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Abstract

Introduction: The aim of this study is to compare working memory performance between children with and
without stuttering. The second aim of the study is to examine the relationship between stuttering frequency and
working memory performance in children who stutter (CWS).

Method: The study sample included 20 children with stuttering and 20 children without stuttering and any other
concominant speech and language disorders. The participants were matched for age and gender. Working Memory
Scale was used for the assessment of working memory. Data from CWS and children who do not stutter (CWNS)
were compared with independent samples t-test or Mann-Whitney U test based on normality analyses. The relation
between the variables in CWS was examined with Pearson correlation analysis. Also, the percentage of stuttered
syllables in a speech sample was calculated in children with stuttering.

Results: There was not a significant difference in verbal and visual memory subtests scores between the children
with and without stuttering. However, the verbal memory subtest scores were lower in the children with stuttering.

Discussion: Despite the insignificant results, the study attracts attention to deficits in phonological memory and
phonological coding in children with stuttering. In addition, although there was not a significant difference in the
visual memory subtests, the children who stutter displayed higher performance in the visual memory subtests. This
could be considered as a compensatory mechanism.

Conclusion, Limitations and Suggestions: It can be suggested that further longitudinal studies having larger
samples including different age groups, using different behavioral measurement tools and brain imaging
techniques may shed light on the issue.

Keywords: Nonword repetition, phonological encoding, phonological memory, stuttering, verbal memory, visual
memory, working memory.
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Introduction

Stuttering is defined as a fluency disorder characterized by repetitions, prolongations and blocks in
speech. It considerably affects psychosocial life and the quality of life (Guitar, 2014). The cause of stuttering is
not clear yet; however, the contemporary models postulate that it is multidimensional in nature and that motor,
psycholinguistic, cognitive and emotional factors play a role in its development and course (Smith & Weber,
2017). These views emphasize that psycholinguistic aspects and cognitive functions such as working memory,
attention skills and executive functions should be investigated in both children (Anderson & Ofoe, 2019; Donaher
& Richels, 2012; Druker et al., 2019; Healey & Reid, 2003; Pelczarski & Yaruss, 2016; Smith & Weber, 2017;
Spencer & Weber-Fox, 2014) and adults who stutter (Alm & Risberg, 2007), which is important to understand its
variations and phenotypical features. In light of this evidence, there has been an increase in the studies on the role
of working memory in developmental stuttering (Oyoun et al., 2010).

Working memory is a neurocognitive system which processes information and stores it temporarily. This
system is comprised of central executive, visuo-spatial sketchpad, episodic buffer and phonological loop. The
phonological loop involves phonological storage and inner voice (articulatory process), has a limited capacity and
temporarily holds every kind of verbal information. The verbal information is kept in the phonological store for a
few seconds and then becomes vague. But, the rehearsal and recall of the information is maintained with the
involvement of the inner voice (Baddeley, 2000, 2003, 2012; Tiirkoglu et al., 2019). The phonological loop is
reported to be predictive of academic performance and associated with verbal linguistic skills (Adams &
Gathercole, 1995; Alloway et al., 2005). The visuo-spatial sketchpad processes visual information and stores it
temporarily. The episodic buffer is responsible for the connection between the phonological loop and the
visuospatial sketchpad. The central executive accounts for the control and coordination of the system. It also serves
the transfer of information from the long-term memory to the short-term memory and vice versa (Baddeley, 2000,
2003, 2012; Bajaj, 2007).

Many theories draw attention to the relation between stuttering and linguistic skills (Guitar, 2014).
Regarding stuttering, especially the theories involving psycholinguistic skills underline verbal working memory,
phonological segmentation, retrieval and phonological coding of words. According to these theories, problems
and delays in phonological coding may result in disfluency in speech (Howell & Au-Yeung, 2002; Perkins et al.,
1991; Postma & Kaolk, 1993). Cognitive models of the speech production have provided views about the atypical
course of psycholinguistic skills in stuttering (Levelt et al., 1999). Most of these models have revealed that there
may be deficits or delays in retrieval of semantic and/or phonological information in linguistic coding (Newman
& Bernstein-Ratner, 2007; Smith & Weber, 2017; Weber-Fox et al., 2008). To exemplify, according to the covert
repair hypothesis, people who stutter make more phonological mistakes and as a result need more corrections.
Strategies used to correct or decrease phonological coding mistakes result in repetitions of sounds and syllables
encountered in stuttering. In other words, this hypothesis proposes that the real problem in stuttering originates
from the phonological loop in the language system and speech processing (Postma & Kolk, 1993). In fact, many
researchers suggest that phonological coding requires usage of the phonological memory and verbal working
memory (Acheson & MacDonald, 2009; Alt & Plante, 2006).

Spencer and Weber-Fox (2014) underlined the predictive role of the verbal working memory in stuttering.
Several studies comparing nonword repetition performance as a measure of phonological working memory
between children who stutter (CWS) and those who do not stutter (CWNS) have also revealed significantly lower
scores in the stuttering group (Anderson & Wagovich, 2010; Anderson et al., 2006; Hakim & Ratner, 2004;
Pelczarski & Yaruss, 2016; Spencer & Weber- Fox, 2014; Sugathan & Maruthy, 2019). However, there are other
studies reporting a lack of significant difference in verbal working memory tasks between CWS and CWNS (Smith
et al., 2012). In a study by Smith et al. (2012), CWS with an additional speech and language problem (language
and/or phonological problem) were found to receive significantly lower scores than their typically developing
peers.

Studies evaluating the verbal working memory in school-age children with and without stuttering have
revealed conflicting results. Some of these studies have not shown significant differences in tasks measuring verbal
working memory and its components between CWS and CWNS (Bakhtiar et al., 2007; Sasisekaran & Byrd, 2013a;
Vahab et al., 2014; Weber-Fox et al., 2008). However, one study with a larger sample size by Oyoun et al. (2020)
indicated a significant difference in verbal working memory performance between CWS and CWNS. Several other
studies have also shown differences in some components of verbal working memory such as phonological short
term-memory and a significantly lower performance in the stuttering group was found. (Kahramaner, 2018;
Saifpanahi et al., 2015). On the other hand, Sasisekaran and Byrd (2013a) used nonword repetition and elision
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tasks. These authors did not discover any significant differences between school-age CWS and CWNS. However,
Reilly and Donaher (2005) used a virtual program including number and letter sequences to evaluate the verbal
working memory in school-age CWS and CWNS. They found out that the stuttering group had a significantly
lower score for their verbal and written responses.

In most of the studies performed with adults, those with stuttering were found to have lower scores for
their verbal working memory than the ones with a fluent speech (Bowers et al., 2018). In their comparative study
on verbal working memory performance between adults with stuttering and those without stuttering, Sasisekaran
and Weisberg (2014) emphasized that the length of a word and phonological complexity could play a critical role
in stuttering. Byrd et al. (2012) also found a significant difference in repeating seven-syllable words measuring
phonological short term-memory between adults with stuttering and those without stuttering. Sasisekaran (2013)
compared word repeating and nonword reading skills and reported that adults who stutter had significantly lower
scores for both of these skills than those who do not stutter.

To summarize, there are several studies examining the verbal working memory and/or some of its
components including phonological working memory or short term memory in preschool children, school-age
children and adults with conflicting evidence (Bowers et al., 2018). On the other hand, there are only a few studies
focusing on the relation between the visual working memory and stuttering. Some of them underpin the weak
visual working memory performance in individuals who stutter (Jones et al., 2002; Oyoun et al., 2010; Saifpanahi
etal., 2015), while other studies conclude that CWS and CWNS do not show a significant difference in their visual
working memory performance (Kahramaner, 2018). There are various measurement methods to evaluate visual
working memory performance (Wilhelm et al., 2013). In the literature, it is suggested that using a combination of
different methods to evaluate the working memory performance in individuals who stutter can provide conclusive
results.

In light of the abovementioned reasons, the present study aimed to compare the working memory
performance between CWS and CWNS and to examine the relationship between stuttering frequency and working
memory performance in CWS. To achieve these aims, answers to the following questions were sought:

1. Does verbal working memory performance significantly differ between CWS and CWNS?

2. Does visual working memory performance significantly differ between CWS and CWNS?

3. Does total working performance significantly differ between CWS and CWNS?

4. s there arelation between the percentage of stuttered syllables and scores for Working Memory Scale in
CWs?

Method

In this study, working memory performance was compared between CWS and CWNS aged 5-9 years.
Working Memory Scale was used as an assessment tool. The relation between the percentage of stuttered syllables
and the subtest scores on Working Memory Scale in the CWS was also examined.

Study Sample

The study sample included a total of 40 children aged 5-9 years, of whom 20 were CWS and 20 were
CWNS (Table 1). The CWS were accessed by contacting the rehabilitation centers offering speech and language
therapy in Kocaeli and the CWNS were accessed by contacting schools in the same city. The CWS and CWNS
groups were matched for age and gender. Inclusion criteria for all the children participating in the study were (a)
not having the diagnosis of an accompanying psychiatric or neurological condition, (b) not having speech and
language problems and (c) not using drugs likely to affect cognitive processes (Pellowski & Conture, 2002; Yairi
& Ambrose, 1992). None of the children had received any speech and language therapy about their fluency
problems before. All of them were accessed through waiting lists of the rehabilitation centers. The diagnosis for
stuttering were received by a child psychiatrist. All of the participants had been stuttering for at least 1 year since
onset. Information about the inclusion criteria was obtained through a demographic data form. In addition, the
presence of developmental stuttering was approved by both children and their mothers. A minimum rate of
stuttered syllables at 3% in a 400-syllables natural speech sample were considered as additional inclusion criteria
for CWS (Yairi & Seery, 2015; Yairi et al., 1996).
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Table 1
Descriptive Statistics Regarding Demographic Features of the Participants
Gender (n) Age (months)
3
Groups Girls Boys X+SD Min Max
CWS 4 16 95.75+19.2 60 118
CWNS 4 16 94.75+18.3 60 116
Total 8 32

4CWS = children with stuttering; CWNS = children without stuttering.

Ethical approval for the study was obtained from Uskiidar University’s Ethical Board of
Noninterventional Research (Approval number: 61351342/2020-315). The study was designed and conducted in
accordance with Helsinki Declaration. Informed consent was obtained from the parents of the children accepting
to participate in the study.

Data Collection Tools

Data were collected with Working Memory Scale based on Baddeley and Hitch (1974) Model. The
validity and reliability of the scale was tested for the Turkish population by Ergiil et al. (2018). The scale is used
to assess working memory performance in children from the preschool age to the fourth grade of primary school
through two subscales; i.e. verbal memory and visual memory. Verbal memory has two subdimensions including
verbal short-term memory and verbal working memory. Visual memory has two subdimensions: Visual short-term
memory and visual working memory. Each subdimension has subtests. Each subtest is composed of two sample
practices and offers two opportunities for each line which involves an increasing number of sequences. During
administration of the subtests, after succeeding in one of the two attempts for each line, the child is allowed to
continue with the next line. If the child fails in two attempts, that subtest ends and the next subtest is administered.
Correct responses to each line are scored one point.

The verbal memory subscale has the subdimensions of verbal short-term memory and verbal working
memory. The verbal short-term memory includes the subtests of digit-span, word recall and nonword repetition
test and is composed of 15 items. The verbal working memory includes the subtests of backward digit span and
recall of the first word of a serial and is composed of nine items. The visual memory subscale has the
subdimensions of visual short-term memory and visual working memory. The visual short-term memory includes
the subtests such as design matrix and block recall and is composed of nine items. The visual working memory
includes the subtests such as the selection of visual target different options and spatial identification. It consists of
ten items.

Cronbach’s alpha (CA) for the scale ranged from .69 to .85 in the first trial, from .66 to .84 in the second
trial and from .68 to .99 in its real administration. These CA coefficients show that the scale has a moderate to high
internal consistency. The test-retest coefficients for the scale were reported to vary from .41 to .83 (Ergiil et al.,
2018).

Data Collection Procedure

The tasks were applied to participants in two consecutive days and sessions in a quiet room in the Kocaeli
University, Faculty of Medicine, Speech and Language Therapy Clinic. First, the informed consent form was filled
in with the parents of the CWS and the CWNS. Second, the demographic data form was completed for both groups
of children. Third, the form directed towards collecting information about stuttering was filled in with the parents
of the CWS. Fourth, the researcher had a short conversation with the child and evaluated general speech
characteristics. During the abovementioned procedures, the children who did not meet the inclusion criteria were
excluded from the study. Finally, the children meeting the inclusion criteria were administered with Working
Memory Scale. A spontaneous speech sample composed of minimum 400 syllables was obtained from each child
with stuttering. Spontaneous speech sample was recorded with a Sony FDR-AX100e 4K Video. The frequency of
the stuttering of the participants were calculated by two speech and language therapists. Inter-rater reliability was
.94 which was calculated by exploring CA values between raters about the disfluency points in the speech samples.
Working Memory Scale was administered in a seperate session. The administration of the scale was carried out in
both CWS and CWNS by an experienced speech and language therapist and a psychologist in a silent atmosphere
with no distracting factors. After the verbal memory subscale was administered, a 5-minute break was given and
then the visual memory subscale was administered.
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Data Analyses

The data were analyzed with the Statistical Package Program for Social Sciences 21.0. Based on the
results of Kolmogorov Smirnov and Shapiro-Wilk tests, data from CWS and CWNS were compared with
independent samples t-test or Mann-Whitney U test. The relation between the variables in CWS was examined
with Pearson correlation analysis. The results of the Kolmogorov Smirnov and Shapiro-Wilk tests from CWS and
the CWNS are presented in Table 2.

Table 2
Test of Normality Results of the Groups on Working Memory Subscales
Scores Groups? Kolmogorov-Smirnov® Shapiro-Wilk
P Statistic df p Statistic df p
Cws .084 .20 974 46
Verbal short term memory CWNS 079 40 20 861 40 38
. CWS 131 .08 .948 .06
Verbal working memory CWNS 108 40 06 '933 40 05
CwWs .088 .20 .969 .33
Verbal part raw score CWNS 076 40 90 ‘846 40 o8
Cws .086 .20 979 .65
Verbal part standard score CWNS 073 40 20 265 40 45
. Cws .189 .00 .928 .01
Visual short term memory CWNS 501 40 00 ‘867 40 02
. . Cws 115 .20 .964 .23
Visual working memory CWNS 108 40 06 961 40 31
. CWS 137 .05 .957 A3
Visual part raw score CWNS 141 40 05 ‘942 40 18
. CwWs .082 .20 .982 a7
Visual part standard score CWNS ‘091 40 20 ‘954 40 ‘84
Cws .106 .20 .963 21
Total raw score CWNS 123 40 18 932 40 o5
CWS .070 .20 978 .62
Total standard score CWNS 1089 40 90 ‘945 40 65

3CWS = children with stuttering; CWNS = children without stuttering. °Lilliefors significance correction.
Results
The Comparison of Verbal Memory Subscales between the CWS and the CWNS

Regarding the first research question, the verbal memory performances of the CWS and the CWNS were
compared. In this direction, independent samples t-test was used. The results are presented in Table 3.
Table 3

The Results of the Independent Samples t-Test for the Comparison of Verbal Memory Subtest Scores Between CWS
and CWNS

Scores Groups? n X SD t df p
Verbal short-term memory CCWWNSS 38 ﬂgg ié .000 38 1.00
Verbal working memory CC\Z/\\;\INSS ;8 gig ég -1.057 38 .29
Verbal memory raw score Cc\:/\\?ll\lss 58 1832 gg -.430 38 .67
Visual memory standard score C(i/\\iVNSS 28 ;gggg ggz 452 38 .65

2CWS = children with stuttering; CWNS = children without stuttering.

As presented in Table 3, there was no significant difference in the scores for the verbal short term memory
subtest of Working Memory Scale between the CWS and the CWNS. There was also no significant difference in
the scores of the verbal working memory subtest of Working Memory Scale between the CWS and the CWNS. In
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addition, there was no significant difference in the scores of the verbal memory raw score and the verbal memory
standard score of Working Memory Scale between the CWS and the CWNS.

The Comparison of Visual Memory Subscales between the CWS and CWNS

The second research question included the comparison of visual memory performances between the CWS
and the CWNS. In this direction, Mann-Whitney U test and independent samples t-test were utilized. The results
of Mann-Whitney U test for the comparison of visual memory subtest scores between the CWS and the CWNS
are presented in Table 4. The results of the independent samples t-test are shown in Table 5.

Table 4

The Results of Mann-Whitney U Test for the Comparison of Visual Memory Subtest Scores Between CWS and
CWNS

Scores Groups? n Mean rank Sum of ranks U z p
. CWS 20 21.68 433.50
Visual short-term memory CWNS 20 19.33 386,50 1765  -.642 .52
2CWS = children with stuttering; CWNS = children without stuttering.
Table 5
The Results of the Independent Samples t-Test for Working Memory Subtest Scores Between CWS and CWNS
Scores Groups? n Mean SD t df p
CWs 20 11.55 4.7
Visual working memory CWNS 20 10.70 5.2 542 38 59
CWS 20 21.15 7.6
Visual memory raw score CWNS 20 19.90 6.7 553 38 58
. CWS 20 756.00 123.5
Visual memory standard score CWNS 20 738.00 128.4 452 38 .65

2CWS = children with stuttering; CWNS = children without stuttering.

As shown in Table 4, no significant difference was found in the visual short-term memory subtest scores
between the CWS and CWNS. As demonstrated in Table 5, no significant difference was detected in the visual
working memory score of Working Memory Scale between the CWS and CWNS. In addition, no significant
difference was found in the the visual memory raw score and the visual memory standard score between the CWS
and CWNS.

The Comparison of the Total Scores for Working Memory Scale between the CWS and CWNS

The third research question involved the comparison of total memory performance between the CWS and
CWNS. In this direction, independent samples t-test was used. The results of the t-test for the comparison of the
total scores of Working Memory Scale between the CWS and the CWNS are presented in Table 6.
Table 6

The Results of the t-Test for the Comparison of the Total Scores on Working Memory Scale Between CWS and
CWNS

Scores Group? n Mean SD t df p
CwWs 20  40.25 11.9
Total raw score CWNS 20 3985 125 04 ¥ 9
CwWs 20 63885 924
Total standard score CWNS 20 63460 1049 136 38 .89

2CWS = children with stuttering; CWNS = children without stuttering.

As seen in Table 6, the total raw scores for the subtests of Working Memory Scale did not significantly
differ between the CWS and CWNS. The total standard scores for the subtests of Working Memory Scale did not
significantly differ between the CWS and CWNS.

The Relation Between the Percentage of Stuttered Syllables and the Subtest Scores on Working Memory
Scale in the CWS

The fourth research question examined the relation between the percentage of stuttered syllables and
scores for Working Memory Scale in CWS. In this direction, Pearson’s correlation analysis was used. The relation
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between the percentage of stuttered syllables and the subtest scores on Working Memory Scale in the CWS was
found to be insignificant (Table 7).

Table 7

Pearson's Correlation Analysis Findings on the Investigation of the Relationships Between the Percentage of
Stuttering Syllables and Working Memory Scale Scores in CWS

Scores R p N
Verbal short-term memory -.052 .82 20
Verbal working memory -.106 .65 20
Verbal memory raw score -.078 74 20
Verbal memory standard score .206 .38 20
Visual short-term memory -.231 .32 20
Visual working memory -.100 .67 20
Visual memory raw score -.175 46 20
Visual memory standard score .156 51 20
Total raw score -.147 .53 20
Toplam standard score 172 46 20

Discussion

The aim of this study was to compare working memory performance between CWS and CWNS aged 5-
9 years. The second aim of the study was to examine the relation between the percentage of stuttered syllables of
CWS and the subtest scores on Working Memory Scale. Overall results of the study showed that the CWS had
lower mean scores for their verbal working memory performance than the CWNS, though the difference was not
statistically significant. On the other hand, the CWS had higher scores for visual short-term memory and visual
working memory than the CWNS without a statistically significant difference.

While some of the results concerning the verbal working memory performance are consistent with the
results of several studies assessing verbal working memory performance (Bakhtiar et al., 2007; Vahab et al., 2014),
they contradict with the results of other studies (Anderson et al., 2006; Hakim & Ratner, 2004). Using different
measurement tools and different sample sizes with different characteristics might have had an important effect on
these findings. To explain, verbal working memory performance has generally been measured with nonword
repetition which only measures phonological short-term memory. It is a component of verbal working memory.
The number of syllables used in these nonwords and phonological complexities of these words (e.g. the frequency
and distribution of sounds earlier or later) have differed (Graf-Estes et al., 2007). In addition, it is stated in the
literature that nonword repetition interacts with auditory-perceptional and phonological coding skills in addition
to the phonological short-term memory and working memory skills. It is also thought that the motor skills of
speech is another factor likely to affect related performance (Archibald et al., 2013). Therefore, it is suggested that
these skills should also be examined while nonword repetition is tested (Anderson et al., 2019).

Forward digit span is also another task which is thought to be responsible for short term verbal memory
and especially articulatory loop while backward digit span tasks are thought to play an important role in verbal
working memory and the central executive processes. The central executive is also responsible for the attention
regulation and organization of information. Also, there are other working memory models that include attention
skills (e.g. Baddeley, 2003; Cowan et al., 2005; Redick & Engle, 2006). Additionally, some researchers mention
that working memory tasks also evaluate the attention skills (Engle & Kane, 2004; Redick & Engle, 2006).
Considering the studies on the relationship between attention and working memory (Oberauer, 2019), it can be
said that another important variable for working memory performance is attention skill. Many studies in the
literature show that CWS differ from their fluent peers in terms of attention skills (Costelloe et al., 2019). When
all these are taken into account, it will be important to consider the relationship between working memory
performance and attention skills together among CWS. Indeed, Anderson and Wagovich (2010) found a significant
relationship between working memory performance and attention skills in CWNS, while they found no
relationship between these skills among CWS. Therefore, it may be beneficial to investigate the working memory
with related cognitive skills such as attention skill rather than considering it separately in future studies.

In studies about verbal working memory skills in individuals with stuttering, generally nonword repetition
tasks have been used. However, in only a few studies, both forward and backward number/syllable recall has been
utilized. Studies using both tasks have revealed lower performance in individuals who stutter than controls without
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a significant difference (Sasisekaran & Basu, 2017; Sasisekaran & Byrd, 2013a, 2013b; Sasisekaran et al., 2013),
which is consistent with the present study. Therefore, further studies utilizing different tools in combination can
contribute to the examination of the relation between working memory and developmental stuttering. In a meta-
analysis, CWS have been reported to have mild, clinically insignificant limitations in their short-term and verbal
working memory (having scores more than half of a standard deviation in nonword repetition tasks and one third
of a standard deviation in forward digit recall tasks) (Ofoe et al., 2018).

In the current study, the higher performance in visual memory subtests demonstrated by the CWS supports
the hypothesis that their performance could be a compensatory mechanism. This result conflicts with the evidence
suggesting that individuals with stuttering have more limited visual-spatial working memory skills than their peers
(Jones et al., 2002; Oyoun et al., 2010). In a study by Pyasik et al. (2013), visual working memory skills were
assessed with computer-based neuropsychological tests. At the same time, during the computer-testing event-
related potentials were also registered for the stimuli presentation. Results of the study revealed that, visual
working memory capasity was significantly lower in participants with stuttering compared to control group.
Additionally, ERP amplitudes differed among group with stuttering while retrieving the geometric figures but not
on memorising words tasks. In a recent study, Yang et al. (2018) used magnetic resonance imaging during the
administration of phonological working memory tasks and found a right lateralised, visually-oriented
compensatory mechanism for a deficit during the task and neural disconnections with the central executive
functions. Future longitudinal studies measuring the same abilities in the beginning and later stages of the stuttering
are thought to shed light on the related mechanisms.

Conclusion, Limitations and Suggestions

Unfortunately, Working Memory Test used in this study has only norms for the age range of 5-10. It can
be suggested that further longitudinal studies having larger samples including different age groups and using
different behavioral measurement tools and brain imaging techniques may shed light on the issue. Conflicting
findings from studies using verbal working memory tasks might have resulted from such variables as age,
nonwords and sample sizes (Bowers et al., 2018). Sasisekaran and Byrd (2013a) performed a study with school-
age CWS aged 7-15 years and categorized them into the age groups of 7-11 years and 11-15 years. When they
compared these age groups, they obtained different results. The researchers suggested that age should be kept in
mind in the evaluation of the verbal working memory. Based on this perpective, studies with larger samples of
children stratified into preschoolers and school-age children may help to draw more comprehensive results.

Finally, in the present study, only the percentage of stuttered syllables was calculated. No relation was
found between the percentage of stuttered syllables and the scores for Working Memory Scale. Further studies
examining the relation between scores for Working Memory Scale and stuttering duration, physical concomitants
and stuttering severity may provide more detailed information. Neurocognitive rehabilitation skills such as
working memory or attention training can also be added among therapy goals of CWS in the future.

The present study reported that there was not a significant difference in verbal and visual memory subtests
scores between the children with and without stuttering. However, the verbal memory subtest scores were lower
in the children with stuttering. Despite the insignificant results, the study attracts attention to deficits in
phonological memory and phonological coding in children with stuttering. Additionally, although there was not a
significant difference in the visual memory subtests, the children who stutter showed higher performance in the
visual memory subtests. This could be considered as a compensatory mechanism.
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Oz
Giris: Bu calismanin ilk amaci; kekemeligi olan ve olmayan cocuklarin c¢alisma bellegi performanslarmin

kargilagtirilmasidir. Ayrica kekemeligi olan ¢ocuklarda kekemelik sikligi ile ¢aligma bellegi bilesenleri arasindaki
iligkinin incelenmesi amaglanmaktadir

Yontem: Calismanin katilimer grubu, 20 kekemeligi olan ve 20 yas ve cinsiyete gore eslestirilmis herhangi bir dil
ve konusma bozuklugu olmayan ¢ocuktan olugsmaktadir. Calisma belleginin degerlendirilmesi i¢in katilimcilara
Calisma Bellegi Olgegi uygulanmistir. Ayrica kekemeligi olan grupta en az 400 heceden olusan konusma &rnegi
tizerinden kekelenen hece ylizdesi hesaplanmustir.

Bulgular: Yapilan analizler sonucunda; kekemeligi olan ve olmayan gocuklarin ¢aligma bellegi s6zel ve gorsel alt
test skorlar1 arasindaki farkin istatistiksel olarak anlamli diizeyde olmadig1 goriilmiistiir. Ancak; kekemeligi olan
grubun sozel alt test ortalama puanlarinin, kontrol grubundan daha diisiik oldugu goriilmiistiir.

Tartisma: Calismanin sonuglari, kekemeligi olan ¢ocuklarda fonolojik bellek ve fonolojik kodlama siireglerinde
farkliliklar olabilecegini diisiindiirmektedir. Ek olarak, kekemeligi olan cocuklarin gorsel bellek alt test skorlarinin
istatistiksel olarak anlamli olmamakla birlikte kontrol grubundan daha yiiksek olmasi, bu durumun telafi edici bir
mekanizma olabilecegi savini destekler niteliktedir.

Sonug, Simirhhklar ve Oneriler: Gelecek ¢alismalarda daha fazla sayida ve daha genis bir yas dagilimi olan
katilimciya ulasarak, farkli davranigsal 6lgiim araclart ve beyin goriintiileme tekniklerinin birlikte kullanildig:
boylamsal yontemlerin bu konunun aydinlatilmasina katki saglayacagi diisiiniillmektedir.

Anahtar sozciikler: Anlamsiz sozciik tekrari, fonolojik kodlama, fonolojik bellek, kekemelik, s6zel bellek, gorsel
bellek, ¢aligma bellegi.

Anf icin: Aydin-Uysal, A., & Erim, A. (2021). Kekemeligi olan ve olmayan g¢ocuklarin ¢aligma bellegi
performanslarinin karsilastirilmasi. Ankara Universitesi Egitim Bilimleri Fakiiltesi Ozel Egitim Dergisi,
2021, 22(4), 827-845. https://doi.org/10.21565/0zelegitimderqisi.795687

1Sorumlu Yazar: Dr. Ogr. Uyesi, Kocaeli Universitesi, E-posta: ayse.uysal@kocaeli.edu.tr, https://orcid.org/0000-0002-3689-
7628
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KEKEMELIGI OLAN VE OLMAYAN COCUKLARIN CALISMA BELLEGI PERFORMANSLARININ 840
KARSILASTIRILMASI

Giris

Kekemelik, konugma akisi i¢inde, tekrarlar, uzatmalar, bloklar ve duraksamalarin yer aldigi, konusma
akiciliginin bozuldugu ve kisinin psikososyal hayatinin ve yasam kalitesinin 6nemli olgiide etkilendigi bir
konusma bozuklugu olarak tanimlanmaktadir (Guitar, 2014). Giiniimiizde kekemeligin nedeni heniiz net olarak
bilinmemekle birlikte giincel modeller ¢ok boyutlu bir yapisinin oldugunu dne siirmektedir. Bir diger deyisle
motor, psikolinguistik, biligsel ve duygusal faktorlerin kekemeligin olusumu ve seyrinde etkili oldugu
savunulmaktadir (Smith & Weber, 2017). Bu bakis acilari ile kekemeligi olan bireylerde calisma bellegi, dikkat
becerileri ve yiiriitiicii islevler gibi biligsel fonksiyonlarin aragtirtlmasinin, kekemeligin kendi igerisindeki
cesitliliginin ve fenotipik 6zelliklerinin daha iyi anlagilmasina katki saglayacagi diigiiniilmektedir (Alm & Risberg,
2007; Anderson & Ofoe, 2019; Donaher & Richels, 2012; Druker vd., 2019; Healey & Reid, 2003; Pelczarski &

Yaruss, 2016; Smith & Weber, 2017; Spencer & Weber-Fox, 2014). Bu bilgiler 1s181nda son zamanlarda ¢aligma
belleginin kekemeligin gelisimindeki rolii {izerine arastirma sayisi artmaktadir (Oyoun vd., 2010).

Calisma bellegi; gelen bilginin gecici olarak depolanmasi ve iglemlenmesi gorevlerini géren sinirlt
kapasiteye sahip norobilissel bir sistemdir. Bu sistem; merkezi yonetici, gorsel-mekansal kayit defteri, boliimsel
ara bellek ve fonolojik dongii bilesenlerinden olugmaktadir. Fonolojik dongii bileseni; fonolojik depo ve i¢ ses
(artikiilasyon dongiisii) siire¢lerini kapsayan, sinirlt kapasiteye sahip olan ve her tiirlii sdzel bilginin gegici olarak
tutulmasint saglayan bilesendir. Fonolojik depo igerisinde sozel bilgi, birkag saniye tutulmakta sonrasinda ise
siliklesmektedir; fakat i¢ ses siirecinin devreye girmesi ile bilgilerin tekrar edilip hatirlanmasi devam etmektedir
(Baddeley, 2000, 2003, 2012; Tirkoglu vd., 2019). Fonolojik dongii bileseninin akademik basariy1 yordadigi ve
sozlii dil becerileri ile iliskili olabilecegi ifade edilmektedir (Adams & Gathercole, 1995; Alloway vd., 2005).
Gorsel mekansal kayit defteri ise gorsel bilgilerin islemlenmesi ve gegici siireli olarak depolanmasini saglayan
bilesendir. Fonolojik dongii bileseni ile gorsel mekansal kayit defteri arasindaki baglanti, boliimsel ara bellegin
sorumlulugundadir. Merkezi yonetici bileseni ise sistemin kontrol ve koordinasyonundan sorumludur. Ayrica
bilginin uzun siireli bellekten kisa siireli bellege, kisa siireli bellekten de uzun siireli bellege aktarilmasim
saglamaktadir (Baddeley, 2000, 2003, 2012; Bajaj, 2007).

Kekemelik ile dilsel becerilerin iligkisine dikkat ¢eken pek ¢ok kuram bulunmaktadir (Guitar, 2014,
Newman & Bernstein-Ratner, 2007; Perkins vd., 1991; Postma & Kolk, 1993). Ozellikle psikolinguistik becerileri
kapsayan kuramlar; kekemelik ile iligkili olarak sozciiklerin fonolojik segmentasyonu (bolimleme), geri
cagrilmasi veya fonolojik kodlamasinda sorunlar veya gecikmelere dikkat ¢ekmektedirler. Bu kuramlara gore
fonolojik kodlamadaki sorun ve gecikmeler, konugmada goriilen akicisizliklar ile sonuglanabilmektedir (Howell
& Au-Yeung, 2002; Perkins vd., 1991; Postma & Kolk, 1993). Konusma iiretiminin biligsel modelleri de
kekemelikte psikolinguistik becerilerin atipik seyrine iliskin goriisler sunmustur (Levelt vd., 1999). Pek ¢ok
kuram, dilbilimsel kodlamada semantik veya fonolojik bilginin geri ¢agrilmasinda eksiklik veya gecikme
olabilecegini ortaya koymustur (Newman & Bernstein-Ratner, 2007). Ornegin 6rtiik onarim hipotezine gore
kekemeligi olan kisiler daha ¢ok fonolojik hata yapmakta ve sonucunda da daha c¢ok diizeltmeye ihtiyag
duymaktadir. Fonolojik kodlama hatalarin1 diizeltmek veya azaltmak i¢in kullanilan stratejiler ise kekemelikte
goriilen ses ve hecelerin tekrarli iiretimleri ile sonuglanmaktadir. Diger bir deyisle; bu hipotez, kekemelikteki esas
problemin dil sistemi ve konusma islemlenmesi esnasindaki fonolojik dongiiden kaynaklandigini savunmaktadir
(Postma & Kolk, 1993). Nitekim pek c¢ok arastirmaci da fonolojik kodlamanin fonolojik bellek kullanimini
gerektirdigini ileri siirmektedir (Acheson & MacDonald, 2009; Alt & Plante, 2006).

Okul 6ncesi donem kekemeligi olan ve olmayan cocuklarin sézel galisma bellegi performanslarinin
karsilastirildig1 galismalar, kekemeligi olan ¢ocuklarin anlamli olarak daha disiik puanlar aldiklarii ortaya
koymaktadir (Anderson & Wagovich, 2010; Anderson vd., 2006; Hakim & Ratner, 2004; Pelczarski & Yaruss,
2016; Spencer & Weber-Fox, 2014; Sugathan & Maruthy, 2019). Ancak okul dncesi donem ¢ocuklarda kekemeligi
olan ve olmayan gruplar arasinda bu yetiler bakimindan anlaml1 diizeyde farklilik bulmayan ¢aligsmalar da vardir
(6r. Smith vd., 2012). Bu durumun olasi bir nedeninin, arastirmalarin metodolojik farkliliklarindan
kaynaklanabilecegi, diger bir deyisle sozciik tekrar1 gerektiren gorevlerin de fonolojik kisa siireli bellek yerine
sozel ¢alisma bellegi olarak ele alinmasindan kaynakli olabilecegi diistiniilmektedir.

Okul ¢ag1 kekemeligi olan ve olmayan ¢ocuklar ile yiiriitiilen ve sozel ¢aligma belleginin degerlendirildigi
¢alismalar da biitlin olarak incelendiginde, arastirma bulgularinin farkliliklar gosterdigi goriilmektedir. S6z konusu
¢aligmalarin bir kisminda sdzel ¢alisma belleginin bir bileseni olan ve fonolojik kisa siireli bellegi 6l¢en anlamsiz
sozciik tekrar1 gorevinde kekemeligi olan ve olmayan gruplar arasinda anlamli farkliliklar saptanmadigi ifade
edilmistir (Bakhtiar vd., 2007; Sasisekaran & Byrd, 2013a; Vahab vd., 2014; Weber-Fox vd., 2008). Ote yandan,
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diger caligmalara kiyasla 6rneklem grubunun daha genis tutuldugu baska bir ¢aligmada her iki grup arasinda, s6zel
calisma bellegi performansi agisindan anlamli diizeyde farkliliklar bulunmugtur (Oyoun vd., 2010). Yine baska
calismalarda da okul cag1 kekemeligi olan ve olmayan cocuklarin fonolojik bellek yetileri arasinda farkliliklar
saptanmig ve kekemeligi olan ¢ocuklarin anlamli diizeyde daha diisiik performans sergiledikleri belirtilmigtir
(Kahramaner, 2018; Saifpanahi vd., 2015). Sasiseckaran ve Byrd (2013a) tarafindan yiiriitiilen ve okul ¢agi
kekemeligi olan ve olmayan cocuklarin anlamsiz sozciik tekrari haricinde bir fonolojik farkindalik islemi olan
fonem/ses silme gorevi ile de degerlendirildigi bir baska calismada ise iki grup arasinda anlamli diizeyde bir fark
saptanmamigtir. Okul ¢ag1 kekemeligi olan ve olmayan ¢ocuklarin ¢aligma belleklerinin say1 ve harf dizilerinden
olusan gorevleri iceren sanal bir program ile degerlendirildigi daha kapsamli bir ¢alismada ise kekemeligi olan
¢ocuklarin akici konusan akranlarina kiyasla hem sozlii hem de yazili olarak verdikleri yanitlarda anlaml diizeyde
daha diisiik performans sergiledikleri goriilmiistiir (Reilly & Donaher, 2005). Yetigkinler ile yapilan ¢alismalarin
¢ogunlugunda kekemeligi olan yetigkin bireylerin s6zel ¢alisma bellegi performanslarinda akici konusan gruba
kiyasla daha diisiik puanlar aldiklar1 bulunmustur (Bowers vd., 2018).

Ozetle kekemeligi olan bireylerde okul oncesi, okul cagi ve yetiskinlik dénemlerinde sozel calisma
bellegini inceleyen ¢esitli ¢aligsmalar bulunmakta; ancak bu konudaki bulgular degiskenlik gostermektedir (Bowers
vd., 2018). Alanyazinda gorsel calisma bellegi ve kekemelik iliskisini inceleyen caligma sayist ise oldukga
siirlidir. Bu g¢alismalarin bir kismi kekemeligi olan bireylerde gorsel calisma bellegi performansi zayifligina
dikkat ¢ekmektedir (Jones vd., 2002; Oyoun vd., 2010; Saifpanahi vd., 2015). Diger ¢alismalar ise kekemeligi
olan ve olmayan ¢ocuklarin gorsel ¢alisma bellegi performanslari arasinda anlamli farklilik olmadigi sonucunu
ortaya koymaktadir (Kahramaner, 2018). Calisma bellegi performansinin degerlendirilebilmesi igin ¢esitli
degerlendirme yontemleri kullanilmakta (Wilhelm vd., 2013) ve kekemeligi olan bireylerde farkli 6l¢iim araglar
ile ¢alisma belleginin degerlendirilmesinin daha kapsamli sonuglar verebilecegi diistiniilmektedir.

Bu gerekgeler ile bu calismanin amaci; kekemeligi olan ve olmayan cocuklarin caligma bellegi
performanslarinin karsilagtirilmast ve gelisimsel kekemelikte g¢alisma belleginin roliiniin incelenmesidir. Bu
kapsamda agagidaki sorulara yanit aranmaktadir:

1. Kekemeligi olan ve olmayan c¢ocuklarin sozel galisma bellegi performanslart anlamli bir sekilde
farklilagmakta midir?

2. Kekemeligi olan ve olmayan c¢ocuklarin gorsel calisma bellegi performanslart anlamli bir sekilde
farklilagsmakta midir?

3. Kekemeligi olan ve olmayan g¢ocuklarin toplam calisma bellegi performanslart (¢alisma bellegi
Olceginden elde ettikleri toplam skorlar) anlamli bir sekilde farklilagmakta midir?

4. Kekemeligi olan ¢ocuklarda kekelenen hece yiizdesi ile sozel ¢alisma bellegi 6lgek puanlari arasinda
anlamli iligkiler bulunmakta midir?

Yontem
Katilimcilar

Bu aragtirmanin ¢aligma grubunu, 5-9 yag araliginda kekemeligi olan 20 (16 erkek, ortalama yas = 95.75
ay; SS = 19.2) ve onlarla yas ve cinsiyetlerine gore eslestirilmis 20 kontrol grubu (ortalama yas = 94.9 ay, SS =
19.2) olmak iizere toplam 40 ¢ocuk olusturmaktadir. Kekemeligi olan katilimcilara Kocaeli’de dil ve konusma
terapisi hizmeti veren rehabilitasyon merkezleri; kekemeligi olmayan ¢ocuklara ise okullar ile iletisime gegilerek
ulasilmistir. Kekemeligi olan ve olmayan grup yas ve cinsiyet acisindan eslestirilmistir. Calismanin her iki
katilimc1 grubu i¢in de gocuklarin ek bir psikiyatrik ya da ndrolojik tanilarinin ve dil ve konugma problemlerinin
bulunmamasi ile birlikte bilisgsel siiregleri etkileyebilecek bir ilag kullanir durumda olmamalar1 ¢aligmaya dahil
etme Olglitleri olarak belirlenmistir (Pellowski & Conture, 2002; Yairi & Ambrose, 1992). Bu bilgiler, aileler i¢in
hazirlanan Kigisel Bilgi Formu aracilig1 ile elde edilmistir. Ayrica gelisimsel kekemelik durumunun hem ¢ocugun
annesi hem de kendisi tarafindan onaylanmasi ve 400 heceden olusan dogal konusma 6rnegi igerisinde arastirmaci
tarafindan en az %3’liikk kekelenen hece ylizdesinin saptanmasi ise kekemeligi olan grup icin katilimer Slgiitleri
olarak belirlenmistir (Yairi & Seery, 2015; Yairi vd., 1996).

Veri Toplama Araci

Caligma bellegine iligkin verilerin toplanmasinda Ergiil ve digerleri (2018) tarafindan Baddeley ve Hitch
(1974) modeli temel almarak gelistirilen, gecerlik ve giivenirlik calismasi yapilan Calisma Bellegi Olcegi
kullanilmustir. Olgegin Cronbach alfa giivenirlik katsayisi1 birinci deneme uygulamasi igin .69 ve .85 arasinda;
ikinci deneme uygulamasi igin .66 ve .84 arasinda ve esas uygulama igin ise .68 ile .99 arasinda hesaplanmustir.
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Bu degerler, dlgegin i¢ tutarlilik diizeyinin orta ve yiiksek oldugunu belirtmektedir. Test-tekrar test katsayilarinin
ise .41 ile .83 arasinda oldugu belirtilmigtir (Ergiil vd., 2018).

Calisma Bellegi Olgegi anasinifindan 4. smifa kadar olan 6grencilerin calisma bellegi performanslarini
sozel ve gorsel olmak tizere 2 alt alanda degerlendirmektedir. S6zel bellek, sozel kisa siireli bellek ve sozel ¢aligma
bellegi; gorsel bellek ise gorsel kisa siireli bellek ve gorsel calisma bellegi olmak {izere 2’ser alt boyuttan
olugmaktadir. Alt boyutlar ise alt testleri kapsamaktadir. Her alt test, 2 6rnek uygulamadan olugmakta ve gittikce
artan sayida dizileri iceren her madde, iki denemeden meydana gelmektedir. Alt testlerin uygulanmasi sirasinda
¢ocuk, her bir maddedeki denemelerden en az birinde basarili oldugu durumda sonraki maddeye devam edilmekte
her iki denemede de basarisiz olmasi durumunda ise o alt test sonlandirilarak bir sonraki alt testten devam
edilmektedir. Cocuklarin dogru yanitlarinda her bir dizi i¢in bir puan verilmektedir.

Olgekte sozel alt alan igerisinde sozel kisa siireli bellek ve sozel caligma bellegi alt boyutlart
bulunmaktadir. So6zel kisa siireli bellek alt boyutu; rakam hatirlama, sdzciik hatirlama ve anlamsiz sozciik
hatirlama alt testleri ile birlikte toplamda 15 maddeden olugmaktadir. S6zel ¢calisma bellegi alt boyutu ise geriye
rakam hatirlama ve ilk s6zciigii hatirlama alt testleri ile birlikte toplamda dokuz maddeden olusmaktadir. Ayrica
Olcekte gorsel alt alan da degerlendirilmektedir. Gorsel kisa siireli bellek alt boyutu; desen matrisi ve blok
hatirlama alt testleri ile birlikte dokuz maddeden olugmaktadir. Gorsel ¢alisma bellegi ise farkli olan1 segme ve
mekansal ayirt etme alt testleri ile birlikte toplamda 10 maddeden olusmaktadir.

Ek olarak calismada yer alan tiim katilimcilarin ebeveynlerine arastirmacilar tarafindan hazirlanan
bilgilendirilmis goniillii olur formu sunulmustur. Bu form, ii¢ béliimden olusmaktadir. Ilk béliimde calisma
hakkinda bilgiler, ikinci boliimde ebeveynin bu bilgileri anlayip onayladigini gosteren onam formu, iigiincii
kisimda ise demografik ve iletisim bilgilerinin bulundugu kisisel bilgi formu yer almaktadir.

Veri Toplama Siireci

Mevcut ¢alisma icin &celikle Uskiidar Universitesi, Girisimsel Olmayan Arastirmalar Degerlendirme
Kurulu tarafindan onay alinmustir (Say1: 61351342/2020-315). Calisma, Helsinki Ilkeler Deklarasyonu’na uygun
bicimde planlanmig ve yiiriitiilmiistiir. Her iki grup i¢in de ¢aligmaya katilmay1 kabul eden ¢ocuklarin ailelerinden
bilgilendirilmis goniillii olur formu alinmistir.

Calismanin uygulama agamasinda onam formu katilime1 grubunu olusturan ¢ocuklarin aileleri ile birlikte
dolduruktan sonra her iki katilimci grubu icin de demografik veri formu doldurulmustur. Bunlari takiben
kekemeligi olan gruptaki ¢cocuklar i¢in ¢cocugun kekemeligi hakkinda bilgi toplamaya yonelik hazirlanan form da
aile ile doldurulmustur. Ardindan arastirmaci, cocuk ile kisaca sohbet ederek gocugun genel konusma 6zelliklerini
degerlendirmistir. Bu islemler igerisinde katilimci oOlgiitlerini karsilamayan cocuklar ile calismaya devam
edilmemistir. Calismaya devam edilen ¢ocuklar ile Calisma Bellegi Olgeginin uygulama asamasina gegilmistir.
Kekemeligi olan gruptaki ¢ocuklardan ise en az 400 heceden olusan spontane konugsma 6rnegi alinmistir. Bunu
takiben ayr1 bir seans igerisinde, Calisma Bellegi Olgegi uygulanmistir. Calisma Bellegi Olgegi, her iki grup igin
de dikkat dagitici uyaranlardan uzak ve sessiz bir ortam igerisinde uygulanmistir. Uygulamada sozel bellek alt
alan1 bitiminde bes dakika mola verilerek gorsel bellek alt alanina gegilmis ve 6l¢ek sonlandirilmastir.

Verilerin Anaizi

Verilerin analizi i¢in SPSS 21.0 paket programi kullanilmistir. Normallik analizi sonuglarina gore
bagimsiz 6rneklemler t-testi ya da Mann-Whitney U testi ile iki grubun verileri karsgilastirilmistir. Kekemeligi olan
grupta degiskenler arasindaki iliskinin incelenebilmesi adina Pearson korelasyon analizi hesaplanmistir.

Bulgular

Yapilan analizler sonucunda bagimsiz orneklemler t testi bulgularina gore kekemeligi olan ¢ocuklarin
sozel kisa siireli bellek ortalama skorlar1 (X = 14.55) ile yas ve cinsiyetleri eslestirilmis akici konusan akranlarinmn
sozel kisa siireli bellek ortalama skorlar1 (X = 14.55) arasindaki fark istatistiksel olarak anlaml diizeyde degildir
(t = 0.000; p = 1.00). Kekemeligi olan cocuklarin sézel ¢alisma bellegi ortalama skorlari (X = 4.55) ile yas ve
cinsiyetleri eslestirilmis akici konusan akranlarmm s6zel calisma bellegi ortalama skorlar1 (X = 5.40) arasindaki
fark istatistiksel olarak anlamli diizeyde olmamakla birlikte (t(38) = -1.057; p = .29), akic1 konusan grubun
ortalama skor degerinin, kekemeligi olan gruptan daha yiiksek oldugu goriilmiistiir. Kekemeligi olan grubun sozel
bellek toplam ham puan ortalama skoru (X = 19.10) ile yas ve cinsiyetleri eslestirilmis akic1 konusan akranlarinim
toplam ham puan ortalama skoru (X = 19.95) arasindaki farkin ise istatistiksel olarak anlaml diizeyde olmamakla
birlikte (t(38) = -0.430; p = .67), akici konusan grubun ortalama degerinin kekemeligi olan gruptan daha yiiksek
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oldugu goriilmiistiir. Buna paralel bigimde kekemeligi olan grubun sozel bellek toplam standart puan ortalamalari
(X=501.95) ile yas ve cinsiyetleri eslestirilmis akic1 konusan akranlarmin toplam standart puan ortalamalari (X =
518.40) arasindaki farkin da istatistiksel olarak anlamli diizeyde olmamakla birlikte (t(38) = -0.587; p = .56), akic1
konusan grubun ortalama degerinin kekemeligi olan gruptan daha yiiksek oldugu goriilmiistiir.

Bu bulgularm yaninda kekemeligi olan gocuklarin gérsel kisa siireli bellek skorlar1 (X = 433.50) ile yas
ve cinsiyetleri eslestirilmis akici konusan akranlarinin skorlar1 (X = 386.50) arasindaki fark istatistiksel olarak
anlamli diizeyde olmamakla birlikte (Z = -0.642; p = .52), kekemeligi olan grubun ortalama degerinin yas ve
cinsiyetleri eslestirilmis akici konusan akranlarindan daha yiiksek oldugu goriilmiistiir. Kekemeligi olan grubun
gorsel caligma bellegi ortalama skorlar1 (X = 11.55) ile yas ve cinsiyetleri eslestirilmis akic1 konusan akranlarinin
toplam skorlar1 (X = 10.70) arasindaki farkin da istatistiksel olarak anlamli diizeyde olmamakla birlikte (t(38) = -
0.542; p = .59). kekemeligi olan grubun ortalama degerinin akici konusan gruptan daha yiiksek oldugu
goriilmiistiir. Ayrica kekemeligi olan gocuklarin gorsel calisma bellegi toplam ham puan ortalamalari (X = 21.15)
ile yas ve cinsiyetleri eslestirilmis akici konusan akranlarinin gorsel calisma bellegi ham puan ortalamalar: (X =
19.90) arasindaki fark istatistiksel olarak anlamli diizeyde olmamakla birlikte (t(38) = 0.553; p = .58), kekemeligi
olan grubun ortalama degerinin akici konusan gruptan daha yiiksek oldugu goriilmiistiir. Bu sonuca benzer bigimde
kekemeligi olan grubun sdzel bellek toplam standart puan ortalamalar1 (X = 756.00) ile yas ve cinsiyetleri
eslestirilmis akici konusan akranlarmnin toplam standart puan ortalamalar1 (X = 738.00) arasindaki farkin da
istatistiksel olarak anlaml diizeyde olmamakla birlikte (t(38) = 0.452; p = .65), kekemeligi olan grubun ortalama
degerinin akict konusan gruptan daha yiiksek oldugu goriilmiistiir.

Calisma bellegi 6l¢eginin toplam ham puan ortalamalarina iligkin bulgulara bakildig1 zaman kekemeligi
olan grubun 6lgek toplam ham puan ortalamalar: (X = 40.25) ile yas ve cinsiyetleri eslestirilmis akic1 konusan
akranlarmin toplam ham puan ortalamalar1 (X = 39.85) arasindaki farkin da istatistiksel olarak anlamh diizeyde
olmadigi gortilmiistiir (t(38) = 0.104; p = .91). Buna paralel olarak kekemeligi olan grubun 6lgek toplam standart
puan ortalamalar1 (X = 638.85) ile yas ve cinsiyetleri eslestirilmis akici konusan akranlarinin toplam standart puan
ortalamalar1 (X = 634.60) arasindaki farkin da istatistiksel olarak anlaml diizeyde olmadig goriilmiistiir (t(38) =
0.136; p = .89). Ek olarak kekemeligi olan grupta kekelenen hece yiizdesi ile Calisma Bellegi Olceginin tiim alt
test skorlar1 arasinda istatistiksel olarak anlamli bir korelasyon bulunamamustir.

Tartisma

Aragtirmanin sonuglari genel olarak incelendiginde kekemeligi olan katilimcilarin sdzel ¢aligma bellegi
performans ortalamalarinin, akici gruba gore daha diisiik olmakla birlikte istatistiksel olarak anlamli diizeyde bir
farka ulagilamadig1 goriilmektedir. Gorsel Kisa Siireli Bellek ve Gorsel Calisma Bellegi performanslarinda ise
tersi bir tablo gbzlenmistir. Baska bir deyisle kekemeligi olan grubun ortalama skorlarinin akici gruba gére daha
yiiksek oldugu ancak yine de istatistiksel olarak anlamli diizeyde bir farkin olmadig: goriilmektedir.

Aragtirmanin s6zel ¢alisma bellegi bulgular, iligkili performanslar1 degerlendiren ¢alisma bulgularinin
bir kismiyla paralellik gosterirken (Bakhtiar vd., 2007; Vahab vd., 2014), diger arastirma bulgularindan (Anderson
vd., 2006; Hakim & Ratner, 2004) farkliliklar gostermektedir. Daha 6nce belirtildigi gibi sozel kisa siireli bellek,
anlamsiz sozciik tekrari performanslarinda énemli bir rol oynamaktadir. Anlamsiz sozciik tekrar1 performansini
gerceklestirebilmek i¢in de kiginin bu sozciigii fonolojik haznesinde tutabilmesi ve sesletebilmesi icin de bir siire
icinden tekrar etmesi gerekmektedir (Archibald vd., 2013). Bunlara ek olarak, konusma seslerinin akustik
ozelliklerini yeterli diizeyde algilayabilme, yorumlayabilme gibi yetileri iceren isitsel islemlemeler de fonolojik
islemlemeler ve konusmanin motor islemlemeleri i¢in birer 6n kosul niteligindedir (Guitar, 2014). Bu konuyu
aragtiran ¢aligmalarda 6l¢iim araci olarak kullanilan degerlendirme araglarinin ve 6rneklem say1 ve 6zelliklerinin
birbirinden farklihklar gdstermesinin 6nemli bir etkisinin olabilecegi diisiiniilmiistiir. Ornegin, sézel ¢aligma
bellegini Olcen araclarda genel olarak fonolojik kisa siireli bellegi Olcen anlamsiz sozciik tekrari listeleri
kullanilmis; ancak bu s6zciiklerin hece uzunlugu ve fonolojik karmasiklik diizeylerinin (6r. erken edinilen sesler
veya geg edinilen seslerin siklig1 ve dagilimi agisindan) birbirinden farkliliklar gosterdigi goriilmiistiir (Graf-Estes
vd., 2007). Ayn1 zamanda, anlamsiz sozciik tekrar1 isleminin, fonolojik kisa siireli bellek ve isleyen bellek
becerilerinin yani sira isitsel-algisal islemleme ve fonolojik kodlama gibi diger becerilerle ig ice oldugu, bu nedenle
bu gorevler sirasinda bu becerilerin de ayr testlerle kontrol edilmesi gerektigi diisliniilmektedir (Anderson vd.,
2019). Konusmanm motor becerileri de, iliskili performansi etkileyebilecegi diisiiniilen diger bir faktordiir
(Archibald vd., 2013).

Kekemeligi olan bireylerde sozel igleyen bellek yetilerini arastiran ¢alismalarda genellikle anlamsiz
sozciik tekrar1 testlerinin kullanildigy; ancak kiigiik bir kisminda hem ileriye hem de geriye doniik rakam/hece
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hatirlama bdoliimlerinin yer aldig1 goriilmektedir. Say1 dizisi hatirlama ve tekrar etme testleri sdzel bellegin farkli
boyutlariyla iliskilidir. fleriye-doniik say1 dizisi testi daha ¢ok kisa siireli bellek bileseni ile iliskili iken, geriye
doniik sayi dizisi testinin ise daha ¢ok sozel caligma bellegi bileseni ile iligkili oldugu diistiniilmektedir. Diger bir
deyisle, kisa siireli bellegin s6zel bellegin artikiilasyon bileseni (articulatory loop) boyutunda yer alirken, geriye-
doniik rakam/hece hatirlama yetilerinin ise merkezi yonetici islemlemelerle iligkili oldugu diistiniilmektedir
(Baddeley, 2003). Bu caligmanin bulgularinda, sézel isleyen bellek performansi agisindan iki grup arasindaki
farkin, s6zel kisa stireli bellek performansina gore daha fazla olusu; kekeleyen bireylerde sozel kisa siireli bellekten
ziyade, sozel galisma bellegi, dikkat ve sozel islemleme hizi gibi merkezi yonetici islemlemelerde problem
olabilecegini One siiren arastirma bulgularini destekler niteliktedir (Costelloe vd., 2019). Tiim bunlar birlikte
diisiiniildiigiinde kekemeligi olan ¢ocuklarda, ¢calisma bellegi performansi ve dikkat becerileri arasindaki iligkinin
birlikte ele alinmasinin 6nemli olacagi diisiiniilmektedir. Nitekim Anderson ve Wagovich (2010) tarafindan
yiiriitiilen bir ¢alismada, ¢alisma bellegi performansi ve dikkat becerileri arasinda kekemeligi olmayan ¢ocuklarda
anlamli diizeyde bir iliski bulunurken kekemeligi olan cocuklarda s6z konusu beceriler arasinda bir iliski
bulunmamistir. Bu nedenle gelecek aragtirmalarda, calisma belleginin tek basina ele alinmasindan ziyade dikkat
becerisi gibi iligkili biligsel fonksiyonlar ile de birlikte ele alinmasinin faydali olabilecegi diistiniilmektedir.

Her iki gorevi de bulunduran c¢alismalar incelendiginde, bu ¢alismanin bulgularina benzer bir bigimde
kekemeligi olan grup daha diisiik bir performans gerceklestirmekle birlikte kontrol grubu ile arasindaki fark
istatistiksel olarak anlamli diizeyde degildir (Sasisekaran & Basu, 2017; Sasisekaran & Byrd, 2013a, 2013b;
Sasisekaran vd., 2013). Bu nedenle farkl araglarin da ¢alismaya dahil edilerek gergeklestirilecek olan ¢alismalar,
calisma bellegi ile gelisimsel kekemelik arasindaki iliskinin arastirilmasma katki saglayacaktir. Kekemelik ve
yonetici islev becerilerinin degerlendirildigi meta-analitik bir ¢alismada, kekemeligi olan gocuklarin kisa siireli
bellek ve sozel caligma belleginde klinik diizeyde anlamli olmayan ancak hafif diizeyde (anlamsiz sozciik
performansi gorevinde normalden yarim standart sapma ve ileriye yonelik rakam hatirlama goérevlerinde 1/3
standart sapma altta) sinirliliklart oldugu belirtilmektedir (Ofoe vd., 2018).

Kekemeligi olan bireylerin gorsel-alt testlerde kontrol grubu ile arasinda anlamli diizeyde bir fark
olmamakla birlikte daha yiiksek performanslar sergilemesi, bu durumun telafi edici bir mekanizma olabilecegi
savini destekler niteliktedir. Bu bulgular, kekemeligi olan bireylerin gorsel-uzamsal isleyen bellek becerilerinin
yasitlar1 diizeyinden daha geri oldugunu ileri siiren ¢caligma bulgulariyla ise ¢elismektedir (Jones vd., 2002; Oyoun
vd., 2010). Pyasik ve digerleri (2013) tarafindan gerceklestirilen bir caligmada bilgisayar-temelli néropsikolojik
test bataryasi sunularak, es-zamanli bir bicimde elektromanyetik simiilasyon performanslari incelenmistir.
Calismada, kekeleyen bireylerde gorsel calisma bellegi kapasitesinin kontrol grubuna kiyasla anlamli diizeyde
diisiik oldugu ve ERP amplitiidlerinin geometrik figiirleri hatirlama sirasinda farklilagirken, sézciik hatirlama
gorevleri sirasinda farklilasmadigi bulgularina ulasiimistir. Yang ve digerleri (2018) kekeleyen bireylerde
fonolojik c¢alisma bellegi gorevleri sirasinda gergeklestirdikleri fonksiyonel manyetik rezonans goriintiileme
¢aligmalar1 sirasinda, kekeleyen bireylerde saglikli kontrol grubuna gore daha fazla sag inferior frontal giriis
aktivasyonu gozlemlemis ve bu durumun olast bir sebebinin de gorsel-mekansal islemlemelerle iliskili oldugu
diisiiniilen sag hemisferin fonolojik islemler sirasindaki telafi edici rolii olarak agiklamislardir. Diger bir deyisle
sozel alandaki Gelecek boylamsal caligmalarda, kekemeligin baslangig ve ilerleyen donemlerinde ayni 6lgiimlerin
tekrarlanmasinin bu konunun aydinlatilmasina katki saglayacagi diistiniilmektedir.

Sonugc, Sinirhliklar ve Oneriler

Gelecek calismalarda daha fazla sayida ve daha genis bir yas dagilimi olan katilimciya ulasarak, farkli
davranigsal dlgiim araglar1 ve beyin goriintilleme tekniklerinin birlikte kullanildigi boylamsal yontemlerin bu
konunun aydinlatilmasina katki saglayacagi diistiniilmektedir. Cocuklarda anlamsiz s6zciik tekrarini degerlendiren
caligmalarin bulgularindaki degiskenlikte; yas, kullanilan anlamsiz sdzcilik listesi testlerinin 6zellikleri ve
orneklem sayisinin 6nemli faktorler oldugu disiiniilmektedir (Bowers vd., 2018). Bununla birlikte Sasisekaran ve
Byrd (2013a) tarafindan okul ¢ag1 ¢ocuklar ile yiiriitiilen bir ¢alismada kekemeligi olan 7-15 yas arasi ¢gocuklarmn
7-11 ve 11-15 seklinde alt siniflara ayrilip kendi igerisinde karsilagtirllmasinin da farkli sonuglar sunmasi, sdzel
¢alisma belleginin degerlendirilmesinde yas degiskeninin de géz 6niinde bulundurulmasinin 6nemli olabilecegini
diistindiirmektedir. Bu agidan bakildig1 zaman ¢aligmanin katilimer grubunun arttirilip okul 6ncesi ve okul ¢agi
¢ocuklar seklinde incelemeler ile daha kapsamli sonuglara ulasilabilecegi 6n goriilmektedir.

Son olarak mevcut ¢aligmada sadece kekelenen hece yiizdesi hesaplanmig olup kekelenen hece yiizdesi
ile dlgek puanlari arasinda bir iligki bulunmamigtir. Gelecek ¢aligmalarda kekemelik siiresi, ikincil davranislar ve
kekemelik siddeti skorlar1 ile ¢alisma bellegi skorlar1 arasindaki iliskinin incelenmesinin konu ile ilgili daha
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ayrintili bilgi verebilecegi diisiiniilmektedir. Tiim bu bulgularin konusma akiciligina destek olacak dikkat, isleyen
bellek gibi ndrokognitif yetilere iligskin egzersizlerin terapi siireclerine katilimiyla birlikte, kekemelik terapilerinin
etkililiginin artacagi 6n goriilmektedir.

Calismamiz sonucunda, kekemeligi olan ve olmayan ¢ocuklarin ¢aligma bellegi sozel ve gorsel alt test
skorlar1 arasindaki farkin istatistiksel olarak anlamli diizeyde olmadigi bulunmustur. Ancak kekemeligi olan
grubun sozel alt test ortalama puanlarinin, kontrol grubundan daha diisiik oldugu goriilmiistiir. Calisma sonuglari,
kekemeligi olan cocuklarda fonolojik bellek ve fonolojik kodlama siireglerinde farkliliklar olabilecegini
diisiindiirmektedir. Ek olarak, kekemeligi olan gocuklarin gorsel bellek alt test skorlarinin istatistiksel olarak
anlamli olmamakla birlikte kontrol grubundan daha yiiksek olmasi, bu durumun telafi edici bir mekanizma
olabilecegi savini destekler niteliktedir.

Yazarlarin Katki Diizeyleri

Aragtirmanin planlama, uygulama, veri toplama siiregleri, analizleri, yazimi ve diizeltmelerinde yazarlar
esit katki saglamislardir.

Tesekkiir

Aragtirmamiza katki saglayan tiim ¢ocuklara ve ailelerine tesekkiir ediyoruz.
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