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ABSTRACT
:  Introduction: Fluent speech requires inhibitory control for the modification of speech

Article info: :  interruptions before the onset or during the speech. The current study aimed at comparing
Received: 23 Mar 2018 ¢ theinhibitory control skill in 6 to 8-year-old children with fluent speech and developmental

stuttering.
Accepted: 21 Aug 2018 ne

Available Online: 01 Oct 2018 :  Materials and Methods: This research is a descriptive-analytic cross-sectional study. The
:  participants included 31 children with developmental stuttering (6-8 years old) selected based
on the convenience sampling method. Also, 32 healthy children were selected from elementary
schools in Tehran Province that matched in terms of age and gender with the first group. The
children of two groups were selected from the same district (The fifth district) of Tehran
Province. Visual Go/No-Go task was used to measure inhibitory control. The Mann-Whitney
U test was used to compare the groups.

Results: The result showed that the mean score of children with stuttering in the inhibition
index was lower than normal children. According to the Kolmogorov-Smirnov test, the
data distribution was not normal (P=0.042). Therefore, the parametric test of the Mann-
Whitney U test was used. Despite the lower mean score of inhibition in children with
stuttering than healthy children, there was no significant difference in the inhibition index

Keywords:  between the groups (P=0.550).

Inhibition, Children, Conclusion: The findings indicated that Children Who Stutter (CWS) had less efficiency in
Developmental stuttering, Go/ . inhibitory control skill compared to normal children, and this problem could be because of the
No-Go task :  exacerbation or persistence of stuttering.
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1. Introduction

anguage is one of the cognitive functions

of the human mind that is expressed in the

form of speech. Speech requires a series of

fine and coordinated activities. Interference

in the performance of each of these activi-

ties leads to speech impairment. Disfluency
is one of the speech disorders that appears in two forms
of normal and abnormal or stuttering. Stuttering is a dis-
order often characterized by the interruptions of speech,
including repetitions and prolongation of sounds, syl-
lables, words, blocking in the flow of speech, interjec-
tions, and speech revision [1-3]. Stuttering consists of
core and secondary behaviors. Core behaviors include
repetition, prolongation, and blocking. Secondary be-
haviors comprised two categories of escape and avoid-
ance behaviors [3]. Stuttering is divided into 3 groups
based on its characteristics and causes; developmental,
neurogenic, and psychogenic stuttering. Developmen-
tal stuttering is the most common type of stuttering that
usually begins in childhood between the ages of 2 and
5 years. In the absence of self-improvement or lack of
definitive treatment, developmental stuttering often per-
sists and converts to the advanced or severe stuttering
over time [1, 4, 5].

Despite the great attention to stuttering, among other
speech and language disorders, its etiology has not been
well understood so far [6]. In the current study, stutter-
ing is examined with a neuropsychological perspective
to realize the different aspects of the involvement of neu-
ropsychology in stuttering.

Various theories have been proposed regarding the
origin of stuttering. Some researchers believe that stut-
tering results from interactions between a vulnerable
speech motor system and many other factors such as
genetic predisposition, emotional regulation, and lin-
guistic and cognitive skills [1, 7].

Research has indicated that most children who stutter
are different from their fluent peers, in various domains
like cognitive functions. One of the cognitive processes
is the executive function that refers to the higher-level
cognitive functions involved in controlling and regulat-
ing lower-level cognitive processes and target-oriented
behaviors that lead to the conscious control of thought
and action [8-12].

Executive functions involve several cognitive pro-
cesses, including inhibitory control, attentional shifting,
planning, and working memory [13]. This study focuses
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on inhibitory control. Regarding the role of executive
functions, each person before the onset or during the flu-
ent speech requires identification, inhibition, and modi-
fication of speech interruptions (such as repetitions and
prolongations), and must be able to consistently regu-
late the speech process to adjust the verbal units fluently
and sequentially. Therefore, any defect in the inhibition,
transmission, and working memory of the developing
children can make speech fluency difficult [14]. Inhibi-
tory control refers to the ability to suppress and postpone
an inappropriate response in uncertain and new situ-
ations. This process is essential for daily activities and
playing a role in cognitive development, executive func-
tion, and the conscious use of attention [15, 16].

Eggers et al. reported the difference between children
with stuttering and normal peers in the context of inhibi-
tory control based on a parenting questionnaire, using
a computer task. The results indicated that compared to
normal peers, children with stuttering had more false re-
sponses, less response time to the false ones, and less
able to correct them after understanding the errors [15].

Regarding some of the pathological theories that con-
sider cognitive factors effective in causing the stutter-
ing, the central questions of the present research are
whether the ability to control the inhibition is different
between children with and normal peers, and whether
to consider the lack of inhibitory control skill as a defi-
ciency in children with stuttering. Therefore, we decid-
ed to examine the inhibitory control skill to help early
cognitive interventions in these children and provide
therapists with more effective strategies for evaluating
and treating stuttering.

2. Participants and Methods
Participants

This research is a descriptive-analytic, cross-sectional
study. The study population consisted of 6- to 8-year-old
Persian-speaking children with fluent speech and devel-
opmental stuttering of Tehran Province. According to the
sample size formula, 31 children with stuttering aged 6
to 8 years were recruited. They were selected, using con-
venience sampling method from speech and language
therapy clinics and hospitals in Tehran. Also, 32 normal
children (matched on age, sex, and handedness with the
first group) were selected from the elementary schools of
Tehran Province.

The inclusion criteria included: A. being at the begin-
ning of stuttering during preschool or children with de-
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velopmental stuttering (research-based questionnaire);
B. being 6 to 8 years old; C. lacking speech and lan-
guage disorders such as cluttering, dysarthria, genetic
syndromes, articulation disorder, etc. (research-based
questionnaire); D. being monolingual Persian-speaking
(research-based questionnaire); E. being right-handed-
ness (informal assessment by the examiner); and f. hav-
ing average 1Q, hearing, and vision for performing the
tasks (based on the child history). The exclusion crite-
rion was the unwillingness of the participant to continue
the cooperation at any point of the study.

Study procedure

The parents and supervisors of the health centers/
schools provided their consent before doing the tasks.
Then, authors designed and used a questionnaire to
record the demographic data, school grade, hearing
status, visual status, general condition, laterality, lan-
guage, history of stuttering in the family, stuttering
onset age, other speech and language disorders, and
medical history. Visual Go/No-Go task was used to
measure inhibitory control.

Donders designed and standardized the visual Go/No-
Go task for the first time in 1969 to measure the inhibi-
tion [17]. In this task, a few rectangular pairs with colors
“white and blue” and “white and yellow” appear ran-
domly on the monitor for a short time. The participant
should carefully pay attention to these pairs of rectan-
gles. If one of the displayed pairs is yellow, no response
is required by the participant (Figure 1A). If one of the
pairs is blue, two different conditions happen and, there-
fore, require two different responses. If the blue rectan-
gular is on the right and the white is on the left, the par-
ticipant should press the “question mark” button “?”” on
the keyboard with the maximum speed (Figure 1B), and
if the white rectangular is on the right side and the blue
is on the left, the participant should press the “Z” button
as fast as possible (Figure 1C).

Children’s ability to perform this task improves as age
increases. Therefore, the performance of the 8-year-old

A B

Figure 1. Overview of the Go/NoGo task
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children is better than that of the 7-year-old children,
and the performance of the 7-year-old children is better
than that of the 6-year-olds. Before the implementation
of the main phase of this task, a pilot phase was per-
formed to prepare them by themselves [3]. Before doing
the Go/No-Go task, it was performed for the subjects
to educate them. There were 40 subtests, and the whole
task considering the experimental stage, time of presen-
tation, and the distance between the stimuli took about
20-25 minutes.

Before performing the main phase of the Go/No-Go
task, the researchers taught participants how to do it, and
asked them to try the task as a pilot phase to be prepared
for the primary test. Go/No Go test consists of 40 sub-
tests and takes about 20-25 minutes.

The Kolmogorov-Smirnov test (K-S test) was used
to assess the normal distribution of the data. Also, be-
cause of the abnormal distribution of data (P<0.05), for
the comparison of the Go/No-Go task, and mean score
between two groups, non-parametric test of Mann-
Whitney U test was used. The K-S test was used to as-
sess the normal distribution of data. After realizing the
abnormal distribution of data (P<0.05), the authors used
the Mann-Whitney U test to compare the mean scores of
the Go/No-Go test between the groups. The data were
analyzed in SPSS V. 16.

3. Results

In this study, 31 children with stuttering (Mean+SD
age of 6.87+0.83y) and 32 children with normal speech
(Mean+SD age of 6.93+0.81y) were studied. The par-
ticipants included 8 girls with stuttering, 8 girls with
normal speech, 23 boys with stuttering, and 24 boys
with normal speech. (Tables 1 & 2) present the descrip-
tive analysis and mean scores of the Go/No-Go task in
both groups.

As indicated in Table 1, the mean score of inhibition
index in children with stuttering was lower than normal
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A. No response if one of the rectangles is yellow; B. Press “?” if one of the rectangles is blue and on the right side; C. Press “Z” if one

of the rectangles is blue and on the left side
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Table 1. Descriptive analysis of inhibition index of Go/No-Go task (N=63)

Go/No-Go Task Index Group MeanzSD Max Min
Stuttering 28.00+6.91 38 13
Inhibition
Normal 29.28+7.32 40 12

JMR

Table 2. Mann-Whitney U test to compare the mean scores of inhibition index of Go/No-Go task

Index Group Number Mean Score Significance Level
Stuttering 31 30.42
Inhibition 0.550
Normal 32 33.53

children. According to the K-S test, the data distribution
was not normal (P=0.042). Therefore, the Mann-Whit-
ney U test was used. Despite the lower mean score of
inhibition index in children with stuttering, there was no
significant difference in the inhibition index between the
two groups (P=0.550).

4. Discussion

The current study aimed at comparing the inhibitory
control skill between children with and without stutter-
ing, using the Go/No Go task. Proper inhibitory con-
trol skill causes a delay in inappropriate responses in
new situations and, hence, prevents inappropriate be-
haviors. Inhibitory control skill is necessary for daily
activities and plays a role in cognitive development,
executive function, and the conscious use of attention
or attention control. Therefore, as there are errors in
the normal speech flow of children with stuttering, a
lower mean score of inhibitory control is predictable in
children with stuttering compared to normal peers [14].
The main finding of the current study indicates that the
mean score of inhibitory control index is lower than
normal children, although there is no significant differ-
ence between both groups.

The results are in agreement with previous findings
reported by Esfandeh et al. and Eggers et al. who re-
ported lower inhibitory control in children with stut-
tering and no significant difference between the experi-
mental and control groups [15, 18]. Esfandeh et al. used
Stroop color test to measure the inhibition in the pri-
mary school children, which is different from the cur-
rent study from two aspects: the evaluation test and the
age range of the study groups. Eggers et al. also studied
primary school children.

JMR

The differences between the study of Esfande et al. and
the current study are the type of assessment test and the
age range of the participants. They used the Stroop color
test to measure the inhibition in primary school children.
Eggers et al. also studied primary school children.

The difference of inhibition index between the groups
can be discussed based on the imaging studies. Brain im-
aging data indicated that right frontal cortex is one of the
main anatomical connections of the inhibitory control.
In addition to the frontal lobe, basal ganglia plays an es-
sential role in the dominant right hemisphere network for
inhibition [19]. Furthermore, imaging studies have re-
vealed abnormal activities in these cortical and subcorti-
cal structures in individuals with stuttering. These $truc-
tures constitute a part of a cortical-basal ganglia network
that engages in conceptualizing the primary processes
of developmental stuttering [20]. Considering the active
brain areas in inhibitory control, and the existent dam-
age to these areas (cortical and subcortical structures) in
children with stuttering, the difference in the function of
two groups can be explained.

5. Conclusion

The results of this study showed that although there is
no significant difference between the experimental and
control groups, children with stuttering showed less ef-
fectiveness in inhibitory control skill. This weakness
may lead to the persistence or exacerbation of stuttering
in them. Moreover, cognitive skills are weak in children
with stuttering.
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