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Objective: The process of adapting to communicate with a cochlear
implant (Cl) is complex. The use of auditory training after cochlear
implantation may help to facilitate improvements in postoperative
speech recognition and quality-of-life outcomes in new adult CI recipi-
ents. However, the effectiveness of auditory training remains uncertain
and long-term effects have not been examined in a large sample of new
adult CI users. As such, the objective of this study was to examine the
influence of common forms of auditory training on speech recognition
and Cl-related quality-of-life (Cl-related QOL) outcomes at 1 year after
cochlear implantation. We hypothesized that patients who reported use
of computer-based auditory training (CBAT) would show improved
speech and CIQOL-35 Profile scores at 1 year after activation of their
implant, compared with their peers.

Design: This study was designed as a prospective study and was under-
taken at a tertiary academic Cl center. Participants included 114 adults
undergoing cochlear implantation for bilateral hearing loss. Patients
serially self-reported use of the following types of post-Cl auditory train-
ing over their first-year postactivation: (1) face-to-face training (e.g.,
speech-language pathologist), (2) passive home-based training (e.g.,
listening to audiobooks), and (3) CBAT (e.g., self-directed software).
Outcomes measures for this study included change in Consonant-
Nucleus-Consonant phoneme (CNCp), CNC word (CNCw), AzBio sen-
tences in quiet, and CIQOL-35 Profile global and domain scores from
pre-Cl to 12-mo post-Cl.

Results: Of 114 patients, 94 (82.5%) used one or more auditory training
resources. Of these, 19.3% used face-to-face training, 67.5% passive
home-based training, and 46.5% CBAT. Of 114 patients, 73 had com-
plete CIQOL data. At 12 mo, only CBAT use was associated with sig-
nificantly greater improvements in global and all domain-specific CIQOL
scores (d-range =0.72-0.87), compared with those not using CBAT.
Controlling for demographics and use of multiple training resources,
CBAT remained the strongest positive predictor of CIQOL improvement,
with significant associations with global score (3=12.019[4.127,19.9])
and all domain scores at 12-mo post-Cl: communication (8=11.937
[2.456,21.318), emotional (B=12.293[1.827,22.759), entertainment
(B=17.014[5.434,28.774), environment (B=13.771[1.814,25.727]),
listening effort (8=12.523[2.798,22.248]), and social (B=18.114
[7.403,28.826]). No significant benefits were noted with use of CBAT
or any other form of auditory training and speech recognition scores at
12-mo post-Cl (d-range =-0.12-0.22).

Conclusions: Auditory training with CBAT was associated with improved
Cl-related QOL outcomes at 12-mo post-Cl. Given its availability and low
cost, this study provides evidence to support using CBAT to improve
real-world functional abilities in new adult Cl recipients.
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INTRODUCTION

Hearing with a cochlear implant (CI) differs from acoustic
hearing in that patients must first learn to process and decode
a degraded electrical signal from their implant. For some, this
learning is acquired passively during routine use of their device,
but many patients require active effort to acquire function-
ality with their CI (Manrique et al. 1998; Dillon et al. 2013;
Dornhoffer 2019). Most patients are advised to use some form
of auditory training to improve this process by exposing them
to a variety of speech and environmental sounds (Henry et al.
2005; Fu & Galvin 2008; Stacey & Summerfield 2008; Humes
et al. 2009; Harris et al. 2016; Reis et al. 2019). Training can be
performed by several methods, and in most CI centers is primar-
ily patient-initiated/directed. Various resources can be broadly
grouped into three categories: (1) face-to-face training with an
audiologist or speech-language pathologist, (2) passive home-
based training such as listening to an audiobook or radio, or (3)
computer-based auditory training (CBAT) with self-directed,
interactive computer software.

Evidence on the effectiveness of these interventions is lim-
ited, with preliminary evidence showing benefit for face-to-face
training and CBAT over passive training (Dornhoffer et al. 2022;
Ma et al. 2023); however, many studies are limited due to poor
ecological validity, using experimental programs with small
samples of experienced implant users (Fu & Galvin 2007, 2008;
Stacey & Summerfield 2008; Humes et al. 2009; Plant et al.
2015; Harris et al. 2016). Systematic analysis of this literature
has been performed in CI users and in mixed populations of CI
and hearing aid users (Henshaw & Ferguson 2013; Cambridge
et al. 2022). Authors conclude that training generally provides
benefit, but conclusions are limited by the available literature.
Many studies also do not comment on patient-reported out-
come measures. Speech recognition measures often correlate
poorly with quality-of-life metrics and may be insensitive to
some improvements in real-world functional abilities following
implantation (Dorismond et al. 2023). As such, consideration of
patient-reported outcome metrics is valuable for analysis of any
peri-CI interventions.

A recent study on the effectiveness of commonly avail-
able resources with new implant recipients showed consistent
improvements in speech recognition and Cl-related quality-
of-life (Cl-related QOL) with CBAT (Dornhoffer et al. 2022).
However, this study provided evidence only for the first 3-mo
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post-CI activation. Given that some patients reach their peak
performance between 6 and 12 mo, the full, persistent effects of
CBAT and other interventions in this setting remain uncertain
(Cusumano et al. 2017; Ma et al. 2023).

Therefore, the goal of this study was to determine the rela-
tionship between use of commonly available forms of auditory
training and CI outcomes at 12-mo post-CI. We hypothe-
sized that the use of CBAT would yield persistent speech and
Cl-related QOL benefits. By observing this cohort of patients
over their first-year after implantation, this study may provide
more detailed evidence of the effectiveness of common auditory
training resources that can support recommendations to guide
post-Cl interventions.

MATERIALS AND METHODS

Patient Sample

This study was approved by our university Institutional
Review Board. Data were collected prospectively from patients
undergoing unilateral cochlear implantation from September
2018 to December 2020. Inclusion criteria were CI candi-
dacy for bilateral sensorineural hearing loss and age =18
years. Patients undergoing revision implantation, second-sided
cochlear implantation, or implantation for unilateral deafness
were excluded. Patients were identified/enrolled at routine pro-
gramming visits with audiology. Enrollment was voluntary and
subject to oral consent at time of survey collection-detailed
later.

Surgeries were performed by four attending neurotologists
at an academic, tertiary referral hospital. Intraoperative device
testing, postoperative programming, and pre- and post-CI
speech recognition testing were performed by CI audiologists
at the same center.

Auditory Training Interventions

Upon CI activation and at routine audiology appointments,
patients were provided a list of resources for passive home-
based training and a list of websites to access computer-based
training programs, by their audiologist. The list of resources
was identical for all patients at our institution and was not
modified for use in this study. Patients were also offered refer-
rals to speech-language pathologists for face-to-face auditory
training based on a perceived need or patient preference. Use
of any resource was voluntary, and routine clinical practice
was followed.

Face-to-face training included all speech-language pathol-
ogy visits but did not include any routine auditory training
performed during CI audiology appointments. Passive home-
based training included reading aloud, having someone else
read to the patient, or listening to audiobooks, radio, or
TV. Computer-based auditory training included use of soft-
ware developed by Advanced Bionics (Valencia, CA) and
Cochlear Americas (Englewood, CO) as well as Listening and
Communication Enhancement (LACE) (Sweetow & Sabes
2006), Angel Sound (Fu et al. 2004), and Hearoes (Brisbane,
Australia).

Data Collection
Patients completed surveys (File 1 in Supplemental Digital
Content 1, http:/links.Iww.com/EANDH/B327) on auditory

training participation through a REDCap database during rou-
tine audiology follow-ups (Harris et al. 2009). Surveys were
obtained at 3-, 6-, and 12-mo post-CI. Speech recognition and
patient-reported outcomes, detailed later, were also obtained
at 3-, 6-, and 12-mo post-CI. Given insufficient data and sig-
nificant overlap with previous 3-mo data, 6-mo data were not
considered for further analysis. Pre-CI speech recognition and
patient-reported outcomes were obtained at CI candidacy evalu-
ation as part of routine clinical practice. Surveys or outcome
data collected within 1 mo before or after aforementioned time-
points were included. Data on education, income, employment,
and habitation were obtained through an additional survey per-
formed at initial enrollment. Data on race (White/Non-White),
age, and sex were collected as defined in institutional electronic
health records to identify and control for any confounding
effects.

Outcome Measures

Outcome measures were changes in speech recognition
scores (Consonant-Nucleus-Consonant phonemes [CNCp],
CNC words [CNCw] (Tillman & Carhart 1966) and AzBio sen-
tences in quiet [AzBio Quiet]) (Spahr et al. 2012) and changes
in Cochlear Implant Quality of Life-35 (CIQOL-35) Profile
instrument (detailed later) score from pre-CI to 3-, 6-, and
12-mo post-CI (McRackan et al. 2019, 2021). Standard practice
at our center is to only measure AzBio sentences in noise out-
comes when patients score >50% for AzBio Quiet. Thus, AzBio
sentences in noise were not considered for evaluation secondary
to low collection rates.

Pre-CI speech recognition was measured with hearing
aids fitted to National Acoustics Laboratory—-revised linear
(NAL-NL2) targets (Byrne & Dillon 1986). Post-CI speech
recognition testing was conducted using recorded materials
presented from 0° azimuth at 60-dB sound pressure level. The
implanted ear was tested independently, with the contralateral
ear plugged during testing if the patient had sufficient resid-
ual hearing in the contralateral ear where cross over could be
expected.

The CIQOL-35 Profile is a patient-reported outcome mea-
sure that assesses the functional abilities of adult CI recipients
within 6 domains: communication (assessing communication
ability in different circumstances), emotional (assessing the
impact of hearing on emotional well-being), entertainment
(assessing the ability to enjoy TV, radio, and music), environ-
ment (assessing the ability to distinguish and localize environ-
mental sounds), listening effort (assessing effort and fatigue
associated with receptive communication), and social (assess-
ing the ability to interact and enjoy interaction with groups). A
global score is calculated that provides a general assessment of
Cl-specific QOL. Scores were calculated for each domain and
ranged from 0 (lowest QOL) to 100 (highest QOL) (McRackan
et al. 2019, 2021).

CI Use

Data logs for CI use were collected during routine audio-
logic visits. Data were collected using each implant company’s
proprietary data-logging software. Data presented here rep-
resent the average daily hours of use as measured at 12-mo
post-CI.
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Statistical Analyses

Statistical analyses were performed using SPSS version 25
(IBM Corporation, Armonk, New York). Continuous variables
were summarized by mean + standard deviation. Cohen’s d
effect sizes 95% confidence intervals (CI), denoted as “d [lower
CI, upper CI],” were calculated where appropriate. Effect sizes
were interpreted as per Cohen’s conventions: =0.2 and <0.5 =
small effect, >0.5 and <0.8 = medium effect, and >0.8 = large
effect (Cohen 2013). For patient-specific factors, Fisher’s exact
test was used for categorical comparisons, and the Kruskal-
Wallis test was used for analysis of multiple means.

Power analysis was performed in a post hoc fashion based
on previously published data on this subject matter (Dornhoffer
et al. 2022). We assumed a medium effect size (d=0.5) and a
target power of 80%. Assuming 2-sided hypothesis testing and
a=0.05, a sample size of 31 was considered sufficient to detect
significant differences between forms of aural rehabilitation and
their correlation with outcome measures. As such, while audi-
tory training was voluntary, enrollment of participants was con-
tinued until desired sample sizes were approached for different
auditory training modalities.

For primary analysis of the influence of training resources
on outcomes, a Wilcoxon signed-rank test was used to com-
pare data between patients using any training resource and those
using no resource. Such analysis was also performed to compare
outcomes between patients using face-to-face training, passive
home-based training, or CBAT compared with those patients
not using that resource.

Multivariable regression was performed to identify sig-
nificant independent associations of training resources with
speech recognition and CIQOL-35 outcomes while controlling
for confounding variables of age, sex, duration of hearing loss,
and simultaneous use of multiple types of auditory training.
Variance inflation factor was used to detect collinearity. Missing
data for some nonoutcome covariables in the multivariable anal-
ysis were dealt with using multiple-imputation. Specifically,
age was imputed for 1 patient and duration of hearing loss for
7 patients. 3 values and coefficients of determination (R?) are
presented.

RESULTS

Patient Sample

A total of 114 patients were enrolled in this study. Of
these, 94 (82.5%) used at least one form of training resource
in the first-year post-CI. Regarding specific forms of audi-
tory training, 22 (19.3%) of all enrolled patients used face-
to-face training, 77 (67.5%) passive home-based training, and
53 (46.5%) CBAT. Considering use of multiple resources at
one time, 38.6% of patients used only one category of train-
ing, 36.8% used two categories, and 7.0% used all three
categories.

Patient demographics and lifestyle factors are detailed in
Table 1. Comparisons between patients using or not using a
specific category of auditory training were made regarding age,
sex (male/female), race (White/non-White), duration of hear-
ing loss (years), education (completed college, yes/no), current
employment (yes/no), household income (= or <$50,000), and
total hours of CI use and use in noise per day. No significant dif-
ferences were noted in these variables (all p > 0.05).

TABLE 1. Patient characteristics

N 114

Mean age—y (SD) 67.7 (14.7)
Mean duration of hearing loss—y (SD) 24.0 (16.4)
Mean Cl use—h/d (SD) 11.8 (3.1)
Mean Cl use in noise—h/d (SD) 1.63 (1.23)
Cl manufacturer (N, %)

Cochlear Americas 83 (72.8)

Advanced bionics 26 (22.8)

MED-EL 5(4.4)
Sex (N, %)

Male 59 (51.8)

Female 55 (48.2
Race (N, %)

White 100 (87.7)

Non-White 14 (12.3)
Completed college (N, %)

Yes 52 (45.6)

No 62 (54.4)
Currently employed (N, %)

Yes 27 (28.7)

No 82 (71.9)

Chose not to reply 5(4.4)
Household income (N, %)

>$50,000 per year 44 (38.6)

<$50,000 per year 35 (30.7)

Chose not to reply 35 (30.7)

SD, standard deviation.

Pre-CI speech testing and CIQOL scores are considered for
each intervention group. Pre-CI CNCp, CNCw, AzBio Quiet,
and global CIQOL-35 scores are detailed in Table 2. No signifi-
cant difference are noted between usage groups. In addition, no
significant differences are noted in any CIQOL-35 domain score
between usage groups (all p > 0.05)

Influence of Auditory Training on Speech Recognition

Changes in speech recognition scores for all 114 patients,
broken into cohorts based on the use/nonuse of different types
of auditory training are shown in Table 3. Overall, patients
showed an average improvement in CNCp (46.9%+28.0),
CNCw (42.1%+25.6), and AzBio Quiet (51.9%=+30.9) scores
from pre-CI to 12-mo post-CI. No significant effects from
the use of any nonspecific auditory training were noted on
12-mo pre/post-CI change in speech recognition scores
(d-range =0.03—0.47). When considering specific types
of auditory training, no significant differences were noted
between users and nonusers of each type of resource, with
respect to pre/post-CI change in speech recognition at 12 mo
(d-range =—0.12-0.22).

A multivariable regression was performed as detailed ear-
lier. After accounting for potential confounders, the use of
any specific type of auditory training was not significantly
associated with pre/post-CI differences in speech recogni-
tion scores, nor were there any significant associations with
age, duration of hearing loss, or sex. A Kruskal-Wallis test
was performed comparing speech recognition outcomes
between patients utilizing one, two, or three types of training
to determine any effects from use of multiple resources. No
significant differences were noted between groups (p > 0.05)
(Table 4).
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TABLE 4. Multivariable regression of factors associated with change in speech recognition scores from pre-Cl to 12-mo post-Cl

CNCp Score (%) CNCw score (%) AzBio Quiet score (%)

Model F=0.750, Model F=1.199, Model F=1.602,

p=0.661, R*=0.053 p=0.315, R?=0.083 p=0.158, R2=0.108
B (95% Confidence B (95% Confidence B (95% Confidence

Interval) VIF Interval) VIF Interval) VIF
Age at implantation (years) -0.152 [-0.607, 0.303]  1.148 -0.345[-0.751,0.062] 1.148 -0.481[-0.970,0.008] 1.118
Duration of hearing loss (years) -0.115[-0.518,0.288]  1.044 -0.220[-0.580, 0.140] 1.044 -0.227 [-0.658, 0.401]  1.059
Female sex 7.404 [-5.628, 20.426] 1.142 3.226 [-8.425,14.877] 1.142 9.365 [-4.447,23.176] 1.118
Face-to-face auditory training —7.782 [-23.536, 7.971] 1.056 -6.241 [-20.325, 7.843] 1.056 -7.830[-24.274,8.615] 1.051
Passive home-based auditory training 3.056 [-10.223, 16.335] 1.042 -3.051 [-14.922,8.821] 1.042 -6.051[-20.352, 8.250] 1.035
Computer-based auditory training 5.485[-7.013,17.984] 1.046 6.324[-4.850,17.499] 1.046 5.517 [-8.084,19.117] 1.072

CNCp, consonant-nucleus-consonant phoneme; CNCw, consonant-nucleus-consonant word; CIQOL, Cochlear Implant Quality of Life; VIF, variance inflation factor.

Bolded text denotes a significant association.

Influence of Auditory Training on CIQOL-35 Profile
Scores

CIQOL-35 outcomes were available for 73 of 114 patients,
Table 5. Overall, patients showed an average increase from pre-
to 12-mo post-ClI in global CIQOL scores of 13.1+16.3 and an
increase in scores for all CIQOL domains for the same period
(average change in domain score ranged from 14.5+£22.6 for
the Social domain to 19.9+24.6 for the Environment domain).
Use of any nonspecific auditory training was not significantly
associated with greater improvements in CIQOL-35 domain
scores or global score at 12 mo, compared with those who used
no resource. In contrast, the use of CBAT, specifically, was
associated with significant, medium-to-large, beneficial effects
for all CIQOL-35 Profile domains (d-range=0.72—0.87),
Figure 1, Table 5. Use of face-to-face and passive home-
based training showed no significant association with change
in CIQOL scores.

After accounting for potential confounders in our mul-
tivariable analysis (results detailed in Table 6), CBAT use
was an independent predictor of change in global scores
(B=12.019 [4.127, 19.9]) as well as all domain scores
from pre-CI to 12-mo post-CI, (3 range=11.937-21.318).
Interestingly, greater duration of hearing loss was associated
with a significantly greater change (3=0.318 [0.027, 0.609])
in the communication domain from pre-CI to 12-mo post-CI;
however, the effect was small. No other significant associa-
tions were noted. As with speech recognition, to evaluate the
effect of simultaneous use of multiple resource categories, a
Kruskal-Wallis test was performed comparing CIQOL scores
between patients utilizing one, two, or three types of train-
ing resources. No significant differences were noted between
these groups (all p > 0.05).

Influence of CBAT From 3-mo to 12-mo Post-CI

We previously published data on a similar, overlapping,
adult cohort examining the effects of auditory training on
CI outcomes at 3-mo post-CI (Citation masked to maintain
anonymity during peer-review). In this previous analysis, we
noted that 24 patients using CBAT showed significantly greater
improvement in both speech recognition (AzBio: 49.8% =+
29.7 vs. 16.3% £ 29.7) and CIQOL scores (CIQOL-35 Global:
11.9+6.3 vs. 3.7+£6.8) from pre-CI to 3-mo post-CI, as com-
pared to 48 patients who did not use CBAT (citation masked to
maintain anonymity during peer-review). However, the current

data show that by 12-mo post-CI, patients who did and did not
use CBAT had similar improvements in speech recognition
(AzBio: 53.6% £ 31.9 vs. 49.7% + 30.5) from pre-CI to 12-mo
post-CI; but in contrast, patients who used CBAT had greater
improvement in CIQOL scores (CIQOL-35 Global: 20.6+16.8
vs. 7.3+ 13.4) by 12 mo. Considering both analyses, it appears
that benefits from CBAT on CIQOL score persisted from 3- to
12-mo post-CI, even if benefits regarding speech recognition
did not (Figures 2 and 3).

DISCUSSION

Auditory training is often recommended to new CI recipi-
ents to improve or hasten their acquisition of speech recognition
skills, with a majority of surveyed audiologists considering it an
essential part of CI aural rehabilitation (Reis et al. 2019). Despite
this endorsement, there is limited evidence of the real-world
effectiveness of such interventions (Fu & Galvin 2007; Plant
et al. 2015; Harris et al. 2016). In this study, we have observed a
cohort of new adult CI recipients from before cochlear implan-
tation to 12-mo postimplantation and have shown CBAT to have
persistent beneficial associations with greater improvements in
CIQOL scores from pre-CI to 12-mo post-CI than patients who
did not use CBAT.

Evidence of the effectiveness of auditory training in adult
CI recipients is scarce. Cambridge et al. (2022) reviewed the
effectiveness of auditory training in CI users, and Henshaw and
Ferguson (2013) reviewed the literature on auditory training in
amixed population of CI and non-CI patients. In addition, inde-
pendent review revealed a small number of additional studies
examining auditory training in CI patients (Barlow et al. 2016;
Bernstein et al. 2021; Fu et al. 2004; Gagne et al. 1991; Green
etal. 2019; Ihler et al. 2017; Ingvalson et al. 2013; Miller et al.
2008; Moberly et al. 2018; Oba et al. 2011; G. Stacey et al.
2010; Tyler et al. 2010; Plant et al. 2015; Schumann et al. 2015;
Reis et al. 2021; Volter et al. 2021). These studies gener-
ally show beneficial effects of auditory training, with a trend
toward a benefit in speech recognition using face-to-face
interaction and CBAT over passive learning. However, these
studies are limited in quality, sample size, and heterogene-
ity. The literature is also limited in ecological validity as the
studies mostly examined experimental computer programs or
therapies utilized by CI recipients with experience in excess
of 12 mo, under strict observation (Gagne et al. 1991; Fu et al.
2004; Miller et al. 2008; Stacey et al. 2010; Tyler et al. 2010;
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95% Cl, 95% confidence interval; CIQOL, Cochlear Implant Quality of Life; SD, standard deviation.

Bold text shows significant effect sizes.

Oba et al. 2011; Ingvalson et al. 2013; Schumann et al. 2015;
Barlow et al. 2016; Thler et al. 2017; Green et al. 2019). As
such, the results may not be applicable to the average new
implant recipient in an outpatient setting. These studies also
generally fail to comment on outcomes beyond speech recog-
nition, with only a small number of studies examining patient-
reported outcome measures; however, when reported, there
was generally an improvement in QOL with auditory training
as compared to no training (Moberly et al. 2018; Bernstein
et al. 2021; Reis et al. 2021; Volter et al. 2021). The present
study aimed to address the limitations of the prior research
by providing a real-world perspective on auditory training via
examination of commonly available resources used in an out-
patient setting and by examining functional abilities beyond
speech recognition in the form of the CIQOL-35 Profile
scores. This study also provides a holistic perspective on out-
comes from pre- to post-CI and the influence that training can
have on such outcomes.

We previously published on a similar cohort, using the
same methodology, examining the effects of auditory train-
ing on adult CI outcomes at 3-mo post-CI (citation masked
to maintain anonymity during peer-review). As with the pres-
ent study, CBAT use was associated with significantly greater
improvements in CIQOL from pre-CI than patients who did
not use CBAT; however, at the 3-mo timepoint, CBAT use
was also associated with significantly greater improvement in
speech recognition scores than for patients who did not use
CBAT. In the present study, we do not see any significant asso-
ciation between CBAT use and improvement in speech recog-
nition scores from pre-CI to 12-mo post-Cl. As such, while
benefits related to CBAT use on CIQOL scores are persistent
at 12-mo post-CI, benefits related to speech recognition scores
are lessened, as speech recognition scores for CBAT nonusers
“catch up,” Figures 2 and 3. Reasons for this cannot be fully
explained from the present study although we might consider
some possible explanations.

One is that CBAT use allows for early reacquisition of
speech recognition skills, as evidenced by the large improve-
ment in speech recognition scores at 3-mo post-CI seen in
the prior study (citation masked to maintain anonymity dur-
ing peer-review). Over time, the CBAT nonusers passively
acquire similar levels of performance. However, the early
acquisition of skills seen in the CBAT users may build habits
and proficiencies not assessed by routine speech recognition
measures that, nevertheless, yield improvements in func-
tional abilities as shown by improved CIQOL scores at 12 mo.
Another possibility is that the speech recognition measures
used in this study may fail to capture meaningful changes
in functional ability in these patients. Fu & Galvin (2007)
showed, in a study on CI recipients undergoing experimental
reprogramming of their implant, that passive acquisition was
sufficient to reacquire baseline scores for some but not all
tests of speech recognition, with passive learners failing to
reacquire skills in tests requiring high levels of bottom-up
processing (e.g., low levels of contextual information). In
addition, McRackan et al. (2018) showed that speech recog-
nition scores generally showed low correlation with general
and Cl-specific measures of quality of life. Thus, we must
consider that routine speech recognition measures used in
our study may be inadequate to show certain differences in
speech recognition skills, or that routine speech recognition
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Fig. 1. Change in CIQOL-35 domain and global scores from pre-Cl to 12-mo post-Cl for users and nonusers of computer-based auditory training. Error bars

represent +1 standard error.

testing typically used to assess CI success may be insuffi-
ciently sensitive to improvements in real-world functional
abilities after implantation.

Our prior study on 3-mo outcomes and auditory training
also noted that the use of face-to-face training was significantly
associated with greater improvement in emotional and social
CIQOL domain scores than no face-to-face training after con-
trolling for confounding factors. In the present study, we saw a
trend toward improvement in these domains, but the relation-
ships were not significant at 12-mo post-CI. It is possible that
the present study was underpowered to analyze the effect of
face-to-face training. Analysis of face-to-face training may also
suffer from selection bias, detailed more later. As such, it is dif-
ficult to make conclusions regarding face-to-face training and
CIQOL here.

This study has several limitations. The first is the limitation
of the survey format and potential lack of reliable patient self-
report. To preserve the natural history study design, no auditing
or time-tracking of training was used, because this may influ-
ence usage. As such, the accuracy of patient report is uncertain
and specifics of time spent on each resource inexact. This may
limit the conclusions that can be drawn from the study. In addi-
tion, this study suffered from selection bias. Auditory training
was voluntary, and confounding factors may have influenced
the use of specific resources. For example, while most resources
in this study are free or affordable, face-to-face training often
has costs, both financially, and it in time and travel. Financial
and access barriers may prevent some patients from pursuing
this training, unless specific circumstances necessitate it, such
as slower than expected progress (Rossi-Katz & Arehart 2011).
This study also had limited power for analysis of CIQOL data,
with pre- and post-CI CIQOL-35 score available for only 73
of 114 patients, as the CIQOL instrument was under develop-
ment at the initiation of the present study. Finally, unmeasur-
able patient factors such as motivation may play a large role

in outcomes and confound results, particularly considering
quality-of-life scores, as a motivated patient may be simultane-
ously more likely to use training, such as CBAT, and to report
better CIQOL scores. That said, previous analysis did not show
any link between various patient factors, including pre-CI
CIQOL, scores and use of CBAT in new, adult CI recipients
(Dornhoffer et al. 2023).

CONCLUSIONS

Auditory training with self-directed computer software was
associated with a greater improvement in CIQOL global and
domain scores from pre-CI to 12-mo post-CI after controlling
for demographics and use of multiple training resources simul-
taneously. This is despite no significant association with greater
improvement in speech recognition at this same time-period.
Future randomized, controlled, and carefully tracked studies are
necessary to confirm these relationships and determine dose-
dependent effects. However, given the low risk and low cost of
these interventions, this study provides evidence to support the
use of CBAT to improve functional abilities of new adult CI
users.
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Fig. 2. Change in AzBio and CIQOL global scores for CBAT users and nonusers from pre-Cl to 3 mo and pre-Cl to 12 mo post-Cl. Error bars represent +1

standard error.
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Fig. 3. Benefit derived from computer-based auditory training for speech recognition and CIQOL outcomes at 3- and 12-mo post-Cl as compared to pre-Cl scores.
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