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Abstract

There is great variability in the ways in which the speech intelligibility of d/Deaf and hard-of-hearing (DHH) children who use spoken
language as part, or all, of their communication system is measured. This systematic review examined the measures and methods
that have been used when examining the speech intelligibility of children who are DHH and the characteristics of these measures and
methods. A systematic database search was conducted of CENTRAL; CINAHL; Cochrane; ERIC; Joanna Briggs; Linguistics, Language and
Behavior Abstracts; Medline; Scopus; and Web of Science databases, as well as supplemental searches. A total of 204 included studies
reported the use of many different measures/methods which measured segmental aspects of speech, with the most common being
Allen et al.’s (2001, The reliability of a rating scale for measuring speech intelligibility following pediatric cochlear implantation. Otology
and Neurotology, 22(5), 631-633. https://doi.org/10.1097/00129492-200109000-00012) Speech Intelligibility Rating scale. Many studies
included insufficient details to determine the measure that was used. Future research should utilize methods/measures with known
psychometric validity, provide clear descriptions of the methods/measures used, and consider using more than one measure to account
for limitations inherent in different methods of measuring the speech intelligibility of children who are DHH, and consider and discuss
the rationale for the measure/method chosen.

Hearing loss is one of the most common sensory impairments
and affects people in every stage of life and in every corner of
the globe (Newsted et al., 2020). According to the World Health
Organization (WHO), around one and a half billion people world-
wide live with some degree of hearing loss, and 34 million chil-
dren require rehabilitation for hearing loss (WHO, 2021). Chil-
dren who are d/Deaf and hard of hearing (DHH) and acquiring
a spoken language as part/all of their communication system
often have reduced or different access to spoken language, as
speech perception can be challenging (Spencer et al., 2011). This
can have consequences for speech production skills and speech
intelligibility, which refers to how clear a person’s speech is,
or how much of a person’s speech is understood by a listener
(Spencer et al., 2011). The production of intelligible speech relies
on a child mastering multiple aspects of spoken language, the
central aspects being speech perception, phonological knowl-
edge, and motor control of articulation, timing, and intonation
(Freeman, 2018).

The intelligibility of speech is dependent on a two-way inter-
action between a speaker and a listener, so factors that influence
speech intelligibility are therefore related to both the speaker and
the listener (McLeod, 2020). Factors related to the speaker can
be the speaker’s age, gender, language/dialect, and the presence
of speech sound disorder or other communication disabilities or

differences (Lagerberg et al., 2014; McLeod, 2020). Reduced speech
intelligibility can stem from many sources such as speech disor-
ders (e.g., speech sound disorders, childhood apraxia of speech,
cleft palate, dysarthria), sensory differences (e.g., hearing loss,
wearing a mask), and linguistic differences (e.g., accents, dialect
differences). Factors related to the listener can be the listener’s
familiarity and relationship with the speaker, the speaker’s lan-
guage or dialect, and their familiarity with speech patterns asso-
ciated with different communication disorders (Baudonck et al.,
2009; McLeod, 2020; van Doornik et al., 2018). For example, Overby
et al. (2007) found that second grade teachers had a negative
attitude towards students with articulation disorders, and their
academic, social, and behavioral expectations were significantly
lower for the children with speech sound disorders than their
typically developing peers. Further, speech intelligibility is also
determined by the linguistic task being performed and the con-
text/environment in which it is being performed (McLeod, 2020).
Factors related to the task can be the type of speech sample
examined, the tool/method used to measure intelligibility, and the
response type used by a measure, and the validity and reliability
of a measure/method (Ertmer, 2011; McLeod, 2020). These issues
will be discussed in depth in the next section. Finally, factors
related to the context/environment that impact intelligibility can,
for example, be the presence of background noise which can be
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distracting for both the listener and the speaker (Ishikawa et al.,
2017; McLeod, 2020).

Speech Intelligibility and Children who are
DHH
The central goal of intervention for children who are DHH who
use spoken language as part/all of their communication system
is for these children to develop intelligible connected speech
(Ertmer, 2011). For children who use sign as part/all of their
communication system sign intelligibility should be considered
(see Crowe et al., 2019). Children who are DHH often develop
intelligible speech at a slower rate than their typically hearing
peers (Chin et al., 2001). However, since the 1980s, the possibilities
for the development of intelligible speech have been continually
improving for children who are DHH who are acquiring a spo-
ken language as part/all of their communication system. These
include universal newborn hearing screening, improvements in
hearing aid technology, cochlear implantations being invented
and improved, and earlier ages of identification, intervention,
and implantation (Crowe & Guiberson, 2019; Flipsen Jr., 2008).
Many studies have looked at factors related to better speech
intelligibility outcomes for children who are DHH. These include
language skills (e.g., Castellanos et al., 2014), age at implantation
(e.g., Ching et al., 2010; Ching et al., 2017; Ching & Dillon, 2013;
Habib et al., 2010), hearing thresholds (e.g., Sennaroğlu et al.,
2016), interventions for hearing loss (e.g., Baudonck et al., 2011),
family economic status (e.g., Cupples et al., 2017; Gérard et al.,
2010), social integration (e.g., Freeman, 2018; Freeman & Pisoni,
2017; Most et al., 2012), and better speech perception skills (e.g.,
Blamey et al., 2001).

Speech intelligibility difficulties experienced by children who
are DHH who use spoken language as part/all of their com-
munication system usually stem from difficulties with speech
perception, as the speech signal through which they are acquiring
spoken language is degraded/restricted. Difficulties with percep-
tion can emerge in the speech of children who are DHH in many
ways, such as in their use of delayed and disordered phonological
processes (Ching & Dillon, 2013), vowel errors (Sosa & Bunta,
2019), and different voice characteristics (Coelho et al., 2015).
Any, or all, of these differences can negatively impact the speech
intelligibility of children who are DHH. The contribution of vari-
ables related to these children’s individual hearing, speech, and
language characteristics have been widely researched. Greater
access to language through audition has consistently been found
to influence speech intelligibility outcomes. Castellanos et al.
(2014) found that early measures of speech intelligibility skills
predict later speech and language outcomes, and better language
skills were associated with better speech intelligibility. Ching et al.
(2010) and Ching & Dillon (2013) reported that later age at CI
switch-on was significantly associated with poorer speech and
language outcomes while Ching et al. (2017) found that earlier
intervention was related to better outcomes, with the benefit
being greatest for the children with the poorest hearing thresh-
olds. Similarly, Sennaroğlu et al. (2016) reported a correlation
between speech intelligibility scores and hearing thresholds, with
better hearing thresholds associated with better speech intelli-
gibility. A study by Baudonck et al. (2011) found that the speech
intelligibility ratings for “normal hearing children” (NH; p. 912)
were the highest, followed by children with bilateral CIs (biCI), uni-
lateral CIs (uniCI), and finally children using hearing aids (HAs).
Other impacts on the speech intelligibility of children who are
DHH and use spoken language as part/all of their communication

system have also been considered. Gérard et al. (2010) found
the communication abilities of children with hearing loss from
higher socioeconomic level were consistently better compared to
those from lower socioeconomic levels, and Cupples et al. (2017)
reported that higher levels of maternal education were associated
with better speech production outcomes.

Differences in speech intelligibility can also have broader
impact on the lives and wellbeing of children who are DHH
and use spoken language through listener’s judgments about
a person on characteristics that are unrelated to speech. Freeman
(2018) found when speech samples from people with typical
hearing and cochlear implant (CI) users with different levels of
speech intelligibility were rated by naïve listeners on different
personality traits, the typically hearing group was rated more
positively on most traits, while the less intelligible CI users were
rated more negatively. Research by Most et al. (2012) reported
a positive correlation between better speech intelligibility, and
better social competence and less feelings of loneliness in
children with hearing loss. Freeman and Pisoni (2017) examined
at the link between speech intelligibility and psychosocial
functioning. Preschool-aged CI users’ speech intelligibility was
correlated with the psychosocial constructs of functional
communication, attention problems, atypicality, withdrawal, and
adaptability. For school-aged CI users, additional scales were
significantly correlated: leadership, activities of daily living,
anxiety, and depression. These findings suggest that the benefits
of good speech intelligibility extend far beyond purely clear
communication.

Speech Intelligibility Measurements
As children who are DHH are at risk of delayed and/or poor
speech intelligibility outcomes in their development of spoken
language, it is important to monitor their speech intelligibility
throughout their habilitation journey (Coppens-Hofman et al.,
2016; Miller, 2013). As with all assessments, it is crucial that
measures/methods are reliable and valid to ensure that they are
able to accurately measure children’s speech intelligibility skills
and change in skills (Ertmer, 2011; Miller, 2013). Two main types
of speech intelligibility assessments have been used in research
and clinical settings: scaling procedures and item-identification
procedures (Ertmer, 2011).

Scaling Procedures
Scaling procedures are based on listeners rating speech sam-
ples along a continuum of intelligibility. The speech samples
may represent different contexts, for example, general conver-
sation, reading passages, picture descriptions, or replies to fixed
questions (Ertmer, 2011; Miller, 2013). An example of a scal-
ing procedure is when a listener rates audio-recordings of a
speech sample using a Likert or descriptive numeric scale to
describe how well the speaker in the recording was understood
by the listener (Crowe et al., 2019; Ertmer, 2011). The speech
samples can represent different linguistic contexts, e.g., single
words, phrases, conversation, or reading written text (Crowe et al.,
2019). Rating scales can also be used with different listeners that
vary in familiarity with the speaker, for example parents, educa-
tors, clinicians, and naïve listeners (Coppens-Hofman et al., 2016;
Ertmer, 2011).

The use of scaling procedures for measuring speech intelligi-
bility has been found to have both advantages and disadvantages.
The advantages of these types of scales are that they are quick
and easy to complete (Ertmer, 2011). They can also represent
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intelligibility in real life situations. Scaling procedures have, how-
ever, often been criticized for having poor validity and reliability
(Ertmer, 2011). Listener’s interpretation of the level of intelligibility
that each scale point represents is subjective and therefore inter-
rater reliability when using scales may be poor (Ertmer, 2011).
To one listener six might mean pretty good while to another it
might mean not very good (Ertmer, 2011). However, this is not
true for all scales, as some use descriptive words or sentences
rather than numbers (e.g., Allen et al., 2001; McLeod, 2020). Scaling
can also be insensitive to speech that falls in the middle range
of intelligibility, as listeners might not be able to quantify the
differences between speech that is 30% intelligible and speech
that is 60% intelligible (Ertmer, 2011; Miller, 2013). This means that
ratings on speech intelligibility with scaling procedures may be
inconsistent across users and contexts (Ertmer, 2011; Miller, 2013).
The use of measurement scales is commonly reported in research
describing children’s speech intelligibility. Two commonly used
scales are the Intelligibility in Context Scale (ICS; McLeod et al.,
2012) and the Speech Intelligibility Rating scale (SIR; Allen et al.,
2001).

Item-Identification Procedures
Item-identification procedures are an objective way to measure
speech intelligibility that is particularly well suited to measure-
ment of segmental features of speech (e.g., consonants and vow-
els). This method was developed partly as a way of solving some
of the reliability issues related to rating scales (Miller, 2013). These
methods are based on listeners writing down the words they
understand when listening to speech samples. The samples are
then scored on how often the listener’s written responses match
the words produced and speech intelligibility is calculated from
those scores (Ertmer, 2011; Miller, 2013). Again, the sample types
evaluated can represent different linguistic contexts, e.g., single
words, phrases, conversation, or written text. Listeners can also
vary in familiarity with the speaker and the speech of children
who are DHH, for example, parents, educators, experienced clini-
cians, and naïve listeners (Ertmer, 2011).

Item-identification procedures have an advantage over scaling
procedures as they do not only rely on subjective impressions,
but measure an actual number of words understood by a listener
(Ertmer, 2011). They can also help clinicians with shaping thera-
peutic directions as they can summarize the types of words that
were not understood in terms of length and complexity and other
segmental features (Miller, 2013). However, item-identification
procedures are not without flaws. They are more time consuming
than scaling procedures and can involve difficulties related to the
criteria used to construct word lists and weighting errors (Crowe
et al., 2019; Ertmer, 2011). For logistic reasons, item-identification
procedures usually involve a list of words that the test is lim-
ited to, so that representative sounds, sound combinations, and
sound positions in a language are included. Some tests have an
alternative but equivalent set of words for repeat assessment,
and the sound content and syllable structure of words is not
necessarily the same. This can make comparisons of the two
measurements invalid (Miller, 2013). Two commonly used item-
identification procedures are The Beginners’ Intelligibility Test
(BIT; Osberger et al., 1994), and Percentage of Consonants Correct
(PCC; Shriberg & Kwiatkowski, 1982).

Objectives of this Systematic Review
Appropriate assessment of speech intelligibility is a key concern
for professionals who work with children who are DHH and in

Table 1. Study questions, population, interventions,
comparisons, outcomes, timing, type of study, setting (PICOTS)

Study Component Current Study

Overall Questions 1. Which measures/methods are being used to
examine speech intelligibility in children who
are DHH?
2. Why are these methods/measures being used?

Population Children who are DHH 0–12 years of age with
permanent hearing loss.

Interventions Perceptual measures of speech intelligibility
based on children’s speech production.

Comparisons All
Outcomes Speech intelligibility is to what extent a listener

understands the speaker (Ertmer, 2011).
Time All
Type of Study All
Setting Measurement is conducted in a clinical or

education setting.

the process of acquiring a spoken language for the first time.
Professionals working with children who are DHH should have
an appreciation of the variety of choices available for assessing
speech intelligibility in terms of the measures/methods that can
be used to examine speech intelligibility can the benefits and
limitations of these different measures/methods. This decision is
important for researchers, clinicians, and educators and evidence-
based rationales should be present for decisions about the mea-
sures/methods chosen to be used. The aim of this review is to
provide a systematic overview of the measures/methods that have
been used in past research of the speech intelligibility of children
who are DHH and the rationales that were given for the choice of
assessment tools. This is not to say that such evidence-based con-
sideration of different measures/methods of speech intelligibility
is not important for professionals working with other populations
of clients, for example adult rehabilitation following cochlear
implantation, or people with speech difficulties that are physical
(e.g., cerebral palsy, cleft palate), linguistic (e.g., speech sound
disorder), or resulting from neurological changes (e.g., stroke,
Parkinson’s disease).

Table 1 provides Participant, Intervention, Comparison, Out-
come, Timing, Type of study, Setting criteria and definitions rel-
evant to this review. This systematic review addresses two ques-
tions:

1) Which measures/methods have been used in research stud-
ies to examine the speech intelligibility of children who are
DHH?

2) What rationales do authors provide for their choice of meth-
ods/measures?

This review is a companion to that of Magnússon et al. (2022),
which investigated the application of the International Classifi-
cation of Functioning, Disability, and Health—Children and Youth
(WHO, 2007) to research on the speech intelligibility of children
who are DHH.

Method
Search Protocol
A systematic review methodology was used to identify, select,
and analyze measures/methods that have been used in research
studies to investigate the speech intelligibility of children who
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are DHH as part/all of their communication system. The method
and reporting of this review follows the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines (PRISMA;
Moher et al., 2010). Detailed information on how this review meets
the PRISMA guidelines is provided in Supplementary Material S1.

Systematic Literature Search
In May 2021 an electronic search was conducted of CENTRAL via
Ovid; CINAHL via EBSCO; Cochrane; ERIC via ProQuest; Joanna
Briggs via Ovid; Linguistics, Language and Behavior Abstracts
(LLBA) via ProQuest; Medline via PubMed; Scopus; and Web
of Science databases. Development of the search protocol was
guided by team members who had experience conducting system-
atic reviews and research and clinical experience working with
children who are DHH, and a research librarian. The search blocks
included terms describing (a) outcome, (b) participant type, and
(c) hearing status. Search terms were developed and trialed with
consultation with a research librarian. An indicative search string
(which was used in Medline) was: ("Speech Intelligibility"[Mesh]
OR “ speech intelligibility” OR “ speech production” OR oral OR
phoneme OR "Communication Disorders"[Mesh]) AND (((girl OR
girls OR boy OR boys) OR (Infant [MeSH] OR Child [MeSH] OR
Pediatrics [MeSH] OR Infant OR infants OR baby OR babies OR
child∗ OR pediatric∗ OR paediatric∗)) AND ("Hearing loss" OR
"hearing impaired" OR "hearing impairment" OR "deaf" OR “hard
of hearing” OR "cochlear implant∗" OR "hearing aid∗" OR "hearing
disab∗" OR "hearing handicap∗" OR "hearing difficult∗" OR Hearing
disorders [MeSH] OR “Persons With Hearing Impairments”[Mesh]
OR "Hearing Aids"[Mesh])). Full search strategies and results
for each database are presented in Supplementary Material S2
(Search Strategy). All records from the database searches were
imported into Covidence (Veritas Health Innovation, 2021), a web-
based platform for conducting systematic reviews. Duplicates
were identified and removed by Covidence when records were
uploaded. Remaining duplicates were removed manually during
the screening process.

Supplementary Handsearching
Additional searches were conducted to identify records which
may meet the inclusion criteria for the study but were not
located in the systematic database search. These searches were
conducted for the year range 2001 to 2021 (see inclusion/exclusion
criteria) and were managed in an Excel worksheet. First,
hand searching on the table of contents of 17 journals was
performed: American Annals of the Deaf; American Journal
of Speech-Language Pathology; American Speech-Language-
Hearing Association Special Interest Group publications; Child
Language Teaching and Therapy; Clinical Linguistics and
Phonetics; Cochlear Implants International; Communication
Disorders Quarterly; Deaf Education International; International
Journal of Audiology; International Journal of Language and
Communication Disorders; International Journal of Pediatric
Otorhinolaryngology; International Journal of Speech-Language
Pathology; Journal of Communication Disorders; Journal of Deaf
Studies and Deaf Education; Journal of Speech, Language, and
Hearing Research; Language, Speech, and Hearing Services in
Schools; Seminars in Speech and Language. Second, a grey
literature search was conducted on 25 websites and databases.
These included research depositories (e.g., Clinical Trials (US),
Chinese Clinical Trial Registry), thesis depositories (e.g., ProQuest
Dissertations, Theses Global), and research and community
organizations serving children who are DHH (e.g., American

Society for Deaf Children, World Federation of the Deaf). Sup-
plementary Material S2 (Search Strategy) presents the complete
list of websites/databases searched and the search strings used,
and the number of results in each database.

Article Screening
Inclusion and Exclusion Criteria
In the title and abstract screening stage, records were excluded
if they were (a) published before 2001. This is when monitoring
of early identified children with hearing loss was starting to roll
out in many countries. Articles were also excluded if (b) partici-
pants did not have a permanent hearing loss, (c) more than half
of the participants were 13 years or older, and (d) participants
had diagnoses in addition to hearing loss which could impact
communication development. Studies were included regardless
of: the severity or configuration of hearing loss described, the
assistive listening devices used by children in the study, the inter-
vention/s children had participated in, and the communication
mode/s children used. The majority of children who are DHH and
acquiring spoken language as a mode of communication show
developments in their speech production skills during their early
years and early school years. It is during this period when speech
intelligibility is most often examined to ascertain developmental
and functional changes and skills. Even though the focus of
this review was on the developmental changes in speech during
childhood, a much higher cut-off age of 13 years was chosen.
This was done to ensure that studies were not excluded that
described children with more protracted development of speech
intelligibility. The focus of the study was on speech intelligibility
of children who are DHH, so studies including children with addi-
tional diagnoses that could impact communication development
and speech intelligibility (e.g., cerebral palsy, autism spectrum
disorder, intellectual disability, and auditory neuropathy) were
excluded.

Articles were excluded if (e) no speech intelligibility data for
speech production was included in the article, (f) the data were not
relevant to the scope of the review (e.g., acoustic, physiological),
and (g) the research was not conducted in a clinical or educational
setting (e.g., it was a radiology study). Included methods were
perceptual measures of the speech intelligibility of children’s
speech production that can be used in typical clinical or educa-
tional settings, for example rating scales and speech production
accuracy measures. This also included methods/measures that
focused on segmental (e.g., consonants, vowels) and supraseg-
mental (e.g., intonation, syllable stress, emphasis) components of
speech. Acoustic and physiological measures were excluded as
these typically require specialist equipment or training and are
not available to educators and clinicians and not part of clinical
or educational practice.

The criteria for the full text screening were the same, with
one addition: (h) articles where the full text was not able to be
obtained. That criterion was only used after an extensive search,
authors were contacted, and interlibrary loan requests with sev-
eral libraries were unable to be fulfilled. Finally, articles were
excluded where (i) the authors stated that data were collected at
a point much earlier than that considered in this review. Articles
published in languages other than English were not excluded.

Title and Abstract Screening
Title and abstract screening was conducted in Covidence (Veritas
Health Innovation, 2021). The titles and abstracts of records were
screened using a double-blind method to determine whether
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Figure 1. PRISMA flow diagram describing the search and inclusion/exclusion process.

they should move to the full text screening stage. Two review-
ers independently screened each record against the exclusion
criteria using Covidence, which flagged conflicts. Disagreements
were discussed between the two reviewers until consensus was
reached. When consensus was not reached, disagreements were
discussed with a third reviewer. If articles were written in lan-
guages other than English, they were only screened during the full
text screening stage.

Full Text Screening
Full texts of the records that were not excluded in the title and
abstract screening stage were retrieved and assessed in detail,
again using a double-blind method. Results of full-text screening
are presented in the PRISMA chart in Figure 1. The two reviewers
screened the articles independently against the exclusion crite-
ria and assessed if the article should be included or excluded,
and if excluded, the reason for exclusion. The exclusion crite-
ria were applied hierarchically. Covidence flagged any conflicts
between reviewers in both include/exclude decisions and in the
reason chosen for exclusion. Conflicts were discussed until con-
sensus was reached, with input from a third reviewer when
needed.

In the full-text screening stage, articles in languages other than
English were screened in by professionals outside the research
team, with knowledge of that language. They completed a short
online survey that had questions for each exclusion criteria.
Possible responses were yes, no, authors don’t say, and I’m not sure.
Articles were excluded if they met any of the exclusion criteria
or information necessary to judge the eligibility of the article
was not included. If the reviewer selected I’m not sure, the article
proceeded to the data extraction phase for careful reading. In this
stage articles in the following languages were screened: Chinese
(n = 11), Croatian (n = 1), Dutch (n = 2), Farsi (n = 2), Finnish (n = 1),
French (n = 1), German (n = 4), Japanese (n = 1), Norwegian (n = 1),

Portuguese (n = 3), Russian (n = 1), Spanish (n = 1), and Turkish
(n = 1).

Data Extraction
Data were blindly extracted from articles included in the review
by two reviewers and entered into a spreadsheet. Differences
between the reviewers were discussed until a consensus was
reached, and remaining differences were discussed with a third
reviewer. Data for variables related to the articles, participants,
methodology, listeners, and speech intelligibility measurements
were extracted from all studies. Article variables were year of pub-
lication, language of publication, and country data. Participant
variables included number, sex and age of participants, hearing
status (unaided, aided, and pre-implant), language status, hearing
devices used (hearing aid, cochlear implant, auditory brainstem
implant), communication style (oral, total communication, sign
language), and body structure (any differences in anatomy of
the inner ear and/or the cochlear nerve). Methodology variables
included study design (e.g., prospective, retrospective, longitudi-
nal, comparative), what was measured (e.g., speech intelligibility,
phonology, literacy, speech perception), and where the research
was conducted (clinic, school, home). Listener variables included
the number of listeners, listeners background, and listeners’ age.
Speech intelligibility variables included the name of the measure-
ment, language tested, whether the measurement was subjective
or objective, if the measurement was described in the article, and
whether there was a rationale for the use of that measurement.
Some studies did not explicitly state information that was needed,
such as the country in which the study was conducted, but
this could be inferred from other information contained in the
article, such as the location of the authors and/or the language
assessed. In those cases, this information was marked as inferred.
Supplemental Material S3 (Data Code Book) provides additional
details on this process.
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When an article was not published in English, data extraction
was conducted by a fluent user of that language with relevant
research and/or content experience. This was the same person
who conducted the full text screening in most cases. Extractors
received the data extraction spreadsheet, the data extraction code
book, the article to conduct, and instructions on data extraction.
They also had the opportunity to meet with a member of the
research team to discuss the data extraction process or to extract
the data in collaboration with a team member. Six researchers
chose to extract the data in collaboration with a research team
member, one chose to extract the data independently after a
meeting, and two chose to conduct the extraction independently.

Reliability
It was not necessary to examine reliability because at the fol-
lowing stages a double-blind method was used: title and abstract
screening, full text screening, and data extraction.

Results
A PRISMA flowchart showing search results, numbers, and rea-
sons for exclusion is presented in Figure 1. The final number of
articles included in this review was 204. A table presenting the
characteristics of each included study is available in Supplemen-
tal Material S4 (Study Information).

Publication Variables
The year of article publications ranged from 2001 to 2021
(M = 2013, Mode = 2020). The majority of the articles were published
in English (n = 189, 92.6%). Articles were also published in: Chinese
(n = 10), Croatian (n = 1), Russian (n = 1), Portuguese (n = 2), and Farsi
(n = 1).

Participant Characteristics
The total number of participants with hearing loss in included
studies was 15,520 (Range = 1 to 1,004, M = 76, SD = 143.6). It was
difficult to compare the age of participants as age was reported
in several different ways across studies. Studies reported partic-
ipant age range (n = 74, 36.3%), mean age (n = 71, 34.8%), grade
level (n = 32, 15.7%), age at implantation (n = 65, 31.9%), and/or
did not report any age information (n = 22, 10.8%). Some articles
reported more than one type of information. The order of inclu-
sion above was therefore hierarchical. In the studies where age
information was presented for the time of the study the age
of participants ranged from 6 to 381.6 months. The participant
that was 381.6 months was an outlier, and the majority of par-
ticipants in that study was < 13 years old. Therefore, this study
was included in the review. The minimum age ranged from 6
to 113.7 months (M = 53.0, SD = 29.5). The maximum age ranged
from 20 to 381.6 months, (M = 122.78, SD = 60.3). For the studies
that reported mean age, this ranged from 19.2 to 147.5 months,
(M = 79.3, SD = 30.6). In total 116 (56.9%) studies did not provide
precise information about the age of participants when testing
occurred.

The studies included came from 28 different countries. The
countries were as follows: Australia (n = 11), Belgium (n = 10), Brazil
(n = 4), Canada (n = 1), China (n = 33), Croatia (n = 1), Denmark
(n = 2), Egypt (n = 4), England (n = 1), Finland (n = 1), France (n = 3),
India (n = 23), Iran (n = 20), Israel (n = 2), Italy (n = 3), Malaysia
(n = 2), Northern Ireland (n = 1), Portugal (n = 2), Russia (n = 1),
Saudi Arabia (n = 4), Slovakia (n = 1), South Korea (n = 3), Sweden
(n = 1), Switzerland (n = 1), Taiwan (n = 10), Turkey (n = 7), the United
Kingdom (n = 9), and the United States of America (n = 36). Five

studies were conducted in two countries, the USA and Canada,
and in two studies the location could not be inferred and were
therefore recorded as not mentioned. The languages spoken were
explicitly reported in 121 (59.3%) studies and could be inferred
in 64 studies (31.4%), meaning this information was determined
for 185 (90.7%) of the studies. The languages spoken were as
follows: Arabic (n = 8), Croatian (n = 1), Danish (n = 2), Dutch
(n = 8), English (n = 62), Farsi (n = 20), Finnish (n = 1), French (n = 4),
Hebrew (n = 2), Hindi (n = 2), Italian (n = 3), Korean (n = 3), Malay
(n = 2), Malayalam (n = 1), Mandarin (n = 43), Portuguese (n = 6),
Russian (n = 1), Slovakian (n = 1), Swedish (n = 1), Tamil (n = 1), and
Turkish (n = 7). Some studies (n = 6, 2.9%) included either bilingual
participants or participants who spoke different languages. Only
158 studies (77.5%) explicitly reported the communication mode
used by children who were DHH and in 43 studies (21.1%) the
communication mode was inferred. Communication modes were
as follows: cued speech (n = 1, .49%), oral (n = 116, 56.8%), total
communication (n = 3, 1.5%), sign language (none exclusively), and
simultaneous (none exclusively). Numerous studies (n = 37, 18.1%)
included participants who used different communication modes.
They were: oral and signed exact English (n = 1, .49%); oral and
simultaneous communication (n = 1, .49%); oral and sign language
(n = 2, .9%); oral and total communication (n = 28, 13.8%); oral,
sign language, and total communication (n = 3, 1.5%); and sign
language and total communication (n = 2, .9%).

Many studies reported on the hearing device used by partic-
ipants. Participants used CIs in 169 (82.8%) studies, HAs in six
(2.9%) studies, and ABIs in four (1.9%) studies. There was one
study that did not report this information. No information on pure
tone averages (PTA) was reported explicitly in 134 (65.7%) studies.
However, 78 (38.2%) of those studies reported on the severity of
hearing loss, which ranged from mild to profound. The PTA for
unaided hearing loss on the better ear ranged from 15 dB to “not
registered”, or 125 dB. The PTA for aided hearing loss on the better
ear ranged from 11 to 120 dB. The PTA for pre-implant on the
better ear ranged from 70 dB to “not registered”, or 121.7 dB.

Listener Characteristics
The number of listeners was reported in 66 (32.4%) studies, where
the number ranged from 1 to 108. The listener background was
reported in 131 (64.2%) studies, where the background was audi-
ologists (n = 4, 1.9%), naïve listeners (n = 33, 16.2%), parents (n = 17,
8.3%), SLPs (n = 55, 26.9%), students (n = 14, 6.9%), and other
professionals (n = 36, 17.6%). Some studies included listeners from
more than one category. The listener relationship to the speaker
was reported in 128 (62.17%) studies, where the relationships were
clinician (n = 59, 28.9%), parents (n = 17, 8.3%), researcher (n = 59,
28.9%), and other professionals (n = 8, 3.9%). Again, some studies
had listeners from more than one category. The listeners’ ages
were explicitly reported in only 13 (6.4%) studies, but they were
inferred to be adults in 63 (30.9%) studies. In the studies that
reported on the age of listeners, it ranged from 18 to 50 years.

Study Characteristics
All the studies included looked at speech intelligibility, as this
was an inclusion-criteria for this review. Several studies looked
at other factors as well. Other factors commonly looked at were:
articulation (n = 25, 12.3%), phonology (n = 21, 10.3%), voice (n = 10,
4.9%), language (n = 49, 24.0%), speech perception (n = 57, 27.9%),
and literacy (n = 11, 5.4%). Speech intelligibility measurements
were a covariant in 23 (11.3%) studies. Most studies were con-
ducted in a clinic (n = 147, 72.1%). Some studies were conducted
in a school (n = 23, 11.3%), some at the child’s home (n = 19, 9.3%),
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Table 2. Evidence synthesis of speech intelligibility measurements used with children who are DHH

Speech intelligibility measurement

Subjective Objective

SIR (Allen
et al., 2001)
n (%)

Other/
unspecified
SIR scales
n (%)

Other
subjective
measures
n (%)

BIT
n (%)

PCC
n (%)

Other
objective
measures
n (%)

Study
Characteristics

Total number of studies 69 (33.8%) 45 (22.1%) 23 (11.3%) 20 (9.8%) 32 (15.7) 26 (12.7%)

Rationale provided 31 (44.9%) 13 (28.9%) 3 (13.0%) 1 (5%) 1 (3.1%) 2 (7.7%)
RP: Psychometric properties 25 (80.6%) 8 (61.5%) 1 (33.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
RP: Easily understood 2 (6.5%) 0 (0.0%) 0 (.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
RP: Adapted for certain
characteristics

1 (3.2%) 1 (7.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (100%)

RP: Time effective 3 (9.7) 2 (15.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
RP: Assessment of
measure/method

1 (3.2%) 0 (0.0%) 2 (66.7%) 0 (0.0%) 1 (100%) 0 (0.0%)

RP: Used in real-life situations 3 (9.7%) 2 (15.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
RP: Widely used 2 (6.5%) 0 (0.0%) 0 (0.0%) 1 (100%) 0 (0.0%) 0 (0.0%)
English speaking 12 (17.4%) 5 (11.4%) 4 (17.4%) 18 (90.0%) 26 (81.3%) 16 (61.5%)

BIT = The Beginners’ Intelligibility Test; PCC = Percentage consonants correct; RP = Rationale provided; SIR = Speech intelligibility rating

and some at other locations (n = 4, 1.9%). A few studies were
conducted in more than one of these places. The methodologies
used by the 204 studies were categorized by study design. The
study designs identified were as follows: Descriptive case study
(n = 65, 31.9%), Descriptive case study longitudinal (n = 44, 21.6%),
Descriptive cohort study (n = 19, 9.3%), Descriptive cohort study
longitudinal (n = 6, 2.9%), Descriptive group comparison (n = 55,
26.9%), Descriptive group comparison longitudinal (n = 10, 4.9%),
Treatment study group comparison (n = 4, 1.9%), treatment study
single-subject (n = 1, 0.5%).

Evidence Synthesis: Speech intelligibility
Measurement Characteristics
A summary of the evidence synthesis can be found in Table 2. All
studies reported some data on the speech intelligibility measure-
ment used (as this was an inclusion criteria), but only 155 (75.9%)
reported a reference for the test used. The distribution between
subjective and objective measurements was 139 (68.1%) subjec-
tive and 76 (37.3%) objective. Some studies used both subjective
and objective measurements (n = 12). Only 133 (65.5%) studies
described the measurements used thoroughly.

Subjective Measurements
The most common subjective measurement tool used was The
Speech Intelligibility Rating scale (SIR; Allen et al., 2001) (n = 69,
33.8%). The SIR, developed by Allen et al. (2001), is a subjective
five-point rating scale developed for use with children who are
DHH. It measures the level of speech intelligibility, the ease of
understanding, with reference to everyday situations and can be
used by professionals as well as naïve listeners. Each point on the
scale is represented by a sentence describing how intelligible the
child’s speech is to the listener, (e.g., 2 = Connected speech is unintel-
ligible; intelligible speech is developing in single words when context and
lip-reading cues are available, and 5 = Connected speech is intelligible to
all listeners; the child is understood easily in everyday contexts). A total
of 27 (13.2%) studies reported they used SIR but did not provide a
reference for it and 20 (9.8%) studies used an SIR scale other than
that of Allen et al. (2001) and provided a reference, for example
the Arabic speech intelligibility test (Bassiouny et al., 2013) (n = 2).

Unnamed subjective measurements (n = 8, 3.9%) were described
as: a Likert scale (n = 4), a nominal scale with four categories (n = 1),
a rating scale (n = 3), and a visual analog scale (n = 1).

Objective Measurements
The most common objective measurements used were The
Beginners’ Intelligibility Test (BIT; Osberger et al., 1994) (n = 20,
9.8%), and Percentage of Consonants Correct (PCC; Shriberg &
Kwiatkowski, 1982) (n = 32, 15.7%). The BIT (Osberger et al., 1994)
is an objective sentence-repetition task developed for use with
young children who are DHH. Each sentence on the test contains
two to six words that are syntactically simple, and likely to be
familiar to young children, for example: The baby falls, Daddy runs,
and My airplane is big. The listener transcribes each sentence,
and the BIT scores are expressed as a percentage of the number
of words correctly transcribed divided by the total number of
words (Osberger et al., 1994). PCC is an objective measurement,
developed for estimating the severity of speech sound disorder.
It expresses the percentage of correctly articulated consonants
in a speech sample. It has been used to calculate scores from
different types of speech samples, for example articulation
tests, conversation samples, and non-conversational speech
tasks (Shriberg et al., 1997; Shriberg & Kwiatkowski, 1982). The
samples on which PCC calculations were based, in the studies
included, came from a variety of sources: Teste de Linguagem
Infantil task (ABFW) (n = 1), Assessment Link Between Phonology
and Articulation—Revised Test (Lowe, 2000) (n = 1), Diagnostic
Evaluation of Articulation and Phonology ( Dodd et al., 2002)
(n = 3), Goldman-Fristoe Test of Articulation (GFTA; Goldman &
Fristoe, 2000) (n = 6), Hebrew Picture Speech Pattern Contrast
(Kishon-Rabin & Henkin, 2000) (n = 1), the McGarr test (McGarr,
1981) (n = 5), unnamed picture articulation test (n = 2), 108 Single-
Word Articulation Test (Paatsch, 1997) (n = 1), spontaneous speech
sample (n = 2), and unspecified (n = 11). One study used both GFTA
and a spontaneous speech sample.

Other named objective tests used were: Arizona Articulation
Proficiency Scale (Fudala, 2000) (n = 1), Fanzago test (Fanzago,
1983) (n = 1), identifying early phonological needs in children
with hearing impairment (IEPN; Paden & Brown, 1992) (n = 1),
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Intelligibility Index (Flipsen Jr. & Colvard, 2006) (n = 1), minimal
pairs production test (MP2) (n = 1), percentage spraakverstaan-
baarheid bij kinderen [percentage of speech intelligibility in chil-
dren] (Baudonck et al., 2009) (n = 2), Persian speech intelligibility
test (Darouie, 2013) (n = 2), Picture-SPINE (Monsen et al., 1988)
(n = 1), The Children’s Speech Intelligibility Measure (CSIM; Wilcox
& Morris, 1999) (n = 1), The Monsen Indiana University sentences
(MIUS; Monsen, 1981) (n = 2), and the Speech Intelligibility Test
(SIT; Magner, 1972) (n = 1). Unnamed objective measurements
(n = 7, 3.4%) were described as: a connected speech measure (n = 1),
a magnitude estimation scale (n = 1), speech accuracy (n = 1),
understandability of speech (n = 1), unnamed item-identification
(n = 2), and phoneme accuracy (n = 1).

Multiple Measures
Some studies used more than one measure of intelligibility (n = 17,
8.3%). The reasons for studies using more than one measure of
intelligibility, and the combinations of methods used varied. Some
studies (n = 10) used both subjective and objective measurements
(e.g., SIR and PCC, a visual analog scale and PCC). Typically, those
articles did not provide a rationale for the choice of method, and
in fact only one article did. In that case the rationale was that the
study was done to compare a visual analog scale with an objective
method (PCC) (Huttunen & Sorri, 2004). Two studies used both BIT
and MIUS, as they had a wide age range, and needed different
measures to measure the speech intelligibility for different ages
(Ertmer, 2010; Svirsky et al., 2007). Four studies used BIT combined
with other objective measures/methods, one used it with PCC
(Chin & Kuhns, 2014), one with MP2 (Chin et al., 2001), one with
a connected speech measure (Daneshmandan & Borghei, 2007),
and one with CSIM (Khwaileh & Flipsen Jr., 2010). These studies
did not provide a clear rationale for why they used more than one
measure.

Rationales for Measurements
Rationales provided for the choice of measure/method varied
in detail and quality, with only 49 (24.0%) studies explaining
their choice of measurement. The rationales given were: easily
understood (n = 2), good psychometric properties (n = 34), has been
adapted for the participant characteristics presented in the study
(e.g., a certain language, a certain age, or children following CI
implantation) (n = 4), time effective (n = 5), the study was assessing
a particular measure/method (n = 3), used in real-life situations
(n = 4), and widely used (n = 3). A few studies (n = 6) provided
a rationale that fitted into more than one group, for example
good psychometric properties and time efficient. The studies that
provided the rationale of the measure being easily understood
both used Allen et al.’s. (2001) SIR. Measures reported to be used
for their psychometric properties mostly also used Allen et al.’s.
(2001) SIR (n = 25). Other tests used with this rationale were The
Persian Speech Intelligibility Test (Heydari et al., 2011) (n = 1) and
other rating scales (n = 8). The adaptability of a measure to the
characteristics of the study’s participant justified the choice of
Allen et al.’s. (2001) SIR, IEPN (Paden & Brown, 1992), CSIM (Wilcox
& Morris, 1999), and BIT (Osberger et al., 1994), with each used in
one study. The choice of time efficient measures were Allen et al.’s.
(2001) SIR (n = 3) and two different SIR scales. Studies examining
a particular measure used a Likert scale, a visual analog scale
and PCC from an unspecified source, and Allen et al.’s. (2001)
SIR. SIR scales were also used to best reflect real-life situations,
including Allen et al.’s. (2001) SIR and a different SIR scale.
Finally, the rationale of being widely used supported the choice of

Allen et al.’s. (2001) SIR scale, BIT (Osberger et al., 1994), and MUIS
(Monsen, 1981).

Discussion
This systematic review adds to the existing literature concerning
the speech intelligibility outcomes of children who are DHH and
use spoken language as part/all of their communication system by
critically examining the methods and measures used in evaluat-
ing speech intelligibility. The purpose of this review was to exam-
ine which methods and measurements have been used to mea-
sure the speech intelligibility of children who are DHH and what
rationales were provided for the choice of measure/method. In
total, 204 articles met all the inclusion criteria and were included
in the review. The variability in measures/methods used to assess
speech intelligibility, the lack of rationales provides, and the lack
of discussion of the psychometric properties of measures, indi-
cates that researcher and clinicians should take caution when
comparing the results across studies and when choosing intelli-
gibility measures/methods to use. This review article shows that
there is a gap in the literature concerning which measures/meth-
ods are the most reliable or useful in examining the speech
of children who are DHH who communicate using speech. The
lack of an agreed upon intelligibility method or measure makes
it difficult to compare speech outcomes of across studies and
treatment conditions.

This review article clearly found that there is variability in
speech intelligibility measures and methods used to describe the
speech of children who are DHH across studies. Even though
some methods that are more commonly used than others (e.g.,
SIR [Allen et al., 2001], BIT, and PCC) there are many studies that
use methods that are not thoroughly described or researched
(e.g., Boonen et al., 2020; Grandon et al., 2020; Van Lierde et al.,
2005; Warner-Czyz & Davis, 2008; Yoon et al., 2004). As previously
mentioned, not all studies provided a reference for their mea-
sure/method (e.g., An et al., 2012; Arumugam et al., 2021; Blamey
et al., 2001; Boonen et al., 2020; Daneshmandan et al., 2009; Melo
et al., 2017) and not all studies described the measure/method
they were using (e.g., Alenzi et al., 2020; Jalil-Abkenar et al.,
2013; Venkataramani et al., 2021; Wu et al., 2008; Zhou et al.,
2013). In some cases, it was therefore unclear exactly what mea-
sure/method was being used (e.g., das Neves et al., 2020; Lucchesi
et al., 2015; Tomblin et al., 2008; Warner-Czyz & Davis, 2008;
Zachariah & Kumaraswamy, 2015). It is an interesting result that
when the subjective and objective measurements are compared,
more of the studies conducted in English speaking countries used
objective measures, and more of the studies conducted in differ-
ent languages, used subjective scales (See Table 2 for evidence
synthesis summary). Only 49 articles (24.0%) provided some type
of rationale for the choice of measures and methods. Few studies,
only 17%, provided high quality rationales and discussed the
psychometric properties of the scales (e.g., Edwards et al., 2006;
Fulcher et al., 2014; Nikolopoulos et al., 2008; Singh et al., 2004;
Wilkinson & Brinton, 2003), which is concerning. Few measures of
speech intelligibility have been examined for their psychometric
properties and the low utilization of valid and reliable methods to
examine speech intelligibility should be of concern to researchers
and clinicians/educators alike.

Limitations of the Literature and
Recommendations for Researchers
The literature examined in this review presented some clear
limitations with the information presented, and the measures/
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methods chosen. First, the information presented in the studies
was often unclear or lacking. Some of the literature failed to
report on numerous crucial variables, such as participant vari-
ables (e.g., age, sex, PTA, communication mode), listener char-
acteristics (e.g., number of listeners, relationship to speaker, age
of listener), and speech intelligibility measurement (e.g., descrip-
tion of the method, rationale for method, reference for method
and language tested). This makes a comparison of children’s
performance between studies challenging, and in some cases
impossible. Second, there is a need for a clear description of the
measures/methods being used. In addition, it would be useful to
provide the reader with a reference to where more information
about this measure/method can be found and/or if it is a novel or
custom-designed measure (usually a rating scale) for the measure
to be provided with the article as an Appendix or as supplemental
online material. Third, there is a need for researchers to choose
and use measures that have known and strong psychometric
properties, and to investigate the psychometric properties of com-
monly used measures that currently have not been established as
being valid and/or reliable. This is also important when a measure
with known strong psychometric properties is being used in a
language or context in which it was not described to be used. This
was the case where studies reported using a measure because of
its strong psychometric properties when used in English in the
United Kingdom as a rationale for the use of a translated version
of the measure in a new language and context (e.g., De Raeve,
2010; Koşaner et al., 2017; Othman et al., 2020; Wu et al., 2008).

Recommendations for Clinicians and Educators
While working with children who are DHH, clear, high-quality
measurements are an important source of information for mea-
suring progress and are important in clinical decision-making
and monitoring (Miller, 2013). Therefore, it is crucial for clini-
cians to have information about which measures and methods
are valid and reliable, when used in clinical settings. Clinicians
should always research the literature on the measures/methods
they choose to use and see whether they have been thoroughly
researched, and how they align with other types of measure-
ments. This is necessary when using evidence-based practice.
Evidence-based practice states that clinicians should integrate
clinical expertise, evidence, and client’s/caregiver’s perspectives
(ASHA, n.d.). When reviewing the literature on speech intelligi-
bility measures/methods used with children who are DHH it is
clear that the limitations of the literature poses a great concern
for evidence-based practice. This stems from the problem that
the evidence on speech intelligibility measurement and method is
limited, and it is difficult for clinicians to compare different types
of measurements across studies.

From this review it is clear that some measures/methods are
better researched than others and have been more widely used.
Of the subjective measures, Allen et al.’s (2001) SIR is by far the
most widely used with this group, and more is known about the
psychometric properties of this SIR scale, than any other SIR
scale. As with many subjective measures, this SIR scale can be
insensitive to speech that falls in the middle range of intelligi-
bility, the ratings can be difficult to interpret, and although the
findings of this review show that it has been used in many lan-
guages, descriptions of the psychometric properties of this scale
in languages other than English are limited. Another subjective
measure that has been well researched and widely used with
preschool-aged children with speech sound disorder is the ICS
(McLeod, 2020), although this has not been used with children
who are DHH. The ICS is a five-point scale used by parents to

report on how intelligible their child’s speech is to different com-
munication partners who vary both in familiarity and authority,
e.g., parents, extended family strangers, teachers, and friends
(McLeod et al., 2012). This scale was however, not used in any
of the studies included in the review, implying that it has not
been as widely used and researched with children who are DHH.
The benefits of this scale are that its psychometric properties
have been researched and found to be good in various languages
and situations: for example: Fijian (Hopf et al., 2017), Swedish
(Lagerberg et al., 2019), Korean (Lee, 2019), Cantonese (Ng et al.,
2014), Vietnamese (Pha.m et al., 2017), Italian (Piazzalunga et al.,
2020), Jamaican Creole (Washington et al., 2017), and German
(Neumann et al., 2017). It has similar disadvantages as the SIR
scale being a subjective measure, and if this scale were to be used
with children who are DHH, further research would be needed to
assess its qualities for that specific group.

Of the objective measures, PCC was the most widely used. PCC
has been well researched and its psychometric properties are well
known (Shriberg et al., 1997; Shriberg & Kwiatkowski, 1982). As
with many objective measures, limitations of PCC include a lack of
standardization between speech samples assessed, and reflecting
only on consonant production (not vowels or whole words), thus
missing other aspects of speech that might impact intelligibility,
(e.g., voice quality, nasality, and intonation) (Shriberg et al., 1997).
Another objective measure that has been widely used and quite
well researched is the BIT (Osberger et al., 1994). Its psychometric
properties have also been assessed and found to be good (Ertmer,
2010; Khwaileh & Flipsen Jr., 2010). It does however have its limi-
tations as an objective measure, being more time consuming than
scaling procedures and research on its psychometric properties in
languages other than English is limited.

As both subjective and objective measures have different
strengths and limitations, using both types of measurements
when assessing the speech intelligibility of children who are
DHH may provide a stronger assessment of skills. Because of
the different limitations SIR and PCC have, a combination of
these two measures when assessing the speech intelligibility of
children who are DHH could be a better option. As a pair, they
may be able to mitigate many of the limitations that they exhibit
individually. This combination of measures potentially would give
a broad and strong picture of the speech intelligibility of children
being assessed. When assessing the speech intelligibility of young
children who are DHH, the BIT might be a better fit than PCC, as
it was designed specifically for use with young children who are
DHH. Using the BIT alongside an SIR scale or the ICS, which is
specifically designed for use with preschool aged children, might
therefore be a good fit when assessing the speech intelligibility
of younger children. This being said, further research is needed
that assesses different measures and combinations of measures,
to state with confidence what should be the golden standard for
speech intelligibility measures of children who are DHH. It should
also be noted that measures of suprasegmental characteristics of
speech were absent from the measure/methods identified in this
review. The importance of suprasegmental features of speech,
which can greatly impact on speech intelligibility, should also
be considered as part of a wholistic assessment of the speech
intelligibility of children who are DHH.

Limitations of this Review
There were a number of limitations to this review. First, there is
a possibility some relevant studies were not identified. The risk
of this was minimized by doing an extensive search of databases
using broad search terms. Second, it is a possibility that due to
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strict exclusion criteria, articles that could have been informative
were excluded. For example, we found some studies that mea-
sured speech intelligibility at a broad age range and were excluded
due to the fact that > 50% of the participants were 13 years or
older. The speech intelligibility measures used in studies of ado-
lescents and adults could be applicable for children also, meaning
that some relevant measures may have been missed in this review.
Further research should consider speech intelligibility measures
used with adolescents and adults, particularly in rehabilitation
(rather than habilitation) contexts. Third, many studies failed
to report important information about numerous variables (e.g.,
participant information, study information, speech intelligibility
measurement information). This made the comparison between
studies challenging, and in some cases impossible.

Future Research
There is a need to establish a gold standard for assessing the
speech intelligibility of children who are DHH across different
stages of speech development so that they are comparable across
studies, and to reduce methodological weaknesses related to their
choice of measure, as well as providing clinicians and educa-
tors with a tool to measure the speech intelligibility of their
clients/students. Selecting measures/methods with good psycho-
metric properties demonstrated across different ages, they should
be researched in various languages and different contexts, and
should be able to be implemented by researchers as well as
clinicians and educators. It is important to note that measures
and methods which considered suprasegmental characteristics
of children’s speech were conspicuously absent from our find-
ings. Reporting on methods/measures that include or focus on
suprasegmental characteristics of children’s speech impacting
intelligibility should be considered in future research on speech
intelligibility in children who are DHH. When operationalizing a
method for establishing speech intelligibility, it is important to
establish if using a combination of measures to address the limita-
tions that each measure presents on its own. It is also important to
note that a speech intelligibility gold standard measure or method
might be different for different age groups, and further research
is needed on this. Speech intelligibility methods and measures
should also be standardized across different languages. In order
for this to be possible it is important to assess the different
measures being used in every language that it will be used in. The
measures need to be translated, local norms established, and their
psychometric properties described in each language and context.

Conclusion
This review provided an overview of what measures/methods
have been used to measure the speech intelligibility of children
who are DHH and what rationale is provided for the choice of
method. Speech intelligibility measures are important clinical and
research measures that provide a general index of how well a
person is understood by others. The results of this review highlight
that a diverse range of subjective and objective measures have
been used in previous research with children who are DHH. Poor
and inconsistent description of measures and method and the
rationale for method choice across the majority of studies ham-
pers comparison of findings across studies. It is clear that a more
standard way of measuring speech intelligibility that involves
both subjective and objective elements would be beneficial. This
is the first study we know of that has critically analyzed the
existing research on speech intelligibility measures with children

who are DHH and the results show that the literature is in need
of improvements, as well as further research being needed.
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