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Abstract

Background: Previous studies have shown that children with cochlear implants have difficulty in grammar acquisition. Vocabulary
acquisition and grammar abilities are important during language development. The purpose of this study was to investigate the effect
of grammar therapy on the lexical ability of cochlear implanted children.

Methods: Five children with cochlear implants and grammatical problems were treated using a grammar task designed for the
current study. Before and after the treatment, repeated evaluations were performed using the Mean Length of Utterance (MLU) and
Persian Developmental Sentence Scoring (PDSS) indices for grammar and NDW and NTW indices for vocabulary abilities; these
show the number of different words and the number of total words respectively.

Results: Grammar intervention was successful in cochlear implanted children of the present study. In addition, treatment of
grammatical problems increased the lexical ability of all children; NDW and NTW scores increased, which was confirmed by the
effect size indices. In the follow-up phase, the cochlear implanted children were able to maintain the increase in NTW and NDW
values.

Conclusion: Improving grammar skills in cochlear implanted children also increased their lexical ability. Therefore, grammar
therapy helps to increase the vocabulary of children too.
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Introduction

Cochlear implantation in children with severe to pro-
found hearing loss has the advantage of achieving audito-
ry comprehension and speech production. Improving lan-
guage skills is an important goal after cochlear implanta-
tion (1, 2). Furthermore, the age at which these children
receive cochlear implants is an important factor in achiev-
ing this goal (3-5). Children who do not receive cochlear
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implants at the appropriate age have difficulty in learning
vocabulary and grammar (6). Children with hearing loss
who have experienced the reinforcement of cochlear im-
plants performs better in different aspects of language,
like vocabulary, syntax, and morphology (7). Although
cochlear implantation is an important factor in acquiring
age-appropriate language skills, Monteir et al. in their

1What is “already known” in this topic:

Cochlear implantation helps deaf children to acquire language
skills but they don’t have similar abilities to learn different
aspects of the language. Studies have demonstrated that
children with cochlear implants have difficulties in grammar
acquisition.

—What this article adds:
The current single-subject study found that grammar treatment

improves the morphosyntax ability of children with cochlear
implants. Moreover, grammar treatment improved their lexical
abilities. Therefore, grammar therapy helps to increase the
vocabulary of children too.
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study, showed that cochlear implanted children had de-
layed language development compared to their normal-
hearing peers (8). In various studies, such as those by
Hayes et al. and Valimaa et al., it was shown that cochlear
implanted children have a delay in receptive and expres-
sive vocabulary compared to children with normal hearing
(9, 10). Hammer et al. in their study, stated that less than
50% of children with cochlear implants achieve the ability
to use grammatical morphemes that are appropriate to
their age (11). According to the study of Colatto et al., the
lexical ability of cochlear implanted children depends on a
variety of factors, such as the age at which cochlear im-
plants are received, the age of hearing, and, significantly,
the role of parents in the process of rehabilitation (12).

Mederak’s study of the impact of early intervention on
speech and language development showed that children
who are implanted younger than two years of age behave
similar to and sometimes better than their normal peers in
terms of grammar (13). Tavakoli et al. concluded that the
syntactic complexity of speech of cochlear implanted
children was lower than normal-hearing children (14).
Golestani et al., in their study, showed that the Persian
Developmental Sentence Scoring (PDSS) of five-year-old
cochlear implanted children was significantly lower than
normal-hearing children of the same age (15). Cochlear
implantation is effective in the treatment of language defi-
cits in hearing-impaired children when it comes to speech
therapy (8), and therapists who work with cochlear im-
planted children should be aware that they should not only
emphasize the single word level but also they should con-
sider intervention at the level of the combining word that
leads to better results in treatment. There are two hypothe-
ses for the development of grammatical and lexical sys-
tems: The first is domain-specificity, which states that
different linguistic domains grow separately; for example,
there are two separate systems for vocabulary and gram-
mar development (16). The second and contrary hypothe-
sis is that the domain-generality hypothesis, which indi-
cates that there are connections between different domains
of the language, for example, vocabulary and grammar,
have the same cognitive origin (17, 18). The second hy-
pothesis is supported by studies showing that there is a
relationship between vocabulary size and grammar. Moyle
et al. in their study, concluded that grammar and lexical
development are strongly related (19). This hypothesis has
also been investigated in children with language disorders.
In the case of cochlear implanted children, the study of
Jung and Ertmer showed that, in both cochlear implanted
children and those children with normal hearing, gram-
matical skills are closely related to their vocabulary skills.
This correlation was very high for cochlear implanted
children (20).

Based on this hypothesis, it is expected that if a cochlear
implanted child has grammatical problems, these prob-
lems are treated, and if this treatment improves the child’s
grammar problems, this improvement will also increase
the child’s vocabulary skills. This hypothesis was then
investigated in the present study. We used a researcher-
made grammar therapy program based on the normal de-
velopment of the Persian language for the treatment of
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grammar in five cochlear implanted children. This pro-
gram was used because deaf children who receive cochle-
ar implants have the ability to speak normally if they have
normal cognitive skills (21).

We used two indices to measure children’s grammar
ability before and after the treatment of grammar: PDSS,
which shows morpho-syntactic skills of Persian children
(22), and MLU which represents syntax abilities of chil-
dren (23). Two indices also assessed lexical ability: Num-
ber of Different Words (NDW), which evaluates an aspect
of vocabulary development (19); and Number of Total
Words (NTW) that specifies the total number of words
used by the child. In this study, the following question
will be answered in the present article: Can grammar ther-
apy improve the lexical ability of cochlear implanted chil-
dren?

Methods

Participant

Thirty cochlear implanted children referred to Shafa
hospital in Kerman were selected according to the inclu-
sion criteria. Inclusion criteria included the following:
according to their speech samples, they had at least 50
clear utterances and; there were grammatical problems in
their speech samples; they had no history of brain damage
and hearing problems such as infection in the middle ear,
they had no structural or motor problems in their speech
organs that were examined by the Robbins-Klee assess-
ment form (24); and according to the ling test (25) and
examinations performed by an audiologist, their devices
were working properly. Twenty-five children were ex-
cluded from the study for the following reasons: 12 of
them because of being in speech therapy sessions at other
centers; eight of them because of unwillingness to partici-
pate in the study and the long distance from the center;
three of them due to having parental hearing problems;
and two of them due to bilingualism. In this way, five
cochlear implanted children, including three boys and two
girls, were included. Table 1 shows the characteristics of
the participants.

Study design

This study was a single-subject study that employed an
ABA design. The grammar intervention program created
in the present study was performed on each child. Initially,
they were evaluated for four weeks at the end of each
week without any treatment program (four sessions), and
their speech samples were analyzed. Then they were treat-
ed with the grammar program for approximately 10
weeks, with two sessions per week (20 sessions). During
this period, their speech samples were collected and eval-
uated every two weeks (five sessions). After that, the chil-
dren had no treatment for four weeks and their speech
samples were evaluated weekly (four sessions). The three
phases of treatment in the present study are illustrated in
Figure 1.

Specifications of the research-made grammar treatment
program: Based on the normal development of language
in two- to five-year-old children, the grammatical compo-
nents used by them were extracted. Since the training of
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Table 1. Characteristics of participants

Child Side of CI use Gender  Age of implantation Chronological age Type & Severity of Duration of CI use
(Months) (Months) hearing loss (Months)

1 Right Boy 29 80 Congenital 51
bilateral & profound

2 Right Boy 26 86 Congenital 60
bilateral & profound

3 Right Girl 25 60 Congenital 35
bilateral & profound

4 Right Boy 31 81 Congenital 50
bilateral & profound

5 Right Girl 36 99 Congenital 63
bilateral & profound

Four weeks baseline

speech samples analysis at the
end of each week

(4 data points)

speech samples
analysis biweekly

(5 data points)

Four weeks follow
up
speech samples

analysis at the end
of each week

10 weeks
intervention sessions

(4 data points)

Fig. 1. The three phases of treatment

grammatical components was based on a sentence for
each of the grammatical components, several sentences
were constructed that had the following characteristics:
using basic vocabulary in them (26); using patterns of
word order in Persian children’s sentences (27); and using
different grammatical roles of grammatical components
(subject, object) in constructing sentences. The sentences
were arranged from simple to complex in terms of length
and grammatical complexity.

Collection of speech (language) samples

Language samples of children were taken by a speech
therapist using pictures and toys. In this way, at least 50
utterances were taken from each child in 30 minutes. Lan-
guage samples were recorded to extract grammatical com-
ponents and PDSS, MLU, NDW and, NTW indices.

Intervention process

Grammar intervention was performed by a speech ther-
apist working in the field of language disorders. The
grammatical components that the children did not use, but
based on the normal development of grammar should be
presented in their speech, were selected for the treatment.
The therapeutic techniques used by the speech therapist
included imitation, partial imitation, modeling and, recast-
ing. The treatment of each grammatical component ended
when the child could produce it spontaneously. The
speech therapists have used tools such as pictures, toys,
and animations to treat grammatical components.

Data analysis

ccording to the NDW and NTW diagrams in baseline,
intervention, and follow-up phases, we used visual analy-
sis of data. In addition, two indices including Percentage
of Non-overlapping Data (PND) and Improvement Rate
Difference (IRD), which are correlated with visual analy-

sis (28), were used. The effect size indices show the effec-
tiveness of intervention by treatment protocols in each
individual (29). PND and IRD were also calculated for
MLU and PDSS to determine the efficacy of the grammar
treatment.

Results

The grammatical components that were selected for
treatment and the children able to use them after treatment
in their speech are listed in Table 2.

According to Table 2, the grammatical components
taught to children consisted of verbs, pronouns, and con-
junctions: six verbs, eight pronouns, and three conjunc-
tions including six bound morphemes (26/086%) and 17
(73/913%) free morphemes, so, in total, 23 free and bound
morphemes (100%).

MLU and PDSS: During the baseline, treatment, and
follow-up phases, children’s language samples were rec-
orded and analyzed. All five children used the trained
grammatical components in the speech sample. MLU and
the PDSS before and after treatment, which show the suc-
cess of grammar therapy (the first and ninth assessment
sessions, and the mean of these two indices in the baseline
and intervention phases), are presented in Tables 3 and 4.

As depicted in Tables 3 and 4, MLU and PDSS in-
creased in all children at the end of treatment. The values
of PND and IRD in Table 5 confirm these increases.

NDW and NTW: A total of 13 data points were ob-
tained, and NDW and NTW were examined. The NDW of
the children’s speech (the first and ninth assessment ses-
sions and the mean of these two indices in the baseline
and intervention phases) are shown in Table 6.

According to this table, the NDW in five children in-
creased at the last treatment session in the intervention
phase compared to the first evaluation session in the base-
line phase. The mean of this index also increased during
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Table 2. The grammatical components used by children after grammar treatment

Child Grammatical components

1 demonstrative pronoun /?in/ (means this), linking verb /?ast/ (means is), personal pronoun /maen/ (means I),
verbs with prefixes: /mi/ and /be/ (present tense) like /mixam/ (means I want) and /bereem/ (means I go)

2 compound sentences with conjunction /va/ (means and), verb with prefix /mi/ (past tense) like /mixasteem/
(means I wanted) /mixast/ (means she/he wanted/, reflexive pronoun /xodet/ (means yourself)
3 demonstrative pronoun /?inha/ (means these), common pronoun / mal / (means mine, yours, hers ... which used

for ownership)

4 demonstrative pronoun /?in/, /?an/ (means that), verbs with prefixes /mi/ and /be/ (present tense)

5 conjunctions /vaqtike/ and /baeraye?inke/ (mean when and because), indefinite pronoun /hamin/ (means this)

Table 3. MLUm values in baseline and intervention phase

MLU in the baseline phase

MLU in the intervention phase

Child Datapoint 1 Mean (SD) Datapoint 9 Mean (SD)
1 3.01 3.07 (0.09) 5.34 4.96 (0.78)
2 6.84 7.06 (0.16) 8.03 7.86 (0.29)
3 4.05 4.09 (0.28) 5.90 5.69 (0.24)
4 3.21 3.27(0.27) 5.54 5.49 (0.11)
5 7.57 7.61 (0.03) 8.34 8.07 (0.27)

MLUm= Mean length of utterance in morpheme

Table 4. PDSS values in baseline and intervention phase

PDSS in the baseline phase

PDSS in the intervention phase

Child Datapoint 1 Mean (SD) Datapoint 9 Mean (SD)
1 6.61 6.54 (0.04) 9.03 8.72 (0.90)
2 9.72 9.79 (0.09) 12.01 11.74 (0.79)
3 6.70 6.68 (0.02) 8.98 8.50 (0.33)
4 7.19 7.16 (0.07) 9.21 9.18 (0.04)
5 10.01 9.79 (0.17) 11.72 10.97 (0.88)

PDSS= Persian developmental sentence scoring

Table 5. Percentage of Non-overlapping Data (PND) & Improvement Rate Difference (IRD) of PDSS & MLU in five participants

PDSS MLU

Child PND IRD PND IRD
1 80 0.775 80 0.775
2 80 0.775 80 0.775
3 100 1 100 1
4 100 1 100 1
5 60 0.55 80 0.775
Table 6. NDW values in baseline and intervention phase

NDW in the baseline phase NDW in the intervention phase
Child Datapoint 1 Mean (SD) Datapoint 9 Mean (SD)
1 16 15.25(0.957) 23 20.60 (1.816)
2 41 42.75 (1.707) 84 61.00 (15.524)
3 16 14.75 (1.892) 22 20.20 (1.483)
4 21 21.25 (0.500) 32 27.80 (3.346)
5 20 18.75 (1.892) 28 23.80 (2.683)

NDW= Number of different words

the intervention phase compared to the baseline phase.
The NTW of the children’s speech samples is presented in
Table 7 (the first and ninth assessment sessions, and the
mean of these two indices in the baseline and intervention
phases).

Table 7. NTW values in baseline and intervention phase

According to the Table 7, the number of total words
used by five children increased in the final session of the
intervention phase compared to the first session of the
baseline phase. This increase was observed in the mean of
total treatment sessions compared to baseline phase ses-

NTW in the baseline phase

NTW in the intervention phase

Child Datapoint 1 Mean (SD) Datapoint 9 Mean (SD)

1 100 98.25 (2.362) 122 117.80 (3.346)
2 116 115.75 (0.957) 227 179.00 (38.072)
3 100 99.75 (2.629) 112 106.60 (4.393)
4 115 114.25 (1.707) 127 121.60 (4.505)
5 108 105.50 (2.645) 120 115.40 (3.209)

NTW= Number of total words
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Fig. 3. NTW for five children in three phases of the study

Table §. Percentage of non-overlapping data& improvement rate difference of NDW and NTW in five participants

NDW NTW
Child PND IRD PND IRD
1 100 1 100 1
2 80 0.775 100 1
3 100 1 100 1
4 100 1 100 1
5 100 1 100 1
sions. NDW in each of the baseline, intervention, and fol- Discussion

low-up phase sessions is also shown in Figure 2.

As is shown in the figure, the NDW used by all the
children during the intervention phase is higher than that
used in the baseline phase, which indicates an increase in
this index after treatment. During the follow-up phase, this
increase remains constant. Figure 3 shows the amount of
NTW during the three different phases of the study.

According to the figure, in all five children, the increase
in the number of total words during the intervention phase
compared to the baseline phase and its stability in the fol-
low-up period is evident.

Effect sizes indices: The values of PND and IRD for
NDW and NTW are shown in Table 8.

In the present study, the cochlear implanted children
were treated with a grammar treatment program made by
researchers based on the normal development of grammar
in normal Persian- speaking children and then their lexical
abilities were measured by NDW and NTW to investigate
the impact of grammar treatment on vocabulary ability.
Grammatical and lexical skills of cochlear implanted chil-
dren are delayed compared to normal children. As is
shown in the study by Nittrouer et al., cochlear implanted
children had significantly lower levels of performance in
terms of grammatical and lexical skills than children with
normal hearing (30). In our study, treatment was based on
the normal development of grammar. Because cochlear
implanted children are delayed in language development
http://mjiri.iums.ac.ir
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compared to normal children and on the basis of natural
growth, they begin to compensate for the delay. As Go-
lestani et al. showed in their study, children with cochlear
implantation and normal-hearing children with identical
hearing ages had the same PDSS (15). This result indi-
cates that deaf children begin to compensate for the delay
in language after cochlear implantation and that treatment
based on normal development is the best form of treat-
ment

In the present study, according to the values obtained
from the second phase of the study, improving grammar
skills improved vocabulary skills. NDW and NTW of
cochlear implanted children increased after grammar
treatment, visual analysis, and PND values (%80 for chil-
dren No 2, %100 for No 1, 3, 4 and 5 in case of NDW and
%100 for all children in case of NTW) confirm the chang-
es through treatment. These findings conformed to those
of previous studies. Moyel et al. and McGregor et al. in
their studies, showed that there is a relationship between
children’s grammar and lexical abilities (19, 31). Jung and
Ertmer’s study showed that there is a clear relationship
between grammatical and lexical abilities in cochlear im-
planted children (20). In our study, this relationship was
demonstrated and confirmed in another way; grammar
therapy was successful, MLU and PDSS increased after
treatment in all five children, and this success resulted in
an increase of the NDW and total words of cochlear im-
planted children without any treatment for their vocabu-
lary. So, there is a connection between vocabulary devel-
opment and grammar development, which is justified by
the domain-generality hypothesis that states grammar and
lexical development have the same cognitive origin.

After grammar treatment, both NDW and NTW in-
creased in all five children, but these increases are more
pronounced for the total number of words. This may be
due to the fact that in the treatment of these children, the
number of free morphemes was higher than the number of
bound morphemes. So free morphemes have increased the
total number of words but have less effect on the NDW. In
our study, there were eight pronouns and three conjunc-
tions that were only applicable in one form, and only
verbs had the ability to be used in different forms depend-
ing on their prefix.

In the follow-up phase, according to the visual analysis,
in all five cochlear implanted children, after treatment
based on NDW and NTW indices, with regards to the
trend direction, scores remained constant compared to the
final session of the treatment phase. No further changes
were observed in NDW and NTW during this phase, so it
seems cochlear implanted children have been able to keep
up the increase in the number of different and total words.

One of the limitations of this study was finding cochlear
implanted children who did not go to other speech therapy
centers. So we had to contact a lot of families to find these
children. Secondly, in some cases, the long distance from
the treatment center prevented some families from attend-
ing our study. Therefore, a limited number of cochlear
implanted children entered the study. Another limitation is
that the study is single-subject, which may not apply to all
cochlear implants. The third limitation is that, in this

6 http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2021 (29 Sep); 35:126.

study, the effect of grammar treatment on vocabulary was
investigated; however, the impact of vocabulary therapy
on increasing grammatical ability should also be consid-
ered in future studies.

Conclusion

Grammar training is essential for cochlear implanted
children. The current single-subject study found that
grammar treatment improves the morphosyntax ability of
children with cochlear implants. Moreover, grammar
treatment improved their lexical abilities. Therefore,
grammar therapy helps to increase the vocabulary of chil-
dren too.
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