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Abstract

The aim of this study was to examine the relationships between reasoning, working memory, and language in
children with cochlear implants. A battery of tests of language, working memory, reasoning tasks, and speech
perception tests was administered to each child. The participants were twenty-five children with deaf who had
cochlear implant surgery before the age of 3. Parallel mediation analysis was conducted. The cause of reasoning
is the working memory, however this effect is shown with the indirect effects of receptive and expressive language
skills. As a result, activities to improve verbal working memory and receptive and expressive language skills might
improve reasoning skills of children with cochlear implants.
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Reasoning, which is necessary to solve the problems encountered in daily life, is very important for
academic achievement. Reasoning is a cognitive skill that is thought to form the foundation of human intelligence
and the core of the intelligence (Evans, Newstead and Byrne, 1993). The most well-known intelligence theory that
includes factors currently related to memory is Cattel-Horn-Carroll (CHC) theory. In CHC theory, the nature and
structure of the cognitive skills are described in a three layer taxonomy (Flanagan, Ortiz and Alfonso, 2007). These
layers include (1) general intelligence (g), (2) sixteen broad skills, and (3) almost 80 narrow skills (Flanagan and
Dixon, 2013). One of the broad skills is the reasoning. It is defined as fluid reasoning (Gf) and is the ability to
immediately solve the new problems in a planned and controlled manner that is not automatically executed. It
consists of mental processes such as drawing conclusion, knowledge of concepts, classification, producing
something new, testing hypotheses, defining relationships, comprehending indirect expressions, problem solving,
making guesses, understanding relationships between patterns, reorganizing and transferring information.
Inductive and deductive reasoning skills are thought to be the distinctive feature of fluid reasoning (Flanagan and
Dixon, 2013; McGrew, 2005).

Inductive reasoning (I), is the ability to solve problems by exploring certain characteristics such as some
concepts, rules, tendencies, and class memberships through utilizing pre-learned rules and observations. General
sequential deductive reasoning (RG) is solution of a problem based on existing knowledge and rules in one step
or several steps to solve a problem. Quantitative reasoning is the ability to solve problems through deduction or
induction with concepts that include mathematical relationships and characteristics (McGrew, 2005). Auditory
reasoning is interpreting, ordering, understanding, and forming relationships between the auditory materials
according to Gardner’s (1993) first version of Test of Auditory Reasoning and Comprehension. Seven sub areas
of auditory reasoning in this test are as follows: general knowledge, comprehension, similarities, analogical
completions, arithmetical reasoning, verbal absurdities, and directional orientation skills (as cited in Erbay and
Omeroglu, 2013). Auditory reasoning is based on verbal information and includes high-level language skills. It is
related to establishing relationships between concepts and making logical inferences. The first sub area that is
general knowledge was defined by Gardner (1993) as information gathered by children as a result of home or
school observations, experiences, and inquiries (as cited in Er and Tepeli, 2013). Auditory comprehension
generally involves listening to and making inferences from a short story. For this skill to be achieved the child’s
short-term memory, attention, and high-level language skills are also expected to be good. For similarities children
are expected to form relationships between objects (Ackerman, Beier and Boyle, 2005; Goldstone and Son, 2005),
there was a significant relationship between this skill and vocabulary, short-term memory, and language
development (Goldstone and Son, 2005). Analogical completion skill requires finding logical congruity between
objects and events. Therefore, both high-level language skills and pre-learned information should be transferred
to the presented condition (Chen and Siegler, 2013). Arithmetic (mathematical) reasoning includes problem
solving, pattern recognition, classification, and recognizing pattern changes (English, 2004). The ability to
distinguish verbal absurdities continues to be assessed in several intelligence tests (for example, Weschler
intelligence tests and Stanford Binet). It is expected to reveal whether the information heard is related to the logical
reasoning.

The Relationship between the CHC Theory and Working Memory

CHC theory was associated with Baddeley and Hitch's Multicomponent Working Memory theory.
According to the CHC taxonomy, working memory is the building block for new learning and complex cognitive
tasks. The strong relationship of working memory with the complex cognitive structures (such as reasoning), stems
from the fact that it actively maintains the information and, when necessary, performs synchronous active
processing (McGrew, 2005). There is a high level of correlation between working memory and reasoning (r=.80-
.90), and the factor analyses showed that the cognitive structures are closely related but distinct structures
(Kyllonen and Christal, 1990). In another study, for typically developing children, the relationships between
reasoning, working memory, and processing speed have been examined. Almost half of the variance of the increase
in the fluid reasoning resulted from the processing speed and developmental change in the working memory, and
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almost four-thirds of the variance of the improvement in working memory arose from the developmental changes
in the processing speed. Furthermore, it was seen that even when the age-related differences in the processing
speed, working memory, and reasoning were controlled, individual differences in the processing speed directly
affected working memory capacity and this was the direct determinant of individual differences in fluid
intelligence (Fry and Hale, 1996). Baddeley (2007), who is one of the Multi Component Working Memory
theorists, defined working memory as a structure which enables several higher level cognitive functions such as
reasoning, language comprehension, learning, planning, problem solving, and performing mental mathematical
operations. One of the components of the Multi Component Working Memory Model is phonological loop in
which verbal items are stored and/or processed that is associated with language (Baddeley, 2007; Henry, 2012).

Language and Working Memory

Multi Component Working Memory Model suggests that phonological loop facilitates language
acquisition. Phonological loop plays a critical role in the acquisition of native language in children and in adults it
is crucial in learning a foreign language (Baddeley, 2003, 2007; Baddeley, Gathercole and Papagno, 1998;
Masoura and Gathercole, 1999). Gathercole and Baddeley (1989) reported that in typically developing children
the phonological memory which is assessed by the nonword repetition task predicts children’s vocabulary. Various
studies conducted with children who were 3 to 10 years old showed that there was a relationship between nonword
repetition and vocabulary. The researchers interpreted this finding as that a large vocabulary might have helped
participants in repeating nonwords (Baddeley, 2007). Even Papagno and Vallar (1995) worked with two groups in
which participants spoke either one or more than one languages that were matched according to general 1Q, visual-
spatial short term memory (STM), and learning skills. Their learning skills of related Italian words were similar,
in verbal STM (digit span and nonword repetition) performances of children who spoke more than one languages
were superior. However, Brown and Hulme (1996) suggested that a good memory leads to a good vocabulary (as
cited in Baddeley, 2007). Gathercole (1995) interprets the fact that children who have a good vocabulary were
more successful in repeating nonwords as there is a reciprocal developmental relationship between long term
lexical knowledge and nonword repetition. With these in mind Baddeley (2007) claimed that there are two factors
that contribute to the nonword repetition namely the available language skills and phonological loop storage which
has a limited capacity. For him language skills provide a good support however learning new words depends on
phonological storage.

Relationships between the Auditory Reasoning, Working Memory, and Language in Children with
Cochlear Implants

When the literature is reviewed it is seen that studies which assess language and reasoning skills of
children with cochlear implants are limited. In one study, more than half of the school age children with cochlear
implants (N=181) showed similar performance in language skills which consisted of utterance length, lexical
diversity, and narrative structure; and reasoning skills which were assessed by the WISC-111 Similarities subtest.
Whereas in syntactic skills less than half of the sample gained scores similar to their peers. The variables which
predicted language skills were nonverbal 1Q, being in non-crowded families, and socioeconomic status as well as
gender (being a girl). In other words, the girls who had a high performance 1Q living in a family with few members
with a high level of socioeconomic status had better language skills (Geers, Nicholas and Sedey, 2003).

In their study in which they monitored children with cochlear implants from elementary school to high
school Geers and Sedey (2011) found that developmental speed of verbal reasoning skills was higher than expected
and yearly rate of children’s performance scores was more than the age level. Correlations between language and
reasoning skills were moderate (r=.44-.72). Children with a high nonverbal 1Q from a high socioeconomic status
having a cochlear implant surgery at a young age and having a high speed of subvocal rehearsal skills had better
language skills and children who had good language skills in the elementary school had also better language skills
in middle school as well (Geers and Sedey, 2011).
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Aslan (2016) compared auditory reasoning performances of 90 school-age children who were using
cochlear implants in terms of having early or late cochlear implantations. The results showed that even though
children with early implantation had higher auditory reasoning performance than the children with late
implantation, children with early implantation had difficulty in certain subtests. Especially in the similarities and
analogical reasoning subtests both groups of children had difficulties. Moreover, children with better auditory
reasoning performance had better expressive language and vocabulary.

Children with cochlear implants show lower performance than their typically developing peers in tasks
related to working memory (Akgakaya, 2015; Burkholder and Pisoni, 2003; Carter, Dillon and Pisoni, 2002;
Cleary, Dillon and Pisoni, 2002; Dillon, Pisoni, Cleary and Carter, 2004; Lee, Yim and Sim, 2012; Soleymani,
Amidfar, Dadgar and Jalaie, 2014; Watson, Titterington, Henry and Toner, 2006). The fact that in tasks of digit
span, backward digit span (BDS) and nonword repetition tasks (STM and/or working memory tasks) children with
cochlear implants show lower performance than their peers might be due to limited the STM, and limitations in
coding, storing, and recalling verbal information (Burkholder and Pisoni, 2003, 2006; Carter et al., 2002; Pisoni
and Cleary, 2003; Soleymani et al., 2014). Moreover, in coding and maintaining verbal information they use
phonological and language related strategies less effectively than their peers (AuBuchon, Pisoni and Kronenberger,
2015). Limitations of children with cochlear implants in these processes also reflect themselves in assessment
results related to speech and language such as in word recognition scores, vocabulary, language comprehension,
and speech production (Burkholder and Pisoni, 2003, 2006; Carter et al., 2002; Cleary et al., 2002; Pisoni and
Cleary, 2003; Soleymani et al., 2014). On the other hand, Akgakaya (2015) reported that children with early
cochlear implants with normal nonverbal performance IQ and speech perception of 90% or more have
simultaneous storing and processing skills likewise their peers for materials which they are familiar with, such as
numbers. In another study, in the task of repeating sentences children with cochlear implants repeat the sentences
a longer time and they pause during the recall process. This is linked to the low processing speed and limitations
in coding (Burkholder and Pisoni, 2003, 2006). On the other hand in a longitudinal study the STM/working
memory skills at the beginning predicted later speech and language skills (Harris et al., 2011). When all these
studies are considered together whether language predicts working memory or vice versa is not clear. What is
obvious is that there is a relationship between language and working memory/STM.

In a study, whether lower performance in cognitive abilities of children with hearing loss was due to the
direct effect of hearing loss or children’s decreased language experiences was examined. For this, 6-11 years old
children of parents using sign language as their native language (children with hearing loss whose native language
was sign language [N=8],) and children with hearing loss of whom typically hearing parents used sign language
(N=19) and typically hearing children were compared. Nonverbal reasoning, nonverbal working memory and
language skills were examined. Children with hearing loss who had typically hearing parents and used sign
language showed lower performance than the other two groups regarding nonverbal working memory tasks. That
is, children with hearing loss (native language is sign language) and children who were typically hearing performed
better. This result was interpreted as that independent from the language modality (spoken language or sign
language), enriched language experiences since birth has a critical role in nonverbal working memory. In addition,
vocabulary (when the age and nonverbal reasoning were controlled) predicted the nonverbal working memory
(Marshall et al., 2015).

Vernon, who is a psychologist and works with individuals with hearing loss and assesses their cognitive
processes, was the first person to indicate that this group is highly heterogenous (Vernon, 2005). In other words,
there are several factors affecting the success of the cochlear implant and these factors can be differentiated in
each with individual cochlear implants. These are the onset of hearing loss regarding language acquisition, early
diagnosis, early amplification, auditory deprivation, additional disabilities, communication mode, bilingualism at
home, socioeconomic-cultural status, hearing status of the parents, having a high nonverbal 1Q, being raised in
non-crowded families, child’s language learning environment, and cognitive processing skills (Blamey et al., 2001;
Geers, 2002; Hodges, Ash, Balkany, Schloffman and Butts, 1999; Miyamoto et al., 1994; Pisoni and Cleary, 2003;
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Willstedt-Svensson, Lofqvist, Almqvist and Sahlén, 2004). It is obvious that reaching generalizations is difficult
with a group for which the success is affected by many factors. Therefore, we tried to work as much as possible to
form a homogenous group regarding age of cochlear implantation, onset of hearing loss, nonverbal 1Q, speech
perception, communication modality (verbal communication), parents’ hearing status (typically hearing parents).
For example, the effect of confounding variables was physically controlled.

Assessment of Reasoning, Working Memory, and Language

When the research regarding reasoning, working memory, and language is examined it can be seen that
there are mostly studies related to typically developing children. In one of these studies, Archibald (2013)
examined the relationships between language, working memory, STM, 1Q, and nonverbal reasoning of typically
developing children. In the study, a total of 374 children who were 5 to 10 years old were examined and as a result
it was seen that the task modality (auditory or visual), domain general working memory, language, phonological
STM, and fluid reasoning might be distinct cognitive processes which could be effective on children’s general
verbal assessments. It was also stated that for children who were experiencing developmental difficulties regarding
language this result might be effective in diagnosis and interventions (Archibald, 2013). In that study, verbal
(auditory) reasoning was not examined.

Another study was conducted with typically developing preschool children (N=160) in Finland. The
results of the factor analysis showed that receptive vocabulary, auditory reasoning, nonword repetition, STM skills,
and oral motor coordination skills were significantly related to each other and verbal skills were gathered under
one factor (Holopainen, Ahonen, Tolvanen and Lyytinen, 2000). During assessment, since answering reasoning
questions requires verbal skills, this might have led to this result.

Archibald (2013) indicates that the language is assessed by tasks such as following instructions, recalling
phonological information, defining similarities in the words presented verbally. In Turkey the norm referenced
test of language namely Turkish Test of Early Language Development (TELD-3) includes verbal STM items which
are based on repeating spoken sentences. In the same test, there are items regarding reasoning such as “John has
brought his new plane to the classroom to show it to his friends. What do you think he said/told?” (Topbas and
Giiven, 2013).

When the literature was examined there was not any studies encountered in which language, auditory
(verbal) reasoning, and verbal working memory were considered together for children with cochlear implants. It
is seen important for the intervention programs to determine the relationships between reasoning, working
memory, and language in children with hearing loss. Based on the truth that reasoning and working memory
assessments must be based on language, the purpose of this study was to examine the relationships between
reasoning, working memory, and language in children with cochlear implants who were homogenized as much as
possible. The research question of this study is as follows: “Do receptive and expressive language mediate the
relationship between the working memory and reasoning?

Method

This study was conducted at the Hacettepe University Department of Otorhinolaryngology, Audiology
and Speech Pathology Unit. The study group consisted of the same children with cochlear implants who
participated in studies of Akgakaya (2015) and Aslan (2016) that were simultaneously conducted. Having obtained
the ethical committee approval of the Ethical Committee for Non-Interventional Clinical Research of Hacettepe
University with the issue of 16969557-1149 and NI 14/299-17 decision number, the data collection of the study
was initiated.
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Research Design

This research was conducted as the relational-correlation design, in as much as it is the relationship
definition between variables. In this design, it is conducted such as structural equation models, regression analysis,
and mediation analysis (Creswell, 2014).

Participants and Inclusion Criteria

The participants of this study were 7;0-10;4 years old children with cochlear implants of whom 16 were
females and 9 were males, totaling 25 children. The inclusion criteria for the study were as follows: (1) Cochlear
implantation before the age of three (2) Speech perception scores 90% or more (3) Nonverbal 1Q score of 85 or
higher (4) Being monolingual at home (5) Not having any additional diagnosed disabilities other than hearing loss.

Within the scope of the above criteria initially 40 children with cochlear implants were assessed, then 15
children were excluded since they did not meet the inclusion criteria. Parents of all the children with cochlear
implants had typically hearing. Children with cochlear implants were attending inclusion classrooms at their
schools and their communication modality was monolingual and their education was presented with verbal
communication. In none of the children with cochlear implants there were severe cochlear anomalies. The average
free field thresholds for children with cochlear implants were between 250-6000 Hz 31 dB HL.

Table 1
Demographical, Audiological, and Educational Characteristics of Children with Cochlear Implants
Children with Cochlear Implants

Categorical Variables N %
Gender

Female 16 64

Male 9 36
Preschool Education

Yes 25 100

No 0 0
Special Education

Yes 23 92

No 2 8
Continuous Variables X SD N
Age (months) 102.3 12.9 25
Age of onset of hearing loss (months) 8.6 6.8 25
Onset of HA age (months) 104 6.5 25
Cl age (months) 23.2 7.4 25
Cl duration (months) 78.9 144 25
Age of onset of preschool education (years) 4.3 1.1 25
Age of onset of special education (months) 22.6 18.4 23

HA: Hearing aids CI: Cochlear implant
Data Collection Tools

Demographical Information Form. A form was prepared by the first researcher to collect data regarding
demographical, audiological, and educational characteristics of children with cochlear implants and data related
to the variables included in Table 1 were obtained.

Glendonal Auditory Screening Procedure (GASP). This test was used to determine the speech
perception of children with cochlear implants and whether the children would be included in the study. This test
is a part of the EARS (Evaluation of Auditory Responses to Speech) Test Battery (Esser-Leyding and Anderson,
2012). The test has two samples, and 10 question sentences. The children were asked to repeat the spoken
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sentences. The list was administered to the child by the first researcher while seated at right across the ear level of
the cochlear implant at a one-meter distance and with a lively voice in a room with a sound insulation of only
auditory condition. The children’s responses were recorded with a Sony brand ICD-TX50 model digital audio
recorder as well as they were also marked on a separate form by pencil. The criteria of having 90% or above was
added to the study since this was what was expected at the fifth year of using a cochlear implant.

Wechsler Intelligence Scale for Children-Revised (WISC-R). To determine the nonverbal 1Q,
performance subtests of this scale were administered to the children. Since nonverbal 1Q might affect working
memory scores, children who had 85 and higher were included in this study. Spearman Brown value of WISC-R
is .96 and split half reliability is .91. Correlations between subtests are .51-.86 (Savasir and Sahin, 1995). WISC-
R was administered to the children by an expert psychologist.

Shortened Nonword Repetition List (S-NWR). It was used to assess verbal working memory. The
original form was developed by Akoglu and Acarlar (2014) with a structure unlike the language and by considering
phonotactic rules of Turkish. To use with children with cochlear implants, Akc¢akaya (2015) shortened this list
which consists of 36 nonwords. During the shortening, nonwords were recorded by a professional male speaker
and then to balance inter-syllable sound levels for the recordings, normalization procedure was performed.
Following normalization procedure, sound recordings were presented to typically developing children and the
words which were found to be the most understandable were selected yielding 20 nonwords with 1-4 syllables
(For details see Akcakaya, 2015). As a result, this list was presented with 4-second intervals in a quiet room with
the standards of Industrial Acoustic Company (IAC). While the first researcher recorded the child’s responses on
a record sheet simultaneously the responses were recorded with a Sony brand 1ICD-TX50 model digital audio
recorder. To conduct interobserver reliability, an expert audiologist who had typically hearing made transcriptions
on a separate form. Interobserver reliability was 89.8%. For this study, the number of words correctly produced
was accepted as the working memory score.

Turkish Test of Early Language Development (TELD-T). This test was conducted to assess receptive
and expressive language skills of children with cochlear implants. TELD assesses language development of two
to seven years eleven months old children in terms of morphology, semantics, and syntax. TELD which consists
of parallel two forms as A and B forms has Cronbach Alpha coefficients as .85-.92, test retest reliability of .91-
.98. For criterion validity it has .33-.58 correlations with Ankara Development Screening Inventory, .73-.87
correlations with Peabody Picture Vocabulary Test, and .46-.88 correlations with Turkish Test of Language
Development (TOLD-Turkish). For construct validity the canonical discriminant function of the test with typically
developing children and children with language disorders was examined, the Wilks Lambda values were found
.31-.54 and it was reported that the function’s discriminative power was significant (Giiven and Topbas, 2014). In
this study TELD’s A form was used and it was administered by the first and the second researchers.

Selcuk Auditory Reasoning and Processing Skills Test (SARPST). This was used to assess auditory
reasoning skills of children with cochlear implants. It consists of six subscales of similarities, verbal absurdities,
analogical completion, causal reasoning, arithmetical reasoning, and general knowledge. It is the Turkish
adaptation of Gardner’s (1993) Test of Auditory Reasoning and Processing Skills (TARPS) (Erbay, 2009). For
internal consistency KR20 scores were calculated and found .69-.87 whereas test retest reliability was .90-.98. For
content validity 4 experts were consulted and intra-class coefficient was reported as .85. For construct validity,
factor analysis was conducted, and items were loaded on 6 factors and they were named. Each item explained 6.65
to 7.74% of the total variance and the total variance explained was 43.1% (Erbay, 2009). This test was administered
by the second researcher.

Data Analysis

For the main purpose of this study the relationships between the working memory, language, reasoning
skills, and the duration of cochlear implant were examined. In this study, it was investigated whether working
memory predicted reasoning mediated by language or not. Therefore, in SPSS program PROCESS tool was used
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to conduct parallel mediation analysis. Parallel mediation analysis included a predictor, independent variable (X),
one predicted dependent variable (Y) and two mediator variables (M). In this analysis there are two paths: (1)
without the mediator variable (M) X’s direct effect on Y, (2) indirect effect of the path from X to M1 and from
M1 to Y as well as the path from X to M2 and path from M2 to Y (Hayes, 2013). In mediation analysis, as a
function of the mediator variable, causal relationship between the two variables are represented (Baron and Kenny,
1986; Hayes, 2013). There are some assumptions of the Mediation Analysis: (1) X must significantly predict Y (c
path) (2) X must predict M (a path) (3) M must predict Y (b path) (4) When M is controlled, the correlation between
X and Y must be lower (Baron and Kenny, 1986). Hayes (2013) states that

If ¢' is closer to zero then c and c' is not statistically significant, then it is claimed that M
completely mediates X's effect on Y. That is, M entirely accounts for the effect of X on Y. By
contrast, if ¢' is closer to zero than c but c' is statistically different from zero, then it is said
that M partially mediates X's effect on Y. Only part of the effect of X on Y is carried through
M. (p. 167)

Moreover, it is indicated that a full mediation can easily emerge in small samples, when a similar study
is conducted with a larger sample a partial mediation can arise (Hayes, 2013). A full mediation means that when
X predicts Y, there are not any more variables which explain it but the mediator M variable. In our study bias
corrected bootstrapping confidence intervals method was used. For this method, normal distribution of the sample
is not important. In this study, with 25 children with cochlear implants, bootstrapping confidence intervals method
was applied and the confidence intervals were calculated for indirect effects and it was determined whether
estimated variables had a partial or full mediation effect on the results was tested. Moreover, if in parallel mediation
analysis, bootstrapping confidence intervals do not include zero, this points out that two indirect effects are
different from each other (Hayes, 2013).

Table 2

Descriptive Statistics of Language, Reasoning, and Working Memory in Children with Cochlear Implants
Variables Mean (N=25) SD
Working Memory 6.6 2.7
Reasoning 21.7 8.8
Receptive Language 84.4 18.6
Expressive Language 83.8 18.2

Results

Descriptive statistics of children with cochlear implants are given in Table 2. It was found that working
memory predicted reasoning with indirect effects of receptive and expressive language. As it can be seen in Figure
1 and Table 3 children with cochlear implants whose working memory was better also had better receptive
(a2=3.369) and expressive language (a1=4.986) skills, children with cochlear implants who had better receptive
(b2-0.129) and expressive language (b1=0.294) skills had better reasoning skills as well. As Hayes (2013) suggests
a bias corrected bootstrap confidence interval for the indirect effect (aib;+a»b,=1.903) based on 5000 bootstrap
samples was fully above zero (for M;= 0.664 to 2.828, M»=0.054 to 0.939). There was no evidence that working
memory predicted reasoning independent of effects of receptive and expressive language. As a result, when the
effects of receptive and expressive language were controlled there was not any evidence that the working memory
predicted reasoning. In other words, the cause of reasoning is the working memory, however this effect is shown
with the indirect effects of receptive and expressive language skills.
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Table 3

Regression Coefficients, Standard Errors, and Model Summary Information for Receptive and Expressive
Language Influence Parallel Mediator Model

M1 (Expressive Language) M2 (Receptive Language) Y (Reasoning)
Antecedent Coeff. SE Coeff. SE Coeff.  SE
X (Working Memory) ai 4.986*** 1.225 az 3.369* 1.570 c' 0.333 0.411
M1 (Expressive Language) - - - - b:  0.294***  0.067
M2 (Receptive Language) - - - - b2 0.129* 0.058
Constant im 51.053*** 9.264 iMe  62.261*** 12591 iy -16.014**  4.940
R?=0.538 R?=0.235 R?=0.840
F(1,23)=16.560*** F(1,23)=4.607* F(3,21)=28.853***
*p<.05, **p<.01, ***p<,001
Expressive
Language
a;=4.986*** b1=0.294***
€ '=0.333
Working Memory > Reasoning
€=2.236**
a,=3.369* b,=0.129*
Receptive Language *p<.05,**p<.01,***p<,001

Figure 1. A statistical diagram of the parallel multiple mediator model for receptive and expressive language.
Discussion

In our study, the cause of a good reasoning is the working memory, however, this is manifested by the
mediation effect of the receptive and expressive language skills. This is an expected finding, it shows that in
nonword repetition task the children with cochlear implants based on their current language skills utilize to repeat
nonwords. It is thought that they understand the words by utilizing their receptive language skills and then they
answer the auditory reasoning questions by utilizing their expressive language skills. Previous studies report that
for typically developing adults, there is a high correlation between working memory and reasoning (Kyllonen and
Christal, 1990; Sii, Oberauer, Wittmann, Wilhelm and Schulze, 2002). The current study shows that this
relationship might be causal by the mediation of language skills for children with cochlear implants. In addition,
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when it is thought that the increase in the working memory and processing speed are effective on the increase of
the fluid reasoning for typically developing children (Fry and Hale, 1996), the relationship between the working
memory and reasoning is obvious. However, the place of the language skills in this relationship is also thought to
be critical to be examined for typically developing children.

In a study in which analogical reasoning skills of children with hearing aids and cochlear implants were
compared it was seen that they had statistically significant delays compared to their typically hearing peers. After
the regression analysis, when the age and analogical reasoning skills of the group with hearing loss were controlled
for, their language performances appeared to be an important variable. As a result, it was emphasized that there
might be a relationship between learning concepts and supporting vocabulary and higher level grammatical
structures for children with hearing loss and this might have an indirect effect on analogical reasoning (Edwards,
Figueras, Mellanby and Langdon, 2010). Henner, Caldwell-Harris, Novogrodsky and Hoffmeister (2016)
recommend that the verbal language-based analogical reasoning approach is used in the assessment of children
with hearing loss, considering language-related deprivation associated with auditory deprivation. They compared
the language-based analogical reasoning skills of children with hearing loss with the age at acquisition of sign
language. According to this study, when they started to learn sign language earlier, they could differentiate between
the correct and incorrect use of syntax and their performance in analogical reasoning skills were better than those
who started to learn sign language at school. Similar results were found in the case of children with hearing loss
in Poland through sign language, and in writing to their typically developing peers (Bandurski and Galkowski,
2004).

These results present supportive evidence for the critical effect of language on reasoning skills. The results
of the current study support the notion that the working memory “ensures several high level functions such as
reasoning, language comprehension, learning, planning, problem solving, and mental processing” (Baddeley,
2007; Rose and Craik, 2012). On the other hand, with bilateral cochlear implantation, auditory perception and
language skills of children are improved in the earliest stages. Jacobs et al. (2016) evaluated verbal reasoning skills
of children who started using cochlear implants simultaneously in both ears. According to their results, it has been
observed that children who are observed to distinguish speech in noise and increase in auditory short-term memory
span also develop complex cognitive skills based on verbal intelligence. Verbal reasoning skills are also positively
influenced by all these results.

The current study has some limitations. Firstly, this study only examined the relationships between the
verbal working memory, reasoning, and language skills in children with cochlear implants, therefore, the
relationships for typically developing children were not examined. In fact, to see the bigger picture a similar study
might be conducted with both typically developing children and children with cochlear implants to comparatively
examine these relationships. Secondly, in this study a full mediation was obtained. A full mediation, as mentioned
before, means that there are not any variables to be explained rather than receptive and expressive language skills
in working memory’s prediction of reasoning. However, Hayes (2013) reports that with small samples a full
mediation can be obtained, and when it is the case this result must be cautiously interpreted. Therefore, a similar
study consisting of a large sample might be conducted. In addition, the comparison of different communication
methods or different conditions (written, sign language assisted, and so forth) in the evaluation of reasoning skills
of children with hearing impairments can also give information about their performances without language-
specific tasks. As a conclusion, this study is important in terms of the fact that the working memory, and the
reasoning skills of Turkish-speaking, school-aged children with cochlear implants are evaluated for the first time.
Based on the results of the study, in the education programs of children with cochlear implants activities regarding
verbal working memory and activities to improve receptive and expressive language skills might also improve
reasoning skills of children with cochlear implants.
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Giinliik yasamda karsilagilan problemleri ¢6zmek i¢in gerekli olan muhakeme yetenegi akademik bagart
icin oldukca dnemlidir. Muhakeme, insan zekasinin temelini olusturan ve zekanin 6zii oldugu diistiniilen bilissel
bir yetenektir (Evans, Newstead ve Byrne, 1993). Halihazirda bellekle ilgili faktorleri iceren ve en ¢ok taninan
zeka kuramu Cattel-Horn-Carroll (CHC) kuramidir. CHC kuraminda bilissel yeteneklerin dogast ve yapist ii¢
katmanli bir taksonomi iginde tanimlanir (Flanagan, Ortiz ve Alfonso, 2007). Bu katmanlar (1) genel zekay1 (g)
(2) on alt1 genis kapsamli yetenegi (3) yaklagik 80 dar kapsamli yetenegi igerir (Flanagan ve Dixon, 2013). Genis
kapsamli yeteneklerden biri, muhakemedir. Akici muhakeme (Gf) olarak tanmimlanir ve otomatik olarak
gergeklestirilmeyen, yeni problemleri aninda planli ve kontrollii bir bigimde ¢dziimleyebilme yetenegidir. Sonug
¢ikarma, kavram bilgisi, siniflandirma, yeni bir sey iiretme, hipotezleri test etme, iligkileri tanimlama, dolayli
anlatimlart kavrama, problem ¢6zme, tahmin etme, Oriintiiler arasindaki iliskileri anlama, bilgiyi yeniden organize
etme ve transfer etme gibi zihinsel islemlerdir. Tiimevarimsal ve tiimdengelimli muhakeme becerileri, akici
muhakemenin ayirici 6zelligi olarak diistiniilmektedir (Flanagan ve Dixon, 2013; McGrew, 2005).

Tiimevarimsal muhakeme (1), problem ¢6zmek i¢in onceden dgrenilen kurallardan ve gézlemlerden,
yararlanarak bazi kavram, kural, egilim, sinif {iyeligi gibi birtakim 6zellikleri kesfederek problem ¢dzebilme
yetenegidir. Genel swrall tiimdengelimli muhakeme (RG) bir problemin ¢dziimiine ulagmak igin bir veya birkag
adimda var olan bilgi ya da kurallardan yola ¢ikilarak problemin ¢oziilmesidir. Sayisal muhakeme de matematiksel
iligki ve ozellikleri iceren kavramlardan tiimdengelim ya da tiimevarim yoluyla problem ¢dzme yetenegidir
(McGrew, 2005). Isitsel muhakeme, Gardner’in 1993 yilinda ilk versiyonunu yayinladig: Isitsel Muhakeme ve
Anlama Testi’ne (Test of Auditory Reasoning and Comprehension) goére isitilen materyalin yorumlanmasi,
siralanmasi, anlasilmasi ve bunlar arasinda iliski kurulmasidir. Aym testte isitsel muhakeme yedi alt alanda
incelenmistir: Genel bilgi, anlama (comprehension), benzerlikler, analojik tamamlama, aritmetik muhakeme, s6zel
anlamsizliklar ve yonelimsel oryantasyon becerileri (akt., Erbay ve Omeroglu, 2013). Isitsel muhakeme, sozel
bilgiye dayalidir ve iist diizey dil becerilerini kapsamaktadir. Kavramlar arasinda iliski kurma ve mantiksal
cikarimlarda bulunma ile iliskilidir. Ilk alt alan1 olan genel bilgi, Gardner (1993) tarafindan ¢cocuklarn evdeki ya
da okuldaki gbzlemleri, deneyimleri ve arastirmalar1 sonucu elde ettigi bilgiler olarak tanimlanmigtir (akt., Er ve
Tepeli, 2013). Isitsel anlama ise, genellikle kisa bir dykiiyii dinleme ve ondan sonug ¢ikarmayi icermektedir. Bu
beceriyi kazanabilmek i¢in ¢ocugun kisa siireli bellek (KSB), dikkat ve tist diizey dil becerilerinin de iyi olmasi
beklenmektedir. Benzerlikler Alt Testi’nde beklenen, nesneler arasinda iliski kurulmasidir (Ackerman, Beier ve
Boyle, 2005; Goldstone ve Son, 2005). Bu beceri ile sozciik bilgisi, KSB ve dil gelisimi arasinda anlamlr iligki
oldugu goriilmiistiir (Goldstone ve Son, 2005). Analojik tamamlama becerisi, nesneler ve olaylar arasindaki
mantiksal uygunlugu bulmayi gerektirmektedir. Bu nedenle iist diizey dil becerisinin yani sira daha 6nce 6grenilen
bilgilerin sunulan kosula aktarilmasi1 gerekmektedir (akt., Chen ve Siegler, 2013). Aritmetik (matematiksel)
muhakeme, problem ¢dzme, oriintiiyii tanima, siniflandirma ve oriintiideki degisiklikleri fark etmeyi igermektedir
(English, 2004). S6zel anlamsizliklar1 ayirt etme becerisi birgok zeka testinde degerlendirilmeye devam etmektedir
(8rnegin Weschler zeka testleri, Standford Binet). Isitilen bilginin, mantiksal muhakeme icin iliskili olup olmadig
¢ikariminin yapilmast beklenmektedir.

CHC Kurami ve Cahsma Bellegi iliskisi

CHC kurami, Baddeley ve Hitch’in Cok Bilesenli Calisma Bellegi (CB) kuramuyla iliskilendirilmistir.
CHC taksonomisine gore CB yeni 6grenmeler ve karmasik biligsel gorevleri gergeklestirmek igin gerekli yapidir.
CB’nin muhakeme gibi karmasik bilissel yapilarla olan giiglii iliskisi bilgiyi aktif olarak siirdiirmesinden ve
gerektiginde eszamanli aktif bir islemlemeyi gergeklestirmesinden kaynaklanmaktadir (McGrew, 2005). CB ve
muhakeme arasinda yiiksek diizeyde korelasyonlar gézlenmis (r=.80-.90), yapilan faktor analizi ¢alismalarinda
soz konusu biligsel yapilarin birbiriyle yakindan iligkili ancak ayri yapilar oldugu bildirilmistir (Kyllonen ve
Christal, 1990). Bir baska ¢alismada tipik gelisim gosteren ¢ocuklarda muhakeme, CB ve islemleme hizi
arasindaki iligkiler incelenmis ve akict muhakemedeki artisin, varyansin neredeyse yarisinin islemleme hizi ve
CB’deki gelisimsel degisikliklerden kaynaklandigr ve CB’deki iyilesmenin varyansin neredeyse dortte ii¢iiniin
islemleme hizindaki gelisimsel degisikliklerden kaynaklandig1 sonucuna varilmigtir. Dahasi islemleme hizi, CB
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ve muhakemedeki yasla iligkili farklar kontrol edildiginde dahi islemleme hizindaki bireysel farkliliklarin CB
kapasitesini dogrudan etkiledigi ve bunun da akic1 zekadaki bireysel farkliliklarin dogrudan belirleyicisi oldugu
goriilmiistiir (Fry ve Hale, 1996). Cok Bilesenli Caligma Bellegi kuramcilarindan Baddeley (2007) CB’yi,
muhakeme kurma, dili anlama/yorumlama, 6grenme, planlama, problem ¢6zme, zihinden islem yapma gibi bircok
iist diizey biligsel fonksiyonun yerine getirilmesini saglayan yapi olarak tanimlamustir. Cok Bilesenli CB
Modeli’nin dort bileseninden biri dil ile iligkilendirilen s6zel gelerin depolandigi ve/veya islemlendigi sesbilgisel
dongiidiir (Baddeley, 2007; Henry, 2012).

Dil ve Calisma Bellegi

Cok Bilesenli CB Modelinde sesbilgisel dongiiniin dil edinimini kolaylastirdigi iddia edilmistir.
Sesbilgisel dongliniin ¢ocuklarda anadil ediniminde, yetiskinlerde ise ikinci dil ediniminde Gnemli bir rol
tistlendigi belirtilmistir (Baddeley, 2003, 2007; Baddeley, Gathercole ve Papagno, 1998; Masoura ve Gathercole,
1999). Gathercole ve Baddeley (1989) tipik gelisim gosteren ¢ocuklarda anlamsiz s6zciik tekrar etme gérevi ile
degerlendirilen sesbilgisel bellek becerilerinin onlarin sézciik dagarciklarini yordadigini rapor etmislerdir. Yaglar
3-10 arasinda degisen ¢ocuklarla yapilan pek ¢ok calismada anlamsiz sozciik tekrar etme ve sozciik dagarcigi
arasinda iligki goriilmiistir. Bu bulgu katilimeilarin genis sozciik dagarcigi becerilerinin onlarin anlamsiz
sozciikleri tekrar edebilmelerine yardimci olabilecegi seklinde yorumlanmistir (Baddeley, 2007). Hatta Papagno
ve Vallar (1995); genel zeka, gorsel mekansal KSB ve 6grenme becerileri eslestirilmis bir dil bilen ve birden fazla
dil bilen iki grupla ¢alismistir. Sonug olarak, iliskili Italyanca sozciikleri 6grenme becerileri birbirine benzer
bulunmus, sdzel KSB (say1 dizisi ve anlamsiz sozciik tekrarlama) performanslarinin birden fazla dil bilen grubun
daha iist diizeyde performans gosterdigi belirtilmistir. Buna karsin Brown ve Hulme (1996) ise iyi bir bellegin iyi
bir sozciik dagarcigina yol agtigini iddia etmistir (akt., Baddeley, 2007). Gathercole (1995) sozciik dagarcigi iyi
olan ¢ocuklarin anlamsiz sdzciikleri tekrar etmede daha basarili olmalarini, uzun siireli sdzciiksel bilgi ile anlamsiz
sozciik tekrar etme arasinda karsilikli gelisimsel bir iliski oldugu seklinde yorumlamistir. Baddeley (2007) bu
sonuglardan yola ¢ikarak anlamsiz s6zciik tekrarlamaya katkida bulunan iki etmenin oldugunu, bunlardan ilkinin
mevcut dil becerilerinin, digerinin ise sinirli kapasitesi olan sesbilgisel deponun oldugunu iddia etmistir. Dil
becerilerinin iyi bir destek sagladigini, ancak yeni sozciik 6grenmenin sesbilgisel depoya bagh oldugunu
bildirmistir.

Koklear implanth Cocuklarda isitsel Muhakeme, Calisma Bellegi ve Dil iliskisi

Alanyazin incelendiginde koklear implantli ¢ocuklarin dil ve muhakeme becerilerini degerlendiren
calismalarin sinirli oldugu goriilmiistiir. Bir ¢aligmada okul ¢ag1 koklear implantli grubun (N=181) yarisindan
fazlasinin ifade uzunlugu, sozciiksel ¢esitlilik ve 6ykii yapisi gibi dil degerlendirmeleri ile Wecshler Cocuklar igin
Zeka Olgegi-111 (Wecshler Intelligence Scale for Children [WISC]-111) Benzerlikler alt testi ile degerlendirilen
s6zel muhakeme becerileri isiten akranlarina benzer bulunmustur. Sézdizimsel becerilerde ise 6rneklemin
yarisindan daha azinin akranlarina benzer puanlar aldigi raporlanmistir. Dil becerilerini yordayan degiskenlerin
sozel olmayan zeka, kalabalik olmayan aileler ve sosyoekonomik durum ile cinsiyet (kiz) oldugu belirtilmistir.
Baska bir deyisle sozel olmayan zekas1 yliksek, az sayida aile liyesinden olusan, sosyoekonomik diizeyi yiiksek
ailelerde biiyiiyen kiz ¢ocuklarimin dil becerilerinin daha iyi oldugu bulunmustur (Geers, Nicholas ve Sedey, 2003).

Geers ve Sedey (2011) koklear implantli gocuklari ilkokuldan liseye kadar takip ettikleri ¢aligmalarinda,
sozel muhakeme becerilerinin gelisme hizinin beklenilenin {izerinde oldugunu ve performans puanlarinin yillik
oraninin bir yas diizeyinden fazla oldugunu raporlamiglardir. Dil ve muhakeme becerileri arasindaki
korelasyonlarin (r=.44-.72) orta diizeyde oldugu belirtilmistir. Ortaokuldaki dil becerilerini yordayan degiskenlere
gore; sozel olmayan zekasi yiiksek, tist sosyoekonomik diizeye sahip, erken yasta koklear implant olmus, i¢
tekrarlama hizi yiiksek olan ¢ocuklarin dil sonuglarinin daha iyi oldugu, ilkokulda daha iyi dil becerilerine sahip
¢ocuklarin ortaokulda daha iyi dil becerileri oldugu bulunmustur.

Aslan (2016) caligmasinda, koklear implant kullanan okul ¢agindaki 90 cocugun isitsel muhakeme
performanslarini erken ya da ge¢ donemde koklear implant kullanmaya baglamalar1 agisindan karsilagtirmistir.
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Calismanin sonuglarina gore erken gruptaki ¢ocuklarin isitsel muhakeme performanslari ge¢ gruptan daha iyi
olmasina ragmen erken gruptaki cocuklarin zorlandiklari alt testler oldugu belirlenmistir. Ozellikle benzerlikler ve
analojik muhakeme alt testlerinde her iki gruptaki ¢ocuklarin da zorlandiklari goézlenmistir. Ayrica isitsel
muhakeme performansi daha iyi olan g¢ocuklarin, ifade edici dil becerileri ve sozciik bilgisi becerilerinin daha iyi
oldugu gosterilmistir.

Alanyazinda koklear implantli cocuklarin CB ile ilgili gorevlerde tipik gelisen akranlarindan daha diisiik
performans gosterdikleri bildirilmistir (Akcakaya, 2015; Burkholder ve Pisoni, 2003; Carter, Dillon ve Pisoni,
2002; Cleary, Dillon ve Pisoni, 2002; Dillon, Pisoni, Cleary ve Carter, 2004; Lee, Yim ve Sim, 2012; Soleymani,
Amidfar, Dadgar ve Jalaie, 2014; Watson, Titterington, Henry ve Toner, 2006). Arastirmalarda; say1 dizisi, ters
say1 dizisi ve de anlamsiz sozciik tekrar etme gorevlerinde (KSB ve veya CB gorevlerinde) koklear implantli
cocuklarin akranlarindan daha diigiik performans gostermeleri KSB kapasitelerinin daha kisitli olup, sézel bilgiyi
kodlama, saklama ve geri ¢agirma siire¢lerindeki sinirliliklardan kaynaklanabilecegi belirtilmistir (Burkholder ve
Pisoni, 2003, 2006; Carter ve dig., 2002; Pisoni ve Cleary, 2003; Soleymani ve dig., 2014). Ek olarak s6zel bilgiyi
kodlama ve siirdirmede sesbilgisel ve dilsel stratejileri isiten akranlarina gore daha az etkin kullandiklari
bildirilmistir (AuBuchon, Pisoni ve Kronenberger, 2015). Bu siireglerdeki kisitliliklar koklear implantli cocuklarin
sozciik tanima puanlari, sozciik dagarcigl, dili anlama ve konusma iiretimi gibi dil ve konusma ile ilgili
degerlendirme sonuglarina da yansimistir (Burkholder ve Pisoni, 2003, 2006; Carter ve dig., 2002; Cleary ve dig.,
2002; Pisoni ve Cleary, 2003; Soleymani ve dig., 2014). Ote yandan Akgakaya (2015), sdzel olmayan zekasi
normal olan, %90 ve iizerinde konusma algisina sahip olan erken yasta koklear implant olan ¢ocuklarin sayilar
gibi asina olan materyalleri es zamanli depolama ve islemleme becerilerinin isiten akranlarina benzer oldugunu
bildirmistir. Bir diger ¢alismada, koklear implantli gocuklarin ciimle tekrar etme gorevlerinde ciimleleri daha uzun
stirede tekrar ettikleri goriilmiis ve hatirlama sirasinda daha fazla duraklamalar gézlenmistir. Bu durum disiik
islemleme hizi ve kodlamadaki sinirliliklara baglanmistir (Burkholder ve Pisoni, 2003, 2006). Boylamsal bir
caligma ise baslangictaki KSB/CB becerilerinin daha sonraki dil ve konusma becerilerini yordadigi sonucuna
varmistir (Harris ve dig., 2011). Tiim ¢aligmalar bir arada diisiiniildiiglinde, dilin mi ¢alisma bellegini yoksa
caligma belleginin mi dili yordadigi tam olarak net goriinmemektedir. A¢ik olan durum ise dil ve CB/KSB arasinda
bir iligkinin oldugudur.

Marshall ve digerlerinin (2015) yapmis olduklari ¢alismada, isitme kayipli ¢ocuklardaki daha diisiik
performansin dogrudan isitme kaybindan ya da cocuklarin dil deneyimlerinin azalmasindan kaynaklanip
kaynaklanmadig1 arastirilmistir. Bunun igin anadili igaret dili olan isitme kayipli ebeveynlerin ¢ocuklar: (anadili
isaret dili olan isitme kayipli gocuklar) (N=8), isiten ebeveynleri olan isaret dili kullanan isitme kayipli ¢ocuklar
(N=19) ve isiten 6-11 yaslarindaki ¢ocuklarla ¢alisiimistir. Isiten ebeveynlere sahip isaret dili kullanan isitme
kayipli gocuklar diger iki gruba gore sozel olmayan calisma bellegi gorevlerinde daha diisiik performans
gostermistir. Yani anadili igaret dili olan, isitme kayipli ¢ocuklar ve tipik isiten ¢ocuklar daha iyi performans
gostermistir. Bu sonug dil modalitesinin (konusma dili ya da isaret dili) etkisinden bagimsiz olarak dogumdan
itibaren zengin dil deneyimlerinin sdzel olmayan galisma bellegi i¢in 6nemli bir role sahip oldugu seklinde
yorumlanmustir. Ayrica sozciik dagarciginin (yas ve sdzel olmayan muhakeme kontrol edildiginde) sdzel olmayan
calisma bellegini yordadigi bulunmustur.

Isitme kayipl grupla galisan ve isitme kayipli cocuklarin biligsel siireglerini degerlendiren psikologlardan
Vernon (2005) ilk kez bu grubun oldukg¢a heterojen oldugunu bildiren arastirmacidir. Bagka bir deyisle koklear
implantin basarisini etkileyen pek ¢ok etken bulunmaktadir ve bu etkenler her bir koklear implantli bireyde
farklilagabilmektedir. Bunlar; dil edinim durumuna gore isitme kaybinin baglangi¢ yasi, erken tani, erken isitme
cihaz1 kullanma, isitme kaybiyla gecen siire, ek engelin varligi, iletisim modu, evde iki dil kullanimu,
sosyoekonomik-kiiltiirel durum, ebeveynlerin isitme durumu, s6zel olmayan zekanin iyi olmasi, kalabalik olmayan
aileler, ¢ocugun dil 6grenme cevresi Ve biligsel islemleme becerileridir (Blamey ve dig., 2001; Geers, 2002;
Hodges, Ash, Balkany, Schloffman ve Butts, 1999; Miyamoto ve dig., 1994; Pisoni ve Cleary, 2003; Willstedt-
Svensson, Lofqvist, Almqvist ve Sahlén, 2004). Basariy1 etkileyen bircok faktoriin oldugu boylesi bir grupla
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genellenebilir sonuglara ulagsmanin zor oldugu asikar gériinmektedir. Bu sebeple aragtirmamiz miimkiin oldugunca
koklear implant olma yasi, isitme kayb1 baglama yasi, s6zel olmayan zeka, konusma algisi, kullanilan iletisim
bicimi (sozel iletisim), anne-baba isitme durumu (isiten ebeveynler) homojenlestirilen bir grupla ¢calistlmistir. S6z
gelimi karistirict degiskenlerin etkisi fiziksel olarak kontrol edilmistir.

Muhakeme, Calisma Bellegi ve Dilin Degerlendirilmesi

Muhakeme, CB ve dil ile ilgili calismalar incelendiginde daha ¢ok tipik gelisen ¢ocuklarla yapilan
calismalar kargimiza ¢ikmustir. Bu ¢aligmalardan birinde Archibald (2013) tipik gelisen ¢ocuklarda dil, CB, KSB,
zeka ve sozel olmayan muhakeme arasindaki iligkileri incelemistir. Sonug olarak bes-on yaglar1 arasindaki 374
tipik gelisen ¢ocukla yapilan ¢calismada gorevin modalitesinden (isitsel ya da gorsel) bagimsiz CB, dil, sesbilgisel
KSB ve akici muhakemenin ¢ocuklarin genel sozel degerlendirmelerinin iizerinde etkili olabilecek ayr1 biligsel
stiregler oldugunu bildirmistir. Gelisimsel olarak dille ilgili zorluk yasayan ¢ocuklarin tanm1 ve miidahalelerinde bu
durumun etkili olabilecegi belirtilmistir. Ancak sozii edilen ¢alismada sozel (isitsel) muhakeme incelenmemistir.

Bir diger ¢alisma Finlandiya’da tipik gelisen okul 6ncesi ¢ocuklarla (N=160) yapilmigtir. Faktor analizi
sonuglar alic1 dil sozciik dagarcigi, isitsel muhakeme, anlamsiz sozciik tekrar etme, KSB becerileri ve oral motor
koordinasyon becerileri 6nemli derecede iliskili bulunup sozel beceriler olarak tek faktor altinda toplanmistir
(Holopainen, Ahonen, Tolvanen ve Lyytinen, 2000). Muhakeme sorularma yanit vermenin sozel beceri
gerektirmesinin bu sonuca neden olabilecegi diisiiniilmektedir.

Archibald (2013) sozel becerilerin degerlendirilmesinde yonergeleri takip etme sesbilgisel bilgiyi
hatirlama, sozel olarak sunulan sdzciiklerdeki benzerlikleri tanimlama gibi gorevlerle dilin degerlendirildigini
belirtmistir. Tiirkiye’de kullanilan norm temelli Tiirkge Erken Dil Gelisimi Testi’nde (TEDIL) sdylenilen
climlelerin tekrar edilmesine dayali s6zel KSB maddeleri yer almaktadir. Yine ayni testte muhakeme ile ilgili
olarak “Can yeni ugagmi gostermek icin sinifa getirdi. Sence Can smifa ne sdylemistir/anlatmistir?”gibi
muhakeme ile ilgili maddeler yer almaktadir (Topbas ve Giiven, 2013).

Alanyazin incelendiginde koklear implanth ¢ocuklarda dil, isitsel (s6zel) muhakeme ve sézel CB’nin
birlikte ele alindig1 bir ¢alismaya rastlanilmamustir. Isitme kayipli gocuklarda muhakeme, CB ve dil iliskilerinin
belirlenmesi miidahale programlari agisindan 6nemli goriinmektedir. Muhakeme ve CB degerlendirmelerinin dile
dayali olmasi gergeginden yola ¢ikilarak bu arastirmanin amact miimkiin olabildigince homojenlestirilen koklear
implantli ¢ocuklarda muhakeme, CB ve dil arasindaki iligkileri incelemektir. Bu ¢aligmanin arastirma sorusu
sOyledir: CB ve muhakeme arasindaki iligkiye alic1 ve ifade edici dil aracilik eder mi?

Yontem

Aragstirma Hacettepe Universitesi Kulak Burun Bogaz Anabilim Dali Odyoloji ve Konusma Bozukluklar
Unitesi’nde yapilmistir. Akcakaya (2015) ve Aslan’in (2016) es zamanli ¢alismalar1 ve onlarin galismalarinda
ortak olan koklear implantli ¢ocuklarla farkli arastirma sorulari ¢alismanin ortaya ¢ikmasina neden olmustur.
Hacettepe Universitesi Girisimsel Olmayan Klinik Arastirmalar Etik Kurulu, 16969557-1149 say1 ve GO 14/543-
02 karar numarasi ile 16969557-548 say1 ve GO 14/299-17 karar numarasi etik kurul onay1 sonrasi ¢aligmaya
baslanmustir.

Arastirmanin Deseni

Bu aragtirmanin amaci, degiskenler arasi iligkiyi tanimlama oldugu icin arastirmanin deseni iligkisel-
korelasyonel desendir. Bu desende yapisal esitlik modelleri, regresyon analizleri, aracilik analizi gibi analizler
yapilmaktadir (Creswell, 2014).

Katilimeilar ve Dahil Olma Olgiitleri

Bu arastirmanin katilimcilari 7;0-10;4 yaslari arasindaki 16’s1 kiz, 9’u erkek toplam 25 koklear implantli
cocuktur. Calismaya dahil olma 6lgiitleri sdyledir: (1) Ug yasindan dnce koklear implant kullanmaya baslama (2)
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Konusma algis1 puanlarmin %90 ve iizerinde olmasi (3) S6zel olmayan zeka puanlarinin 85 ve iizerinde olmast
(4) Evde tek dil kullanilmas1 ve (5) Isitme kayb1 disinda tanilanmus ek bir engelin olmamasidir.

Yukaridaki olgiitler kapsaminda 40 koklear implantli cocuk degerlendirmeye alinmis, 15 cocuk 6dlciitleri
kargilamadig1 gerekgesiyle calisma dist birakilmistir. Koklear implantli ¢ocuklarin hepsinin ebeveynleri normal
isitmektedir. Koklear implantli ¢gocuklar kaynastirma egitimine devam etmekte ve iletisim modu sozel iletisim
olup, sozel iletisim ile egitim almaktadir. Ayrica koklear implantli ¢ocuklarin hi¢birinde ileri derecede koklear
anomali bulunmamaktadir. Serbest alan koklear implantli isitme esikleri ortalamasi 250-6000 Hz arasi1 31 dB
HL dir.

Tablo 1
KI'li Cocuklarin Demografik, Odyolojik ve Egitimsel Ozellikleri

Koklear implanth Cocuklar

Kategorik Degiskenler N %
Cinsiyet

Kiz 16 64

Erkek 9 36
Okul dncesi Egitim

Evet 25 100

Hayir 0 0
Ozel Egitim

Evet 23 92

Hayir 2 8
Siirekli Degiskenler X SS N
Yas (ay) 102.3 12.9 25
Isitme kaybi tan1 yas1 (ay) 8.6 6.8 25
IC baslama yas1 (ay) 10.4 6.5 25
Kl yas1 (ay) 23.2 7.4 25
K1 siiresi (ay) 78.9 14.4 25
Okul oncesi egitime baslama yasi 4.3 11 25
Ozel egitime baslama yas1 (ay) 22.6 18.4 23

IC: Tsitme cihaz1 KI: Koklear implant

Veri Toplama Araclari

Demografik Bilgi Formu. Koklear implantli ¢ocuklarin demografik, odyolojik ve egitimsel
Ozelliklerinin belirlenebilmesi i¢in birinci aragtirmact tarafindan bir form hazirlanmis ve Tablo 1°de yer alan ilgili
degiskenler hakkinda bilgi elde edilmistir.

Glendonald isitsel Tarama Prosediirii. Bu test konusma algisimin belirlenerek koklear implanth
cocuklarin calismaya dahil olup olmayacaklarmin belirlenmesi icin kullanilmistir. Bu test Isitsel Konusma
Algisinin Degerlendirilmesi Test Bataryasinin (EARS: Evaluation of Auditory Responses to Speech) bir pargasidir
(Esser-Leyding ve Anderson, 2012). Bu testte iki 6rnek, 10 soru ciimlesi bulunmaktadir. Cocuklardan séylenilen
ciimleyi tekrar etmeleri istenmistir. Liste birinci aragtirmaci tarafindan ¢ocukla koklear implanth kulak seviyesinin
tam karsisinda, oturur durumda, bir metre mesafeden canli sesle, sadece isitsel olarak ses yalitmli odada
uygulanmistir. Cocuklarin yanitt Sony marka ICD-TX50 modeli dijital ses kayit cihazi ile kaydedilmekle birlikte
bir forma ayrica kayit edilmistir. Koklear implant sonrasi besinci yilda beklenen performans %90 ve iizerinde
oldugu icin ¢alismaya bu 0Ol¢iit eklenmistir.

Wechsler Cocuklar icin Zekd Olgegi-Gelistirilmis Formu (WCZO-R). Sozel olmayan zekayi
belirleme amaciyla bu testin performans alt testleri uygulanmistir. Sozel olmayan zekanin CB puanlarini
etkileyebilecegi i¢in 85 ve iizerinde puan alan ¢ocuklar ¢alismaya dahil edilmistir. WCZO-R Spearman Brown
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degeri .96, yartya blme giivenirligi .91°dir. Alt testler aras1 korelasyonlar 51-.86 arasinda bulunmustur (Savasir
ve Sahin, 1995). WCZO-R uzman bir psikolog tarafindan yapilmustir.

Kisaltlmis Anlamsiz Sozciik Tekrarlama Listesi (S-NWR). Sozel CB’yi degerlendirme amaciyla
uygulanmistir. Orjinali Akoglu ve Acarlar (2014) tarafindan dile benzemeyen bir yapida, Tiirk¢e’nin fonotaktik
kurallar1 géz 6niinde bulundurularak olusturulmustur. Koklear implantli cocuklarda uygulanmak tizere Akgakaya
(2015), 36 anlamsiz sozciikten olusan bu listeyi kisaltmistir. Kisaltma siirecinde anlamsiz sézciikler profesyonel
erkek bir spiker tarafindan kayit edilmis, ardindan kayitlarin heceler arasi ses diizeylerinin esitlenmesi i¢in
normalizsayon islemi uygulanmustir. Ses kayitlari, normalizasyon islemini takiben tipik gelisen ¢ocuklara
sunulmus, en anlagilir bulunan 1-4 heceli toplam 20 anlamsiz sozciik segilmistir (Detaylar i¢in bkz., Akcakaya,
2015). Sonug olarak bu liste 4 sn araliklarla Industrial Acoustic Company (IAC) standartlarindaki sessiz odada
sunulmugtur. Cocuklarin cevaplari, birinci aragtirmaci tarafindan kayit gizelgesine iglenirken ayn1 zamanda Sony
marka ICD-TX50 modeli dijital ses kayit cihazi ile kayit edilmistir. Gozlemciler arasi glivenirlik i¢in normal isiten
bir uzman odyolog, farkli bir forma transkripsiyon ¢ikarmigtir. Gézlemciler arasi giivenirlik, %89.8 bulunmugtur.
Bu calismada dogru tiretilen sozciik sayisit CB puani olarak kullanilmustir.

Tiirkce Erken Dil Gelisimi Testi (TEDIL). Koklear implantli ¢ocuklarm alici ve ifade edici dil
becerilerini degerlendirme amaciyla uygulanmustir. TEDIL, iki yas ile yedi yas on bir aylik gocuklarmn dil
geligimlerini bi¢imbirim, anlambilgisi ve s6zdizimi acisindan degerlendirmektedir. A ve B paralel iki formdan
olusan TEDIL’in Cronbach alfa degerleri .85-.92, test tekrar giivenirligi .91-.98 arasinda bulunmustur. Olgiit
gecerliligi icin Ankara Gelisim Tarama Envanteri ile .33-.58, Peabody Resim-Kelime Testi ile .73-.87 ve Tiirkce
Okul Cag1 Dil Gelisim Testi (TODIL) ile .46-.88 arasinda korelasyonlar goriilmiistiir. Yap1 gegerliligi igin tipik
gelisen ve dil bozuklugu olan ¢ocuklarda kanonik diskriminant fonksiyonu ile incelenmis, Wilks Lambda degerleri
.31-.54 arasinda olup, fonksiyonun ayirma giiciiniin anlamli oldugu raporlanmistir (Giiven ve Topbas, 2014). Bu
calismada TEDIL’in A formu kullanilmis olup, birinci ve ikinci arastirmacilar tarafindan uygulannustir.

Selcuk Isitsel Muhakeme ve islem Becerileri Testi (SIMIBT). Koklear implantli ¢ocuklarin isitsel
muhakeme becerilerini degerlendirme amaciyla kullanilmigtir. SIMIBT; benzerlikler, sozel anlamsizliklar,
analojik tamamlama, nedensel muhakeme, aritmetik muhakeme ve genel bilgi gibi alt1 alt testten olugsmaktadir.
Gardner (1993) tarafindan olusturulan Isitsel Muhakeme ve Islemleme Becerileri Testi’nin (Test of Auditory
Reasoning and Processing Skills-TARPS) dilimize uyarlanmastyla olusturulmus bir testtir (Erbay, 2009). I¢
tutarlilik icin KR20 puanlari .69-.87 arasinda, test tekrar giivenirligi .90-.98 arasinda bulunmustur. Icerik
gecerliligi i¢in dort uzman goriisii sinif igi (intra-class) katsayisi .85 olarak raporlanmustir. Yapi gecerliligi icin
faktor analizi yapilmig, maddeler alt1 faktdrde toplanmis ve isimlendirilmistir. Her bir maddenin varyans agiklama
yiizdesi 6.65 ile 7.74 arasinda degismekte olup, toplam agiklanan varyans %43.1 bulunmustur (Erbay, 2009). Bu
test ikinci aragtirmaci tarafindan uygulanmistir.

Verilerin Analizi

Calismanin temel amaci kapsaminda CB, dil, muhakeme becerileri koklear implant siiresi arasindaki
iligkiler incelenmistir. Bu ¢alismada CB’nin muhakemeyi dil araciligi ile yordayip yordamadigi aragtirilmistir. Bu
nedenle SPSS programinda PROCESS araci kullanilarak paralel aracilik analizi yapilmistir. Paralel aracilik
analizinde bir yordayici, bagimsiz degisken (X), bir yordanan, bagimli degisken (Y) iki arac1 (mediator) degisken
(M) bulunmaktadir. Bu analizde iki yol bulunmaktadir: (1) Araci degisken (M) olmadan X’in Y’ye dogrudan
etkisi, (2) X’den M1’ye giden yol ile M1’den Y’ye giden ve X’den M2’ye giden yol ile M2’den Y’ye giden,
dolayli yolun etkisidir (Hayes, 2013). Aracilik analizinde, arac1 degiskenin bir islevi olarak, iki degisken arasindaki
nedensel iligkinin degisimi ifade edilmektedir (Baron ve Kenny, 1986; Hayes, 2013). Aracilik Analizinin bazi
varsayimlari bulunmaktadir: (1) X, Y’yi manidar diizeyde yordamalidir (¢ yolu) (2) X, M’yi yordamalidir (a yolu),
(3) M, Y’yi yordamalidir (b yolu), (4) M kontrol edildiginde X ve Y arasindaki iliski daha kiigiik olmalidir (Baron
ve Kenny, 1986). Hayes (2013), eger c’ye gore ¢’ sifira daha yakin ise ve ¢’ istatiksel olarak manidar degilse X’in
Y’yi yordamasinda M’nin tam aracilik etkisi oldugunu bildirmektedir. Baska bir deyisle M, X’in Y {izerindeki
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etkisini tam olarak agiklamaktadir. Bu durumun aksine eger c’ye gore ¢’ sifira daha yakinsa fakat ¢’ istatiksel
olarak sifirdan farkli ise X’in Y iizerindeki etkisinde M kismi aracilik etmektedir. Ayrica tam aracilik etkisinin
kiiciik orneklemlerde daha kolaylikla ortaya ciktigini, benzer bir ¢alismanin biiyilkk Orneklemle
gergeklestirildiginde kismi aracihigin ¢ikabilecegini belirtmigtir. Ayrica, tam aracilik etkisinde, X’in Y’yi
yordamasinda M araci1 degiskenden baska agiklanacak degiskenin olmadig1 anlamina gelmektedir.

Calismamizda sapmasi diizeltilmis bootstrap giiven araligi (bias corrected bootstrapping confidence
intervals) yontemi kullanilmistir. Bu yontemde drneklemin normal dagilim gostermesi kosulu aranmamaktadir.
S6z konusu yontem uygulanarak dolayli etkiler igin giiven araliklart hesaplanmis ve sonuglar tizerinde tahmini
degiskenlerin kismen ya da tiimiiyle aracilik etkisi olup olmadigi belirlenmistir. Ayrica paralel aracilik analizinde
bootstrap giiven araliklart sifir1 igermiyorsa, bu iki dolayli etkinin birbirinden farkli oldugunu gdstermektedir
(Hayes, 2013).

Tablo 2

KI'li Cocuklarin Dil, Muhakeme ve Calisma Bellegi Betimsel Istatistikleri
Degiskenler Ortalama (N=25) SD
Calisma Bellegi 6.6 2.7
Muhakeme 217 8.8
Alict Dil 84.4 18.6
Ifade Edici Dil 83.8 18.2

Bulgular

Koklear implantli ¢ocuklarin betimsel istatistikleri Tablo 2’de verilmistir. CB’nin, muhakemeyi alict ve
ifade edici dilin dolayli etkisiyle yordadigi bulunmugtur. Sekil 1 ve Tablo 3’de goriildigii gibi CB daha iyi olan
koklear implanth ¢ocuklarin alici (a,=3.369) ve ifade edici dil (a1=4.986) becerileri daha iyi bulunmus, alici
(b2=0.129) ve ifade edici dil (b1=0.294) becerileri daha iyi olan koklear implantli ¢ocuklarin da muhakeme
becerileri daha iyi bulunmustur. Hayes’in (2013) 6nerdigi gibi sapmast diizeltilmis bootstrap giiven araligi dolayli
etkisi (aib;+a»h,=1.903) 5000 bootstrap drneklemine dayali olarak tamamen sifirin tizerinde bulunmustur (M=
0.664-2.828, M»=0.054-0.939). CB’nin alict ve ifade edici dilin etkisinden bagimsiz olarak muhakemeyi
yordamasiyla ilgili kanita rastlanamamigtir. Sonug olarak alici ve ifade edici dil becerilerinin etkisi kontrol
edildiginde CB’nin muhakemeyi yordadigina dair kanit elde edilememistir. Baska bir deyisle muhakemenin nedeni
CB’dir, ancak bu etkiyi alic1 ve ifade edici dil becerilerinin dolayli etkisiyle gosterdigi bulunmustur.

Tablo 3.

Paralel Aracilik Modelindeki Regresyon Katsayilari, Standart Hatalar ve Alici ve Ifade Edici Dil Becerilerinin
Aracilik Etkisi Model Ozeti

Suciil M (ifade Edici Dil) M2 (Alic1 Dil) Y (Muhakeme)
Coeff. SE Coeff. SE Coeff. SE
X (Caligma Bellegi) a1 4.986*** 1.225 az 3.369* 1.570 c 0.333 0.411
M1 (ifade Edici Dil) - - - - b1 0.294*** 0.067
M2 (Alic1 Dil) - - - - b2 0.129* 0.058
Sabit Katsay1 imi 51.053*** 9.264 im2~ 62.261*** 12.591 iy -16.014** 4.940
R2=0.538 R2=0.235 R2=0.840
F(1,23)=16.560*** F(1,23)=4.607* F(3,21)=28.853***

*p<.05, **p<.01, ***p<.001
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Ifade Edici Dil
a1=4.986*** b1=0.294***
¢’=0.333
Calisma Bellegi > Muhakeme
c=2.236**
a,=3.369* b,=0.129*
Alic1 Dil *p<'051**p<'01’***p<'001

Sekil 1. Alic1 ve ifade edici dil igin paralel aracilik modeli.
Tartisma

Calismamizda iyi bir muhakeme yeteneginin nedeninin ¢aligma bellegi oldugu, ancak bunu alic1 ve ifade
edici dil becerileri araciliginin etkisiyle gergeklestirdigi bulunmustur. Bu bekledigimiz bulgu, koklear implantlt
cocuklarin anlamsiz sézciik tekrar etme gorevinde mevcut dilsel becerilerinden yararlanarak anlamsiz sdzctikleri
tekrar ettiklerini gostermektedir. Alict dil becerilerini kullanarak anlamalari, ardindan ifade edici dil becerilerini
kullanarak isitsel muhakeme sorularmi cevapladiklar1 diisiiniilmektedir. Onceki ¢alismalar calisma bellegi ve
muhakeme arasinda yiiksek iliski oldugunu (r=.80-.90) raporlamislardir (Kyllonen ve Christal, 1990; Siif3,
Oberauer, Wittmann, Wilhelm ve Schulze, 2002). Bu ¢alisma ise bu iligkinin koklear implantli ¢ocuklarda dil
becerileri araciligtyla nedensel olabilecegini gostermektedir. Ayrica tipik gelisen ¢cocuklarda akici muhakemenin
artiginda c¢alisma bellegi ve islemleme hizindaki artisin etkili oldugu (Fry ve Hale, 1996) diisiiniildiigiinde ¢alisma
bellegi ve muhakeme arasindaki iligkinin agik oldugu goriilmektedir. Ancak dil becerilerinin bu iliskideki yerinin
tipik gelisen ¢ocuklar icin arastirilmasinin 6nemli oldugu diisiiniilmektedir.

Isitme cihaz1 ve koklear implant kullanan ¢ocuklarin analojik muhakeme becerilerinin karsilastirildig: bir
caligmada, isitme kayipli cocuklarin tipik gelisen akranlarina gore istatistiksel olarak anlamli diizeyde gecikmeleri
oldugu saptanmigtir. Regresyon analizi sonrasinda isitme kayipli grupta yas ve analojik muhakeme becerileri
kontrol edildiginde dil performanslarinin 6nemli bir degisken oldugu ortaya konmustur. Sonug olarak igitme
kayipli cocuklarda sézciik dagarcigini ve iist-diizey dilbilgisel yapilarin desteklemesi ile kavram dgrenimi arasinda
iliski olabilecegi; bunun da analojik muhakeme iizerinde dolayl etkisi olabilecegi vurgulanmustir (Edwards,
Figueras, Mellanby ve Langdon, 2010). Henner, Caldwell-Harris, Novogrodsky ve Hoffmeister (2016) isitme
kayiplt ¢ocuklarda, sozel dile bagimli olarak yapilan analojik muhakeme yaklagiminin, isitsel yoksunlukla (dile
bagl yoksunluk da olacagi i¢in) gegcen zaman goz Oniinde bulundurularak yapilmasini Onermektedirler.
Aragtirmacilar, ¢caligmalarinda isitme kayipli, isaret dili kullanan ¢ocuklarin isaret dilini 6grenmeye basladiklar
yasla, dil temelli analojik muhakeme becerilerini degerlendirmislerdir. Bu ¢caligmaya gore okul donemindeki isitme

2018, 19(3)



509
ERKEN YASTA KOKLEAR IMPLANT UYGULANAN COCUKLARDA MUHAKEME,
SOZEL CALISMA BELLEGI VE DIL ILISKiST' ARACILIK ETKISI

kayipli ¢ocuklar, igaret dili ile iletisim kurmaya daha erken basladiklarinda hem s6zdizimi yapilarinda dogru ve
hatali kullanimlar1 ayirt etmede, hem de analojik muhakeme becerilerinde, performanslarinin okul ¢aginda isaret
dili 6grenmeye baslayanlara gore daha iyi oldugunu bildirmislerdir. Benzer sonuglar1 Polonya’da isitme kaybi olan
cocuklara igaret dili araciligtyla, tipik gelisen akranlarina ise yazili olarak sunuldugunda iki grup arasinda analojik
muhakeme performansi acisindan bir fark olmadig: belirlenmistir (Bandurski ve Galkowski, 2004). Bu bulgular
da dilin muhakeme becerisindeki 6nemli etkisini igermesi agisindan destekleyici kanitlar sunmaktadir. Ayrica bu
calismanin sonuglar1 ¢alisma belleginin “muhakeme kurma, dili anlama/yorumlama, 6grenme, planlama, problem
¢ozme, zihinden iglem yapma gibi bir¢ok iist diizey biligsel fonksiyonun yerine getirilmesini saglayan yap1”
seklindeki tanimlamay1 desteklemektedir (Baddeley, 2007; Rose ve Craik, 2012). Diger yandan g¢ift tarafli koklear
implant uygulamalart ile her iki kulagin erken donemde isitsel uyarana ulasmasi ile isitsel algi ve dil becerilerinde
olumlu y6nde gelismeler izlenmektedir. Jacobs ve digerleri (2016) es zamanl olarak her iki kulaklarinda koklear
implant kullanmaya baslayan g¢ocuklarin sdzel muhakeme becerilerini degerlendirmislerdir. Onlarin sonuglarina
gore giiriiltiide konusmay1 ayirt etme, isitsel KSB araliginda artis oldugu gozlenen gocuklarin sézel bilgiye dayali
karmasik biligsel becerilerinde de gelismeler gozlenmistir. S6zel muhakeme becerileri de tiim bu sonuglar
dogrultusunda olumlu ydnde etkilenmistir.

Bu ¢alismanin bazi sinirhiliklar: bulunmaktadir. Birincisi, bu ¢aligma, sadece koklear implantli ¢cocuklarda
sozel calisma bellegi, muhakeme ve dil becerileri arasindaki iligkileri incelemeyi amacladig: igin tipik gelisen
cocuklardaki dil, muhakeme ve CB iligkileri incelenmemistir. Aslinda biiyilk resmi gérmek i¢in benzer bir
calismanin tipik gelisen ¢ocuklarla karsilastirmali olarak incelenmesinin daha iyi olabilecegi diisiiniilmektedir.
Ikincisi, bu calismada tam aracilik elde edilmistir. Tam aracilik daha &nce de belirtildigi gibi sozel caligma
belleginin muhakemeyi yordamasinda alic1 ve ifade edici dil becerilerinden basgka agiklanacak degiskenin olmadigt
anlamina gelmektedir. Ancak Hayes (2013) kiigiik 6rneklemlerde tam aracilik elde edilebilecegini bu sonucun da
dikkatli yorumlanmasi gerektigini bildirmistir. Bu nedenle benzer bir c¢alismanin daha biiyiik 6rneklemde
incelenmesi  gerektigi diisliniilmektedir. Ayrica isitme kayipli ¢ocuklarin muhakeme becerilerinin
degerlendirilmesinde farkli iletisim yontemlerinin ya da farkli uygulama kosullarinin (yazili, isaret dili destekli)
kargilagtirtlmasi da performanslari hakkinda bilgi verebilir. Sonug olarak bu ¢alisma Tiirkce konusan koklear
implant kullanicisi okul ¢ag1 ¢ocuklarinin dil, galisma bellegi ve muhakeme becerileri arasindaki iliskiyi inceleyen
ilk caligma olmasi agisindan 6nem tasimaktadir. Calismanin sonuglari temel alinarak, koklear implantli ¢ocuklarin
egitim programlarinda sozel ¢aligma bellegi ve alic1 ve ifade edici dil becerilerini gelistirmeye yonelik etkinliklerin
yer almasi, koklear implantli ¢ocuklarin muhakeme becerilerini de gelistirebilecegi diisiiniilmektedir.
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