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ARTICLE INFO ABSTRACT

Article history: Objective: In the past, it was believed that unilateral hearing loss has a minimal impact on
Received 20 June 2021 the speech and language development in children. However, several studies have suggested that
Accepted 11 August 2021 some school-age children with unilateral hearing loss have learning impairments in language. In
Available online xxx the present study, we first examined whether preschool-age children with unilateral severe-to-
profound hearing loss (UHL) have delays in the development of receptive vocabulary and verbal
intelligence. In the follow-up study, we tested the children again after school admission. The
objective of the present study was to reveal the development of receptive vocabulary and verbal
intelligence from preschool to school years in children with UHL.
Methods: Fifteen Japanese preschool-age children with UHL and a control group of 20 age-
matched Japanese children with bilateral normal hearing (NH), who were examined because
articulation disorder was suspected, were enrolled in this study. The development of receptive
vocabulary and verbal intelligence was evaluated using the Picture Vocabulary Test-Revised (PVT-
R) and the Wechsler Intelligence Scale, respectively. The present retrospective study was approved
by the Committee for Medical Ethics of Tokushima University Hospital (#3801).
Results: The scaled score (SS) of the PVT-R and verbal intelligence quotient (VIQ)/verbal
comprehension index (VCI), but not performance intelligence quotient/perceptual reasoning index
in children with UHL were significantly lower than those in the control children with NH at
preschool-age. The SS of the PVT-R and VIQ/VCI in children with UHL significantly improved
after school admission. In the subgroup analysis, the SS of the PVT-R in the lower receptive
vocabulary group of children with UHL at preschool-age was significantly increased after school
admission, but the SS in the normal and higher receptive vocabulary group of children with UHL
at preschool-age were still around the standardized mean of SS after school admission.
Conclusion: These findings suggest that the development of receptive vocabulary and verbal
intelligence was delayed in preschool-age children with UHL and that most of them caught up
to exhibit normal language ability after school admission.
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1. Introduction

Unilateral hearing loss (UHL) affects about 3-6% of
school-age children [1]. In the past, it was believed that uni-
lateral hearing loss has a minimal impact on the speech and
language development of children. However, several reports
have suggested that some school-age children with unilateral
hearing loss have educational and/or behavior problems, and
receive additional educational assistance [2,3]. Recently, Lieu,
et al. reported that school-age children with UHL showed
worse oral language scores than those of their brothers with
normal hearing [4].

Additionally, children with UHL experience difficulties
with speech perception in noisy environment [5,6]. Since lan-
guage acquisition requires sufficient exposure to language dur-
ing the critical period in children [7], it is possible that chil-
dren with UHL may develop a speech and language develop-
ment delay [8].

Currently, universal newborn hearing screening has been
adopted worldwide, and it is now possible to evaluate speech
and language development in preschool age children with
UHL longitudinally. It was recently reported that preschool-
age Swedish children with unilateral hearing loss showed a
delayed language development [9].

In the present study, we first examined whether preschool-
age, Japanese children with severe-to-profound UHL have de-
lays in the development of receptive vocabulary and verbal
intelligence. In the follow-up study, we tested the same chil-
dren again after school admission. Therefore, the objective
of this study was to determine receptive vocabulary and ver-
bal intelligence development, from preschool to elementary
school years, in children with UHL.

2. Materials and methods

In the present study, a retrospective chart review was per-
formed, and 15 Japanese preschool-age children (mean age:
67.0 £ 8.3 months) with UHL without intellectual disability
were enrolled. Their intellectual disability was evaluated using
the Wechsler Intelligence Scale and all IQs except verbal one
were within the normal ranges. Their mean pure-tone hear-
ing threshold averaged across 500, 1000 and 2000 Hz was
classified according to the classification of degree of hearing
loss made by the American Speech-Language-Hearing Asso-
ciation (ASHA): slight hearing loss (HL) is defined as HL
ranging from 16 to 25 dB; mild HL, from 26 to 40 dB; mod-
erate HL, from 41 to 55 dB; moderately severe HL, from 56
to 70 dB; severe HL, from 71 to 90 dB; and profound HL,
> 91 dB [10]. The children with UHL had a mean pure-tone
hearing threshold if more than 80 dB in the affected ear and
less than 15 dB in the opposite ear. Their types of hearing
loss were all fixed sensorineural hearing loss and they did
not use hearing aids or frequency modulation (FM) systems
in classrooms. The control group of 20 age-matched Japanese
preschool-age children (mean age: 62.6 £ 8.1 months) with
bilateral normal hearing (NH) without intellectual disability
was also enrolled. They were examined in outpatient care
because articulation disorder was suspected. Their intellec-

tual disability was evaluated using the Wechsler Intelligence
Scale and all IQs were within the normal ranges. Their mean
pure-tone hearing threshold was less than 15 dB in both ears.
The present retrospective study was approved by the Com-
mittee for Medical Ethics of Tokushima University Hospital
(#3801).

To evaluate the receptive ability of the Japanese vocabu-
lary, we used the Japanese version of the Picture Vocabulary
Test-Revised (PVT-R), which is a localized version of the
Peabody Picture Vocabulary Test-Revised [11] for Japanese
language users (https://www.nichibun.co.jp/kensa/detail/pvt_r.
html, Nihon Bunka Kagakusha Co., Ltd.). The age-adjusted
scaled score (SS) was used as a standardized index of inte-
ger from 1 to 19 with a mean score of 10 and a standard
deviation (SD) of 3.

To evaluate verbal intelligence, we used verbal intelli-
gence quotient (VIQ) of the Japanese version of the Wech-
sler Preschool and Primary Scale of Intelligence (WPPSI)
[12] for 46-85-month-old children and the verbal compre-
hension index (VCI) of the Japanese version of the Wechsler
Preschool and Primary Scale of Intelligence-The Third Edi-
tion (WPPSI-III) [13] for 30-87-month-old children (https:
/lwww.nichibun.co.jp/kensa/detail/wppsi3.html, Nihon Bunka
Kagakusha Co., Ltd.) as an index. We also used the ver-
bal comprehension index (VCI) of the Japanese version of
the Wechsler Intelligence Scale for Children-The Fourth Edi-
tion (WISC-IV) [14] for 60-203-month-old children (https:
/lwww.nichibun.co.jp/kensa/detail/wisc4.html, Nihon Bunka
Kagakusha Co., Ltd.) as an index. To evaluate performance in-
telligence at preschool-age, we used performance intelligence
quotient (PIQ) of the Japanese version of the WPPSI and the
perceptual reasoning index (PRI) of the Japanese version of
the WPPSI-IIT as an index. Standardized scores with a mean
score of 100 and SD of 15 were used for the VIQ/VCI and
PIQ/PRI.

In the PVT-R evaluation, 15 preschool-age children with
UHL (mean age: 67.0 £ 8.3 months) were first tested with
the PVT-R, and in the follow-up study, the same children
(mean age: 88.5 £ 9.3 months) were tested again with the
PVT-R 12.9 + 7.0 months after school admission. The mean
period between the preschool PVT-R and the follow-up PVT-
R after school admission was 21.3 £ 10.0 months. In the
Wechsler Intelligence Scale evaluation, 8 of 15 preschool-
age children with UHL (mean age: 64.8 £ 5.2 months) were
tested with the WPPSI/WPPSI-III and 11 of 15 children with
UHL (mean age: 95.5 £+ 13.7 months) were tested with the
WISC-IV 18.3 £ 12.9 months after school admission. No
children with UHL suffered from otitis media with effusion
between the preschool and follow-up PVT-R.

Statistical analysis was performed using Student’s ¢-test,
Welch’s t-test and paired #-test (Statcel version 3, OMS Pub-
lishing Inc, Saitama, Japan). p < 0.05 was considered statis-
tically significant.

3. Results

The mean SS of 6.8 & 3.1 in the PVT-R at preschool-age
of 67.0 = 8.3 months in children with UHL was significantly
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Fig. 1. Comparison of the scaled score (SS) of PVT-R in preschool-aged children with unilateral severe-to-profound hearing loss (UHL) and bilateral normal

hearing (NH). UHL: n=15, NH: n=20. * p=0.0001.
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Fig. 2. Comparison of verbal intelligence quotient (VIQ)/verbal comprehension index (VCI) and performance intelligence quotient (PIQ)/perceptual reasoning
index (PRI) scores in preschool-aged children with unilateral severe-to-profound hearing loss (UHL) and bilateral normal hearing (NH). UHL: n=8, NH:

n=20. *p=0.005.

lower than that of 11.0 £ 2.6 at preschool-age of 62.6 £+ 8.1
months in age-matched control children with NH (#(33)= -
4.334, p=0.0001) (Fig. 1). The mean VIQ/VCI score of 76.1
+ 19.9 at preschool-age of 64.8 £+ 5.2 months in children
with UHL was significantly lower than that of 103.8 £ 8.5 at
preschool-age of 63.6 = 7.6 months in age-matched control

children with NH (#(8.052)= -3.793, p=0.005) (Fig. 2). How-
ever, the mean PIQ/PRI score of 101.9 £ 20.3 at preschool-
age in children with UHL was not different from that of 104.6
4 11.4 at preschool-age in age-matched control children with
NH (#(8.847)= -0.358, p=0.73) (Fig. 2).
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Fig. 3. Comparison of the scaled score (SS) of PVT-R in preschool-aged and school-aged children with unilateral severe-to-profound hearing loss (UHL).

n=15. *p=0.002.

In children with UHL, the mean SS of 6.8 + 3.1 in the
PVT-R at preschool-age of 67.0 + 8.3 months was signifi-
cantly increased to 8.9 & 3.6 at school-age of 88.5 & 9.3
months (#(14)= -3.756, p=0.002) (Fig. 3). Since the SS of
10 is a standardized mean with an SD of 3 in the PVT-R,
we divided the children with UHL into two groups: the nor-
mal and higher receptive vocabulary group with the SS of
> 7 (mean — 1 SD) and the lower receptive vocabulary group
with the SS of < 6 at preschool-age. In the lower receptive
vocabulary group, the mean SS of 4.6 & 1.7 at preschool-age
of 65.0 £ 7.9 months was significantly increased to 7.1 & 2.5
at school-age of 85.1 £ 7.7 months (#(7)= -3.035, p=0.019)
(Fig. 4a). However, in the normal and higher receptive vocab-
ulary group, the mean SS of 9.3 £+ 2.4 at preschool-age of
69.3 £+ 8.8 months was not changed to 11.0 & 3.6 at school-
age of 92.3 £ 10.0 months (#(6)= -2.121, p=0.078) (Fig. 4b).
In children with UHL, the mean of VIQ/VCI score of 76.1 +
19.9 at preschool-age of 64.8 + 5.2 months was significantly
increased to the mean of VIQ/VCI score of 103.1 &+ 16.9 at
school-age of 95.5 £+ 13.7 month (#(17)= -3.192, p=0.005)
(Fig. 5).

4. Discussion

In the PVT-R at preschool-age children, the mean SS of 6.8
in children with UHL was lower than that of 11.0 in the age-
matched control children with NH. Therefore, it is suggested
that the development of receptive vocabulary at preschool-

age was delayed in children with UHL, compared with chil-
dren with NH. In the WPPSI or WPPSI-III at preschool-age,
the mean VIQ/VCI score of 76.1 in children with UHL was
around the lower limit of the normal VIQ/VCI score range
and lower than that of 103.8 in the age-matched control chil-
dren with NH, although PIQ/PRI scores were around 100 at
preschool-age in children with both UHL and NH. Therefore,
it is suggested that the development of spoken language ca-
pabilities at preschool-age was also delayed in children with
UHL, compared with children with NH. All these findings
suggest that the development of language was delayed in
preschool-age children with UHL without a delay in perfor-
mance development. A systematic review showed that the ma-
jority of the recent studies suggested poorer speech and lan-
guage testing results in children with UHL [15]. It has also
been suggested that preschool-age children with UHL showed
poor outcomes in some aspects of language acquisition [16].

Unilateral hearing loss disrupts binaural processing of the
auditory system, including binaural summation, head shadow
effect, squelch effect, and sound localization [17-19]. Our
previous study reported that speech recognition ability of
school-age children with UHL was decreased, compared with
that of the age-matched children with NH in a noisy envi-
ronment, but not in a quiet environment [20]. This suggest-
ing that preschool-age children with UHL encounter difficul-
ties in understanding speech in noisy environments. There-
fore, it is possible that the acquisition of language is delayed
in preschool-age children with UHL, because UHL prevents
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Fig. 4. Changes in the scaled score (SS) of PVT-R in children with unilateral severe-to-profound hearing loss (UHL) after school attendance.
(a) Children with UHL whose preschool SS was below 6 (n=8). (b) Children with UHL whose preschool SS was over 7 (n=7). *p=0.019.
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Fig. 5. Changes in the verbal intelligence quotient (VIQ)/verbal comprehen-
sion index (VCI) score in children with unilateral severe-to-profound hearing
loss (UHL) after school attendance. Preschool: n=8, after school attendance:
n=11. * p=0.005.

children from hearing speech sound, vocabulary, and gram-
matical structure of language to the degree necessary for lan-
guage acquisition in noisy environments at home and at a day
nursery.

In the PVT-R, the mean SS of 6.8 of children with UHL
at preschool-age was increased to 8.9 after school admission.
In the subgroup analysis, the mean SS of 4.6 in the lower re-
ceptive vocabulary group (SS of < 6) of children with UHL
(8/15, 53%) at preschool-age was increased to 7.1 after school
attendance. The mean SS of 9.3 in the normal and higher re-
ceptive vocabulary group (SS of > 7) of children with UHL
(7/15, 47%) at preschool-age was 11.0, which is still around
the standardized mean of SS (10) after school admission.
These findings suggest that more than half of children with
UHL had a delay in receptive vocabulary at preschool-age,
which improved after school admission. VIQ/VCI score of
76.1 in children with UHL at preschool-age was increased
to VCI score of 103.1 after school admission. These findings
suggest that the delayed development of verbal intelligence in
children with UHL at preschool-age also improved to normal
development after school admission. All these findings sug-
gest that the development of receptive vocabulary and verbal
intelligence was delayed in preschool-age children with UHL
and that most of them caught up exhibit normal language
ability after school admission.

In the present study, no children with UHL used a hear-
ing aid or an FM system in classrooms. Lieu, et al. reported
that despite school-age children with unilateral hearing loss
who did not received any form of auditory amplification, their
VIQ significantly increased, and vocabulary score tended to
increase over time, suggesting that school-age children with
unilateral hearing loss improve their language skills at a faster
rate than their age-matched peer [21]. Therefore, it is sug-
gested that the catch-up mechanism improves the receptive
ability of the vocabulary in the lower receptive vocabulary
group of children with UHL in the present study. Lieu, et al.
also reported that VIQ improved in school-age children with
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unilateral hearing loss who received individualized education
[21]. Although children with UHL in the present study did not
receive any specific education plans, in Japanese elementary
school classrooms, a preferred seating was recommended for
children with unilateral deafness when facing a hearing ear
toward the teacher, who acknowledged that unilateral deafness
as a hearing disability and sometimes provide educational as-
sistance for them. The cares may facilitate compensation of
the delay in the development of language in children with
UHL in the present study. However, three children with UHL
(two in the lower receptive vocabulary group and one in the
normal and higher receptive vocabulary group before school
admission) who showed low scores of SS (< 6) after school
admission still had a delay in receptive vocabulary.

Speech and language delays have been suggested to occur
in some children with unilateral hearing loss, but it is un-
clear whether the children catch up as they grow older [2,3].
Recently, universal newborn hearing screening has been im-
plemented, and unilateral congenital deafness can be identi-
fied shortly after birth. The present longitudinal study sug-
gested that children with UHL were at a risk of language
delay at preschool-age and that most of them caught up after
they entered elementary school. Appropriate early interven-
tions are expected helpful to facilitate the catch-up. Recom-
mended intervention for children with unilateral deafness is
usually preferential classroom seating at a minimum distance
from the teacher with the normal hearing ear oriented towards
the teacher. However, our previous study suggested that even
at a typical preferred seating, the speech recognition ability of
school-age children with UHL was decreased in noisy work-
ing classrooms of elementary school [19].

Contralateral routing of signals and bone-anchored hearing
aids effectively address the head shadow effect, but not restore
bilateral auditory input in children with unilateral deafness
[22,23]. Cochlear implantation may be an effective treatment
option for children with unilateral deafness, but a high level
of evidence is lacking [24]. The FM system, a personal as-
sistive device that is used as a school-based intervention for
children with hearing loss, amplifies the teacher’s voice rel-
ative to the background noise [25]. In our previous study,
an FM receiver fitted into the normal hearing ear improved
the speech recognition ability of children with UHL in noisy
environment, such as the listening condition in elementary
school classrooms [20]. Therefore, the FM system may fur-
ther facilitate compensation of the delay in the development
of language in children with unilateral deafness after school
admission, although this hypothesis needs to be proved in fur-
ther studies. Moreover, the screening of children with UHL
who have a delayed language development and the appropri-
ate timing of the intervention for the catch-up also have to
be clarified in further studies.

5. Conclusion

In conclusion, the development of receptive vocabulary in
the PVT-R and verbal intelligence, but not performance in-
telligence in the Wechsler Intelligence Scale was delayed in
more than half of the preschool-age children with UHL. How-

ever, children with UHL who had delays in the development
of language at preschool-age caught up in term of vocabulary
and verbal intelligence after school admission. Further studies
are needed to determine what kinds of auditory amplification
or educational assistance are effective in compensating for
the delay in language development in children with unilateral
deafness.
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