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effort, participation restriction,
and quality of life in unilateral
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Abstract

Objective: To analyze listening effort, participation restriction, and quality of life in adults with
severe-to-profound unilateral sensorineural hearing loss before and after adaptation to the Contralateral
Routing of Signal (CROS) system, and to investigate the influence of age on dual-task performance.
Methods: This longitudinal pre—post intervention study initially identified 49 eligible clinical records.
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Twenty-five patients were scheduled for participation and, after losses and exclusions during follow-up,
19 completed both assessment stages and comprised the analytical sample. Participants were assessed
before CROS adaptation and eight months later. Participation restriction was evaluated using the Hearing
Handicap Inventory for Adults (HHIA), quality of life using the WHOQOL-BREF, and listening effort
using a dual-task paradigm combining speech perception in noise with a visual color-memory task
(PALETA). Results: CROS use significantly reduced HHIA scores and listening effort measured by the
number of correct responses in the secondary task. Overall quality of life and general health satisfaction
did not change significantly, whereas the physical, psychological, social relationships, and environment
domains improved. Speech perception in noise did not differ significantly between single- and dual-
task conditions. Age influenced the number of correct responses in the secondary task but not response
time. Conclusion: CROS adaptation was associated with reduced participation restriction and listening
effort and with improvement in specific WHOQOL-BREF domains; however, no significant change was
observed in overall quality of life or general health satisfaction.
Keywords: Unilateral Hearing Loss; Listening Effort; Multitasking Behavior; Quality of Life.

Resumo

Objetivo: Analisar o esforco de escuta, a restricao de participacdo e a qualidade de vida de adultos
com perda auditiva sensorioneural unilateral de grau severo a profundo antes e apds a adaptacdo ao
sistema de Roteamento Contralateral de Sinal (CROS), além de investigar a influéncia da idade no
desempenho em dupla tarefa. Métodos: Estudo longitudinal de intervengdo pré—pos que identificou
inicialmente 49 prontudrios elegiveis. Vinte e cinco pacientes foram agendados e, apos perdas e
exclusdes durante o seguimento, 19 completaram as duas etapas de avaliacdo e constituiram a amostra
analitica. Os participantes foram avaliados antes da adaptagdo ao CROS e oito meses depois. A restricao
de participagao foi avaliada pelo Hearing Handicap Inventory for Adults (HHIA), a qualidade de vida
pelo WHOQOL-BREF e o esfor¢o de escuta por paradigma de dupla tarefa, combinando percepcao
de fala no ruido e tarefa visual de memoria de cores (PALETA). Resultados: O uso do CROS reduziu
significativamente os escores do HHIA e o esforco de escuta mensurado pelo nimero de respostas corretas
na tarefa secundaria. Nao houve mudanga significativa na qualidade de vida geral nem na satisfagdo geral
com a saude, enquanto os dominios fisico, psicologico, relagdes sociais e meio ambiente melhoraram.
A percepgao de fala no ruido ndo diferiu significativamente entre as condigdes de tarefa tnica e dupla.
A idade influenciou o numero de respostas corretas na tarefa secundaria, mas nao o tempo de resposta.
Conclusao: A adaptagdo ao CROS esteve associada a reducao da restricao de participagdo e do esforco
de escuta e a melhora de dominios especificos do WHOQOL-BREF; entretanto, ndo houve mudanca
significativa na qualidade de vida geral ou na satisfacao geral com a saude.

Palavras-chave: Perda Auditiva Unilateral; Esforco de Escuta; Comportamento Multitarefa;
Qualidade de Vida.

Resumen

Objetivo: Analizar el esfuerzo de escucha, la restriccion de participacion y la calidad de vida de
adultos con pérdida auditiva sensorioneural unilateral de grado severo a profundo antes y después de la
adaptacion al sistema de Enrutamiento Contralateral de la Sefial (CROS), ademas de investigar la influencia
de la edad en el desempefio en doble tarea. Métodos: Estudio longitudinal de intervencion pre—post que
identifico inicialmente 49 historias clinicas elegibles. Veinticinco pacientes fueron programados para
participary, tras pérdidas y exclusiones durante el seguimiento, 19 completaron ambas etapas de evaluacion
y constituyeron la muestra analitica. Los participantes fueron evaluados antes de la adaptacion al CROS
y ocho meses después. La restriccion de participacion se evalué mediante el Hearing Handicap Inventory
for Adults (HHIA), la calidad de vida mediante WHOQOL-BREF y el esfuerzo de escucha mediante un
paradigma de doble tarea que combino percepcion del habla en ruido y una tarea visual de memoria de
colores (PALETA). Resultados: El uso de CROS redujo significativamente las puntuaciones del HHIA
y el esfuerzo de escucha medido por el numero de respuestas correctas en la tarea secundaria. No hubo
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cambios significativos en la calidad de vida general ni en la satisfaccion general con la salud, mientras
que mejoraron los dominios fisico, psicoldgico, relaciones sociales y medio ambiente. La percepcion
del habla en ruido no difiri6 significativamente entre las condiciones de tarea unica y doble. La edad
influyé en el nimero de respuestas correctas en la tarea secundaria, pero no en el tiempo de respuesta.
Conclusion: La adaptacion al CROS se asocié con una reduccion de la restriccion de participacion y del
esfuerzo de escucha y con una mejoria en dominios especificos del WHOQOL-BREF; sin embargo, no se
observaron cambios significativos en la calidad de vida general ni en la satisfaccion general con la salud.

Palabras clave: Pérdida Auditiva Unilateral; Esfuerzo de Escucha; Conducta Multitarea; Calidad

de Vida.

Introduction

A Unilateral Hearing Loss (UNIHL) is char-
acterized by hearing loss in one ear, while hearing
in the other ear remains within normal limits. In
Brazil !, over 2.3 million people have some form
of hearing impairment, representing 1.1% of the
population. In the United States?, the overall preva-
lence of UNIHL in adults is 7.2%, with only 2.0%
of these individuals using hearing aids. UNIHL can
result from various etiologies, including congenital,
infectious, traumatic, and ototoxic causes’.

The impacts of UNIHL are extensive, af-
fecting not only auditory perception but also the
social, emotional, and functional well-being of
individuals. People with UNIHL often experience
difficulties in environments with background noise,
compromising their ability to understand speech
and localize sounds*. This deficit is particularly
pronounced in complex environments, where the
lack of binaural auditory cues hinders the distinc-
tion of sound sources*’. Moreover, individuals
with UNIHL may face significant challenges in
socialization, academic and work performance, and
overall quality of life. The additional effort required
to hear in noisy environments can lead to auditory
fatigue and increased stress, negatively impacting
general well-being?®.

The difficulties resulting from UNIHL also
manifest in interaural differences that affect spatial
perception and auditory comprehension . Individu-
als with this condition frequently report tinnitus and
a reduced sensation of sound intensity in the af-
fected ear. Changes in auditory abilities and sensory
experiences can result in significant emotional and
social impacts, such as isolation, frustration, and
anxiety*®’. Given the challenge of understanding
speech in difficult environments, these individuals
may experience an increase in listening effort, that

is, the amount of cognitive and attentional resources
needed to process auditory information’.

To mitigate the adverse effects of UNIHL, vari-
ous rehabilitation solutions have been developed,
including the use of Contralateral Routing of Signal
(CROS). The CROS system is a technology present
in Electronic Sound Amplification Device (EASD)
that transfers sound captured by the poorer ear to
the better ear via a microphone and transmitter. This
allows users to receive auditory information from
the affected side, improving spatial sound percep-
tion and speech comprehension?. Additionally, the
CROS system may be indicated for individuals with
Unilateral Hearing Loss, with the aim of improv-
ing communication and reducing listening effort®.

Non-auditory aspects, such as participation
restriction and quality of life in individuals using
the CROS system, remain underexplored, particu-
larly in relation to listening effort. In this context,
the present study aimed to analyze listening effort
in individuals with severe-to-profound unilateral
sensorineural hearing loss before and after CROS
adaptation; to evaluate participation restriction
and quality of life before and after adaptation; and
to investigate the influence of age on dual-task
performance.

Methods

This is a longitudinal pre—post intervention
study approved by the Research Ethics Committee
of the Faculdade de Odontologia de Bauru of Uni-
versidade de Sao Paulo- FOB/USP, under CAAE
no. 86783318.9.0000.5417. Data collection was
conducted in two stages at the Audiology Clinic
of FOB/USP: the first from July to August 2018
and the second from February to April 2019, ap-
proximately eight months after CROS adaptation.
Inclusion criteria were enrollment at the clinic,
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severe-to-profound unilateral sensorineural hearing
loss, and age between 18 and 64 years.

49 clinical records met the initial eligibility
criteria. Four patients were excluded because of
repeated unexcused absences, five could not be
contacted by telephone, one had died, one had
discontinued clinical follow-up, and 13 were un-
available on the proposed assessment dates. Thus,
25 patients were scheduled. Of these, two were
excluded after missing two appointments, one
declined CROS because of the need to use two de-
vices, one had a hearing aid functioning adequately
and therefore did not require replacement, and two
did not return for the second assessment. The final
analytical sample comprised 19 participants who
completed both stages.

The wireless CROS system consisted of a
transmitter fitted to the ear with hearing loss and
a receiver fitted to the normal-hearing ear. Mini
behind-the-ear receiver-in-canal devices were used.
An open dome was used on the normal-hearing
side. Participants were instructed to use the de-
vices for at least eight hours per day and received
guidance regarding handling and cleaning. At the
second assessment, device functioning and daily
use were checked using the device software; use
below the recommended minimum was an exclu-
sion criterion.

CROS fitting was verified using real-ear un-
aided response (REUR) and real-ear aided response
(REAR) measurements with an Aurical FreeFit
system (GN Otometrics) in an acoustically treated
room. The probe tube remained in the normal-
hearing ear, and measurements were obtained with
the loudspeaker positioned according to the CROS
verification procedure. The chair was positioned 50
cm from the loudspeaker, and the geometric method
was used to place the probe tube approximately 4
mm from the tip of the dome. Speech noise was
presented at a constant level of 65 dB SPL.

Participation restriction was assessed using the
Hearing Handicap Inventory for Adults (HHIA),
administered as an interview. The examiner read
the 25 questions with the participant, who selected
“yes” (4 points), “sometimes” (2 points), or “no”
(0 points). Total scores range from 0 to 100, with
higher scores indicating greater perceived par-
ticipation restriction; scores of 0—16 indicate no
perceived restriction, 18-30 mild, 32-42 moderate,
and >42 severe restriction. Quality of life was as-
sessed using the World Health Organization Quality

of Life-BREF (WHOQOL-BREF), which contains
26 items: two general items addressing overall
quality of life and general health perception and
24 items distributed across physical, psychologi-
cal, social relationships, and environment domains.
Responses use a five-point Likert scale, with higher
scores indicating better quality of life.

Listening effort was assessed using a dual-task
paradigm. The primary task was speech perception
in noise using the Portuguese Sentence Lists (LSP).
Two lists from 1B to 6B were randomly selected at
the first assessment, totaling 20 sentences; different
lists were used at follow-up to reduce memorization
effects. Testing was performed in an acoustically
treated booth in free field, with the loudspeaker at
0° azimuth. Sentences were presented at 65 dB and
noise at 60 dB, corresponding to a +5 dB signal-to-
noise ratio. The better ear was not occluded because
testing was performed in free field and the CROS
system routes the signal to this ear.

The secondary task was the PALETA visual
memory task. Participants memorized and repro-
duced 20 randomly generated four-color sequences
on a tablet. A response was considered correct only
when the four colors were reproduced in the same
order presented by the software. Each stimulus
and interstimulus interval lasted 0.4 seconds. The
platform recorded total response time and total
number of correct responses. Before data collec-
tion, participants were trained on the primary task,
secondary task, and dual task. During the dual
task, both tasks were performed simultaneously,
and participants were instructed to prioritize the
speech-perception task.

All inferential pre—post analyses were based
on the 19 participants who completed both assess-
ment stages. Data was analyzed using IBM SPSS
Statistics, version 24. A significance level of 5%
(a=10.05) was adopted for all analyses. Compari-
sons between pre- and post-CROS conditions were
performed using paired statistical tests according to
the distribution and characteristics of each variable.
The paired t-test was used for variables analyzed
parametrically, whereas the Wilcoxon signed-rank
test was applied to non-parametric paired data. For
comparisons of the number of correct responses
across the single-task, dual-task, and dual-task with
CROS conditions, a one-way repeated-measures
analysis of variance (ANOVA) was performed,
followed by Tukey’s post hoc test for multiple
comparisons. Response times across the three task
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conditions were compared using the Friedman
test, followed by multiple comparisons. The influ-
ence of age on performance in the secondary task,
considering both the number of correct responses
and response time, was examined by covariance
analysis. When applicable, results were expressed
as means and 95% confidence intervals for para-
metric variables and medians for non-parametric
variables.

Results

19 participants with severe-to-profound unilat-
eral sensorineural hearing loss complete pre- and
post-adaptation data were included in the analyses.
Participants ranged in age from 33 to 64 years
(mean = 48.84 years; SD = 7.92). 12 participants
(63.2%) were male and seven (36.8%) were female.
Regarding the degree of hearing loss, 16 partici-

pants (84.2%) had profound hearing loss and three
(15.8%) had severe hearing loss. The affected ear
was the left ear in 11 participants (57.9%) and the
right ear in eight (42.1%).

Regarding participation restriction, the emo-
tional subscale of the HHIA (HHIA-EMOTION-
AL) showed a significant reduction after CROS
adaptation. The mean score decreased from 28.211
before adaptation to 10.842 after adaptation (paired
t-test: t(18) =8.326, p<0.001), corresponding to a
mean reduction of 17.369 points. The 95% confi-
dence interval (CI) for the mean pre—post difference
ranged from 12.986 to 21.751 (Figure 1).

A significant reduction was also observed in
the social subscale of the HHIA (HHIA-SOCIAL).
The median score decreased from 22 before ad-
aptation to 6 after adaptation, corresponding to
a 16-point reduction (Wilcoxon signed-rank test:
W =-190.000, p <0.001) (Figure 1).

60
50
40
30
20

I

HHIA-EMOTIONAL HHIA-SOCIAL

B PRE mPOST

HHIA- TOTAL

Legend: PRE = pre-CROS system adaptation; POST = post-CROS system adaptation.

Source: Study Data.

Figure 1. Means and minimum and maximum values of HHIA aspects, pre- and post-CROS system

adaptation
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The total HHIA score also decreased sig-
nificantly after CROS adaptation (paired t-test:
t(18) = 9.338, p < 0.001). The mean total score
decreased from 48.211 before adaptation to 16.947
after adaptation, corresponding to a mean reduc-
tion of 31.264 points. The 95% CI for the mean
pre—post difference ranged from 24.229 to 38.297.
According to the HHIA classification criteria, the
mean pre-adaptation score was within the severe
participation-restriction range (>42), whereas the
mean post-adaptation score was within the range
indicating no perceived participation restriction
(0-16).

Participant performance across the WHOQOL-
BREF domains before and after CROS adaptation
is presented in Figure 2. No statistically significant
differences were observed for the two general
WHOQOL-BREF items. The median score for
overall QoL remained 4 before and after CROS
adaptation (Wilcoxon signed-rank test: W= 15.000,
p=0.063), and the median score for General Health
Satisfaction (GHS) also remained 4 in both assess-
ments (W = 10.000, p = 0.125). Thus, no statisti-
cally significant changes were observed in overall

quality of life or general health satisfaction after
CROS adaptation.

In contrast, statistically significant differences
were observed in the Physical, Psychological, So-
cial Relationships, and Environment domains. In
the Physical domain, the median score increased
from 3.57 before adaptation to 3.71 after adapta-
tion (Wilcoxon signed-rank test: W = 28.000, p
=0.016). In the Psychological domain, the mean
score increased from 2.936 before adaptation to
3.401 after adaptation (paired t-test: t(18) =9.338,
p < 0.001), corresponding to a mean increase of
0.465 points. The 95% CI for the pre—post differ-
ence ranged from 0.305 to 0.625.

In the Social Relationships domain, the median
score increased from 2.33 before adaptation to 2.66
after adaptation (Wilcoxon signed-rank test: W =
78.000, p = 0.001). Similarly, in the Environment
domain, the median score increased from 2.62 to
3.00 (W =28.000, p=0.016). Therefore, although
no significant changes were observed in overall
quality of life or general health satisfaction, sig-
nificant increases were observed in scores for the
four specific WHOQOL-BREF domains evaluated
(Figure 2).

4,5

w

N

-

PHYSICAL*

3,5
2,5 H PRE
POST
1,5
0,5
0

PSYCHOL* SOCREL* ENVIRONMENT*

Legend: PRE = pre-CROS system adaptation; POST = post-CROS system adaptation; QoL = quality of life; GHS = general health
satisfaction; PHYSICAL = physical domain; PSYCHOL = psychological domain; SOC REL = social relationships domain;
ENVIRONMENT = environment domain; *Statistically significant pre-post difference (p < 0.05).

Source: Study Data.

Figure 2. Comparison of responses across all domains of the WHOQOL questionnaire, pre- and post-

CROS system adaptation
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Speech perception in noise, assessed as the pri-
mary task using the Portuguese Sentence List, was
compared between the single-task and dual-task
conditions. Before CROS adaptation, no statisti-
cally significant difference was observed between
the single-task and dual-task conditions (Wilcoxon
signed-rank test: W = —6.000, p = 0.250), with a
median of 20 correct responses in both conditions.
Similarly, after CROS adaptation, speech percep-
tion in noise did not differ significantly between
the single-task and dual-task conditions, with a
median of 20 correct responses in both conditions
(W =0.000, p=1.000). Thus, performance on the
primary speech-perception task was maintained
when the secondary task was performed simulta-
neously, both before and after CROS adaptation.

Listening effort was assessed through perfor-
mance on the secondary PALETA task, considering
both the number of correct responses (NCR) and
response time (RT). Three conditions were ana-
lyzed: single-task (ST), dual-task without CROS

(DT), and dual-task with CROS (DT_CROS). The
single-task condition was assessed only before
CROS adaptation because it represented baseline
performance on the secondary visual-memory task
in the absence of the concurrent speech-perception
task.

For the number of correct responses, partici-
pants achieved a mean of 12.895 correct responses
in the single-task condition, 5.737 in the dual-task
condition without CROS, and approximately 9
correct responses in the dual-task condition with
CROS. A one-way repeated-measures analysis
of variance showed a significant effect of task
condition on the number of correct responses (F =
79.855,p<0.001) (Figure 3). Post hoc comparisons
showed significant differences among all three
conditions (p < 0.001), with the highest number
of correct responses observed in the single-task
condition, followed by the dual-task condition
with CROS and the dual-task condition without
CROS (Table 1).

ST* DT

B Means of the Number of Correct Responses

DT with CROS

Legend: ST = single-task; DT = dual-task; DT with CROS = dual-task using the CROS system; * Significant difference.

Source: Study Data.

Figure 3. Mean number of correct responses in the PALETA secondary task across single-task, dual-

task, and dual-task with CROS conditions
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For the number of correct responses, listening
effort was calculated from the change in secondary-
task performance between the single-task and dual-
task conditions, as follows:

e Pre-CROS: NCR_DT —NCR_ST
* Post-CROS: NCR_DT CROS —NCR_ST

Comparison of the listening-effort measures
derived from the pre- and post-CROS conditions
showed a significant difference (paired t-test: t(18)

=-6.044, p <0.001), indicating better secondary-
task performance during dual-task execution when
participants used the CROS system.

Pairwise comparisons of the number of correct
responses across task conditions are presented in
Table 1. The mean differences were 7.1 between ST
and DT, 3.9 between ST and DT _CROS, and 3.3
between DT CROS and DT, with all comparisons
reaching statistical significance (p < 0.001).

Table 1. Pairwise comparisons of the number of correct responses in the PALETA task

Tasks Difference between means p-value
NCR- ST versus NCR- DT 7.1 <0.001*
NCR-ST versus NCR-DT(CROS) 3.9 <0.001*
NCR-DT(CROS) versus NCR-DT 3.3 <0.001*

Legend: NCR = number of correct responses; ST = single-task; DT = dual-task; DT (CROS) = dual-task using the CROS system;

* Significant difference.
Source: Study Data.

Response time in the PALETA task was
also analyzed across the single-task (RT ST),
dual-task (RT_DT), and dual-task with CROS
(RT_DT CROS) conditions. Median response
times were 3.2 seconds in the single-task condi-
tion, 3.6 seconds in the dual-task condition, and 3.5
seconds in the dual-task condition with CROS. The
Friedman test identified a significant overall differ-
ence in response time across the three conditions
(¥*(2) = 16.441, p < 0.001). Subsequent pairwise
comparisons showed a significant difference be-
tween RT DTand RT ST, whereas the differences
between RT DT and RT DT CROS and between
RT DT CROS and RT ST were not statistically
significant. Thus, although response time increased
when the secondary task was performed concur-
rently with the primary task, no significant differ-
ence in response time was demonstrated between
the dual-task conditions with and without CROS.

Listening effort based on response time was
also calculated from the change in secondary-task
performance between the single-task and dual-task
conditions, as follows:

« Pre-CROS: RT DT — RT_ST
* Post-CROS: RT DT CROS —RT ST

Comparison of the response-time-based
listening-effort measures showed no statistically
significant difference between the pre- and post-
CROS conditions (Wilcoxon signed-rank test: W =
83.5, p=0.438). Thus, while a significant pre—post
difference in listening effort was observed when
considering the number of correct responses, no
significant difference was observed when response
time was used as the outcome measure.

The influence of age on secondary-task per-
formance was also examined. Covariance analysis
indicated that age influenced the number of correct
responses in the PALETA task, with the number of
correct responses decreasing with increasing age
(Figure 4). In contrast, covariance analysis indi-
cated no influence of age on PALETA response time
(Figure 5). Thus, within the age range represented
in the study sample, age was associated with ac-
curacy in the secondary task but not with the time
required to respond.
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Figure 4. Number of correct responses in the PALETA task according to participants' age across task

conditions
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Source: Study Data.

Figure 5. PALETA response time according to participants' age across task conditions.

Discussion

Understanding the perception of individu-
als with UNIHL regarding their hearing loss and
primary complaints is an essential tool for the
speech-language pathologist during the process
of counseling and selecting hearing devices. This
understanding also allows for aligning expectations
concerning the use of amplification. The American

Academy of Audiology Clinical Practice Guide-
lines for adults with severe to profound unilateral
hearing loss® emphasize that this initial validation
can directly influence the expected outcomes for
individuals, both positive and negative.

The perception of participation restriction, as
assessed through the HHIA, indicated a significant
improvement in responses related to emotional and
social aspects after adaptation to the CROS system.
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This was also observed when considering the total
questionnaire score. The mean total HHIA score
decreased from a value within the severe participa-
tion-restriction range before CROS adaptation to a
markedly lower value after adaptation, approaching
the cutoff for absence of perceived participation
restriction. These findings corroborate the results
of studies®! that emphasize the importance of
identifying some degree of participation restriction
to guide interventions and raise patient awareness.

The reduction in participation restriction with
the use of hearing devices is well documented!!. In
the present study, the significant reductions in the
emotional, social, and total HHIA scores indicate
lower perceived participation restriction follow-
ing CROS adaptation. Rather than demonstrating
complete elimination of participation restriction in
all participants, these findings support a substantial
reduction in its perceived impact. Similar benefits
in auditory, social, and emotional aspects have been
reported in other research'!-!3.

Quality of life was investigated to assess the
impact of UNIHL beyond auditory aspects. The
present findings showed no statistically significant
change in overall quality of life or general health
satisfaction after CROS adaptation. However, sig-
nificant increases were observed in the Physical,
Psychological, Social Relationships, and Environ-
ment domains of the WHOQOL-BREEF. Thus, the
results suggest changes in specific dimensions of
quality of life rather than an overall improvement in
quality of life. Sano et al." did not find significant
differences between individuals with unilateral
hearing loss and bilateral hearing loss but reported
more pronounced impacts on quality of life com-
pared to normal hearers. These differences can
affect performance at work, social activities, and
mental health'>!6.

Although WHOQOL is recommended for as-
sessing non-auditory issues®, it has been little used
in studies with CROS system users. Other studies in
the literature!”'® have also found improvements in
quality of life among users of bone-anchored trans-
cutaneous devices and the CROS system. These
findings provide context for the significant changes
observed in specific WHOQOL-BREF domains in
the present study, while the absence of significant
changes in overall quality of life and general health
satisfaction should also be considered.

The word “effort” in the auditory context refers
to the challenges faced by individuals with UNIHL,

even when using hearing aids, especially those who
believe that hearing with one ear is sufficient. The
literature on auditory effort has focused more on
individuals with bilateral hearing loss, cochlear
implant adaptations, and conventional hearing aids,
leaving a gap concerning unilateral impairment. In
this scenario, the present study, along with that of
Choi et al.", contributes to the still limited evidence
regarding listening effort associated with the use
of the CROS system.

The dual-task paradigm, used to measure au-
ditory effort, can be influenced by the complexity
of the tasks involved. The lack of standardization
in the secondary task results in variations in out-
comes across studies?. In this study, the PALETA
platform was used as the secondary task to quantify
performance through both the number of correct
responses and response time. Speech-perception
performance in noise remained unchanged between
the single-task and dual-task conditions, both
before and after CROS adaptation. However, this
maintenance of primary-task performance should
not be interpreted as evidence that the dual-task
condition required no additional cognitive re-
sources. Participants were instructed to prioritize
the primary task, and the reduction in the number
of correct responses in the secondary task from the
single-task to the dual-task condition suggests that
maintaining speech-perception performance oc-
curred alongside reduced secondary-task accuracy.

The results obtained from the two secondary-
task measures should be interpreted separately.
For the number of correct responses, performance
decreased from the single-task to the dual-task
condition and subsequently increased when the
dual task was performed with the CROS system.
Accordingly, the comparison of the listening-effort
measures based on the number of correct responses
showed a significant difference between the pre-
and post-CROS conditions. In contrast, although
response time differed significantly across the three
task conditions overall, there was no significant
difference between the dual-task conditions with
and without CROS. Moreover, the listening-effort
measure derived from response time did not dif-
fer significantly between the pre- and post-CROS
conditions. Therefore, the evidence for reduced
listening effort with CROS was observed in
secondary-task accuracy, but not in response time.

This distinction is relevant because the CROS
system did not significantly improve speech-
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perception performance in noise in the primary
task. Instead, its effect was observed in the par-
ticipants’ ability to maintain greater accuracy in
the concurrent secondary task while primary-task
performance remained stable. This finding may
be relevant for daily activities that require divided
attention, such as listening and taking notes simul-
taneously?'. Previous studies??* also suggest that
bilateral auditory interventions are more effective
in reducing auditory effort.

Despite this, the influence of age on the number
of correct responses was significant, with younger
individuals performing better on the PALETA task.
Age, however, did not influence response time,
indicating that its association with secondary-task
performance was observed for accuracy rather
than response speed. This result is consistent with
the literature, which associates age with increased
auditory effort due to changes in cognitive pro-
cesses®?’. Choi et al.!” reinforce these findings by
highlighting that the positive and negative effects
of CROS on localization and speech perception
were significantly correlated with personal factors
such as age, hearing threshold in the better ear, and
unaided psychoacoustic performance.

In the present study, auditory effort was
measured by performance on the secondary task,
considering both the number of correct responses
and response time, as suggested by Picou, Ricketts,
and Hornsby?. The number of correct responses
was the measure that demonstrated a significant
difference between the pre- and post-CROS
listening-effort conditions, whereas response time
did not. Taken together, these findings suggest that
CROS use may reduce listening effort as reflected
by secondary-task accuracy in individuals with
UNIHL, although this effect was not consistently
demonstrated across both measures of the dual-task
paradigm. Therefore, the findings support a poten-
tial role of the CROS system in reducing listening
effort while also highlighting the importance of
considering the specific outcome used to quantify
this construct.

This study has some limitations that should
be considered when interpreting the findings. The
relatively small sample size and the absence of
a control group limit the generalizability of the
results and preclude establishing a causal relation-
ship between CROS use and the observed changes.
Although device data logging was used to verify
adherence to the recommended minimum use of

eight hours per day, the association between daily
duration of CROS use and the study outcomes was
not examined. Finally, the wide age range of the
sample should be considered, particularly because
age was associated with the number of correct
responses in the secondary task. Future studies
with larger samples and controlled designs may
help clarify these findings and further investigate
factors associated with individual variability in
CROS outcomes.

Conclusion

The present study showed that CROS adap-
tation was associated with reduced participation
restriction and improved secondary-task accu-
racy during dual-task performance in individuals
with severe-to-profound unilateral hearing loss.
Listening effort differed significantly between
pre- and post-CROS conditions when assessed
by the number of correct responses, but not when
assessed by response time. CROS adaptation was
also associated with improvements in the physical,
psychological, social relationships, and environ-
ment domains of the WHOQOL-BREEF, although
no significant changes were observed in overall
quality of life or general health satisfaction. Age
was associated with secondary-task accuracy but
not response time, suggesting that age should be
considered when interpreting dual-task perfor-
mance in this population.
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