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TECHNICAL REPORT

Psychometric properties of the Kannada version of the International Outcome
Inventory for Hearing Aids (IOI-HA)

Vinaya Manchaiaha,b , Vinayc and Spoorthi Thammaiahd

aDepartment of Speech and Hearing Sciences, Lamar University, Beaumont, Texas, USA; bDepartment of Speech and Hearing, School of Allied
Health Sciences, Manipal University, Karnataka, India; cAudiology group, Department of Neuromedicine and Movement Science, Faculty of
Medicine and Health Sciences, Norwegian University of Science and Technology, Trondheim, Norway; dAudiology India, Mysore, India

ABSTRACT
Objective: This study aimed to validate the translated Kannada version of the International Outcome
Inventory for Hearing Aids (IOI-HA) questionnaire for hearing aid users.
Design: The original (English) and the translated versions of the IOI-HA questionnaire along with the Self-
Assessment of Communication (SAC) were self-administered by hearing aid users. To examine test-retest
reliability, 50% of the study participants completed the Kannada IOI-HA for a second time approximately
15days later. The data analyses examined various psychometric properties using a predetermined qual-
ity criterion.
Study sample: 105 Kannada-English bilingual adults using hearing aids.
Results: Factor analysis indicated a two-factor structure that explained a 61.8% variance in the IOI-HA. A
Cronbach’s alpha coefficient of 0.7 indicated acceptable internal consistency. Good test-retest reliability
(Interclass Correlation Coefficient > 0.9) was obtained for both conditions (i.e. between the original
English and translated Kannada versions and also between two different administrations of the Kannada
IOI-HA questionnaire). Divergent validity test results were acceptable, and no ceiling or floor effects were
noted. Convergent validity testing of the SAC, however, was poor with small correlation, although the dir-
ection of correlation (i.e. negative) was as expected.
Conclusion: Results suggest acceptable psychometric properties of the Kannada version of the IOI-HA
questionnaire.
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Introduction

Outcome measurement is an important part of the hearing
rehabilitation process. Health care providers, including audiolo-
gists, must be able to document the positive impacts of their
services on their clients’ functional status and quality of life
(Uriarte et al. 2005). There is an evolving need to document the
outcomes of a hearing rehabilitation in a clinic, both as a
research instrument and as a clinical tool. Recently, there has
been a shift in focus on how the effectiveness of hearing aids in
adults is measured (Humes and Krull 2012).

Present-day assessments do consider technical evaluations,
but it is important to simultaneously consider the viewpoints of
individuals living with hearing loss. To that end, patient-reported
outcome measures (PROMs) should be considered, as these
address individual needs in the rehabilitation process. Studies
have indicated that observing practical challenges experienced by
individuals with hearing loss (subjective hearing problems) was
more useful in terms of predicting hearing aid fitting outcomes
in these individuals than their objective impairment (measured
using audiometric testing) (Cox, Stephens, and Kramer 2002;
Jespersen, Bille, and Legarth 2014). This reinforces the view held

by many professionals that the real-world impact of hearing loss
varies significantly across individuals with the same degree of
hearing loss and cannot be accurately predicted from hearing
thresholds alone (Manchaiah and Stephens 2013). This change to
an approach that includes an individual patient’s subjective
experience will affect all parts of the audiological health-
care process.

Numerous questionnaires have been developed to address
patients’ subjective experiences. Also, there are various measures
specific to assessing hearing aid outcome, such as the
International Outcome Inventory for Hearing Aids (IOI-HA;
Cox and Alexander 2002), the Abbreviated Profile of Hearing
Aid Benefit, (APHAB; Cox and Alexander 1995), the Satisfaction
with Amplification in Daily Life assessment (SADL; Cox and
Alexander 2001), and the Client-Oriented Scale for Improvement
(COSI; Dillon, James, and Ginis 1997). Of these, IOI-HA is the
assessment more commonly used internationally to measure
hearing aid outcomes (Cox and Alexander 2002; Cox, Stephens,
and Kramer 2002, Cox, Alexander, and Beyer 2003). IOI-HA has
been translated to over 30 languages across the globe
(International Collegium of Rehabilitative Audiology 2017).
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IOI-HA is a seven-item questionnaire developed for use in
both research and clinical settings to subjectively evaluate hear-
ing aid outcomes. The questions focus on: (1) time during which
hearing aids have been used; (2) benefit; (3) residual limitation
in daily life activities; (4) satisfaction; (5) residual restrictions to
participation; (6) impact on other people; and (7) quality of life
(Cox and Alexander 2002). Each of the items has a five-point
response scale, and it is possible to calculate a total score for the
measure, with higher scores reflective of more positive outcomes.
The response to each question ranges from “poor performance”
(score ¼ 1) to “best performance” (score ¼ 5). The IOI-HA is
brief enough to be appended to a research protocol without sig-
nificant cost in time or other resources (Cox, Stephens, and
Kramer 2002). The psychometric properties of the IOI-HA have
been published in various languages including English (Cox and
Alexander 2002), Dutch (Kramer et al. 2002), Danish (Jespersen,
Bille, and Legarth 2014), Swedish (Br€annstr€om and
Wennerstr€om 2010), Korean (Chu et al. 2012), and Portuguese
(Paiva et al. 2017). However, at the time of publication, the IOI-
HA has not yet been psychometrically evaluated in
Kannada language.

To compare the data across countries, it is important to have
widely accepted standardised PROMs so that researchers and
practitioners can use them effectively (Cox et al. 2000). Using
the same standardised measures in different populations does
not result in data that is directly comparable (Hall et al. 2018).
Hence, it is important that the questionnaire is translated to the
regional language and later validated so that the tool can be used
to measure the outcome of hearing rehabilitation in individuals
across different countries (Hall et al. 2018). Ideally, a series of
outcome measures focussing on different elements such as hear-
ing disability, hearing aid outcome, social participation, and
quality of life should be administered on hearing aid users to
assess the benefit holistically.

Kannada is a South Indian Dravidian language spoken by
around 38 million people who predominantly reside in the State
of Karnataka, India (Census of India 2001). In previous studies,
we have translated and adapted several English language ques-
tionnaires to Kannada, including the Hearing Handicap
Questionnaire (HHQ; Thammaiah et al. 2017), the Participation
Scale (Thammaiah et al. 2018), and the Assessment of Quality of
Life (AQoL-4D; Thammaiah et al. 2019). Furthermore, to add a
hearing aid outcome measure to the test battery, we also trans-
lated the IOI-HA to Kannada (see Supplementary Appendix 2)
using the well-accepted forward-backward translation method
(Thammaiah et al. 2016). This article reports the psychometric
assessment of the Kannada version of the IOI-HA questionnaire
for use among Kannada-speaking adults with hearing loss.

Method

Study design

The study used a cross-sectional survey design and was carried
out in the state of Karnataka, India. Ethical approval was
obtained from the All India Institute of Speech and Hearing
(AIISH) based in Mysore City. All participants included in the
study provided a written informed consent.

Participants

Participants were invited from a pool of adults (18 years and
older) with hearing loss who were attending the local clinics in

Mysore to obtain hearing aids. Participants were required to be
able to read and write in both Kannada and English. 105 hearing
aid users were recruited using a consecutive sampling method. A
minimum sample size of 100 participants, or seven times the
number of items in the questionnaire, has been indicated as an
adequate sample size for questionnaire validation studies. Based
on standards for good methodological quality, this sample size
has also been deemed adequate for the psychometric evaluation
and validation of a questionnaire recommended in the
Consensus-Based Standards for the Selection of Health Status
Measurement Instruments (COSMIN) checklist (Terwee
et al. 2012).

The demographic and audiological details of the study partici-
pants are provided in Table 1. Over 70% of the participants were
males, and this represents a hearing-impaired population that
does include more males than females. The average age was
59 years (Median ¼ 61 years, Inter Quartile Range ¼ 25.5 years).
Participants represented various types and degrees of hearing
loss. The four-frequency pure-tone average (PTA) was 63 dB and
61 dB HL in the right and left ears, respectively. The average
self-reported duration of hearing loss was 8.9 years, and the
majority of participants (96%) had bilateral hearing loss. One-
third of the participants used hearing aids bilaterally, whereas
the remaining two-thirds used a hearing aid in only one ear.
According to data from AIISH, this spread was representative of
the hearing aid provision pattern in Mysore City

Translation of IOI-HA questionnaire

The seven questions in the IOI-HA questionnaire (along with
the abbreviated form) are listed in Appendix 1. Each of the items
was scored using the integers from 1 to 5 for the five response
choices. The leftmost response with a score of 1 indicated the
poorest outcome, whereas the rightmost response with a score of
5 indicated the best outcome.

Table 1. Demographic and audiological details of the study participants.

N 105

Age in years (Mean ± SD) 59.1 ± 16.9
Gender (in %)
� Male 70.5
� Female 29.5
Education (in %)
� Primary 5.7
� Secondary 30.5
� Tertiary 63.8
Socio-economic status (in %)
� Low income (<`20,000/month) 39.0
� Lower-middle (between `20,000 and 40,000/month) 41.0
� Upper-middle income (`40,000 and `80,000/month) 14.3
� High income (>`80,000/month) 5.7
Hearing status in right/left ear (in %)
� Normal 1.9 / 2.9
� Conductive hearing loss 3.8 / 3.8
� Sensorineural hearing loss 55.2 / 54.3
� Mixed hearing loss 39.1 / 39
Pure tone average (Mean ± SD in dB HL)
� Right ear 63.1 ± 22.7
� Left ear 61.3 ± 22.2
Duration of hearing loss in years (Mean ± SD in years) 8.9 ± 8.5
Hearing loss (in %)
� Unilateral 3.8
� Bilateral 96.2
Hearing aid usage (in %)
� Unilateral 64.8
� Bilateral 35.2

` ¼ Indian Rupees, $1 USD ¼ 75 Indian Rupee.
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The IOI-HA questionnaire, along with four other self-report
measures, was translated and adapted into Kannada (for details,
see Thammaiah et al. 2016; Supplementary Appendix 2). The
questionnaires were translated using the standard forward-back-
ward procedure (Beaton et al. 2000). The key steps during the
translation-adaptation process included: (i) forward translation;
(ii) common translation synthesis; (iii) backward translation; (iv)
expert committee review; and (v) pre-final testing (Thammaiah
et al. 2016).

Data collection

The researcher provided necessary instructions about the study
to participants and answered their questions. Their questions
were mainly about the study process and further explanation of
the questionnaire, and these questions were addressed without
providing any leading prompts about the individual items. The
questionnaires were self-administered by the participants during
their visits to the audiology clinics. However, the researcher
examined the questionnaires afterward in case any items were
left blank and encouraged participants to complete any miss-
ing items.

All participants completed both the Kannada and English ver-
sions of the IOI-HA questionnaire and the Kannada version of
the Self-Assessment of Communication questionnaire (SAC;
Schow and Nerbonne 1982); each one also provided some demo-
graphic details. Nearly half of the participants completed the
Kannada version of the IOI-HA questionnaire two weeks after
the initial test to examine test-retest reliability. The second ques-
tionnaire was either filled in during a second session at the audi-
ology clinic or at the participant’s home.

Data analysis

IOI-HA responses result in an ordinal level of measurement. A
general statistical convention is that nonparametric statistics are
most appropriate for ordinal data, and using parametric statistics
may result in some errors (B€urkner and Vuorre 2019; Liddell
and Kruschke, 2018). However, there is the precedence of using
parametric statistics in the behavioural literature, especially when

evaluating the psychometric properties of questionnaires. While
approaches such as Item Response Theory (IRT; Nering and
Ostini 2010) are most appropriate for ordinal data (Nering and
Ostini 2010), some researchers have argued that approaches such
as Principal Component Analysis (PCA), which was designed for
interval/ratio data, can be used for ordinal data and is very often
used in this way (Norman 2010).

IOI-HA was developed over 20 years ago without the use of
ITI, and all previous studies (Br€annstr€om and Wennerstr€om
2010; Chu et al. 2012; Cox and Alexander 2002; Jespersen, Bille,
and Legarth 2014; Kramer et al. 2002; Pavia et al. 2017) that
examined the psychometric properties of IOI-HA except the
recent international study (Leijon et al. 2020) have applied para-
metric methods such as PCA. Considering this, to allow max-
imum inter-study compatibility, the statistical analysis in this
study falls generally in line with the procedure applied by Cox
and Alexander (2002) in the original IOI-HA study. However,
this study used nonparametric statistical tests where necessary
(i.e. making no comparisons with previous studies).

Table 2 shows the redefined quality criteria recommendations
that were used to evaluate the psychometric properties of the
questionnaire (Anastasi 1976; Terwee et al. 2007). The psycho-
metric properties tested included: (i) factor structure analysis, (ii)
internal consistency (reliability), (iii) test-retest reliability (stabil-
ity), (iv) convergent (or construct) validity, (v) discriminant val-
idity, and (vi) floor/ceiling effects.

The data were analysed using the International Business
Machines Corporation Statistical Package for Social Sciences –
Version 20 (IBM Corp. Released 2011) and the R (psych pack-
age) softwares. PCA was performed to examine the factor struc-
ture. Cronbach’s Alpha was calculated to examine internal
consistency. The Intra-Class Correlation coefficient (ICC) with a
two-way mixed model for an absolute agreement was calculated
on the total score of the IOI-HA to examine test-retest reliability.
Although ICC was developed for interval/ratio data, it has also
been commonly used with ordinal data, especially when the data
is reasonably well modelled by a normal distribution (Koo and
Li 2016; Liljequist, Elfving, and Skavberg Roaldsen 2019).
Spearman’s correlation coefficient was calculated to examine dis-
criminant and convergent validities.

Table 2. Recommended quality criteria for acceptance of different psychometric properties analysed in the study.

Psychometric property Recommended quality criteria for acceptance

Factor structure is the correlational relationship between several variables that
are said to measure a particular construct.

Exploratory factor analysis was performed using Principal Component Analysis
(PCA) with Varimax rotation. Factors were extracted based on eigenvalues
identified in the Scree Plot, item factor loading (r> 0.40).

Internal consistency (reliability) refers to the extent to which questions in a
(sub)scale are inter-correlated. This measure helps in identifying whether all
the questions of a questionnaire are measuring the same construct.

Cronbach’s Alpha between �0.70 and �0.95 (Terwee et al. 2007).

Test-retest reliability (stability) refers to the extent to which the scores on
repeated measures are close to each other (absolute measurement error). In
the paper, test-retest reliability was assessed for two conditions, one is
between original and translated questionnaire and the other is for the
repeated measurement of the translated questionnaire with a time gap.

Intra-Class Correlation Coefficient (ICC) � 0.70 for absolute agreement (Terwee
et al. 2007).

Discriminant validity refers to the extent to which scores of questions on a
particular questionnaire are related to the main construct but unrelated to
each other. Inter-question correlations are used during this analysis.

Inter-question correlation (Spearman’s correlation coefficient) of 0.3–0.7
(Anastasi 1976).

Convergent (or construct) validity refers to the extent to which scores on a
particular questionnaire relate to other questionnaires in a manner that is
consistent with theoretically derived hypotheses concerning the concepts
that are being measured. Another self-report questionnaire (i.e. the SAC)
was applied in this study to assess convergent validity.

At least 75% of the priori hypotheses to be confirmed (Terwee et al. 2007).
Hypothesis: A moderate negative correlation, i.e. Spearman’s correlation
coefficients between �0.8 and 0.4, between IOI-HA and SAC. This suggests
that higher hearing aid benefit results in fewer communication problems.

Floor and ceiling effects refer to the total number of respondents who
achieved the lowest or highest possible score. Having a floor/ceiling effect
reduces the sensitivity of any questionnaire and hence it is important to
measure this effect.

�15% of the respondents should achieve the highest or lowest possible scores
(Terwee et al. 2007).
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Results

Table 3 provides the mean, median, standard deviation, and
interquartile range for the Kannada IOI-HA questionnaire.
Figure 1 presents the frequency of responses for each IOI-
HA item.

Factor structure

PCA with Varimax rotation was performed. The Kaiser-Meyer-
Olkin (KMO) measure of sampling adequacy was 0.79 with a ref-
erence value of 0–1.0, and Bartlett’s Test of Sphericity was sig-
nificant [X2(66) ¼ 234.5, p� 0.001], indicating an appropriate
study sample. The PCA resulted in a two-factor structure, which
explained the 61.8% variance in the seven-question IOI-HA (see
Table 4). Cross-loadings were noted for question 6; therefore, we
performed PCA with several different rotations to identify better
factor structure, although such attempts were not successful.

Internal consistency (reliability)

Cronbach’s Alpha is a measure of reliability showing the extent
to which items in the scale are a consistent measure of a concept
(or construct). Cronbach’s Alpha of 0.7 and 0.81 were obtained
for the Kannada and English versions of the IOI-HA, respect-
ively. These results indicate acceptable internal consistency.

Test-retest reliability (stability)

The test-retest reliability value of the IOI-HA full scale was calcu-
lated for two conditions. The first condition checked equivalence in
the results of the original English and translated Kannada versions
administered the first time to participants. The ICC value (average
measures) was found to be 0.94, indicating good reliability between
the original English and the translated Kannada versions. The
second condition checked test-retest reliability over time (i.e. stabil-
ity) between the first and second administrations of the Kannada
version. The ICC value (average measures) was found to be 0.93,
suggesting acceptable test-retest reliability.

Discriminant validity

Table 5 presents Spearman’s Correlation among the IOI-HA
questions. Significance values were adjusted for False Discovery

Table 3. Mean, median, standard deviation (SD), and interquartile range (IRQ) for IOI-HA questionnaire in Kannada along with norms from the western population
reported by Cox, Alexander, and Beyer (2003).

IOI-HA Items

Norms for mild-mod hearing loss
(Cox, Alexander, and Beyer 2003)

Current Study: Kannada 1st administration

Mean ± SD Mean ± SD Median IRQ

Daily use 4.5 ± 0.96 4.09± 0.91 4 2
Benefit 3.52 ± 1.08 3.13± 1.05 3 2
Residual activity limitation 3.19 ± 1.05 3.37± 0.87 3.5 1
Satisfaction 3.83 ± 1.17 3.23± 1.0 3 1.75
Residual participation restriction 3.38 ± 1.11 3.18± 1.09 3 2
Impact on others 3.38 ± 1.1 3.53± 1.03 4 1
Quality of life 3.68 ± 1.02 3.30± 0.87 3 1

Figure 1. Distribution of responses for each IOI-HA item.

Table 4. Results of principal components analysis for questionnaire.

Questions Factor 1 Factor 2

1. Daily use 0.837 –0.275
2. Benefit 0.822 –0.210
3. Residual activity limitation 0.714 0.026
4. Satisfaction 0.700 0.166
5. Residual participation restriction 0.660 –0.231
6. Impact on others 0.582 0.472
7. Quality of life –0.189 0.847
Percentage variance explained (61.8% in total) 46.14% 15.66%
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Rate (FDR) with alpha 0.05 to account for multiple comparisons.
The correlations range from negligible (�0.8) to moderately
strong (0.77), although most correlations were between 0.3 and
0.7 (i.e. weak to moderate), suggesting good discriminant valid-
ity. This means each item is tapping into some aspects of hearing
aid outcome, although they may not be measuring the same
underlying trait.

Convergent (or construct) validity

There was a small but statistically significant negative correlation
observed between IOI-HA with SAC full scale (r ¼ –0.25,
p< 0.05), SAC subscale 1 (r ¼ –0.22, p< 0.05), SAC subscale 2
(r ¼ –0.25, p< 0.01), and SAC subscale 3 (r ¼ –0.33, p< 0.01).
These results were not as expected, as the prior hypothesis set up
the expectation of a moderate correlation and suggested poor
convergent validity for the IOI-HA with the SAC scale.
However, having a negative correlation satisfies the prior hypoth-
esis, suggesting that higher hearing aid benefits are correlated
with lower communication problems.

Floor and ceiling effects

Figure 1 shows the frequency of IOI-HA scores in the current
study sample. The floor and ceiling effects were found to be 3%
and 1% respectively, which is well below the 15% threshold crite-
ria indicating no floor and ceiling effect (Figure 2).

Discussion

The present paper reports the psychometric assessment of the
Kannada version of the IOI-HA questionnaire for use among
Kannada-speaking adults with hearing loss. Thammaiah et al.
(2016) has previously reported the translation procedure. The
mean values of IOI-HA in the current study were comparable to
norms for the U.S. population reported by Cox, Alexander, and
Beyer (2003). Also, the psychometric properties of the Kannada
version of IOI-HA were found to be acceptable and show resem-
blance in many aspects to other previously translated versions of
IOI-HA including Danish (Jespersen, Bille, and Legarth 2014),
Swedish (Br€annstr€om and Wennerstr€om 2010), Dutch (Kramer
et al. 2002), and Korean (Chu et al. 2012).

The Kannada version of IOI-HA had a two-factor structure.
Although the two-factor structure was consistent with the ori-
ginal English version (Cox and Alexander 2002) as well as other
translated versions (Kramer et al. 2002; Jespersen, Bille, and
Legarth 2014), the item loadings into factors differed across stud-
ies. For example, in the original publication (Cox and Alexander
2002), the items on use, benefit, satisfaction and quality of life
were loaded on one factor and the remaining three items loaded
to second factor. In the current study, all items except quality of
life were loaded into a single factor. Moreover, it is noteworthy
that the two factors were not mutually exclusive, and cross-load-
ing was noted in several items, as in previous studies. These
observations indicated that several IOI-HA items shared variance
with other constructs. This was expected, as the IOI-HA has lim-
ited items, and each item measures a unique construct, unlike
other PROMs in which several items focus on a single construct.
The Kannada version of IOI-HA also had acceptable internal
consistency (Cronbach’s Alpha of 0.7) and test-retest reliability
(ICC ¼ 0.71). The internal consistency, as measured using
Cronbach’s Alpha, was found to be slightly higher; this is similar
to the 0.78 consistency in English (Cox and Alexander 2002),
0.83 in Korean (Chu et al. 2012), 0.82 in Danish (Jespersen,
Bille, and Legarth 2014), 0.84 in Portuguese (Pavia et al., 2017),
and 0.77–0.79 in Dutch (Kramer et al. 2002). Test-retest reliabil-
ity in the current study (i.e. 0.93) is comparable to previous
studies such as 0.94 in Korean (Chu et al. 2012), 0.42–0.82 in
Dutch (Kramer et al. 2002), and 0.72–0.96 in Portuguese (Pavia

Table 5. Spearman’s Correlation between IOI-HA items.

IOI-HA items Use Ben RAL Sat RPR Ioth QoL

Use 1.0
Ben 0.54�� 1.0
RAL 0.45�� 0.47�� 1.0
Sat 0.43�� 0.77�� 0.49�� 1.0
RPR �0.21� �0.24� �0.08 �0.2� 1.0
Ioth 0.28�� 0.26� 0.37�� 0.31�� 0.041 1.0
QoL 0.29�� 0.56�� 0.28�� 0.51�� �0.036 0.33�� 10.0

Note: �� Indicates p-value �0.01; � indicates p-value �0.05; significance values
adjusted for False Discovery Rate with alpha 0.05.

Figure 2. Frequency distribution of the Kannada IOI-HA total scores.

INTERNATIONAL JOURNAL OF AUDIOLOGY 1043



et al., 2017). It is noteworthy that the statistical approaches such
as PCA and Cronbach’s Alpha were designed for interval/ratio
data, and although they have been applied for ordinal data in
this study, its most appropriate to use them only for comparison
with previous studies.

Discriminant validity is an important measure of orthogonal-
ity, or whether each subscale and item is measuring a different
dimension of IOA-HA. The study results support good discrim-
inant validity of the Kannada version of the IOA-HA question-
naire, as each of the correlations (inter-item) were below 0.60
(see Table 5). These results were consistent with previous studies
that showed a good discriminant validity of IOI-HA in English
and other translated versions (Cox, Stephens, and Kramer 2002;
Kramer et al. 2002; Pavia et al., 2017). The current study showed
poor convergent validity (i.e. small correlation) with the commu-
nication measure, although the direction of correlation was as
expected (i.e. communication problems diminished when hearing
aid benefit was better). These results suggest that the benefit
noted by IOI-HA might be comparable to other related PROMs,
although further research should examine this.

The presence of significant floor or ceiling effects can affect
between-group measurements (i.e. not being able to identify the
difference between two groups) and within-group measurements
(i.e. responsiveness in terms of change over time). For this rea-
son, a good PROM should not have a floor or ceiling effect.
Although measures were taken to avoid this during the construc-
tion of the original IOA-HA, the original validation study does
show a somewhat negative skewness of overall scores (i.e. a
larger percentage of people showing higher overall scores (Cox
and Alexander 2002). However, the Kannada version of IOA-HA
did not show any such effects, thereby strengthening the psycho-
metric quality of the measure. Overall, the current study shows
acceptable psychometric properties of IOI-HA, suggesting it can
be used for research and clinical purposes in Kannada-speaking
hearing aid users.

Strengths and limitations of the study

The current study is the first to report psychometric validation
of the IOI-HA in an Indian language (Kannada). The main
strength of the study is that it used the well-established forward-
backward translation procedure (Thammaiah et al. 2016) and a
predetermined quality criterion to evaluate the psychometric
properties. However, the study has a few limitations. First, the
study used several statistical procedures that were designed for
metric data (e.g. PCA, Cronbach’s Alpha) to ensure comparison
to previous studies, although using approaches that were specific-
ally designed for ordinal data (e.g. IRT) may have been more
appropriate. Second, the population was not homogenously dis-
tributed across demographic factors like gender, education,
socio-economic status, and type of hearing loss. There was a
high number of participants with tertiary education, although it
was a typical sample of hearing aid users in urban India. This
may have resulted in some sampling bias. Third, predictive valid-
ity and responsiveness (i.e. the ability of a questionnaire to detect
clinically important changes over time) were not assessed in the
present study.
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Appendix 1.

IOI-HA questions and their content in English

No. Question Question content

1. Think about how much you used your present hearing aid(s) over the past two weeks. On an
average day, how many hours did you use the hearing aid(s)?

Daily Use (Use)

2. Think about the situation where you most wanted to hear better, before you got your present
hearing aid(s). Over the past two weeks, how much has the hearing aid helped in
those situations?

Benefit (Ben)

3 Think again about the situation where you most wanted to hear better. When you use your
present hearing aid(s), how much difficulty do you STILL have in that situation?

Residual Activity Limitation (RAL)

4 Considering everything, do you think your present hearing aid(s) is worth the trouble? Satisfaction (Sat)
5 Over the past two weeks, with your present hearing aid(s), how much have your hearing

difficulties affected the things you can do?
Residual Participation Restriction (RPR)

6 Over the past two weeks, with your present hearing aid(s), how much do you think other
people were bothered by your hearing difficulties?

Impact on Others (Ioth)

7 Considering everything, how much has your present hearing aid(s) changed your enjoyment
of life?

Quality of Life (QoL)
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