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Abstract

Background: Following the development of new hearing technologies, assessment of speech intelligibility in hearing-impaired
children is of great interest. The main purpose of this study was to compare speech intelligibility and auditory perception abilities in
children with normal-hearing (NH) and children with hearing aid (HA) and cochlear implant (CI).

Methods: This analytic cross-sectional study consisted of 60 Persian-speaking children aged 5 to 7-years. Participants were
classified into 3 groups of 20 people, including NH (mean age, 71.70+5.05 months), CI (mean age, 72.60+8.20 months), and HA
(mean age, 71.45+10.56 months) children. The speech intelligibility rating (SIR) and categories of auditory performance (CAP) tests
were conducted for all children to measure their speech intelligibility and auditory perception, respectively. A one-way analysis of
variance (ANOVA) test was used to compare CAP and SIR scores among the 3 groups.

Results: The mean SIR score in the NH children was significantly higher than the HA (p=0.002) and CI (p=0.009) groups. However,
these differences between the HA and CI children were not significant (p=0.885). We found a significant difference between the CAP
scores in the 3 groups (p=0.038). Furthermore, the post hoc analysis results indicated that the mean CAP scores in NH children were
significantly higher than the HA and CI participants. Based on the results, the speech intelligibility and auditory performance abilities
in NH children were significantly greater than the hearing-impaired (CI and HA) children. However, these abilities between HA and
CI users were not significantly different.

Conclusion: Based on the results, the early acoustical amplification on auditory and speech functions in children with hearing loss is
of paramount importance.
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Introduction
Several studies have shown that good speech intelligi-  important speech-language outcome for individuals with
bility, or how well others can recognize one's speech, is an  hearing impairment. Good speech intelligibility ability
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— What this article adds:
* A great communication benefits are achieved by early

implantation. The results exemplify the importance of
enhanced social environments provided by cochlear implants.
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comprehension and production of sentences.
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also entails mastery of multiple foundational spoken lan-
guage skills, such as speech comprehension, phonological
awareness, and intonation, and it is positively associated
with a range of cognitive skills (eg, visual attention) and
psychosocial behaviours (eg, emotional adjustment) (1, 2).
Various factors can influence speech intelligibility, includ-
ing the level of communication skill (single word or con-
tinuous speech), the listener's familiarity with the speak-
er's speech, and communication cues for the listener (fa-
miliar text or unfamiliar text) (3-6).

Hearing loss is an important factor that may negatively
affect children's speech intelligibility. Hearing-impaired
children may not be able to distinguish between the differ-
ent phonemes, and because of the lack of auditory feed-
back, their speech production may be confusing (7, 8). In
recent years, technological advances have led to the de-
velopment of intelligent hearing aids (HAs) and multi-
channel cochlear implants (CIs) that permit children who
are profoundly hearing-impaired access to environmental
sounds and information about spoken language and im-
prove their speech intelligibility skills.

The cochlear implant is a safe and standard surgical
procedure for patients with severe-to-profound sensori-
neural hearing loss (SNHL) who received a limited benefit
from their hearing aids. It could help to restore auditory
perception and cognition via electrical stimulation of the
auditory nerve fibers (9, 10). It has been indicated that CIs
can improve speech intelligibility in hard of hearing chil-
dren. Most and Peled (11) investigated understanding
speech prosodic features between a group of cochlear im-
planted children and 2 groups of hearing aid users with
severe and profound SNHL. Their findings demonstrated
that children who were fitted with hearing aids showed a
better performance in understanding the prosodic charac-
teristics compared with the implanted children. In another
study, Rezaei et al (12) showed that speech intelligibility
in hearing-impaired children (CI or hearing aid users) was
significantly lower than the normal hearing peers. They
reported that children with normal-hearing sensitivity ex-
hibited better speech clarity than children with hearing
impairment. Lee et al (13) also reported that the speech
intelligibility and pitch perception in CI children were
significantly lower than the normal-hearing (NH) children.

This study aimed to compare the speech intelligibility
and auditory performance skills of preschool children with
normal hearing, cochlear implants, and hearing aids
(HAs).

Methods
The protocol of the current analytic cross-sectional

study was approved by the local ethics committee (Ethics
code: R AJUMS.REC.1398.629), which was in complete

Table 1. The speech intelligibility rating (SIR) criteria

agreement with the ethical regulations of human studies
set by the Helsinki declaration (2013).

Participants

During this study, 60 preschool children (aged 5 to 7
years) participated. All children were native speakers of
Persian with no language disorders. Participants were di-
vided into 3 groups of 20 children (Table 1):

NH (control) Group: All children had an average
pure-tone hearing threshold (across the test frequencies
of 500-4000 Hz) at the better ear lower than 20 dB HL.
They were recruited through a database of children who
had participated in similar behavioral experiments at our
research center but had never been exposed to the specif-
ic test materials of the current investigation.

Hearing Aid Group: All children had a bilateral
moderate or moderate to severe SNHL and used their in-
telligent devices at last for 6 months.

Cochlear Implant Group.: All children were selected
from our national cochlear implant database (14). All
children (aged 1.5 and 4 years) had bilateral severe to
profound SNHL before surgery. They were unilaterally
implanted and had more than 1 year of experience with
their devices (MED-EL COMBI 40+) before the study.
All children showed normal imaging of temporal bone
and had attended regularly at postoperative aural reha-
bilitation sessions.

All children had 1Q levels between 90 and 105 scores
based on the Raven Intelligence test. They had no specific
systemic, psychological, or neurological disorders. Those
children who showed any symptoms of a neurodevelop-
mental dysfunction were excluded.

Procedures

1. Speech Intelligibility Rating (SIR). The SIR scale was
used to show the degree of comprehensibility of the
speaker’s speech so that the listener can understand the
speaker’s message. This scale consisted of 5 hierarchical
categories ranging from category 1 (prerecognizable
words) to category 5 (connected speech intelligible to all
listeners) (Table 1). The intelligibility rate of the speech
improves with increasing category number (15).

2. Categories of Auditory Performance (CAP): The
CAP test was utilized to measure the auditory perception.
The CAP is an 8-point hierarchical rating scale. Its scores
range from the lowest level (0) of being unaware of envi-
ronmental sounds to the highest level (16) of having the
ability to communicate through the telephone with a
known person (Table 2).

3. Raven Colored Progressive Matrices (CPM): The
CPM scale is an important instrument to assess intelli-
gence that is frequently used in different contexts. The

Category

Criteria

1 Connected speech is unintelligible. Pre-recognizable words in spoken language, primary mode of communication may be manual

[V NUS I 9)

Connected speech is unintelligible. Intelligible speech is developing in single words when context and lip-reading cues are available
Connected speech is intelligible to a listener who concentrates and lip-reads.

Connected speech is intelligible to a listener who has little experience of a deaf person’s speech

Connected speech is intelligible to all listeners. Child is understood easily in everyday contexts.
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Table 2. The categorical auditory performance (CAP) criteria
Category Criteria

0 No awareness of environmental sounds

1 Awareness of environmental sounds

2 Response to speech sounds

3 Identification of environmental sounds

4 Discrimination of some speech sounds without lip-
reading

5 Understanding of common phrases without lip-reading

6 Understanding of conversation without lip-reading

7 Use of telephone with known listener

CPM consists of 3 groups of items A, Ab, and B (each
group of 12 items). Then, the complete CPM test has a
total of 36 items. Children were tested individually, with
no time limit. The items are ordered by ascending level of
difficulty in each set, as complexity among the set in-
creases. Each test item has a drawing or a matrix with a
part missing and 6 alternatives, but only 1 alternative cor-
rectly completes the figure. The minimum score is zero
and the maximum score is 36 (17).

Statistical Analysis

All data analysis was performed by SPSS software Ver-
sion 25 (SPSS Inc). Quantitative data were reported as
means = SD, and qualitative data were described as per-
centages and frequencies. A 1-way analysis of variance
(ANOVA) test was used to compare CAP and SIR scores
among the 3 groups. The statistical level was set at
p<0.05.

Results

The mean age of the participants is shown in Table 3.
There was no significant difference between different
groups in terms of age variable (1-way ANOVA;
p=0.711). Also, there was no significant difference be-
tween the gender of the children between the 3 groups
(chi-square test; p=0.389).

Table 4 shows the mean and SD of SIR and CAP tests
in all 3 groups. Results of the ANOVA test showed that
SIR values were significantly different among the studied

Table 3. Clinical characteristics of study population

groups (p<0.001). The post hoc analysis demonstrated that
the mean SIR score in the NH children was significantly
higher than in the HA (p=0.002) and CI (p=0.009) groups.
However, the mean SIR differences between the HA and
CI children were not statistically significant (p=0.885).

The ANOVA test results showed that a significant dif-
ference between the CAP scores in the 3 groups
(p=0.038). The post-hoc analysis indicated that the mean
CAP scores in NH children was significantly higher than
in the HA and CI participants. However, the mean SIR
differences between the HA and CI children were not sta-
tistically significant (p=0.08).

Table 5 reveals the mean and SD of SIR scores for
monolingual or bilingual children across different study
groups. Our findings demonstrated that the mean SIR
scores between monolingual and bilingual children were
not statistically significant between NH, CI, and HA
groups (independent sample t test; p>0.05).

Discussion

Speech intelligibility can be defined as the degree to
which the message of a speaker can be decoded by the
listener. Speech intelligibility is one of the most important
speech and language outcomes for children with hearing
loss who often show large individual differences in both
expressive and receptive speech and language skills.
Speech intelligibility can be evaluated using several meth-
ods in hearing-impaired children; one of the most com-
mon methods is the SIR scale. The SIR has been devel-
oped to classify children's speech intelligibility according
to 1 of the 5 hierarchical categories. Patients rating the
scale need to judge which category is appropriate, giving
the possibility that different examiners could utilize dif-
ferent scores in their assessments.

Our results revealed that the mean SIR scores in hear-
ing-impaired children (CI or HA groups) were less than
the NH group. This finding is consistent with that of
Habib et al (18), Rezaei et al (12), Mok et al (19), and
Heydari et al (20) who also reported that children with
normal hearing sensitivity have better speech intelligibil-

Gender Chronological age (Month) Age of amplification (Month)
Group Male Female Mean SD Mean SD
Normal hearing 6 14 71.77 5.05 -—- ---
Hearing aid 10 10 71.45 10.56 28 9.81
Cochlear implant 5 15 72.60 8.20 34 7.67

SD: Standard Deviation

Table 4. Comparison of speech intelligibility scores (SIR) and categorical auditory performance (CAP) scores among different study groups

Normal hearing

Hearing aid Cochlear implant

Variable Mean SD Mean SD Mean SD
SIR 4.85 0.36 4.10 0.78 4.200 0.76
CAP 6.81 0.61 6.15 0.98 6.30 0.80

SD: Standard Deviation

Table 5. Comparison of speech intelligibility scores (SIR) scores in monolingual and bilingual groups

Normal hearing Hearing aid Cochlear implant
Group Mean SD Mean SD Mean SD
Bilingual 4.72 0.46 3.90 0.71 4.09 0.94
Monolingual 5.0 0.00 4.33 0.86 433 0.52

SD: Standard Deviation
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ity than those with CIs or HAs.

In normal-hearing listeners, depending on the speaker
rate, speech material, and on-cycle duration, speech intel-
ligibility exhibits a “U” shape. Many words remain intact
at slow interruption rates, while multiple looks per word
are available through interruptions at higher rates. There-
fore, these 2 conditions lead to good speech intelligibility
(21). In contrast to normal hearing listeners, silent inter-
ruptions in CI users strongly disrupt the speech intelligi-
bility. For example, Chatterjee et al (22) used a 5-Hz in-
terruption rate with sentences and found that cochlear im-
planted listeners’ intelligibility of interrupted speech was
lower than that of normal hearing subjects. As the hearing
input rate increases, speech production performance will
be improved and will receive more auditory feedback;
therefore, it could be supposed that hearing loss can have
an adverse effect on speech intelligibility.

In everyday listening situations, when the target speech
is masked by competing speech or background noise, NH
listeners are able to use top-down mechanisms to percep-
tually restore the degraded speech information. This phe-
nomenon, “glimpsing,” implies that the listeners could
detect and integrate the glimpses of unmasked target
speech parts into a speech stream using the spectrotem-
poral cues. Therefore, speech intelligibility in acoustical
challenging situations depends on the listeners’ ability to
integrate the speech sounds from successive glimpses (21,
23, 24).

Noisy environments cause a challenging condition to
hearing-impaired patients in speech perception. It has
been shown that spectral and temporal resolution may be
affected in patients with hearing loss. Thus, in noisy situa-
tions, decreased intelligibility of intact parts and damaged
bottom-up cues may negatively influence the detection
and integration of the glimpses of unmasked target speech
parts into a speech stream. This could lead to an obvious
problem in using the top-down mechanisms in restoring
and understanding degraded speech (21, 25).

Similar to SIR analysis, our results also indicated that
the mean CAP scores in normal hearing subjects were
significantly higher than the CI and HA children. It seems
that reduced spectrotemporal cues may degrade the audi-
tory performances in hearing-impaired children.

The current study demonstrated that SIR and CAP
scores in children who used hearing aids or cochlear im-
plants showed no significant differences. However, these
values in hearing-impaired children were not very differ-
ent compared with NH listeners’ scores. It seems that
children who experienced hearing loss before the devel-
opment of language (ie, prelingual hearing impairment), if
fitted with an appropriate hearing aid or CI early in child-
hood, show noticeable improvement in acquiring spoken
language, particularly if they are exposed to complex lan-
guage environments and supported by their parents and
caregivers. However, hearing aid or CI amplifications in
later childhood leads to successively less benefit, and
cochlear implantation in the elementary school age or later
does not lead to appropriate speech intelligibility or audi-
tory performance skills (26, 27).

4 http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2021 (30 Oct); 35:143.

Conclusion

Our results revealed that speech intelligibility and audi-
tory performance abilities in NH children were signifi-
cantly greater than the mean scores of those with CI or
HA. Furthermore, the mean scores of speech intelligibility
and auditory performance abilities of the CI recipients did
not significantly differ from children with HA. These find-
ings confirm that speech intelligibility and auditory per-
ception are 2 multidimensional phenomena that need a
special rehabilitation program to further develop speaking
skills.
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