear thresholds (F2, 117.0=4.470; P=.01), indicating
improved thresholds in the intervention group.

The Hearing Handicap Inventory for the Elderly total score
showed a significant main effect of time (F2, 112.6=14.69;

P<.001), with both groups reporting reduced perceived
hearing handicap at weeks 6 and 12 compared with base-
line. A significant group main effect was observed for the
social subscale (F1, 62.1=4.81; P=.03), indicating that, on
average, the intervention group reported lower perceived
social hearing handicap than the control group, independent
of time. There was no significant time×group interaction for
the social subscale (P=.24).

Figure 5. Estimated marginal means of hearing based on PTA for both intervention and control groups from baseline to 6 weeks and 12 weeks.

Qualitative Results
A total of 30 participants in the ACDT group were inter-
viewed, and 3 key themes were generated based on the TFA
[44]. No ethical issues were raised by participants. Opportu-
nity costs refer to the trade-offs users may have to make
when engaging with the intervention. None of them explic-
itly expressed such concerns. Instead, most rearranged daily
activities to accommodate the training.

Theme 1: Intervention Coherence and
Participants’ Affective Attitude Toward ACDT
Intervention coherence refers to the extent to which users
understand the intervention, its purpose, and how it fits into
their existing routines [44]. Participants generally valued
the program’s alignment with their cognitive health goals.
Daily routines involving auditory-cognitive training were
embraced as brain-stimulating activities, with Participant 16
emphasizing, “I value daily hearing and cognition training.
The system’s varied exercises provide consistent training.”
Participant 38 similarly stated, “I train seriously to improve
memory and hearing.” Some participants reported feeling
nervous and under pressure when they first began the training,

mainly because they were unfamiliar with the content and
format. As Participant 35 mentioned, “At first, I was nervous
because I had never done this before, but after a few sessions,
I became more relaxed as I got used to the process.” Over
time, most participants integrated ACDT into their daily
routines, with Participant 5 reporting, “I do it every morning
after I get up; it has become like homework,” and Partici-
pant 60 adding, “I attend the training every day even when
traveling.”

Affective attitude focuses on how users feel about using
the intervention [44]. Participants generally reported neutral
to positive attitudes toward ACDT. Most described their
training experience as “acceptable,” “quite interesting,”
and “enjoyable” (Participants 18, 22, and 43). However,
some participants felt that certain training components were
insufficiently engaging. Participant 13 specifically requested
more personalized content with interactive features, noting,

For hearing training, I hope the content could be
more interesting and personalized. I’m not interested
in public transportation. The training should be more
interactive, and I’d like immediate feedback. [Partici-
pant 13]
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This preference for ecological relevance was further
reinforced by reports that tasks involving familiar daily
scenarios were easier and more interesting than those
involving abstract content. As Participant 14 explained,
“Daily activities like going to restaurants or supermarkets are
more interesting and easier to remember.”

Theme 2: Perceived Benefits in Cognition,
Information Acquisition, and Self-Awareness
From ACDT
Most participants perceived that ACDT enhanced their
abilities, particularly when they observed their own progress
over time. Participant 60 described this as a source of
motivation:

I think I do it happily as it is helpful to me. It turns out
that when we see ourselves making progress, we can
also challenge the difficulties. [Participant 60]

Several participants reported improvements in attention
and concentration during auditory tasks.

I notice the issue of concentration. When I want to learn
something, I will know that I need to be more attentive
and calm down to listen. This is the influence of the
training on me. [Participant 35]

Others described improvements in memory, mental clarity,
and processing speed. Participant 5 observed, “I feel that my
memory has improved because when doing math by heart, I
often have to calculate the subtrahend and the addend.”

Participants also found ACDT informative when integrat-
ing real-life scenarios. Participant 4 stated, “Yes, in terms
of hearing training, the content can help us. There is some
information about healthy or daily life, like when you eat dim
sum, or you should not eat fried foods,” while Participant 56
similarly described it as “very informative.”

Beyond functional improvements, participants demonstra-
ted greater awareness of their hearing and attentional
limitations, prompting adaptive changes in communication
behaviors. As Participant 18 reflected,

Sometimes it is not just about relying on hearing. I
begin to realize that many times I cannot do certain
things because I suddenly think of something else. So in
daily life, I start to understand where my problems lie.
[Participant 18]

Sustainability concerns emerged, with Participant 56
expressing her concern about “maintaining gains after
completing of this study.”

Theme 3: Perceiving ACDT as Less
Burdensome With Enhanced Self-Efficacy
Most participants perceived the training as manageable, with
several attributing this to prior life experience or visible
self-improvement. As Participant 17 noted, “I don’t find it

difficult as my previous job was very demanding,” while
Participant 18 connected manageability to perceived benefits,
“I feel no burden because it’s a training, where I can
manage my own time to complete it.” Completing sessions
often fostered a sense of accomplishment, as illustrated by
Participant 34’s comment, “I feel confident after finishing
tasks.” Participants also described progressive mastery of
the auditory exercises, with several individuals (34, 42,
and 57) noting “improved processing speed and accuracy.”
Elements like competing voices were perceived as “both
challenging and engaging” (Participants 5 and 34). While
task difficulty occasionally prompted frustration, as Partici-
pant 55 acknowledged, “There is a sense of success when
I answer correctly, but difficult tasks can be frustrating.”
However, they maintained motivation through perceived
utility. Participant 49 articulated this resilience, “The hardest
parts are likely most useful; backward counting’s challenge
makes it interesting.”

Discussion
Primary Cognitive Outcomes
This pilot RCT provides preliminary evidence for the
feasible, acceptable, and potential efficacy of ACDT for older
adults with ARHL. Participants in the ACDT group demon-
strated significant improvements in focused attention, divided
attention, naming, and visual cognition. However, the control
group’s improvement in some cognitive measures suggests
possible practice effects from repeated testing, highlight-
ing the need for active control conditions in future trials.
These findings extend evidence that combined auditory-cog-
nitive training selectively enhances executive functions and
visual processing, which are critical domains in dementia
risk reduction [52]. This pattern converged with qualita-
tive findings of “enhanced attention and concentration,”
“improved memory and mental clarity,” and “increased
processing speed” during daily activities. Mechanistically,
results align with previous research that auditory train-
ing enhances attention in older adults with hearing loss
[53], cognitive training improves domain-specific functions,
and dual-task trainings strengthen executive control [34].
The gamified design likely amplified these effects through
enhanced engagement and motivation, which is supported
by participant feedback and studies showing gamification
improves adherence and training outcomes in cognitive
interventions [54]. Additionally, further research is warranted
to examine the effects of ACDT on dual-task listening-cogni-
tive abilities using an active control group, as poor dual-task
performance is recognized as an early indicator of dementia
[30].

Notably, the ACDT group exhibited improved 5-minute
delayed recall with small-to-moderate group effects and
maintained higher average scores across assessments than
the control group. This finding is clinically significant given
delayed recall is an established early marker for cogni-
tive decline and dementia risk [55]. Furthermore, post hoc
pairwise comparisons demonstrated that HK-MoCA total
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scores significantly increased from baseline to week 6 and
were sustained at week 12 in the ACDT group, suggesting
that ACDT may help stabilize global cognition over time.
Auditory Threshold Findings and
Possible Indicators of Training-Induced
Neuroplasticity
Hearing threshold analysis revealed minimal overall between-
group differences, which means that ACDT did not produce
a significant improvement in PTA compared to the con-
trol group, and this finding is consistent with the recog-
nized stability of peripheral hearing loss over short time
intervals [56]. While the significant time×group interac-
tion observed for left-ear thresholds may indicate training-
induced neuroplasticity in central auditory pathways [57],
these preliminary findings warrant confirmation in larger
trials. Future studies should investigate whether specific
training components can be optimized for bilateral benefits
and determine if observed neuroplastic changes translate to
measurable functional communication improvements.
Perceived Hearing Handicap and
Increased Awareness
Interestingly, the control group reported lower perceived
overall hearing handicap but higher emotional hearing
handicap than the ACDT group. One possible explanation
is that the ACDT participants became more aware of their
hearing challenges, leading to more accurate self-reporting. In
contrast, the control group may have had lower insight into
their hearing limitations, potentially resulting in underre-
porting. This interpretation aligns with qualitative findings
and researcher observations during data collection, wherein
ACDT participants frequently described increased awareness
of hearing-related challenges in their daily lives. Previous
research also supports that targeted interventions can improve
auditory awareness, which may initially increase self-reported
handicap but ultimately facilitate adaptive behavior change
[58].

In our study, participants reported enhanced recognition
of auditory and attentional limitations, which subsequently
prompted adaptive modifications in communication behav-
iors. Many participants described integrating training into
their daily routines and adopting compensatory strategies
to improve attention and listening engagement, which may
reflect a meaningful sign of behavior change. However,
longitudinal investigation is required to verify sustainabil-
ity. ACDT also fostered perceived accomplishment and
strengthened self-efficacy, potentially encouraging sustained
engagement in beneficial behavior changes. Collectively,
these findings position ACDT as a catalyst for positive
behavioral adaptations, benefiting not only participants but
also their families.

In this study, no statistically significant changes were
observed in social relationship or loneliness scores for either
group. A possible explanation is that participants were
comparatively young, most were married and living with a
spouse or other family members, and they demonstrated a

positive attitude toward adopting this new training to address
their hearing problems. Future studies should test ACDT
among individuals at higher risk of loneliness and social
isolation.
Enhancing Training Content and
Interactivity Using Artificial Intelligence
While the intervention was generally well-received, par-
ticipant feedback identified opportunities for enhancement
through more personalized and interactive training content.
Integration of artificial intelligence (AI) can dynamically
tailor training modules to individual abilities and progres-
sion patterns, with real-time adjustments in difficulty and
personalized feedback to optimize training efficacy while
maintaining engagement. Machine learning algorithms could
further enhance ecological validity by generating complex
auditory environments that simulate real-world scenar-
ios, improving training transferability to daily communica-
tion challenges. Incorporating AI-powered analytics could
continuously monitor user performance trajectories, identify
areas for improvement, and deliver targeted interventions
to maximize auditory and cognitive gains. Future iterations
of ACDT should prioritize the development of AI-enhanced
features, including personalized content, interactive feedback,
and real-time progress tracking. Engaging users and their
families in the co-design process is essential to ensure that
the platform meets their needs and preferences.
Strengths and Limitations
This study demonstrates several strengths, including (1)
multimodal assessment of auditory and cognitive outcomes,
(2) ecologically valid gamified design that could enhance
participant engagement, and (3) novel documentation of
self-awareness as a facilitator for adaptive behavior change.
However, several limitations warrant consideration: (1) the
modest sample size and absence of longitudinal follow-up
limit detection of subtle neuroplasticity effects, such as the
observed hearing threshold trend; (2) the waitlist control
design cannot exclude attention bias and isolate the specific
efficacy of dual-task training; and (3) although ARHL has
been reported to be more common, more severe, and to have
an earlier onset in men than in women [59], the homogene-
ous participant characteristics regarding education level and
hearing loss severity, along with a predominance of male
participants, may restrict generalizability of our findings to
broader ARHL populations.
Conclusions
This pilot RCT suggests that ACDT is feasible and accepta-
ble for older adults with ARHL, with preliminary evidence
supporting its potential efficacy. The intervention appeared
to benefit both auditory and cognitive domains, as well as
self-awareness of hearing loss, which may facilitate adaptive
behavioral adjustments. Future development could explore
AI-enhanced personalization and interactivity to improve
ecological relevance. Further trial with larger, more diverse
samples, active control conditions, and longitudinal follow-
up would help clarify ACDT’s sustained effects on auditory-
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cognitive health, dual-task listening-cognitive abilities, and
real-world functioning.
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