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Abstract
Introduction: The use of tests assessing the speech of patients who underwent cochlear implant (CI) surgery is
warranted to increase knowledge on the development of these patients’ language skills. The ABFW Child Language
Test evaluates vocabulary, phonology, fluency, and pragmatics and can be administered to these children. Objective:
To evaluate the vocabulary of children using CI. Method: This study included 16 children who underwent CI surgery
between 1-4 years and 11 months old. Patients were divided into five groups according to age upon CI activation.
Results: In comparison with the age of brain’s auditory development vs. chronological age of hearing children, all
children using CI performed better. The comparison between children using unilateral CI and bilateral CI showed that
those using bilateral CI had better results. When we compared children’s performance considering the chronological
age of deaf and hearing children, hearing children performed better. However, there were similar results when patients
effectively used their CI and attended auditory rehabilitation sessions. Conclusion: In our study, the vocabulary of
children using CI is similar to the vocabulary of hearing children.
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resource to treat hearing impairment. In addition making
it possible for hearing impaired people to hear because
it restores the hearing ability in these individuals, there is
also an incidental acquisition of oral language9.
The use of this electronic device provides to
people with prelingual severe-to-profound hearing loss
the opportunity to hear environmental sounds as well as
speech sounds10. Such possibility has a major impact on
oral language acquisition in hearing impaired children,
especially those who undergo CI surgery early because
it makes basic auditory information available, and such
information is essential to acquire communication skills.
Nevertheless, a successful CI surgery does not
guarantee that all individuals will acquire oral language
because there is a wide range of factors that may have
an influence on acquisition of oral language, such as
quality of social interactions10, length of time of device
use, time of hearing impairment, and adherence to and
participation in speech therapy sessions11,12.

INTRODUCTION
Oral language is the most peculiar form of communication between human beings. Language acquisition requires the association of complex and specific
processes.
There are several theories attempting to explain
the oral language acquisition. Skinner 1 stated that
language acquisition occurs based on the influence
of the environment where people live, regardless of
their individual intrinsic abilities. Chomsky2, in its innate
theory, suggested that babies are born with neural and
structural capacity to acquire speech; they only need
to be exposed to language. According to Chomsky2,
everyone has linguistic capacity to learn how to speak.
Piaget3, on the other hand, believed that, before being
exposed to language, individuals must have developed
reasoning or cognition in order to develop speech. That
is, language acquisition is subordinated to the cognitive
capacity of the human being. Finally, Vygotsky4 argued
that language is a process of interaction with others; it is
the result of the interactions between children and their
speech model.
Language is a symbolic system consisting of
form, content, and use. These components determine
oral communication and integration within a linguistic
community. “Form” can be explained as the formation of
the language, it is related to how sounds are combined
to make up words and how words relate to make up
sentences. “Content” is the meaning of words within
sentences or in the speech. “Use” is the reason why the
speaker is communicating orally, and the message may
have the purpose of communicating with other people,
such as asking questions or providing information, or
communicating with oneself, such as reasoning5.
In terms of content, lexical development is the main
manner of providing meaning to the words. Vocabulary
is directly related to the development of oral language.
Vocabulary may be used to predict possible language
acquisition delay and academic success6,7.
Despite the different results in the literature about
the exact best time for vocabulary development, a
consensus has been reached about a critical period,
which is between the second and third year of life6. In
terms of numbers of words, a child’s vocabulary will reach
the same number as that of an adult around 5 years old.
However, it will be different in terms of quality because
there are differences in the choice of the words used
by children as they still have a limited understanding of
the world8.
Mastering oral language is a difficult task for
hearing impaired children because sensory integrity is
essential for acquisition of a first language. Currently,
cochlear implant (CI) is the most effective technological

MATERIAL AND METHODS
Patients
The sample consisted of 16 children using CI who
underwent CI surgery between 1 and 4 years old. All
patients received hearing rehabilitation therapy using
the auditory-verbal method. Patients were divided into
five groups:
Group 1: 3 children whose hearing age was
between 1 year and 1 year and 11 months old and used
unilateral CI.
Group 2: 3 children whose hearing age was
between 1 year and 1 year and 11 months, but had
bilateral CI.
Group 3: 3 children using CI for 2 years and 2
years and 11 months.
Group 4: 3 children using CI for 3 years and 3
years and 11 months.
Group 5: 4 children using CI for 4 years and 4
years and 11 months.
Materials
We used the ABFW Child Language Test to test the
participants’ vocabulary. This test evaluates phonology,
vocabulary, fluency, and pragmatics and it was designed
by Andrade et al. Answers were described in the analysis
charts. All tests were video recorded for later analysis
using a SONY Cyber-shot 8.1-megapixel camera.
Method
The test administration took 90 minutes on average. This time was divided into two sessions of 45 minutes
each. The sessions could be shorter or longer depending
on the specific characteristics of each participant.
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All comparisons between age of brain’s auditory
development of children using vs. and chronological age
of hearing children showed that the group of children
using CI had better results in the component ND and
worse results in the RP (Figures 4 and 5). Only 4-yearold children showed no significant difference in the
component non-designation.
We also administered a vocabulary test to children
using unilateral CI and children using bilateral CI. Both
groups included children whose age of brain’s auditory
development was between 1 year and 3 months and 1
year and 8 months.
Considering the conceptual fields clothing and
animals, the percentage of pictures evaluated in the
component UWD (Figure 6) was significantly higher in the
bilateral group than in the unilateral group. Conversely,
the percentage of pictures evaluated in the components
ND and RP were significantly lower in the bilateral group
than in the unilateral group. Considering the other
conceptual fields, the percentage of pictures evaluated
in these three components did not differ significantly
between children using unilateral CI and those using
bilateral CI (Figure 7).
Another analysis was performed using the
vocabulary test. We also evaluated the comparison
between chronological ages. That is, we tested a group
of 4-year-old children using CI compared wi a group
of hearing children of the same age group. A second
assessment was also similarly performed involving
5-year-old children.
In terms of 4-year-old children considering the
component UWD, in the conceptual fields animals and
shapes and colors, the proportion of pictures evaluated
showed better results than expected when compared
with the results of hearing children. Considering the
other conceptual fields, the proportion of pictures
evaluated was significantly lower when compared with
the assessment of hearing children (p-value ranging from
0.0385 to < 0.0001) (Figure 8).
The analyses below were performed with 5-yearold children. Considering the component UWD, the
proportion of pictures related to the conceptual fields
clothing, food, furniture and home appliances, and
occupations was not significantly different when
compared with the test results of the hearing children
(p = 0.1693; 0.3128; 0.4434; and 0.0902, respectively).
The proportion of pictures related to the conceptual fields
places and toys was significantly lower when compared
with the test results of the hearing children (p < 0.0001
and p = 0.0157, respectively). For other conceptual fields
animals, means of transport and shapes and colors,
the proportion of pictures tested showed better results
than expected when compared with the assessments of
hearing children (Figure 9).

The test consists of 118 ures, divided into nine
semantic categories: clothing, animals, food, means of
transport, furniture and home appliances, occupations,
places, shapes and colors, and toys and musical
instruments. All children were tested using the same
method.
With the purpose of analyzing children’s answers,
the test makes it possible to assess the mechanisms used
to try to designate the target word. The answers were
divided into usual word designation (UWD), when children
correctly designated the picture, non-designation (ND),
when children did not say anything about the picture or
said that they did not know its name, and replacement
process (RP), when children used different words to
designate the picture or described it.

RESULTS
The sample consisted of 16 children using CI.
Three of them used bilateral CI and the other 13 children
used unilateral CI. All patients attended rehabilitation
sessions at the same center of hearing rehabilitation.
The first analyses were performed to compare the
age of brain’s auditory development (length of CI use)
with the chronological ages of hearing children, who are
the normal standard provided by the test in our study.
Children whose age of brain’s auditory development was
2 years were compared with 2-year-old hearing children.
Considering the component UWD, the proportion
of pictures related to the conceptual fields clothing and
furniture and home appliances was significantly lower
when compared with the test results of the hearing
children (p = 0.0197 and p < 0.0001, respectively).
Within the conceptual field occupations, the proportion
of pictures evaluated did not differ significantly when
compared with the test performed by hearing children
(p = 0.6612). For other conceptual fields, the proportion
of pictures tested showed better results than expected
when compared with the assessments of hearing children (Figure 1).
The following analyzes compared the age of
brain’s auditory development of children using CI with
the chronological ages of 3-year-old hearing children.
Considering the component UWD within all
conceptual fields, the proportion of pictures tested
showed better results than expected when compared
with the assessments of hearing children (Figure 2).
Next, we compared 4-year-old children. Considering the component UWD within only the conceptual field
places, the proportion of pictures tested did not differ
significantly when compared with the assessments of hearing children (p = 0.1613). For other conceptual fields,
the proportion of pictures tested showed better results
than expected when compared with the assessments of
hearing children (Figure 3).
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Figure 1. Usual word designation (UWD) between 2-year-old children (hearing age of cochlear implant (CI) users vs. chronological age of hearing
children); * In these conceptual fields, children using CI had worse performance than hearing children; ** There was no significant difference in
this semantic field; *** Semantic fields with better performance of children using CI.

Figure 2. Usual word designation (UWD) between 3-year-old children (hearing age of cochlear implant [CI] users vs. chronological age of hearing
children); In all conceptual fields, the results of the children using CI for 3 years were better than 3-year-old hearing children.
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Figure 3. Usual word designation (UWD) between 4-year-old children (hearing age of cochlear implant [CI] users vs. chronological age of hearing
children); * In this conceptual field, there was no significant difference between children; In all other semantic fields, CI users showed better
results than hearing children.

Figure 4. Expected and Obtained Percentage for component non-designation (ND) considering all conceptual fields, according to age.
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Figure 5. Expected and Obtained Percentage for component replacement process (RP) considering all conceptual fields, according to age.

Figure 6. Comparison of component usual word designation (UWD) between children using unilateral and bilateral cochlear implant (CI);
* In these semantic fields, children using bilateral CI showed better results than children using unilateral CI; In other conceptual fields, there was
no significant difference.
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Figure 7. Mean percentage of answers related to components non-designation (ND) and replacement process (RP) of children using unilateral
and bilateral cochlear implant (CI).

Figure 8. Comparison of component usual word designation (UWD) between 4-year-old hearing impaired and hearing children; * Semantic field
with better result of children using cochlear implant (CI); In all other conceptual fields, hearing children had better results than children using CI.
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Figure 9. Comparison of component usual word designation (UWD) between 5-year-old hearing impaired and hearing children; * There was
no significant difference in this semantic field; ** In these conceptual fields, children using cochlear implant (CI) had better results than hearing
children; *** Children using CI had worse results than hearing children.

Figure 10. Expected and Obtained Percentage for component non-designation (ND) considering all conceptual fields, according to chronological age.

All comparisons between the chronological ages
of hearing impaired and heating children showed that
the group of children using CI had better results in the
component ND and worse results in the component RP
(Figures 10, 11).

Regarding the progress of the answers of children
using CI in terms of time of brain’s auditory development,
the results are shown in Figure 12.
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Figure 11. Expected and Obtained Percentage for component replacement process (RP) considering all conceptual fields, according to
chronological age.

When children whose brain’s auditory development is 2 years were compared with children whose
chronological age is 2 years, both groups had difficulty
in naming the semantic field occupations (Figure 1).
Bommarito & Chiari18 reported that hearing impaired children have more difficulty related to words involving abstraction. Befi-Lopes19 found that considering the
fields places and occupation, there is a greater difficulty
in acquiring words related to these fields because they
require the ability of representation and abstraction.
Figure 5 shows that children using CI have are less
skilled when it comes to replacement processes. Stuchi
et al.11 reported that hearing impaired children provide
less data about pictures that required naming the objects
or concepts. These children also provide fewer ideas and
sentences related to the pictures.
By comparing Figures 2 and 3, it was possible
to notice that children whose age of brain’s auditory
development was 3 and 4 years had more usual word
designations in all semantic categories. This demonstrates that there is progress in the development with a
longer and effective CI use.
The literature describes that the vocabulary and
verbal expression of hearing impaired children who
regularly use CI improve over time20,21.
Figures 6 and 7 show that bilateral CI in our sample
enabled a larger number of UWD in two semantic categories. Considering the other categories, there was not a
significant difference despite the number of designations

DISCUSSION
Our findings show that children using CI had a
better result in term of UWD when their performance was
compared with hearing children considering the length
of CI use and the chronological age of hearing children
(Figures 1, 2, and 3).
This may be because this specific group of 16
children had a mean time of 2 years and 1 month of hearing impairment. Therefore, this reinforces the idea that
the earlier the CI surgery and the hearing rehabilitation
therapy, the better the prognosis and the performance
in terms of language and listening skills11,13.
Children with CI had better results than hearing
children related to the following semantic categories:
animals, food, means of transport, shapes and colors,
and toys and musical instruments (Figures 1, 2, and 3).
Costa & Chiari14 conducted a study with 21 hearing
impaired children using CI and described that the fields
showing a larger number of correct answers were animals,
means of transport, and shapes and colors.
Acosta et al.15 reported that the first words to be
acquired by children are those related to objects that
can move or change location. Bastos et al.16 showed
that means of transport are words that are present in
the vocabulary of younger children. Luetke-Stahlman17
found that words that represent object of interests for
children tend to appear earlier in the linguistic repertoire
of hearing impaired children.
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Figure 12. Figure of the progress of the answers of children using cochlear implant (CI) in terms of time of brain's auditory development; This
figure shows the progress and the type of answers of children using CI for 3, 4, and 5 years regarding each component usual word designation
(UWD), non-designation (ND) and replacement process (RP).

was greater. In addition, the group of bilateral CI showed
worse results in terms of RP and ND.
Hyppolito & Bento22 stated that during the first
year of use of bilateral CI it is possible to acquire oral
language more quickly when compared with unilateral
CI because bilateral CI promotes a homogeneous and
organized cortical activity, thus resulting in a symmetrical
bilateral development of the auditory pathways.
When hearing-impaired children are compared
with hearing children considering their auditory age,
they show better performance. However, when there is
a comparison between ages, such result changes.
Figures 8, 10, and 11 show comparisons between
the groups of 4-year-old hearing impaired children and
hearing children the same age. These figures show that
the performance of children using CI was worse in seven
out of nine semantic categories. There are fewer RPs
because there is a greater number of NDs.

Figures 9, 10, and 11 show that the same comparison involving 5-year-old children revealed improvement
in the answers. We found that the number of UWDs was
larger in the group of hearing-impaired children in three
semantic categories, whereas it was worse only in two
categories, and there was no significant difference in
four categories.
There are studies showing that hearing impaired
children tend to reach the same language development
of hearing children the same age over time and because of the systematic use of CI23. Figure 12 shows the
increase in the number of UWDs as children grow older
and there is longer length of CI use. There is a decrease
in both RPs and NDs. Befi-Lopes19 stated that there is
a trend of decreasing in the RP because, as a consequence of the improvement of oral language, children
tend to prefer not to make inferences about something
they do not know.
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Based on the findings mentioned above, it is
possible to conclude that, over the years, effective
users of CI may have the same level of development as
hearing children the same age. This occurs because
their language acquisition delay does not increase over
the years, it decreases instead.
Robbins24 precisely described the fact that when there is early CI use, children learn how to speak at the same
pace of their hearing peers. In addition, when there is a
delay in these acquisitions, it does not increase with CI use.
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CONCLUSION
Based on the analyses of the results of the
vocabulary test administered to children using CI,
we could demonstrated that this sample has a better
vocabulary than that of hearing children the same age
when comparing the age of brain’s auditory development
with the chronological age of hearing children.
When we compared the chronological ages, we
found that there was a worse performance. However,
over time and because of the CI use, the vocabulary
of hearing impaired children becomes similar to that of
hearing children. The test of vocabulary proved to be
an effective measure to investigate the gaps and guide
speech therapy towards full development of language
and speech skills of these children.
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