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This manuscript summarizes available evidence-based best practices in the
development, translation, and cultural adaptation of one type of outcome measure
for adults with hearing impairment, patient-reported outcome measures (PROMs). It
presents the development of the Cochlear Implant Quality of Life (CIQOL) instruments
and the ongoing translation and cultural adaptation of the CIQOL-35 Profile from English
to French as case studies and discusses useful lessons for selecting, developing,
translating, culturally adapting, and using PROMs. Relevant best practice guides are
introduced, described and their steps are illustrated with examples. Future trends
in hearing-related PROMs, including computerized adaptive testing, patient-reported
experience measures (PREMs), economic evaluation and allocation of scarce resources,
and PROMs in low-resource settings, are discussed. The manuscript concludes on
the lessons that can be learned from implementation science for the successful and
sustainable integration of PROMs in clinical practice.

Keywords: patient-reported outcome measure (PROM), questionnaire, PROM development, PROM translation,
PROM cultural adaptation, quality of life, hearing impairment, cochlear implant

INTRODUCTION

This manuscript, part of the Research Topic “Outcome Measures to Assess the Benefit of
Interventions for Adults with Hearing Loss: From Research to Clinical Application,” summarizes
already available evidence-based best practices in the development, translation, and cultural
adaptation of patient-reported outcome measures (PROMs) for adults with hearing impairment.
It presents the development of the Cochlear Implant Quality of Life (CIQOL) instruments and the
ongoing translation and cultural adaptation of the CIQOL-35 Profile from English to French as

Frontiers in Neuroscience | www.frontiersin.org 1 November 2021 | Volume 15 | Article 718416

https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://doi.org/10.3389/fnins.2021.718416
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fnins.2021.718416
http://crossmark.crossref.org/dialog/?doi=10.3389/fnins.2021.718416&domain=pdf&date_stamp=2021-11-24
https://www.frontiersin.org/articles/10.3389/fnins.2021.718416/full
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-15-718416 November 24, 2021 Time: 10:11 # 2

Laplante-Lévesque et al. PROM Development/Translation: Best Practices

illustrative case studies for those interested in selecting,
developing, translating, culturally adapting, and using PROMs.

Hearing Impairment and
Patient-Reported Outcome Measures
Hearing loss is the most prevalent sensory disorder and the
third most common cause of Years Lived with Disability (YLDs)
after low back pain and migraine, in the 2019 Global Burden of
Disease (GBD) study, a systematic overview of the prevalence
of 369 diseases and injuries (Haile et al., 2021). The World
Hearing Organization urges for multi-disciplinary hearing health
care action including prevention and rehabilitation. The GBD
study defines hearing loss as a pure-tone average of audiometric
thresholds at 0.5, 1, 2, and 4 kHz ≥ 20 dB HL in the better
ear. This definition focuses only on hearing detection/acuity
and, therefore, does not consider functional abilities, self-
reported hearing difficulties, or their impact on quality of
life. Globally, more than 1.5 billion people, or 20% of the
population, experience some degree of hearing loss (World
Health Organization [WHO], 2021b).

Hearing evaluation is mostly performed through pure-
tone thresholds measurements, speech recognition tests, and
other standard diagnostic assessments designed to differentiate
conductive and sensorineural hearing loss, and less-so on
PROMs (Granberg et al., 2014; Hill-Feltham et al., 2020).
A systematic review reported that PROMs represent only 9% of
the total hearing outcome measures (n = 837), whereas pure-tone
thresholds measurements and speech recognition tests accounted
for 65 and 20%, respectively (Hill-Feltham et al., 2020).

Quality of life refers to an “individual’s perception of their
position in life in the context of the culture and value systems
in which they live and in relation to their goals, expectations,
standards and concerns” (World Health Organization [WHO],
2021a). Health-related quality of life focuses on the aspects of
quality of life most relevant for health, i.e., the physical, mental
and social well-being (Guyatt et al., 1993). To evaluate the impact
of hearing loss on quality of life or the benefit of hearing-
related interventions on quality of life, numerous PROMs
have been developed, including hearing-specific instruments,
hearing-aid-specific instruments, and cochlear-implant-specific
(CI) instruments (Andries et al., 2021). Health-related quality
of life measures, such as the Euro-QoL (EQ-5D), the Health
Utilities Index (HUI3), and the SF-36, are often used to
measure health utility, but are weakly associated with hearing-
specific PROMs due to the lack of items that are related
to everyday functional communication and social interaction
(McRackan et al., 2019a, 2021).

In contrast to standard audiometric test batteries, a direct
input assessment from patients of improvement of their health
and quality of life following CI is recommended to evaluate the
positive and multidimensional impact of hearing rehabilitation.
PROMs/quality of life measures are increasingly being regarded
as quality indicators. For example, in England the National
Health Service has a National PROMs Program under which it
coordinates the national collection of PROMs for four elective
surgical procedures (National Health Service [NHS], 2021). In

the United States, the Meaningful Measures framework identifies
priority areas that promote quality healthcare for Medicare
and Medicaid patients and include functional outcomes and
patient experiences of care feature (Centers for Medicare and
Medicaid Services [CMMS], 2021). Moreover, PROMs/quality
of life measures are now mandatory in some countries for
reimbursement of medical devices and requested to identify most
personalized care pathways (Patrick et al., 2007; Artières-Sterkers
et al., 2020; Fraysse et al., 2020). For example, the U.S. Food and
Drug Administration positions appropriate PROMs as central
to clinical studies that evaluate the effectiveness of new medical
products including hearing devices (Patrick et al., 2007).

Currently Available Patient-Reported
Outcome Measures
A synthesis of available PROMs identified that they target the
following three domains: auditory (listening, communicating,
and speaking), social (relationships, isolation, social life,
occupational, and interventions), and self (effort and fatigue,
emotions, identity, and stigma; Vas et al., 2017). However, limited
evidence is available to support the unidimensionality of these
domains. For example, recent re-evaluation of the Hearing
Handicap Inventory for the Elderly did not show the social and
emotional domains to be independent (Cassarly et al., 2020).
Indeed, some of the legacy measures sometimes have unknown
or unsound psychometric properties, including face/content
validity. It is common for researchers and clinicians to have
developed PROM items without relying on expert panels of
patients, focusing instead on input from clinicians. This means
the domains/items included may not cover the issues most
important to the patient population. It is recommended to
include qualitative research methods and literature reviews in
the development of outcome measures, as detailed in the next
sections. Another limitation of some legacy PROMs is that they
are not always efficient, with some domains including more
items than necessary, which creates burden for the patient,
the clinician and the researcher, and reduces the likelihood
that the PROM will be used in routine clinical practice and
clinical research.

Development of Patient-Reported
Outcome Measures–Cochlear Implant
Quality of Life
Modern development standards for PROMs aim to create
efficient, precise, and responsive instruments that represent
the values most important to the population of interest. The
Patient-Reported Outcomes Measurement Information System
(PROMIS) and COnsensus-based Standards for the selection
of health status Measurement INstruments (COSMIN) have
established standards that aim to improve the quality of PROMs
used to measure clinical and research outcomes (Mokkink et al.,
2010; PROMIS, 2013). While differences exist, both support the
use of a mixed methods research design and agree on an overall
structure. We illustrate this process through a case study, the
development of the CIQOL-35 Profile instrument and CIQOL-
10 Global measure.
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Systematic Literature Review
A systematic literature review is necessary for step one in the
PROM development process in order to develop a comprehensive
understanding of the previous work done in the area of interest.
In addition, the previous items and concepts included in legacy
instruments can help form the protocols for future focus groups
or key informant interviews. As a part of the CIQOL development
process, two systematic reviews and meta-analyses identified 21
studies that used pre- and post-implantation PROMs to monitor
adult CI outcomes (McRackan et al., 2018a,b). Overall, this
identified a clear improvement in QOL using both hearing- and
CI-specific instruments and general-health QOL instruments.
However, hearing- and CI-specific instruments demonstrated
substantially greater improvements in QOL than general health
instruments (McRackan et al., 2018a,b, 2019a). In addition, this
analysis found negligible to low positive correlations between
speech recognition scores (words in quiet, sentences in quiet,
and sentences in noise) and patient self-reported functional
ability (Table 1). This relationship was maintained even when
comparing communication domains in QOL instruments to
speech recognition outcomes. These results are consistent with
the assumption that how patients with CIs communicate in
their everyday functioning is more complex than revealed by
speech recognition tasks routinely used in clinical care, which
further supports the use of PROMs as part of a test battery to
comprehensively assess CI outcomes.

Focus Groups and Cognitive Interviews
The next step in the PROM development process is to conduct
focus groups or key informant interviews to ensure the themes
and topics that affect the population interest, in this case adult
patients with CIs, are included in the items in the PROM. This
qualitative analysis is critical as it provides the face and content
validity of the instrument. For the CIQOL, adult patients with
CIs with a wide range of speech recognition outcomes took part
in focus groups (McRackan et al., 2017). The 23 patients were
stratified into 3 focus groups based on communication abilities
with their CI as measured by word scores on the consonant–
vowel nucleus–consonant (CNC) test in quiet presented at

TABLE 1 | Meta-analysis of correlations between speech recognition scores and
patient self-reported functional ability.

Speech recognition scores r 95% confidence intervals

Cochlear implant-specific quality of life

Word recognition in quiet 0.21 0.12 to 0.30

Sentence recognition in quiet 0.24 0.08 to 0.39

Sentence recognition in noise 0.26 −0.08 to 0.54

Hearing-specific quality of life

Word recognition in quiet 0.28 0.14 to 0.37

Sentence recognition in quiet 0.20 0.07 to 0.33

Sentence recognition in noise NA NA

Health-related quality of life

Word recognition in quiet 0.33 0.19 to 0.46

Sentence recognition in quiet 0.34 0.18 to 0.48

Sentence recognition in noise 0.32 0.19 to 0.44

60 dB SPL (group 1: <36%; group 2: 36–66%; group 3:
>66%). Analysis of the focus group transcripts identified seven
themes: communication, emotion, entertainment, environmental
sounds, independence, listening effort, and social. Individual
focus group participant statements related to these themes were
then developed into items. This generated a 101-item pool,
which served as a potential source of items to include in
subsequent instruments. Audiologists, physicians and hearing
science researchers then carefully reviewed the items and also
ensured the items were at or below a 6th grade level reading
level, using the Lexile Analyzer.1 Item clarity was then confirmed
through cognitive interviews with 20 adult patients with CIs who
were not involved in the focus groups (McRackan et al., 2017).
These interviews confirmed that the items were easy to read and
understand, unambiguous, and culturally appropriate. No items
required revision based on the cognitive interviews.

Psychometric Testing to Develop the Cochlear
Implant Quality of Life Item Bank
One of the most recent significant changes to PROM
development is the increased use of item response theory
(IRT). IRT is the core of modern psychometric analyses used
to develop PROMs and has several advantages over classical
test theory (CTT), which was the previous standard. First, CTT
is grounded on observed and true scores, which focuses on
the measurement of an underlying trait—referred to as person
ability or person measure. Therefore, CTT-derived instruments
are sample-dependent as subjects will have higher true scores
on easier tests and lower true scores on more difficult tests. In
contrast, IRT-developed instruments remain sample and test
independent (Prieto et al., 2003).

Second, whilst CTT focuses on test-level psychometrics, IRT
focuses on item-level psychometrics. IRT analyses concentrate
on each individual item and determine its measurement
characteristics and utility for inclusion in subsequent
instruments. IRT analyses not only evaluate the ceiling and
floor effects for each item, but also identify fit to the hierarchical
model, matches individual item difficulty level to person ability
level, and ensures that the items cover the full ability range of
the patient population. Application of IRT analyses to the item
pool results in the final item bank, which serves as the source for
items to be used for subsequent PROMs (including short form,
profile, and computerized adaptive testing (CAT) instruments,
which will be discussed in a later section). With the psychometric
properties established for each item, researchers can select
items for each instrument based on their highest discrimination
across the ability range and best match between item difficulty
and patient ability. This results in optimized instruments with
maximized capacity to differentiate individuals across a greater
range of the latent trait—termed precision (Rose et al., 2008).

The third advantage is related to the stricter assumptions
that must be met before IRT analysis is performed compared to
CTT (Reeve et al., 2007). This includes (1) unidimensionality—
items only contribute to one domain construct, (2) local
independence—responses to each item are unrelated to responses

1https://hub.lexile.com/analyzer
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to other items, and (3) item fit—the items must fit the IRT
measurement model. Confirmatory factor analysis (CFA) is
used to confirm unidimensionality and local independence. For
item bank development, items are eliminated if they do not
significantly contribute to the unidimensional construct captured
by the other items in a domain, or if responses to an item are
dependent upon responses to other items in the pool. In addition,
item fit to the IRT model, such as infit and outfit, are examined to
ensure that the included items sufficiently measure the construct
of interest for individuals at ability levels close to and far from the
item difficulty.

For the CIQOL item bank, the item pool of 101 items
organized into 7 domain constructs was completed by 371
adult patients with CIs from all regions of the United States
(McRackan et al., 2019c). By completing the psychometric
analyses described earlier, one domain construct was found to
lack unidimensionality (i.e., independence) and was removed
from the item pool. All other domains were found to
represent unidimensional constructs. In addition, several items
were removed for being locally dependent on other items
(n = 3) and misfitting the IRT model (n = 6). This
resulted in the final item bank item which consisted of 81
items in 6 domains (communication, emotion, entertainment,
environmental sounds, listening effort, and social).

Development of the Cochlear Implant Quality of
Life-35 Profile Instrument and Cochlear Implant
Quality of Life-10 Global Measure
The item-level psychometric analyses results were then used
to guide the development of the subsequent instruments
(McRackan et al., 2019b). Here, items are selected for each
domain that represent the full ability continuum (based on
item difficulty) and have the greatest capacity to discriminate
individual patient ability. Additional IRT analyses can then be
performed to ensure that the items selected fit each domain’s IRT
model. The CIQOL-35 Profile was developed using this method
and assesses outcomes represented in the 6 domains (McRackan
et al., 2019b). A single factor CFA was then performed on
the CIQOL-35 Profile to ensure it was psychometrically sound
to use as a source for items in a global measure (CIQOL-10
Global). After this was confirmed, the CIQOL-10 Global was
created based on the above parameters. This measure provides
an overall assessment of CI-related functional outcomes but does
not provide domain-specific information. Importantly, all items
for the global measure are included in the profile instrument so a
global score can be easily calculated from the CIQOL-35 Profile.

Final Validation of the Cochlear Implant Quality of
Life-35 Profile and Cochlear Implant Quality of Life-10
Global
After the creation of the instrument, final validation typically
includes comparison of psychometric properties of the newly
developed PROMs to legacy instruments. Available guidelines
are less concrete regarding the analyses needed for this final
stage. In general, there are three main components to this
comparison. First, construct validity determines whether each
purported domain represents a unidimensional concept. This

includes analysis of all domains, subdomains, and total scores.
Second, convergent validity evaluates the degree to which scores
from an instrument are associated with conceptually similar
measures. This can range from correlation with physiological
findings when available or legacy PROMs. Third, reliability
determines the consistency of PROM scores across time.

To accomplish this, results from the CIQOL instruments
were compared to results from the Nijmegen Cochlear Implant
Questionnaire (NCIQ) and HUI3 in 334 adult patients with
CIs who were not involved in previous development stages
(McRackan et al., 2021). The results demonstrated that all CIQOL
domains as well as the global measure had strong construct
validity, strong convergent validity, and strong to very strong
reliability. In contrast, 8 of the 10 NCIQ domains/subdomains
as well as the NCIQ total score demonstrated poor construct
validity. The remaining NCIQ subdomains (basic sound
performance and activity limitation) demonstrated strong
psychometric properties and test–retest reliability. Interestingly,
HUI3 reliability was moderate to weak in adult patients with CIs
with the weakest reliability in the hearing dimension. This is likely
related to the use of “hearing aid” in several items, which may
confuse patients with CIs.

The final product of this process are two instruments that
represent the values of adult patients with CIs and are more
psychometrically sound and comprehensive than previously
developed PROMs. The CIQOL-35 Profile and CIQOL-10
Global are available for use in clinical and research settings
and are free to download at http://education.musc.edu/CIQOL.
The CIQOL instruments have been downloaded by over 210
CI centers and are undergoing translation and cross-cultural
adaptation in 8 languages.

Hearing Related Patient-Reported
Outcome Measures in French Language
Most of the world’s population does not speak English,
yet exchanging information beyond and across linguistic
communities is crucial. PROMs developed and validated using
rigorous procedures as described earlier should then be carefully
translated, culturally adapted, and validated to other linguistic
and cultural groups.

Currently available hearing PROMs in French language
include the Abbreviated Profile of Hearing Aid Benefit (APHAB),
the Client Oriented Scale of Improvement (COSI), the Hearing
Implant Sound Quality Index (HISQUI), the NCIQ, and the
Speech, Spatial and Qualities of Hearing Scale (SSQ). All
the above-mentioned PROMs were published in English and
their French translation process is undocumented. To the best
knowledge of the authors, the NCIQ, which was developed in
Dutch and published in English but unfortunately without a
description of the translation process, is the only PROM designed
specifically for patients with CIs available in French and its use
in clinical practice is complex due to its length (60 items). In
contrast, the Evaluation of the Impact of Hearing Loss in Adults
(ERSA) was developed and validated in French and is relevant
for hearing aid and adult patients with CIs. It has good reliability,
validity, and sensitivity to change, but it is difficult to compare
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scores against other PROMs as it has yet to be translated to other
languages (Ambert-Dahan et al., 2018).

The following sections describe the process of translation,
cultural adaptation, and validation through a case study, the
translation of the CIQOL-35 Profile instrument from English,
its source language, to French. Throughout the manuscript,
for clarity of expression, the term translation is used to
refer to the iterative process of both translation and cross-
cultural adaptation.

MATERIALS, EQUIPMENT AND
METHODS

The translation of PROM items, response choices, and
instructions should be obtained through an iterative process
of forward and back-translation by qualified translators and
bilingual content experts, bilingual expert review, and testing
with the patient group. A hearing-related PROM translation
good practice guide recommending six steps can be used to guide
this iterative process (Hall et al., 2018b).

Materials include the source-language PROM (i.e., the
CIQOL-35), good practice guides (PROMIS, 2013; Hall et al.,
2018b), and a location to archive all steps and related
documentation. The “reconciliation report” provided by Hall
et al. (2018b) as supplemental file 3 is especially helpful in
documenting the translation process.

The following section describes the six steps of Hall et al.
(2018b) and illustrates how they guide activities in the case study
of the translation of the CIQOL-35 instrument from English
to French. In this PROM translation project, Steps 1–4 are
completed and Steps 5–6 are yet to be completed. Figure 1
summarizes the steps completed so far; these are described below.

Step 1. Preparation
Summary of Best Practices
According to Hall et al. (2018b), this step sets the scene for the
translation and includes checking whether a translation of the
instrument already exists and gaining approval from the source-
language PROM copyright holders for the translation. Source-
language PROM developers should be invited to be involved
as their input is important to clarify the original intent of the
PROM instructions, items, and response options. The translation
project should have clear aims and intended audience and the
main concepts that underpin the PROM should be defined.
Finally, template documents for documenting the translation
should be prepared.

Case Study: Translation of the Cochlear Implant
Quality of Life-35 Instrument From English to French
No French version of the CIQOL-35 instrument existed, as it is
a recent PROM. The translation project was instigated and took
form through a close collaboration between hearing clinicians
and researchers who are native French speakers and the CIQOL-
35 developers. The copyright holder, the Medical University of
South Carolina Foundation for Research Development, provided
written approval for the translation project. Aims and intended

audience were discussed and agreed upon. The primary audience
was similar to the source-language CIQOL-35 instrument, e.g.,
adults with hearing loss regardless of hearing device status.
Although the CIQOL suite of instruments is designed for adult
patients with CIs, it should also be valid for pre-CI measures, i.e.,
for adults with hearing loss before they receive one or two CIs.
Efforts were made to reach all people of adult age irrespective of
literacy and to create a translation that could be administered as
pen-and-paper as well as electronic.

The linguistic and cultural profile of the intended audience
includes French-speaking people living in France or elsewhere.
French is spoken by 300 million people globally, of which
59.3% live in Africa, 33.4% in Europe, 7.0% in the Americas,
and 0.3% in Asia and Oceania (Organisation Internationale
de la Francophonie, 2019). The 300 million French speakers
spread across the globe do not use the French language in
a uniform manner. In the different geographical areas, the
French language has evolved into different dialects, i.e., varieties
of French that are mostly mutually intelligible, especially if
they are close on the dialect continuum. This is the same
phenomenon that distinguishes, for example, the English or
Spanish spoken in different parts of the world. Dialects do
not respect country borders and dialects can be multiple in
the same country. Dialects vary in their vocabulary, grammar,
and pronunciation, the latter important for example for speech
perception test stimuli but not for PROMs to be administered
in written form. Given the presence of dialects, two approaches
to PROM translation can be taken. A specific and localized
approach produces as many translations as the number of
dialects. A universal approach favors a “standard” version of
the language and avoids regionalisms (i.e., vocabulary words,
grammatical structures, or expressions favored by speakers in
a particular geographic area). For this translation, a universal
approach was adopted. Universal translation runs the risk of
using terms or grammatical structures that are not immediately
recognized by some speakers, or that require more cognitive
effort to be understood. To support a universal approach to
translation, involving people familiar with different dialects,
referring to linguistic resources that recognize standard and
colloquial usage of terms by region (such as Joseph Wright’s
English Dialect Dictionary or the Real Academia Española’s
Spanish dictionary), and testing on speakers of different
dialects is recommended. These considerations are also relevant
during the development of a PROM and for which linguistic
communities it is intended.

To prepare for the translation, a list of resources was created,
which included the concept definitions used in the source-
language CIQOL-35 instrument development, further concept
definitions, as well as examples of hearing-related written
documents available in both English and French obtained from
the World Health Organization, Hear-it.org, and Oticon Medical
A/S. These resources served two purposes. First, they presented
background information about hearing, hearing impairment, its
consequences, and its treatment. Second, they provided a range
of examples of English-French translations of relevant terms.
The “reconciliation report” provided by Hall et al. (2018b) as
supplemental file 3 was adapted to the purposes of this translation
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FIGURE 1 | Translation and cross-cultural adaptation process of the CIQOL-35 Profile from English to French.
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project, including copying all CIQOL-35 instructions, items, and
response options as separate spreadsheet rows and copying all
supporting information and links into a separate spreadsheet
within the same document, for easy access by all people involved
in the translation. Table 2 lists the people involved in this
translation project.

Step 2. Forward Translation
Summary of Best Practices
According to Hall et al. (2018b), this step includes the translation
of the PROM from the source language to the target language.
For this, translators whose first language is the target language,
and ideally, have the same dialect and reside or have lived
experience of the region/culture of the intended audience should
be recruited. It is recommended that at least two translators
are involved, one translator that is a professional translator
with training/certification in linguistics and another translator
that is a healthcare professional with experience working with
adult patients with CIs. The translators should be introduced
to the PROM to be translated, the health condition and related
concepts, as well as the concept definitions in Step 1 described
earlier. They should also be instructed on the translation and
adaptation task and this should be done in a uniform fashion
for all translators. Each translator should work independently
to produce a forward translation of the PROM instructions,
items, and response options. The reconciliation of the forward
translations by another person involves creating from the
multiple forward translations a single forward translation.

Case Study: Translation of the Cochlear Implant
Quality of Life-35 Instrument From English to French
The two translators recruited were both French native-speaking
and had a high command of English. One was a certified linguist
with experience in translation of hearing-related documents
and the other held a clinical support position for Oticon A/S
that includes regular contacts with patients with CIs. They
received the same instructions and background information
together with the spreadsheet described earlier in the previous
step. They were instructed to maintain conceptual, item and
semantic equivalence and that it was more important to
preserve meaning than to provide a literal translation. Everyday
non-technical language was to be used and a “universal

translation” approach avoiding regionalisms was prioritized. As
they translated each section of the PROM (i.e., each spreadsheet
row), they were instructed to rate how difficult they found each
translation (from 0 extremely easy to 10 extremely hard). These
ratings were useful in the reconciliation step, which involves
comparing and contrasting the different translations. A bilingual
hearing clinician/researcher completed this task, using the same
spreadsheet described earlier. The first step involved highlighting
sections where the translations differed. As stated by Hall et al.
(2018b), dedicated effort was spent on the sections that the
translators rated as relatively more difficult to translate compared
to other sections. The person completing the reconciliation
documented the reasoning behind reconciliation decisions. This
step resulted in one single forward translation of the CIQOL-35.

Step 3. Back Translation
Summary of Best Practices
According to Hall et al. (2018b), this step involves the translation
of the PROM from the target language back to the source
language for comparison with the source-language PROM.
The person conducting the back translation should be naive
to the source language PROM. The assumption is that if
the translation and adaptation process is carefully done, any
differences between the source-language PROM and the back
translation would reflect cultural adaptation. For this, at least one
translator should be recruited, ideally a professional translator
with training/certification in linguistics. The back translation is
then carefully compared with the source PROM and equivalence
is classified from perfect (A) to null (D) equivalence, in both
choice of words and semantics conveyed, and this is recorded in
the reconciliation report.

Case Study: Translation of the Cochlear Implant
Quality of Life-35 Instrument From English to French
One certified linguist with experience in translation of hearing-
related documents was recruited. This translator received the
same instructions, background information and spreadsheet
described in Step 2 earlier, except that the source-language
CIQOL-35 instrument was not shown in the spreadsheet. The
same person who completed the reconciliation task in Step
2 then compared the source-language CIQOL-35 instrument
with its back translation. Sections of the back translation that

TABLE 2 | People involved in this translation project along with their roles.

Person Role in this translation project

Translation lead Project management, resource management, procedure documentation/archiving, reconciliation of the
translation, oversight of the field testing

Source-language PROM developers Provision of concept definitions, consulting on queries arising during translation

Linguist #1 Forward translation including difficulty rating and participation in committee review

Native speaker health professional #1 Forward translation including difficulty rating and participation in committee review

Linguist #2 Back translation and participation in committee review

Native speaker health professional #2 Participation in committee review, also field testing investigator

Native speaker health professional #3 Participation in committee review, also field testing investigator

Native speaker reviewer #1 Revision after committee review

Native speaker reviewer #2 Revision after committee review

Linguist #3 Back translation after committee review
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were discrepant to the source were documented in the same
spreadsheet using color coding for easy identification of sections
that were problematic and/or required review.

Step 4. Committee Review
Summary of Best Practices
According to Hall et al. (2018b), this step recommends
appointing a multi-disciplinary committee that includes
linguistic and healthcare expertise to review the translation steps
including the forward and back-translations and review and
solve the problematic sections identified in Step 3.

Case Study: Translation of the Cochlear Implant
Quality of Life-35 Instrument From English to French
The committee review included the three people who translated
the PROM in Steps 2–3, the person who completed the
reconciliation of the two forward translations and the
comparison of the source-language instrument with the
back translation, and two bilingual hearing care professionals.
All committee members were provided the spreadsheet
documenting all steps before the review. During the review
meeting, all problematic sections identified in Step 3 as well as
any other sections that committee members deemed relevant
to discuss were reviewed. As much as possible, consensus
was sought on preferable translation. Discussions and reasons
underlying translation choices were documented in the
spreadsheet. The optimal translation and cultural adaptation
of English expressions and figures of speech that do not have
direct equivalents in French language/culture such as “crowded
environments,” “to socialize,” “social situations,” or “to feel
inadequate” generated the most discussion, to ensure semantics
were preserved as much as possible whilst creating a culturally
appropriate translation. Overall, the translation was at times too
literal and benefited from a deeper translation and slight cultural
adaptation. During the committee review, any questions raised
regarding the original intent of the CIQOL-35 items were noted.

Because significant improvements were suggested to the
translation, four additional steps not mentioned in Hall et al.
(2018b) were taken. First, a native French speaker naive
to the CIQOL-35 reviewed the latest French translation to
ensure natural language. As a result, minor changes such as
in the choice of prepositions and adverbs were implemented.
Second, questions regarding the original intent of the CIQOL-
35 were raised with its developers and the translation was
slightly revised accordingly. Third, as some questions were
raised about the appropriateness of the translation for the
intended audience, a native French speaker with hearing loss
naive to the CIQOL-35 reviewed the latest French translation
to ensure appropriateness. As a result, one minor change
to one item was made. Fourth, because significant changes
were made since the previous back translation, another
back translation was performed on the latest version of
the translation. This back translation was completed by a
professional translator not involved in previous steps. The
same process of comparison and reconciliation described
earlier was completed to result in a French translation
of the CIQOL-35 ready for field testing (i.e., validation).

Whilst it could be argued that the extra steps taken are
evidence of suboptimal translation practices, it is believed
that they reflect an attention to detail that PROM translation
deserves. Table 3 is an excerpt of the reconciliation report:
it presents the 26 columns documenting the different steps
of the translation for one of the CIQOL-35 items. This
reconciliation report was adapted from Hall et al. (2018b)
supplemental file 3.

Step 5. Field Testing
Summary of Best Practices
According to Hall et al. (2018b), this step involves testing
the translated PROM on a small group of people drawn
from the intended audience. The aim of the field test is to
ensure the intended audience understands the translation
and finds it acceptable. The field test also aims to ensure that
the translation is equivalent to the source-language PROM.
Qualitative and/or quantitative methods can be used to reach
these aims. Two types of equivalence are typically sought:
equivalence of meaning, also called semantic or conceptual
equivalence, obtained through careful translation process
and qualitative field test, and equivalence of measurement,
obtained through careful development and quantitative field
test, with CTT (internal consistency) or with IRT (differential
item functioning; Petersen et al., 2003; Eremenco et al., 2005),
as described earlier. Hall et al. (2018b) state that field testing
“is important before proceeding to a wider evaluation of its
psychometric properties or before using the translation in real
clinical research” (p. 171).

Case Study: Translation of the Cochlear Implant
Quality of Life-35 Instrument From English to French
It is planned to conduct field testing in two parts. The
first part will involve cognitive interviews, a qualitative
research method, in a purposely selected and small sample of
French-speaking adult patients with CIs. Data collection in close
collaboration with two French-speaking CI centers located on
two continents (Africa and Europe) have been initiated. This
geographical diversity will help determine whether the French-
language CIQOL-35 can be used in different French-speaking
communities around the world. An interview guide in French has
been prepared to facilitate the cognitive interviews. The interview
guide queries the respondents on their understanding of the
items and the response options and of the cognitive processes
engaged when mapping their experiences to the response options.
The interview guide also asks whether any item is unsuitable or
offensive in the culture of the person completing the PROM. The
goal is for the PROM to be a valid representation of the lived
experiences of the patients whilst not being cognitively taxing
and being acceptable. The responses to the cognitive interview
questions will be noted by the interviewers and will be analyzed
using content analysis (Graneheim and Lundman, 2004). The
second part of the field testing will involve pilot testing in a
randomly selected sample of French-speaking adult patients with
CIs, without the same emphasis on geographical diversity. Their
scores will be summarized using descriptive statistics.
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TABLE 3 | Reconciliation report and how it was adapted from Hall et al. (2018b) supplemental file 3 for the purposes of the present translation project.

Step (Hall et al.,
2018b)

Column in
reconciliation

report

Title
Description

Example

2. Forward
translation

1 Descriptor of CIQOL section
Identifier of the section of the SL CIQOL

Item 3

2 SL English CIQOL (United States 2019)
Section of the SL CIQOL

If I am interested, I will join family or friends
for a social event

3 FT #1 French
Made by native speaker professional translator; With red font
used to flag discrepancies identified during reconciliation (7–8
below)

Je n’hésite pas à participer à des réunions
d’amis ou à des réunions de famille si j’en ai

envie.

4 Scoring of FT difficulty by professional translator
[0–10], where 0 is extremely easy and 10 is extremely hard

7

5 FT #2 French
Made by native speaker health professional; With red font used
to flag discrepancies identified during reconciliation (7–8 below)

Si un événement social m’intéresse, j’y
participe avec ma famille ou mes amis

6 Scoring of FT difficulty by health professional
[0–10], where 0 is extremely easy and 10 is extremely hard
(same as 4 above)

4

7 Reconciliation of FT
Combination of the two independent FTs (3 and 5 above), with
dedicated effort spent on the sections rated as relatively more
difficult to translate compared to other sections (4 and 6 above)

Si un événement social avec ma famille ou
mes amis m’intéresse, j’y participe.

8 Reconciliation Reasoning
Where red font flagged discrepancies between the two FTs,
reasons for selecting one translation over another

“N’hésite pas” and “j’ai envie” are less
neutral in meaning

3. Back translation 9 BT
Made by native speaker professional translator naive to the SL
CIQOL

If I am interested in a family gathering or
social event, I participate.

10 SL-BT discrepancy classification
A: Perfect semantic equivalence and good literal and semantic
parallels
B: Satisfactory semantic equivalence, but have used one or two
different words
C: Preserves the meaning of the SL, but without satisfactory
semantic equivalence
D: No agreement

B

11 Reconciliation Reasoning
Reasons for adjusting the FT based on the input of the BT, if
relevant

Form different but meaning mostly
preserved

12 Updated FT
With sections in red requiring input from SL developers and/or
committee review

Si un événement social m’intéresse, j’y
participe avec ma famille ou mes amis.

13 Questions for the SL developers and their comments
To clarify original meaning of SL CIQOL sections, with
comments identified by SL initials

Clarify meaning of SL item to identify best
translation

TRM: SL meaning mostly preserved in BT
JRD: Slight difference, SL meaning is

“going/joining with family and friends to a
social event”

14 Updated FT
After input from SL developers, before committee review, with
sections in red requiring input from committee review

Si un événement social m’intéresse, j’y
participe avec ma famille ou mes amis.

4. Committee
Review

15 Questions for committee review
Divided into background and question
With reference to 14 above for context

Background: Let’s check the FT against the
SL given the BT-SL discrepancies

Question: Ok with “Si un événement social
m’intéresse, j’y participe avec ma famille ou

mes amis.”?

16 Comments from committee review
With comments identified by committee review participant
initials

ACB: Si un événement social m’intéresse,
j’y rejoins ma famille ou mes amis.

KJ/EF: Supports FT offered in item 5 above
EF: Je n’hésite pas à participer. si j’en ai

envie.

(Continued)
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TABLE 3 | (Continued)

Step (Hall et al.,
2018b)

Column in
reconciliation

report

Title
Description

Example

x. Additional steps
not mentioned in
Hall et al. (2018b)

17 Review from native French speaker naive to the SL CIQOL
To ensure natural language

N/A: no comment provided on this item

18 Updated FT
On the basis of 16–17 above

Je n’hésite pas à participer à un événement
social avec des amis ou de la famille si j’en ai

envie.

19 Questions for the SL developers and their comments
To clarify original meaning of SL CIQOL sections, with comments identified
by SL initials

N/A: no comment provided on this item

20 Updated FT
After input from SL developers,

Je n’hésite pas à participer à un événement
social avec des amis ou de la famille si j’en ai

envie.

21 Review from native French speaker with hearing impairment naive to
the SL CIQOL
To ensure appropriateness

N/A: no comment provided on this item

22 Updated FT
On the basis of 21 above

Je n’hésite pas à participer à un événement
social avec des amis ou de la famille si j’en ai

envie.

23 BT
Performed by professional translator naive to the translation process so far

I do not hesitate to participate in a social event
with friends or family if I want to.

24 SL-BT discrepancy classification
A: Perfect semantic equivalence and good literal and semantic parallels
B: Satisfactory semantic equivalence, but have used one or two different
words
C: Preserves the meaning of the SL, but without satisfactory semantic
equivalence
D: No agreement
(same as 10 above)

B

25 Reconciliation Reasoning
Reasons for adjusting the FT based on the input of the BT, if relevant

Wording slightly different but meaning fully
preserved

26 Updated FT
FT ready for field test

Je n’hésite pas à participer à un événement
social avec des amis ou de la famille si j’en ai

envie.

We also added the date and person responsible for each step/column in the reconciliation report. BT, back translation; FT, forward translation; SL, source language.

Step 6. Review and Translation
Finalization
Summary of Best Practices
According to Hall et al. (2018b), this final step includes the
review of the Step 5 results and their incorporation into the final
translation, archiving, and dissemination.

Case Study: Translation of the Cochlear Implant
Quality of Life-35 Instrument From English to French
It is planned to incorporate results of both quantitative and
qualitative field testing activities in the final version of the
French-language CIQOL-35. It is hoped that the final translation
of the PROM will be widely shared free of charge on the Medical
University of South Carolina website and disseminated to
researchers, clinicians, hearing intervention program developers,
and any other people interested in the measurement of CI-related
quality of life in adults.

ANTICIPATED RESULTS AND
DISCUSSION

It is hoped that this careful translation and cultural adaptation
of the CIQOL-35 instrument will lead to a psychometrically

sound PROM for French-speaking populations. Ideally, French-
speaking adults will find the instrument a relevant and suitable
tool to capture the extent to which hearing impairment and
hearing interventions impact their CI-related quality of life.
Such PROMs are instrumental to quality of care monitoring
and improvement.

The translation and cultural adaptation of the CIQOL
instruments to eight other languages (Arabic, Danish, German,
Hebrew, Malay, Mandarin, Spanish, and Turkish) has been
initiated. Cultural adaptation is facilitated by translators living
in the location where the translated PROM will be used and by
qualitative validation (e.g., with cognitive interviews) to ensure
the items are appropriate, understandable, relevant and respectful
(i.e., not offensive). In some of the regions in which these
languages are spoken, there are no validated speech recognition
word/sentence lists. Thus, these PROMs will be heavily relied
on to monitor treatment outcomes. The extent of relationships
between PROMs needs to continue to be investigated and
reported. A related movement is the development of core
outcome sets. A core outcome set is an agreed minimum battery
of outcome measures to be included in clinical trials. Clinicians
and researchers are free to add additional outcome measures,
but adherence to a core outcome set ensures that some outcome
measures are consistently collected and reported. Core sets
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have the advantage to allow for cross-trial comparisons and
data pooling in meta-analyses. An iterative and multisectoral
project led to the World Health Organization’s International
Classification of Functioning, Disability and Health Core Sets
for hearing loss (ICF Research Branch, 2017). Only a few of the
Core Set categories can be measured through physiological and
behavioral tests routinely used in clinical and research practice:
many more can be evaluated with PROMs. This core set is
currently being validated in the population of interest (Karlsson
et al., 2021). Core sets are starting to emerge regarding different
sub-populations of people with hearing disorders (Hall et al.,
2018a; Hill-Feltham et al., 2020; Katiri et al., 2020).

Overall, our experience has taught us that the process of
PROM development, translation, and cross-cultural adaptation
requires significant time and resources. Therefore, it is best to
consider this type of work as a stand-alone project well ahead
of time rather than as a quick endeavor when the need for a
translation of a PROM becomes apparent.

Future Trends in Hearing-Related
Patient-Reported Outcome Measures
The promises that technologies offer in improving healthcare
delivery have been described for decades. The COVID-19
pandemic, and its physical distancing imperative, has accelerated
trends toward hybrid hearing healthcare services, combining
traditional face-to-face as well as remote care modalities, such
as telehealth. Care modalities can be chosen based on patient
and context needs. This trend is relevant to PROMs as remote
data collection is time efficient and allows the measurement
to take place at a time and place that is convenient for the
patient, rendering the measure a better reflection of true everyday
functioning. Ecological momentary assessment is interesting in a
world where ubiquitous technology is increasingly following us,
quantifying, tracking, and even pre-empting our behaviors and
thoughts. The convergence of PROMs with hearing device usage,
acoustic environments, and health and wellbeing data provides
a holistic view of a patient’s level of functioning against the
context and environment in which they evolve (Timmer et al.,
2018). Cloud-based programming of hearing devices also calls for
PROMs that are easier and closer to the patient so that replacing
face-to-face appointments with remote care does not have to
compromise opportunities for outcome measures. Method of
administration as well as timing in the course of care can
impact on completion and scores. For example, evidence shows
that people with hearing impairment may complete PROMs
differently when administration is done with pen and paper vs.
online (Thorén et al., 2012).

Computerized Adaptive Testing
A promising mode of PROM administration is CAT, where
an algorithm selects, based on item difficulty and patient
responses to previous items, an individualized set of items
from a bank of IRT-calibrated items. Items are presented until
a predefined measurement precision is reached, or a pre-set
maximum number of presented items is reached. CAT increases
measurement precision without increasing administration time,
thus reducing burden for patients, clinicians, and researchers.

Often CATs can provide a similar degree of precision as the full
item bank, with completion of far fewer items (Choi et al., 2010;
Fries et al., 2014; Pilkonis et al., 2014), and are easily adapted to
smartphone or tablet administration. CATs have been developed
for each of the CIQOL domains (CIQOL-CAT). Final validation
and reliability testing is pending.

Patient-Reported Experience Measures
Whilst this manuscript focuses on PROMs, some authors
differentiate those from patient-reported experience measures
(PREMs) (Kingsley and Patel, 2017). PREMs gather the
patient’s perspectives and views of their care experience. Whilst
PROMs measure care outcomes, PREMs measure how the
patient experienced the care process, for example in terms
of communication skills, patient-centeredness, and timeliness.
PREMs lead to information central to improve care; they are
currently underused within hearing care.

Economic Evaluation and Allocation of Scarce
Resources
In an era of accountability in healthcare, economic evaluations
are increasingly needed to inform the careful allocation of
scarce resources. These compare the benefits and costs of
several treatment options and use health state values, or utilities,
representing people’s preferences for a given health state. The
cost per quality-adjusted life year (QALY) or disability-adjusted
life year (DALY) and the comparison of incremental cost-
effectiveness ratios to thresholds inform the evidence-based
prioritization of interventions across health conditions. A recent
systematic review identified 117 published economic analyses of
hearing healthcare across the continuum of care from prevention
and screening to CI and hearing aid provision (Borre et al.,
2021). Of those, 62% measured health outcomes in QALYs
and 12% in DALYs.

The measurement and valuation of the benefits of medical
devices have challenges. First, costs are easier to measure and
value than benefits (Thum et al., 2020). Second, generic PROMs
are not suitable given limitations. The impact of CI on quality
of life in older adults has been measured with the HUI2 and
HUI3 (Andries et al., 2021), however EQ-5D lacks construct
validity for hearing and HUI3 exhibits ceiling effects, uses
“hearing aid” in the item, and measures hearing ability through
speech reception only; generic PROMs underestimate the impact
of hearing intervention such as CIs (McRackan et al., 2019a).
Therefore, it is imperative that PROMs allow for the suitable
valuation of hearing intervention benefits.

Patient-Reported Outcome Measures in
Low-Resource Settings
Patient-reported outcome measures are also of interest in low-
resource settings, such as low- and middle-income countries.
Their advantages include administration that does not require
trained professionals and allows rapid assessment, which makes
them interesting as part of monitoring and evaluation of both
clinical as well as public health initiatives (Kaspar et al., 2021).
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Also, PROMs, unlike other forms of outcome measures, do not
rely on specialized equipment that requires frequent calibration.

Clinical Applications of Patient-Reported
Outcome Measures
The clinical application of PROMs should be both the start and
the end point in PROM development. There is a misconception
that if a PROM is carefully developed and translated, it will
automatically, or almost magically, be implemented when ready.
Careful knowledge translation and implementation science
are mandatory for sustainable changes in practice. PROMs
improve communication and counseling between professionals
and patients (as well as inter-professional communication)
regarding the health condition and its impact on quality of life
(Greenhalgh et al., 2018). Still, they are underused. Learnings
from implementation science can support the successful usage
of PROMs to address common implementation barriers such
as PROMs inadequately integrated in electronic health record
systems, uncertainty about how or why to use PROMs to improve
patient care, and clinical workflows that are not conducive, for
example due to time pressures (Stover et al., 2020). The successful
implementation of PROMs in routine clinical care requires that
organizations invest time and resources in the early stages of
“designing” the processes for using PROMs (i.e., planning not just
which PROMs to use and how to administer them, but also how
the data would be used for clinical purposes) and “preparing” an
organization and its staff (i.e., getting an organization and its staff
ready to use PROMs, particularly persuading clinicians of the
validity and value of PROMs, delivering training, and developing
electronic systems; Foster et al., 2018).

Selecting the best PROM is paramount. A systematic
review concluded that eight criteria should inform PROM
selection: appropriateness (match between PROM and specific
purpose including research questions if relevant), reliability
(reproducibility and internal consistency), validity (whether
the PROM measures what it intends to), responsiveness
(PROM sensitivity to changes of importance to patients),
precision (number and accuracy of distinctions the PROM
make), interpretability (how meaningful the PROM scores are),
acceptability (how acceptable patients find PROM completion),
and feasibility (extent of effort, burden and disruption to staff
and clinical care arising from using the PROM; Fitzpatrick
et al., 1998). The target patient group, the treatment, and
the outcome of the PROM should match the clinical needs.
Prior use in groups of similar patients is particularly helpful,
and a pilot of the PROM implementation questionnaire can
help identify any potential barriers. A short and relevant
instrument that is future proof is more likely to be sustainably
implemented. An easy, license-free online access to the latest
version of any PROM is also conducive to implementation.
Of course, if the PROM has been translated, the quality
of this process should be documented. The timing and the
method of administration should also be carefully considered
(Bernstein et al., 2020).

Furthermore, the hearing community needs to reach
consensus on the most important outcome domains and the
core set of measures to assess these domains in a consistent
and therefore comparable fashion in clinical research, clinical
trials, and in the monitoring of the impact of hearing health
policies. Current minimum reporting standards for adult CI
do not include PROMs (Adunka et al., 2018). The hearing
community can learn from other fields where core sets of
measures of treatment effects include PROMs. Medical device
regulators worldwide are also increasingly asking for the
systematic collection and reporting of PROMs during the entire
product lifecycle.

Summary and Conclusion
This case study centered around the CIQOL-35 Profile
instrument measuring functional abilities and quality of life in
adults with hearing impairment, showed that the development of
PROMs should be driven by real-world needs. The development
of PROMs must start with clinical need and must ensure
active involvement of important stakeholders at all stages.
This is the case of the CIQOL suite of instruments, which
benefited from a systematic literature review and focus groups
with patients, who are experts in lived experiences of hearing
impairment. The mixed methods used in the development of
the CIQOL suite of instruments enhance and expand their
potential applications.

This paper concludes with four suggestions for people
embarking on similar endeavors:

1. Think clinical applications first, in terms of populations,
concepts to be measured, etc.

2. Start with performing a literature review and inviting
patient perspectives, because there is no need to reinvent
the wheel and because patients are the experts into the lived
experiences of a health condition.

3. Adhere to published standards of both development as well
as translation and cultural adaptation, because there exists
a large body of psychometric science to draw from.

4. Aim for PROMs that will stand the test of time, for example
in terms of content and modes of administration.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work, and approved it for publication.

Frontiers in Neuroscience | www.frontiersin.org 12 November 2021 | Volume 15 | Article 718416

https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-15-718416 November 24, 2021 Time: 10:11 # 13

Laplante-Lévesque et al. PROM Development/Translation: Best Practices

FUNDING

Some of the work presented was funded by the NIH grant
# K23 DC016911 awarded to TM. Oticon Medical A/S
covers the expenses related to the translation, cross-cultural
adaptation, and validation of the CIQOL-35 Profile from
English to French.

ACKNOWLEDGMENTS

The authors thank Marine Ardoint from Oticon Medical A/S
and the translators from Translate Plus for their input to the
translation work. The authors acknowledge the support of Sarah
Chouikh from Oticon Medical A/S in the planning of the
validation study.

REFERENCES
Adunka, O. F., Gantz, B. J., Dunn, C., Gurgel, R. K., and Buchman, C. A. (2018).

Minimum reporting standards for adult cochlear implantation. Otolaryngol.
Head Neck Surg. 159, 215–219. doi: 10.1177/0194599818764329

Ambert-Dahan, E., Laouénan, C., Lebredonchel, M., Borel, S., Carillo, C., Bouccara,
D., et al. (2018). Evaluation of the impact of hearing loss in adults: validation of
a quality of life questionnaire. Eur. Ann. Otorhinolaryngol. Head Neck Dis. 135,
25–31. doi: 10.1016/j.anorl.2017.09.003

Andries, E., Gilles, A., Topsakal, V., Vanderveken, O., Van de Heyning, P., Van
Rompaey, V., et al. (2021). The impact of cochlear implantation on health-
related quality of life in older adults, measured with the Health Utilities Index
Mark 2 and Mark 3. Eur. Arch. Oto Rhino Laryngol. 26, 61–75. doi: 10.1007/
s00405-021-06727-3

Artières-Sterkers, F., Mondain, M., Aubry, K., Bordure, P., Bozorg-Grayeli, A.,
Deguine, O., et al. (2020). The French national cochlear implant registry
(EPIIC): results, quality of life, questionnaires, academic and professional life.
Eur. Ann. Otorhinolaryngol. Head Neck Dis. 137, S57–S63. doi: 10.1016/j.anorl.
2020.07.013

Bernstein, D. N., McIntyre, A. W., and Baumhauer, J. F. (2020). Effect of assessment
administration method and timing on patient-reported outcome measures
completion and scores: overview and recommendations. Musculoskeletal Care
18, 535–40. doi: 10.1002/msc.1476

Borre, E. D., Diab, M. M., Ayer, A., Zhang, G., Emmett, S. D., Tucci, D. L., et al.
(2021). Evidence gaps in economic analyses of hearing healthcare: a systematic
review. EClinicalMedicine 35:100872. doi: 10.1016/j.eclinm.2021.100872

Cassarly, C., Matthews, L. J., Simpson, A. N., and Dubno, J. R. (2020). The
revised hearing handicap inventory and screening tool based on psychometric
reevaluation of the hearing handicap inventories for the elderly and adults. Ear
Hear. 41, 95–105. doi: 10.1097/AUD.0000000000000746

Centers for Medicare and Medicaid Services [CMMS] (2021). Meaningful
Measures Hub. Available online at: https://www.cms.gov/Medicare/Quality-
Initiatives-Patient-Assessment-Instruments/QualityInitiativesGenInfo/MMF/
General-info-Sub-Page (accessed May 3, 2021).

Choi, S. W., Reise, S. P., Pilkonis, P. A., Hays, R. D., and Cella, D. (2010). Efficiency
of static and computer adaptive short forms compared to full-length measures
of depressive symptoms. Qual. Life Res. 19, 125–136. doi: 10.1007/s11136-009-
9560-5

Eremenco, S. L., Cella, D., and Arnold, B. J. (2005). A comprehensive method
for the translation and cross-cultural validation of health status questionnaires.
Eval. Health Prof. 28, 212–232. doi: 10.1177/0163278705275342

Fitzpatrick, R., Davey, C., Buxton, M. J., and Jones, D. R. (1998). Evaluating
patient-based outcome measures for use in clinical trials. Health Technol. Assess.
2:14.

Foster, A., Croot, L., Brazier, J., Harris, J., and O’Cathain, A. (2018). The
facilitators and barriers to implementing patient reported outcome measures in
organisations delivering health related services: a systematic review of reviews.
J. Patient-Reported Outcomes 2:46. doi: 10.1186/s41687-018-0072-3

Fraysse, B., Van, H. T., Collignon, C., and Ruidavets, B. (2020). The French cochlear
implant registry (EPIIC): place and role of registries in post-registration studies
of medical devices. Eur. Ann. Otorhinolaryngol. Head Neck Dis. 137, S1–S3.
doi: 10.1016/j.anorl.2020.07.008

Fries, J. F., Witter, J., Rose, M., Cella, D., Khanna, D., and Morgan-DeWitt, E.
(2014). Item response theory, computerized adaptive testing, and PROMIS:
assessment of physical function. J. Rheumatol. 41, 153–158. doi: 10.3899/
jrheum.130813

Granberg, S., Dahlström, J., Möller, C., Kähäri, K., and Danermark, B. (2014).
The ICF core sets for hearing loss–researcher perspective. Part I: systematic

review of outcome measures identified in audiological research. Int. J. Audiol.
53, 65–76. doi: 10.3109/14992027.2013.851799

Graneheim, U. H., and Lundman, B. (2004). Qualitative content analysis in nursing
research: concepts, procedures and measures to achieve trustworthiness. Nurse
Educ. Today 24, 105–112. doi: 10.1016/j.nedt.2003.10.001

Greenhalgh, J., Gooding, K., Gibbons, E., Dalkin, S., Wright, J., Valderas, J.,
et al. (2018). How do patient reported outcome measures (PROMs) support
clinician-patient communication and patient care? A realist synthesis. J. Patient
Reported Outcomes 2:42. doi: 10.1186/s41687-018-0061-6

Guyatt, G. H., Feeny, D. H., and Patrick, D. L. (1993). Measuring health-related
quality of life. Ann. Intern. Med. 118, 622–629. doi: 10.7326/0003-4819-118-8-
199304150-00009

Haile, L. M., Kamenov, K., Briant, P. S., Orji, A. U., Steinmetz, J. D., Abdoli, A.,
et al. (2021). Hearing loss prevalence and years lived with disability, 1990–2019:
findings from the global burden of disease study 2019. Lancet 397, 996–1009.
doi: 10.1016/S0140-6736(21)00516-X

Hall, D. A., Smith, H., Hibbert, A., Colley, V., Haider, H. F., Horobin, A., et al.
(2018a). The COMiT’ID study: developing core outcome domains sets for
clinical trials of sound-, psychology-, and pharmacology-based interventions
for chronic subjective tinnitus in adults. Trends Hear. 22:2331216518814384.
doi: 10.1177/2331216518814384

Hall, D. A., Zaragoza Domingo, S., Hamdache, L. Z., Manchaiah, V., Thammaiah,
S., Evans, C., et al. (2018b). A good practice guide for translating and adapting
hearing-related questionnaires for different languages and cultures. Int. J.
Audiol. 57, 161–175. doi: 10.1080/14992027.2017.1393565

Hill-Feltham, P. R., Johansson, M. L., Hodgetts, W. E., Ostevik, A. V., McKinnon,
B. J., Monksfield, P., et al. (2020). Hearing outcome measures for conductive
and mixed hearing loss treatment in adults: a scoping review. Int. J. Audiol. 60,
239–245. doi: 10.1080/14992027.2020.1820087

ICF Research Branch (2017). ICF Core Set for Hearing Loss. Available
online at: http://www.icf-research-branch.org/icf-core-sets-projects2/other-
health-conditions/icf-core-set-for-hearing-loss (accessed May 3, 2021).

Karlsson, E., Mäki-Torkko, E., Widén, S., Gustafsson, J., Manchaiah, V., Mahomed-
Asmail, F., et al. (2021). Validation of the Brief International Classification
of Functioning, Disability and Health (ICF) core set for hearing loss: an
international multicentre study. Int. J. Audiol. 60, 412–420. doi: 10.1080/
14992027.2020.1846088

Kaspar, A., Pifeleti, S., and Driscoll, C. (2021). The need for translation and cultural
adaptation of audiology questionnaires to enable the development of hearing
healthcare policies in the Pacific Islands: a Samoan perspective. Arch. Pub.
Health 79:80. doi: 10.1186/s13690-021-00606-3

Katiri, R., Hall, D. A., Buggy, N., Hogan, N., Horobin, A., Van De Heyning, P., et al.
(2020). Core Rehabilitation Outcome Set for Single Sided Deafness (CROSSSD)
study: protocol for an international consensus on outcome measures for single
sided deafness interventions using a modified Delphi survey. Trials 21:238.
doi: 10.1186/s13063-020-4094-9

Kingsley, C., and Patel, S. (2017). Patient-reported outcome measures and patient-
reported experience measures. Br. J. Anaesth Educ. 17, 137–144. doi: 10.1093/
bjaed/mkw060

McRackan, T. R., Bauschard, M., Hatch, J. L., Franko-Tobin, E., Droghini, H. R.,
and Nguyen, S. A. (2018a). Meta-analysis of quality-of-life improvement
after cochlear implantation and associations with speech recognition abilities.
Laryngoscope 128, 982–990. doi: 10.1002/lary.26738

McRackan, T. R., Bauschard, M., Hatch, J. L., Franko-Tobin, E., Droghini,
H. R., Velozo, C. A., et al. (2018b). Meta-analysis of cochlear implantation
outcomes evaluated with general health-related patient-reported outcome
measures. Otol. Neurotol. 39, 29–36. doi: 10.1097/MAO.000000000000
1620

Frontiers in Neuroscience | www.frontiersin.org 13 November 2021 | Volume 15 | Article 718416

https://doi.org/10.1177/0194599818764329
https://doi.org/10.1016/j.anorl.2017.09.003
https://doi.org/10.1007/s00405-021-06727-3
https://doi.org/10.1007/s00405-021-06727-3
https://doi.org/10.1016/j.anorl.2020.07.013
https://doi.org/10.1016/j.anorl.2020.07.013
https://doi.org/10.1002/msc.1476
https://doi.org/10.1016/j.eclinm.2021.100872
https://doi.org/10.1097/AUD.0000000000000746
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/QualityInitiativesGenInfo/MMF/General-info-Sub-Page
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/QualityInitiativesGenInfo/MMF/General-info-Sub-Page
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/QualityInitiativesGenInfo/MMF/General-info-Sub-Page
https://doi.org/10.1007/s11136-009-9560-5
https://doi.org/10.1007/s11136-009-9560-5
https://doi.org/10.1177/0163278705275342
https://doi.org/10.1186/s41687-018-0072-3
https://doi.org/10.1016/j.anorl.2020.07.008
https://doi.org/10.3899/jrheum.130813
https://doi.org/10.3899/jrheum.130813
https://doi.org/10.3109/14992027.2013.851799
https://doi.org/10.1016/j.nedt.2003.10.001
https://doi.org/10.1186/s41687-018-0061-6
https://doi.org/10.7326/0003-4819-118-8-199304150-00009
https://doi.org/10.7326/0003-4819-118-8-199304150-00009
https://doi.org/10.1016/S0140-6736(21)00516-X
https://doi.org/10.1177/2331216518814384
https://doi.org/10.1080/14992027.2017.1393565
https://doi.org/10.1080/14992027.2020.1820087
http://www.icf-research-branch.org/icf-core-sets-projects2/other-health-conditions/icf-core-set-for-hearing-loss
http://www.icf-research-branch.org/icf-core-sets-projects2/other-health-conditions/icf-core-set-for-hearing-loss
https://doi.org/10.1080/14992027.2020.1846088
https://doi.org/10.1080/14992027.2020.1846088
https://doi.org/10.1186/s13690-021-00606-3
https://doi.org/10.1186/s13063-020-4094-9
https://doi.org/10.1093/bjaed/mkw060
https://doi.org/10.1093/bjaed/mkw060
https://doi.org/10.1002/lary.26738
https://doi.org/10.1097/MAO.0000000000001620
https://doi.org/10.1097/MAO.0000000000001620
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-15-718416 November 24, 2021 Time: 10:11 # 14

Laplante-Lévesque et al. PROM Development/Translation: Best Practices

McRackan, T. R., Fabie, J. E., Bhenswala, P. N., Nguyen, S. A., and Dubno, J. R.
(2019a). General health quality of life instruments underestimate the impact
of bilateral cochlear implantation. Otol. Neurotol. 40, 745–753. doi: 10.1097/
MAO.0000000000002225

McRackan, T. R., Hand, B. N., Cochlear Implant Quality of Life Development
Consortium, Velozo, C. A., and Dubno, J. R. (2019b). Cochlear implant quality
of life (CIQOL): development of a profile instrument (CIQOL-35 profile) and
a global measure (CIQOL-10 Global). J. Speech Lang Hear Res. 62, 3554–3563.
doi: 10.1044/2019_JSLHR-H-19-0142

McRackan, T. R., Hand, B. N., Velozo, C. A., and Dubno, J. R., Cochlear Implant
Quality of Life Consortium (2019c). Development of the Cochlear Implant
Quality of Life (CIQOL) item bank. Ear Hear. 40, 1016–1024. doi: 10.1097/
aud.0000000000000684

McRackan, T. R., Hand, B. N., Velozo, C. A., Dubno, J. R., and Cochlear Implant
Quality of Life Consortium. (2021). Validity and reliability of the Cochlear
Implant Quality of Life (CIQOL)-35 profile and CIQOL-10 Global instruments
in comparison to legacy instruments. Ear Hear. 42, 896–908. doi: 10.1097/
AUD.0000000000001022

McRackan, T. R., Velozo, C. A., Holcomb, M. A., Camposeo, E. L., Hatch, J. L.,
Meyer, T. A., et al. (2017). Use of adult patient focus groups to develop the initial
item bank for a cochlear implant quality-of-life instrument. JAMA Otolaryngol.
Head Neck Surg. 143, 975–982. doi: 10.1001/jamaoto.2017.1182

Mokkink, L. B., Terwee, C. B., Patrick, D. L., Alonso, J., Stratford, P. W., Knol,
D. L., et al. (2010). The COSMIN checklist for assessing the methodological
quality of studies on measurement properties of health status measurement
instruments: an international Delphi study. Qual. Life Res. 19, 539–549. doi:
10.1007/s11136-010-9606-8

National Health Service [NHS] (2021). Patient Reported Outcome Measures
(PROMs). Available online at: http://digital.nhs.uk/data-and-information/
data-tools-and-services/data-services/patient-reported-outcome-measures-
proms (accessed May 3, 2021).

Organisation Internationale de la Francophonie (2019). La langue française
dans le monde (“The French language in the world”). Available online
at: http://www.francophonie.org/sites/default/files/2021-04/LFDM-20Edition-
2019-La-langue-fran%C3%A7aise-dans-le-monde.pdf (accessed May 3, 2021).

Patrick, D. L., Burke, L. B., Powers, J. H., Scott, J. A., Rock, E. P., Dawisha, S., et al.
(2007). Patient-reported outcomes to support medical product labeling claims:
FDA perspective. Value Health 10, S125–S137. doi: 10.1111/j.1524-4733.2007.
00275.x

Petersen, M. A., Groenvold, M., Bjorner, J. B., Aaronson, N., Conroy, T., Cull,
A., et al. (2003). Use of differential item functioning analysis to assess the
equivalence of translations of a questionnaire. Qual. Life Res. 12, 373–385.
doi: 10.1023/a:1023488915557

Pilkonis, P. A., Yu, L., Dodds, N. E., Johnston, K. L., Maihoefer, C. C., and
Lawrence, S. M. (2014). Validation of the depression item bank from the
Patient-Reported Outcomes Measurement Information System (PROMIS) in
a three-month observational study. J. Psychiatr Res. 56, 112–119. doi: 10.1016/
j.jpsychires.2014.05.010

Prieto, L., Alonso, J., and Lamarca, R. (2003). Classical Test Theory versus Rasch
analysis for quality of life questionnaire reduction. Health Qual. Life Outcomes
1:27. doi: 10.1186/1477-7525-1-27

PROMIS (2013). PROMIS: Instrument Development and Validation Scientific
Standards. Version 2.0. Available online at: http://www.mcgill.ca/can-pro-
network/files/can-pro-network/promisstandards_vers2.0_final.pdf (accessed
May 3, 2021).

Reeve, B. B., Hays, R. D., Bjorner, J. B., Cook, K. F., Crane, P. K., Teresi, J. A.,
et al. (2007). Psychometric evaluation and calibration of health-related quality
of life item banks: plans for the Patient-Reported Outcomes Measurement

Information System (PROMIS). Med. Care 45, S22–S31. doi: 10.1097/01.mlr.
0000250483.85507.04

Rose, M., Bjorner, J. B., Becker, J., Fries, J. F., and Ware, J. E. (2008).
Evaluation of a preliminary physical function item bank supported the expected
advantages of the Patient-Reported Outcomes Measurement Information
System (PROMIS). J. Clin. Epidemiol. 61, 17–33. doi: 10.1016/j.jclinepi.2006.
06.025

Stover, A. M., Haverman, L., van Oers, H. A., Greenhalgh, J., and Potter,
C. M. (2020). Using an implementation science approach to implement and
evaluate patient-reported outcome measures (PROM) initiatives in routine
care settings. Qual. Life Res. 30, 3015–3033. doi: 10.1007/s11136-020-
02564-9

Thorén, E. S., Andersson, G., and Lunner, T. (2012). The use of research
questionnaires with hearing impaired adults: online vs. paper-and-pencil
administration. BMC Ear Nose Throat Disord. 12:12. doi: 10.1186/1472-6815-
12-12

Thum, C., Lenarz, T., Lesinski-Schiedat, A., and Fleßa, S. (2020). Lifetime cost of
unilateral cochlear implants in adults: a monte carlo simulation. Eur J. Health
Econ. 21, 963–975. doi: 10.1007/s10198-020-01188-7

Timmer, B. H., Hickson, L., and Launer, S. (2018). The use of ecological momentary
assessment in hearing research and future clinical applications. Hear. Res. 369,
24–28. doi: 10.1016/j.heares.2018.06.012

Vas, V., Akeroyd, M. A., and Hall, D. A. (2017). A data-driven synthesis of research
evidence for domains of hearing loss, as reported by adults with hearing loss
and their communication partners. Trends Hear. 21:2331216517734088. doi:
10.1177/2331216517734088

World Health Organization [WHO] (2021a). WHOQOL: Measuring Quality of Life.
Available online at: http://www.who.int/tools/whoqol (accessed May 3, 2021).

World Health Organization [WHO] (2021b). World Report on Hearing.
Available online at: http://www.who.int/publications/i/item/world-report-on-
hearing (accessed May 3, 2021).

Conflict of Interest: AL-L is employed by Oticon Medical A/S, part of Demant
A/S, a hearing healthcare company. TM is an educational consultant with Stryker
Corporation and on the medical advisory board of Envoy Medical.

The remaining authors declares that the research was conducted in the absence
of any further commercial or financial relationships that could be construed as a
potential conflict of interest.

The authors declare that this study received funding from Oticon Medical (ALL)
and NIH/NIDCD K23 DC016911 (TRM). The funders were not involved in the
study design, collection, analysis, interpretation of data, the writing of this article
or the decision to submit it for publication.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Laplante-Lévesque, Dubno, Mosnier, Ferrary and McRackan.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Neuroscience | www.frontiersin.org 14 November 2021 | Volume 15 | Article 718416

https://doi.org/10.1097/MAO.0000000000002225
https://doi.org/10.1097/MAO.0000000000002225
https://doi.org/10.1044/2019_JSLHR-H-19-0142
https://doi.org/10.1097/aud.0000000000000684
https://doi.org/10.1097/aud.0000000000000684
https://doi.org/10.1097/AUD.0000000000001022
https://doi.org/10.1097/AUD.0000000000001022
https://doi.org/10.1001/jamaoto.2017.1182
https://doi.org/10.1007/s11136-010-9606-8
https://doi.org/10.1007/s11136-010-9606-8
http://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/patient-reported-outcome-measures-proms
http://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/patient-reported-outcome-measures-proms
http://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/patient-reported-outcome-measures-proms
http://www.francophonie.org/sites/default/files/2021-04/LFDM-20Edition-2019-La-langue-fran%C3%A7aise-dans-le-monde.pdf
http://www.francophonie.org/sites/default/files/2021-04/LFDM-20Edition-2019-La-langue-fran%C3%A7aise-dans-le-monde.pdf
https://doi.org/10.1111/j.1524-4733.2007.00275.x
https://doi.org/10.1111/j.1524-4733.2007.00275.x
https://doi.org/10.1023/a:1023488915557
https://doi.org/10.1016/j.jpsychires.2014.05.010
https://doi.org/10.1016/j.jpsychires.2014.05.010
https://doi.org/10.1186/1477-7525-1-27
http://www.mcgill.ca/can-pro-network/files/can-pro-network/promisstandards_vers2.0_final.pdf
http://www.mcgill.ca/can-pro-network/files/can-pro-network/promisstandards_vers2.0_final.pdf
https://doi.org/10.1097/01.mlr.0000250483.85507.04
https://doi.org/10.1097/01.mlr.0000250483.85507.04
https://doi.org/10.1016/j.jclinepi.2006.06.025
https://doi.org/10.1016/j.jclinepi.2006.06.025
https://doi.org/10.1007/s11136-020-02564-9
https://doi.org/10.1007/s11136-020-02564-9
https://doi.org/10.1186/1472-6815-12-12
https://doi.org/10.1186/1472-6815-12-12
https://doi.org/10.1007/s10198-020-01188-7
https://doi.org/10.1016/j.heares.2018.06.012
https://doi.org/10.1177/2331216517734088
https://doi.org/10.1177/2331216517734088
http://www.who.int/tools/whoqol
http://www.who.int/publications/i/item/world-report-on-hearing
http://www.who.int/publications/i/item/world-report-on-hearing
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles

	Best Practices in the Development, Translation, and Cultural Adaptation of Patient-Reported Outcome Measures for Adults With Hearing Impairment: Lessons From the Cochlear Implant Quality of Life Instruments
	Introduction
	Hearing Impairment and Patient-Reported Outcome Measures
	Currently Available Patient-Reported Outcome Measures
	Development of Patient-Reported Outcome Measures–Cochlear Implant Quality of Life
	Systematic Literature Review
	Focus Groups and Cognitive Interviews
	Psychometric Testing to Develop the Cochlear Implant Quality of Life Item Bank
	Development of the Cochlear Implant Quality of Life-35 Profile Instrument and Cochlear Implant Quality of Life-10 Global Measure
	Final Validation of the Cochlear Implant Quality of Life-35 Profile and Cochlear Implant Quality of Life-10 Global

	Hearing Related Patient-Reported Outcome Measures in French Language

	Materials, Equipment and Methods
	Step 1. Preparation
	Summary of Best Practices
	Case Study: Translation of the Cochlear Implant Quality of Life-35 Instrument From English to French

	Step 2. Forward Translation
	Summary of Best Practices
	Case Study: Translation of the Cochlear Implant Quality of Life-35 Instrument From English to French

	Step 3. Back Translation
	Summary of Best Practices
	Case Study: Translation of the Cochlear Implant Quality of Life-35 Instrument From English to French

	Step 4. Committee Review
	Summary of Best Practices
	Case Study: Translation of the Cochlear Implant Quality of Life-35 Instrument From English to French

	Step 5. Field Testing
	Summary of Best Practices
	Case Study: Translation of the Cochlear Implant Quality of Life-35 Instrument From English to French

	Step 6. Review and Translation Finalization
	Summary of Best Practices
	Case Study: Translation of the Cochlear Implant Quality of Life-35 Instrument From English to French


	Anticipated Results and Discussion
	Future Trends in Hearing-Related Patient-Reported Outcome Measures
	Computerized Adaptive Testing
	Patient-Reported Experience Measures
	Economic Evaluation and Allocation of Scarce Resources
	Patient-Reported Outcome Measures in Low-Resource Settings

	Clinical Applications of Patient-Reported Outcome Measures
	Summary and Conclusion

	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


