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Abstract

Introduction: Hemispheric asymmetry of the central nervous system affects various features of the brain involved in cognitive ability. Functional
asymmetry, such as different hearing ability in the left or right ear, will also affect cognitive processes.

Material and methods: The aim of this study was to assess how intelligence measures and cognitive abilities in children and adolescents
might have been affected by hearing deficits in the left or right ear. The study involved 208 children, 126 who were in an experimental group
and 82 in a control group. In the experimental group, there were 26 children who were diagnosed with right-sided hearing loss, 34 with left-
sided hearing loss, and 66 with bilateral hearing loss; all children in this group had used hearing devices since diagnosis. We assessed hearing
unilaterally and bilaterally and looked for asymmetries in terms of intelligence measures and visual and spatial functioning.

Results: Children with bilateral hearing impairment had lower intelligence compared to those without impairment. Children with unilateral
hearing impairment had similar intelligence level compared to well hearing children. Children with left-sided hearing impairment had higher
intelligence compared to those with right-sided hearing impairment and lower nonverbal intelligence compared to well-hearing children.
Children with right-sided hearing impairment had lower verbal intelligence.

Conclusions: Hearing impairment has an impact on various measures of intelligence, as well as on the organisation and performance of
cognitive processes.
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ASYMETRIE W POZNANIU I POMIARACH INTELIGENCJI U DZIECI Z UBY TKIEM
SEUCHU W PRAWYM LUB LEWYM UCHU

Streszczenie

Wprowadzenie: Asymetria potkul mozgowych osrodkowego uktadu nerwowego to termin okreslajacy zréznicowane specjalnosci potkul mézgowych
w zakresie poszczegolnych zdolno$ci poznawczych. Funkcjonalna asymetria dotyczy nie tylko proceséw poznawczych, lecz takze zdolnosci styszenia.

Material i metody: Celem tego badania byta ocena funkcjonalnej asymetrii mézgu w testach inteligencji i proceséw poznawczych u dzieci i mlodziezy
z niedostuchem. Do badania przyjeto 208 dzieci. Grupa eksperymentalna liczyta 126 dzieci. Grupg kontrolng stanowito 82 prawidlowo styszacych
dzieci. Oceniliémy asymetrie poziomu inteligencji, funkcji wzrokowo-przestrzennych oraz funkcji mowy w jednostronnym i obustronnym
uszkodzeniu stuchu.

Wyniki: Dzieci z obustronnym uszkodzeniem stuchu charakteryzowaly si¢ nizszym poziomem inteligencji w poréwnaniu z dobrze styszacymi
dzie¢mi. Dzieci z jednostronnym uszkodzeniem stuchu mialy podobny poziom inteligencji jak dzieci dobrze styszace. Dzieci z niedostuchem
lewostronnym charakteryzowaly sie wyzszym poziomem inteligencji w poréwnaniu z dzie¢mi z niedostuchem prawostronnym oraz nizszym
poziomem inteligencji niewerbalnej w poréwnaniu z dzie¢mi dobrze styszacymi. Dzieci z prawostronnym uszkodzeniem stuchu mialy nizszy
poziom inteligencji werbalnej.

Whioski: Ubytek stuchu ma wplyw na poziom inteligencji, organizacje i strukture proceséw poznawczych.

Stowa kluczowe: asymetria funkcjonalna mozgu « uklad stuchowy « zdolnosci poznawcze « inteligencja dziecka
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Introduction

Hearingloss is becoming a disease of civilisation. Worldwide,
more than a billion people struggle with hearing loss. The
consequences of hearing loss depend on the age at which
the hearing loss occurred, the degree of loss, and its side.

The human brain consists of two functionally diverse hem-
ispheres, left and right. Each hemisphere is highly special-
ised to different functions. Hemispheric asymmetry of the
central nervous system refers to diverse specialities of the
brain hemispheres in terms of cognitive ability. Dynamic
development studies of brain asymmetry have shown that
multiple psychological functions are localised to each of
the hemispheres. To control basic cognitive processes,
each hemisphere operates separately. Functional special-
ization of the hemispheres is particularly evident for lan-
guage and spatial vision. Lateralisation is defined as side
dominance, which applies not just to body organs but also
to cognitive functions [1].

Numerous clinical studies have revealed that the left hemi-
sphere is dominant for verbal functions, statements, judge-
ments, logic, and analysis, while the right hemisphere is
dominant for visual perception and spatial imagination,
nonverbal functions, visual and spatial perception, and
emotions [2-7].

Speech perception is usually localised to the left hemi-
sphere, while speech production is confined mostly to the
right. Functional asymmetry applies not only to cognitive
processes, but also to hearing ability. Dichotic listening is
an experimental procedure used to study hearing lateral-
isation. Kimura showed that the right ear is dominant in
speech perception [8-17] while the left ear is dominant for
music and environmental sounds, emotional sounds, and
speech tone [13,18-22]. Hearing asymmetry is a result of
brain hemisphere lateralisation. Right ear dominance in
perceiving speech stimuli is related to the structure of the
whole hearing system and its attention processes [10,23].
Neuroimaging studies have confirmed that right ear is
anatomically dominant [13,24,25]. Assessment of corti-
cal auditory evoked potentials suggest that the right ear is
dominant for receiving and processing verbal stimuli [12].
Right-sided hearing impairment tends to cause problems
in language comprehension, communication, and sequen-
tial event arrangement, giving rise to dyslectic difficulties
[26,27]. Left-sided hearing impairment tends to cause emo-
tional problems and disturbance of music perception and
rhythm [27,28]. Studies have revealed a right ear (project-
ing to left hemisphere) preference for processing verbal
stimuli, while the left ear favours nonverbal stimuli. The
left ear is dominant in music perception (melodies, har-
monies), environmental sounds (dogs barking, birds sing-
ing), and emotional content (laughter, crying).

The aim of this study was to assess functional asymmetry
in intelligence tests and cognition in children and adoles-
cents with hearing losses in right or left ears. We assessed
how the side and level of hearing disability affected cog-
nitive processes and various measures of intelligence in
a study group and compared them with a control group.
We conclude that hearing impairment affects cognitive
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ability and this can produce lower outcomes on cogni-
tive tests.

Material and methods

The work here was carried out in accordance with the Code
of Ethics of the World Medical Association (Declaration
of Helsinki) for experiments involving humans. Informed
consent was obtained for experimentation with human
subjects, and the work received Bioethics Committee ap-
proval (resolution number KE-0254/223/2013). The re-
search did not receive any grant from funding agencies in
the public, commercial, or not-for-profit sectors.

Raw data were gathered at the Department of Paediatric
Otolaryngology, Phoniatrics and Audiology, Medical
University of Lublin, Poland. Derived data supporting
the findings of this study are available from the corre-
sponding author on request. The study was conducted
at the department during a diagnostic stay and hearing
screening of children, but during the study they were all
attending public schools.

There were 208 children and adolescents accepted into the
study. The experimental group consisted of 126 children
aged from 8 to 16 years old (average 13.4 years) suffering
from sensorineural hearing insufficiency. They comprised
54 girls (average 12.9 years) and 72 boys (average 13.5
years); 26 children were diagnosed with right-sided hear-
ing loss, 34 with left-sided hearing loss, and 66 with bilat-
eral hearing loss. Among the children with bilateral deaf-
ness, hearing loss (30 to 70 dB) was diagnosed during the
first 3 years of life; all had used hearing devices since diag-
nosis. Among the children with unilateral hearing impair-
ment, hearing loss was less than 80 dB (severe deafness).

Bilateral hearing loss was diagnosed at screening. The chil-
dren had used hearing devices from the age of 1 year old.
All were under the care of a speech therapist and psychol-
ogist. In the group of subjects with unilateral sensorineural
hearing loss, the diagnosis of hearing loss was made in the
first years of life, although it was difficult to clearly deter-
mine how long the hearing loss had existed. The hearing
loss ranged from 80 to 120 dB. In 29 subjects it was a con-
sequence of mumps, in 5 children it was a result of pre-
maturity, in 7 it was congenital, in 2 subjects it occurred
after mechanical trauma, in 12 after an infection, and in
5 the etiology could not be determined. At the time of the
study, they were all students at mass schools.

The development of the subjects was normal, and speech
development was within the limits of age norms.

The control group consisted of 82 children aged from
8 to 16 years old (mean 13.4). All were patients hospi-
talised in the Department of Paediatric Otolaryngology,
Phoniatrics and Audiology, Medical University of Lublin,
Poland. Each patient had normal hearing, which was con-
firmed by audiometric assessment. The experimental and
control groups were matched for age and gender (Table 1
and Table 2). The groups were found to be homogene-
ous in terms of age (no significant differences between
groups; p = 0.622). Similarly, the groups were found to be
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Table 1. Ages of the subjects

Table 2. Gender of the subjects

Groups N Mean Sb
Study group 126 13.20 3.01
Control group 82 13.40 2.61

Study group Control group

N % N %
Girls 54 42.86 42 51.22
Boys 72 57.14 40 42.78

Note: Test statistic t=0.494; DF = 206; p = 0.622

Note: Chi-squared = 1.391; DF=1; p=0.238

Table 3. Comparison of the level of general intelligence (full scale), verbal intelligence, and nonverbal intelligence (executive intelli-
gence) in the control group and in the group with bilateral hearing loss

Control group

Bilateral hearing loss group

Scale
N Mean SD N Mean SD t
3.490
Full scale 82 106.7 11.7 66 98.9 10.6 (0 <0.001)
3.493
Verbal scale 82 106.9 12.6 66 96.9 119 (0 <0.001)
Nonverbal scale 82 105.2 11.8 66 100.8 9.4 1741

(n.s.)

Full scale

Verbal scale

Il Control group
M Bilateral hearing loss
W Left-side hearing loss

[ Right-side hearing loss

Nonverbal scale

Figure 1. Levels of intelligence on the full scale, and on the verbal and nonverbal subscales, in the control group (blue) and in children
with bilateral (black), left-sided (violet), and right-sided (green) hearing impairment

homogeneous in terms of gender (no significant differ-
ences between groups; p =0.238).

To establish the levels of cognitive abilities and intelli-
gence in patients enrolled for the study, a Polish adaptation
of the Wechsler Intelligence Scale for Children (WISC-R)
was administered [29]. This scale is designed for children
aged 6 to 16 years old and consists of two parts — verbal
and nonverbal. Each part consisted of five separate tests.
We assessed unilateral and bilateral hearing impairments
and looked for corresponding asymmetries in levels of in-
telligence, visual and spatial functions, and speech func-
tions. The children’s intellectual development was within
age norms (Table 3).

Statistical analysis was based on Student’s ¢-tests for two
independent samples. Verification of results involved cal-
culating the values of Student’s ¢-test and comparing them
with the values of these functions postulated by the null
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hypothesis. Normality of distributions was checked using
a Shapiro-Wilk test.

Results

Figure 1 shows levels of intelligence on the full scale, and
on verbal and nonverbal subscales, in the control group
and in children with bilateral, left-sided, and right-sided
hearing impairment.

Statistical comparison of results in the control group and
the bilateral hearing impairment group showed statistical-
ly significant differences for all verbal scale subtests. The
greatest differences were observed in subtests of vocabu-
lary and understanding (p <0.001), and less for notices
(p<0.01), arithmetic (p <0.02), and similarity (p <0.05).
Children with bilateral hearing impairment had lower
scores on all verbal scales compared to well-hearing chil-
dren (Figure 2). Statistically significant differences were
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Full scale Verbal scale Nonverbal scale

Figure 2. Levels of intelligence on the full, verbal, and nonverbal
scales in the control group (blue) and in children with bilateral
hearing impairment (green)

Verbal scale Nonverbal scale

Full scale

Figure 3. Levels of intelligence on the full, verbal, and nonverbal
scales in the control group (blue) and in children with right-sided
hearing impairment (green)

observed for two subtests of the nonverbal scale — picture
ordering (p = 0.02) and jigsaw (p = 0.05); other subtest out-
comes were similar.

The general level of intelligence in the control group and
in children with right-sided hearing impairment was sim-
ilar (Figure 3). A statistically significant difference be-
tween the groups was observed for verbal intelligence
(p <0.05), and verbal intelligence was higher in the control
group compared to children with right-sided hearing im-
pairment. On the nonverbal scale, children in the control
group achieved lower scores than children with right-sid-
ed hearing impairment, but the difference was not statis-
tically significant. Children in the control group achieved
statistically higher scores for similarities and dictionary
subtests compared to children with right-sided hearing
impairment (p <0.05). In other subtests, results achieved
by the control group were higher than in children with
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Full scale Verbal scale Nonverbal scale

Figure 4. Levels of intelligence on the full, verbal, and nonverbal
scales in the control group (blue) and in children with left-sided
hearing impairment (green)

Full scale Verbal scale Nonverbal scale

Figure 5. Levels of intelligence on the full, verbal, and nonverbal
scales in children with left-sided hearing impairment (blue) and
in children with right-sided hearing impairment (green)

right-sided hearing impairment, but the differences were
not statistically significant. In the subtest involving patterns
from blocks, children with right-sided hearing impairment
gained statistically higher scores compared to the con-
trol group (p < 0.05); other subtest outcomes were similar.

Statistical analysis of results in full and verbal scales did
not show any significant differences between the control
group and children with left-sided hearing impairment
(Figure 4). Children in the control group achieved sta-
tistically significant better results on the nonverbal scale
compared to children with left-sided hearing impairment
(p <0.05). Children in the control group had higher scores
in the picture ordering and jigsaw subtests compared to
children with left-sided hearing impairment (p < 0.05);
other subtests outcomes were similar.
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Children with unilateral hearing impairment achieved sim-
ilar results in the general intelligence scale (Figure 5), but
statistically significant differences were observed in ver-
bal and nonverbal scales. Children with right-sided hear-
ing impairment achieved better results in the nonverbal
scale compared to children with left-sided hearing impair-
ment (p >0.01). Children with left-sided hearing impair-
ment gained higher scores on the verbal scale compared
to children with right-sided hearing impairment (p < 0.02).
Children with left-sided hearing impairment scored high-
er results in all subtests of the verbal scale; only in the no-
tices subtest were the results between the groups not sta-
tistically significant. Children with right-sided hearing
impairment achieved better scores in picture ordering
(p<0.05) and patterns from blocks (p <0.01); other sub-
test outcomes were similar.

Discussion

Studies on the cognitive capacities and intelligence of peo-
ple with hearing impairment are controversial and inexact.
The literature shows that intellectual development achieved
by patients with hearing impairment are higher on non-
verbal scales compared to patients with properly function-
ing hearing systems. Lower scores can be explained by the
neurological basis of hearing impairment [30]. Central
nervous system deficiency may result in lower intelligence
level. However, if nervous system damage does not oc-
cur in patients with hearing impairment, the results of
intelligence tests are similar to normal hearing individu-
als. Studies on the cognitive abilities of children suffering
from uni- and bilateral hearing impairment have shown
that these children achieve lower scores in reading, vo-
cabulary, word analysis, and orthography subtests, as well
as science subjects, compared to healthy peers [31]. Sisco
and Anderson studied children with hearing loss using the
WISC-R nonverbal scale and compared the results with
scores gained by well-hearing children [32]. The average
intelligence of the deaf children was lower (98.8), while
in the control group it was 100. This difference can be ex-
plained by a deficit in speech development, which causes
slowing down of the development of numerous psycho-
logical skills. Myklebust found that children with hearing
impairment have similar levels of nonverbal intelligence
compared to normal hearing children, although the ver-
bal score appears to be below average [33]. Similar out-
comes were obtained in our study. Children with bilateral
hearing impairment achieved lower scores in full and ver-
bal scales compared to the control group (children with
hearing impairment gained 98.8 on the general scale, while
well-hearing children scored 106.7. These results can be
explained by the higher linguistic abilities of healthy chil-
dren compared to children with hearing deficits. On the
verbal scale, children in the control group achieved a bet-
ter mean outcome (106.9) compared to children with hear-
ing impairment (96.9). There was no significant difference
between the groups for the nonverbal scale. All results of
tests on the verbal scale, which assess cognitive abilities,
showed significantly lower values in children with hear-
ing impairment compared to the control group; nonethe-
less, in our study the outcomes of children with unilateral
hearing impairment did not vary significantly from those
achieved by well-hearing individuals.
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Unilateral hearing impairment leads to partial deficits
in sound receiving capabilities. Children with left-sided
hearing impairment had similar levels of verbal intelli-
gence compared to the control group. Left-sided hearing
impairment had lesser impact on cognitive development
compared to right-sided hearing impairment. Patients
with right-sided hearing impairment had lower verbal in-
telligence, which is similar to the nonverbal intelligence
in the control group.

Our study revealed interesting differences regarding re-
sults in right- and left-sided hearing impairment groups.

Children with right-sided hearing impairment achieved
higher scores on the nonverbal intelligence scale and lower
scores on the verbal scale compared to children with left-
sided hearing impairment. Jensen et al. and Niedzielski et
al. reached similar conclusions - children with right-sid-
ed hearing impairment have lower scores on verbal scales
[34-38]. Bess and Tharpe showed that children with uni-
lateral hearing impairment have lower scores in auditory,
linguistic, and behavioral tests compared to well-hearing
peers [31]. According to Bluestone and Klein, unilater-
al hearing impairment affects linguistic ability by inter-
fering with speech reception in the first months of life,
which is a critical period of verbal communication devel-
opment [35]. Klee and Davis-Dansky showed that children
with unilateral hearing impairment have similar linguistic
skills compared to well-hearing children [39]. Meanwhile,
Culbertson and Gilbert measured linguistic abilities with
the Hiskey—-Nebraska Test of Learning Aptitude and found
that children with hearing impairment had lower word rec-
ognition scores, and poorer scores on spelling and linguis-
tic tests [40]. Studies on children with profound unilater-
al deafness have confirmed such children have difficulties
with learning. Niedzielska et al. assessed the impact of uni-
lateral hearing impairment on speech and voice quality and
showed that children suffering from hearing impairment
may experience disturbances to voice and speech [41];
children with hearing impairment that had been present
for at least 4 years were diagnosed with omnifarious dys-
lalia. Jensen et al. suggested that children with right-sided
hearing impairment achieved lower results in verbal tests,
while children with left-sided hearing impairment had
comparable results compared to well-hearing peers [34].
Similar outcomes were obtained in our study.

Our results of unilateral hearing impairment allow us to
state that long-term deprivation of auditory stimuli may
lead to a deficit in cognitive development. Lack of arous-
al coming from auditory organ towards certain regions
of the cortex could result in functional reorganisation of
the brain [42,43]. Both hemispheres function different-
ly and independently control basic cognitive functions.
Functional differentiation of hemispheres is noticeable
mostly in regard to linguistic and visual and spatial func-
tions. Studies have shown that the left hemisphere is more
engaged in control of verbal functions, while the right
hemisphere manages visual and spatial functions. Similar
asymmetries are expected to apply to the auditory sense.
Sounds received by the left ear are conducted towards
the right hemisphere and conversely for the right ear.
Cognitive difficulties depend on the side of hearing im-
pairment and involve functions that are localised on the
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opposite side. Our study showed that children with right-
sided hearing impairment had more developed non-ver-
bal skills and less developed verbal skills. Linguistic func-
tions are localised to the left hemisphere and nonverbal
functions are localised to the right hemisphere, so, com-
pared to well-hearing children, children with right-sided
hearing impairment have lower verbal scale scores, but
higher scores in visual and spatial analysis and synthesis.
Children with right-sided hearing impairment have high-
er scores on nonverbal scales and lower scores on verbal
scales compared to children with left-sided hearing impair-
ment. Children with left-sided hearing impairment have
similar scores on verbal scales compared to well-hearing
children. Studies have shown specific development of cog-
nitive functions in children and adolescents with hearing
impairment. Stachyra derived similar outcomes [44]; he
suggested that different development of cognitive capabil-
ities of children with hearing impairment could be a re-
sult of diverse sensory preferences used in cognition and
various impacts of speech on mental skills. Sound dep-
rivation affects cognition in a characteristic way for deaf
people, which depends on the side of hearing impairment.

Recent studies on hearing dysfunction have focused on as-
sessing the cortex and its organisation. The brain recog-
nises sounds and reacts appropriately [45]. Our study has
confirmed that hearing impairment does affect cognitive
development and brain organisation. The cognitive profiles
of children with hearing dysfunction reflect neuropsycho-
logical outcomes of functional reorganisation of the brain
and alterations in cognitive development, suggesting that
there are specific profiles of how cognitive functions de-
velop in children with hearing impairment depending
on the kind (bilateral/unilateral) and side of dysfunction.

Studies using functional magnetic resonance imaging sug-
gest that hearing impairment leads to functional reorgani-
sation of the cortex [42,43]. In cases of congenital deafness,
an inactive auditory cortex begins to process visual stimu-
li instead. In such cases, hearing aids are not as beneficial
as when deafness is acquired at later ages. When the au-
ditory cortex is deprived of auditory stimuli, it is recruit-
ed for processing and decoding of information provided
to the brain by the eye and sent through visual pathway
neurons [46].

Our study revealed that children with hearing impair-
ment had better visual and spatial skills. This observa-
tion might be explained by sensory compensation, which
means that mechanisms are initiated which aim to com-
pensate for disabilities [47]. The literature suggests that
the visual perception of patients with hearing dysfunc-
tion is more developed, and some studies have measured
the specific visual capabilities of these patients. Lewis et
al. showed that patients with hearing impairment can re-
produce visual forms better than well-hearing people [44].
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However, Prillwitz showed that patients with hearing im-
pairment had poorer performance in comprehending re-
lations between invisible elements [44]. Despite minor
differences, most studies have confirmed a specific profile
of visual and spatial ability in patients with hearing loss.
Our study has revealed that children with bilateral hear-
ing impairment had higher scores in comprehending vis-
ual material, as well as in visual and spatial analysis and
synthesis, compared to well-hearing peers. Auditory plas-
ticity is an interesting phenomenon when describing the
cognitive abilities of patients with hearing impairment.
Rapidly developing neuroimaging techniques of the cen-
tral nervous system make it possible to measure process-
es and mechanisms over time in different regions. Recent
studies indicate that the brain has the ability to reorgan-
ise and compensate for a deprived auditory input, which
slowly begins to alter [42,43]. Patients with hearing im-
pairment undergo functional reorganisation, so that audi-
tory stimuli are processed by regions normally responsi-
ble for visual analysis [42]. Auditory deprivation leads to
alterations in the hearing system. Studies using functional
magnetic resonance have revealed that, during unilateral
stimulation, there is symmetrical activation of both hem-
ispheres in patients with unilateral hearing impairment,
whereas in normal people cortical responses to unilateral
sound stimuli are observed only collaterally [48]. Plastic
alterations which take place in the cortex of patients with
hearing impairment may result in diverse developmental
profile of cognitive capabilities. Similar outcomes were ob-
tained in our study.

Conclusions

Recent studies have helped us to better understand the way
the nervous system of people with hearing impairment re-
organises. Longitudinal studies factoring in the length of
hearing impairment, the age of hearing aid application,
and the time the auditory path has received stimulation
can be useful in devising the best therapeutic procedures.
Recognition of how the cortex reorganises and achieves a
specific cognitive profile in people with hearing impair-
ment is valuable in supporting optimal training and re-
habilitation methods.

Our study did not take into account many factors im-
portant in the development of communication in a child
with hearing loss. Consequently, future studies need to
take into account variables such as gender, lateralisation,
duration of hearing aid use, and the effect of family envi-
ronment and rehabilitation on the development of com-
munication skills.
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