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Introduction: Stuttering is a speech disorder examined in many studies on motor speech 
deficiency in people with stuttering. In the area of language, some studies have also shown that 
people with stuttering are different from people without stuttering in terms of phonological, 
lexical, and syntactic processing .In this area, studies on the evaluation of phonological 
processing in Iranian people with stuttering are a few. One of the tasks for evaluating 
phonological processing is anon-word repetition task. This study aimed to examine the ability 
of adults who stutter to repeat words/non-words compared with those with fluent speech.

Materials and Methods: This research is across-sectional descriptive-correlational 
study. The participants included 20 adults with stuttering (18-30 years old) selected by the 
convenience sampling method from those referred to speech therapy centers and hospitals in 
Tehran Province. Besides, 30 age-matched peers participated in this study as the control. The 
phonological processing of participants was examined in terms of reaction time and word/non-
word repetition accuracy. To detect stuttering, we asked the subjects to read a text in Persian, 
and its severity was detected by stuttering severity instrument-3. For measuring reaction time, 
DMDX software was used, and data were analyzed in SPSS V. 21.

Results: Mann-Whitney test results showed a significant difference between adults with and 
without stuttering in terms of repetition accuracy (P<0.05), but no significant difference was 
found between them in terms of reaction time (P>0.05).

Conclusion: Phonological processing in adults who stutter is different compared with those 
with speech fluency, but this difference is non-significant. Results indicated slow phonological 
processing in an adult with stuttering. This can raise the awareness of therapists during the 
evaluation and treatment of stutterers in terms of phonological processing and phonological 
working memory.
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1. Introduction

tuttering is a speech disorder that disturbs 
the timing and coordination of vocal tract, 
respiratory system, and larynx [1, 2]. Al-
though the cause of stuttering is unknown, 
some models have been presented for stut-

tering, one of which is covert repair hypothesis [3]. 

According to this theory, people with stuttering have a 
serious problem in the linguistic system or more precise-
ly in the phonological system, and they are more likely 
to have a phonological disorder. Deficiency in basic pho-
nological skills is one of the reasons for distinguishing 
people with stuttering from fluent speakers. A slow pho-
nological encoding process is the cause of more errors in 
phonetic programming.

Another model of stuttering is called “EXPLAN” based 
on this model, if speech planning (PLAN) is difficult, it 
may operate under time pressure, and its Execution (EX) 
starts when at least a part of the plan is ready for produc-
tion. In such circumstances, speech production can be 
delayed until the rest of the plan arrives (stalling), which 
causes the repetition of the whole word or phrase, inter-
jection, or pause during the speech. Words with simple 
phonology have a simple plan and high execution speed. 
During the execution of such simple segments, the time 
for planning a subsequent word could not be enough if it 
has complex phonology [4].

According to conducted studies, people with stut-
tering are different from people without it in terms of 
phonological, lexical, and syntactic processing [5-7]. 
Evidence suggests that the speech and language process-
ing system in people with stuttering is slower and less 
accurate than people without this disorder [8, 9]. One 
of the roles of speech and language processing systems 
is the temporary storage of verbal information (phono-
logical working memory) [10], which is expected to be 
weaker in people with stuttering than in people without 
stuttering [11]. Previous studies have suggested that the 
dysfunction of Phonological Working Memory (PWM) 
may lead to problems with fluent speech maintenance in 
people with stuttering [12].

One of the tasks used in assessing the underlying pro-
cessing system is the Non-Word Repetition (NWR) task, 
which targets the speech motor system. NWR involves 
the following stages: auditory processing, phonological 
analysis, phonological storage and retrieval, speech mo-
tor planning, and execution [13].

It is widely used to specifically examine PWM and dis-
tinguish people with stuttering from people without it. 
Hence, PWM plays an essential role in the NR process 
[14]. Some studies have investigated stuttering by using 
NWR, motor processing, and linguistic-cognitive pro-
cessing in adults who stutter [14, 15].

Sasisekaran showed PWM deficits in adults with stut-
tering. Participants were 9 adults with stuttering and 9 
normal controls with a mean age of 31 years. The task 
was the repetition of non-words with different lengths. 
Those with stuttering showed a lower percentage of ac-
curate repetitions compared with the control group. They 
also had significantly longer speech durations [13].

In another study on exploring the PWM of adults who 
stutter through the use of NWR, participants repeated a 
set of 12 non-words across 4 syllable lengths. Adults with 
stuttering were significantly less accurate than adults 
without it in their initial attempts to produce the longest 
non-words. They had higher attempts to accurately pro-
duce non-words than adults who do not stutter [14]. 

This finding confirms the PWM deficits in people with 
stuttering. Ludlow et al. studied speech production learn-
ing in adults with stuttering on NWR. Participants were 
5 adults with stuttering and 5 fluent speakers who repeat-
ed two sets of words for several times. Speech fluency 
of both groups showed better accuracy over time and by 
the repetition of non-words, although fluent speakers re-
ported more accuracy. This difference between groups 
was suggested to be the result of deficient phonological 
encoding in adults with stuttering [15].

The slow speech motor system at the initiation of words 
and non-words repetition can be examined using the ver-
bal reaction time. People with stuttering have longer re-
action times at initiating various speech movements dur-
ing word or non-word repetition compared with people 
without stuttering [16].

This difference can be due to the length and complex-
ity of words and non-word sbecause with increasing the 
complexity of non-words, more areas are involved in 
the planning and execution of speech movements [17]. 
Smith et al. investigated the effect of phonological com-
plexity and length of non-words on the production and 
coordination of adults who stutter. In this regard, the 
performance of 17 adults who stutter and 17 matched 
control participants on NWR was assessed. Their results 
showed that adults who stutter had much less coordina-
tion consistency over non-word repetition productions. 

S
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This difference between groups increased with increas-
ing length and complexity of the non-words [18].

Stuttering severity is another factor affecting the verbal 
reaction time in people with stuttering. In a study to as-
sess the stuttering severity on laryngeal reaction time, 
Watson and Alfonso showed that in mild stutters, the re-
action time did not differ from those with fluent speak-
ers, while severe stutters’ reaction time was higher [19].

According to the evidence, the function of verbal 
components of people with stuttering at the initiation of 
phonation is associated with delayed and slow reaction 
times, more variation in movements, and a lack of tim-
ing of sequential movements [20]. Moreover, they may 
have PWM disorder, although it has not yet been con-
clusively proven. Since so far, little research has been 
done on PWM impairment in stutterers with varying 
degrees of dis fluency, the purpose of this study is to 
evaluate the difference in word/non-word repetition be-
tween adults with and without stuttering, and compare 
stuttering adults based on different stuttering severities 
and syllable levels.

2. Methods

Study participants

This research is a descriptive/correlational study with 
a cross-sectional design conducted on 50 adults selected 
by convenience sampling method. They were divided 
into stuttering (n=20) and control (n=30) groups. The 
stuttering group included both male and female adults 
with developmental stuttering who referred to speech 
therapy centers and hospitals in Tehran and clinics affili-
ated to Tehran University of Medical Sciences.

The inclusion criteria included being adults, lacking 
speech and language disorders such as cluttering, dysar-
thria, genetic syndromes, etc. (research-based question-
naire), having no physical, neurological and psychiatric 
disorders according to their medical records and through 
interview, being right-handed (informal assessment by 
the examiner), having normal mental abilities, hearing 
and vision (based on Ling test), and being monolingual 
Persian-speaking (research-based questionnaire). The 
exclusion criterion was the unwillingness of the partici-
pant to continue the study.

After explaining the purpose of the study to the partici-
pants, written informed consent was obtained from them. A 
speech-language pathologist detected stuttering via an in-
terview with the subjects after reading a text in Persian pro-

vided by Farazi et al. [7], and its severity was determined 
by Stuttering Severity Instrument-3 (SSI-3) tool [21].

We used a set of words and non-words provided by 
Masumi et al. (2015) for performing the repetition task. 
They designed in DMDX software [22]. Each word and 
non-word was presented to the participants in the order 
of syllable complexity to repeat them. The test was per-
formed in an acoustic room. Auditory stimuli were pre-
sented through headphones, and visual stimuli were dis-
played on a laptop screen; the accuracy of the response 
and the time it took for the subject to repeat them was 
measured by DMDX application.

After testing, the recorded data were imported in SPSS 
V. 21 for analysis. For describing variables, descriptive 
statistics, including mean and standard deviation, were 
used, and for testing research hypotheses, non-paramet-
ric tests, including Mann-Whitney, Kruskal-Wallis, and 
Chi-squared tests, were employed. Moreover, since the 
sample size in each group was less than 50, the Shap-
iro–Wilk test was performed for testing the normality of 
data distribution.

3. Results

In this study, 20 adults with stuttering (mean age of 
25.25 years) and 30 adults without stuttering (mean age 
of26.3 years) were studied. Table 1 presents the char-
acteristics of the study participants. Regarding scores 
reported from SSI-3, participants were divided into dif-
ferent groups in terms of stuttering severity (Table 2). 
Table 3 presents the mean and standard deviation of 
reaction time (ms) for words and non-words stimuli in 
samples with and without stuttering. Table 4 presents the 
mean and standard deviation of reaction per the number 
of syllables.

The accuracy of word/non-word repetition was deter-
mined as the number (%) of the correct and incorrect 
answers (error) in both groups. The number of errors 
in the repetition of words and non-words was the num-
ber of phonological errors during the repetition. Table 
5 presents the error percent age of repetition for each 
group as well as the Chi-squared test results for examin-
ing the significant difference between groups in terms 
of repetition accuracy. Moreover, reaction time to word/
non-word stimuli in adults with and without stuttering 
(controls) was evaluated using the Mann-Whitney test 
(Table 6).

Based on the results, no significant difference was 
found between groups with respect to word repetition 
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accuracy (P>0.05), while the difference was significant 
in terms of non-word repetition accuracy (P<0.05). The 
error percentage of non-word repetition in stuttering 
adults was higher (with lower accuracy) compared with 
the control peers.

According to the results in Table 7, the reaction time 
variable has been normally distributed. To compare re-
action time between stuttering adults with three differ-
ent levels of severity, we used One-way ANOVA. Since 
P>0.05, there is no significant difference between them.

4. Discussion

The purpose of this study was to evaluate the ability 
to repeat words and non-words in adults with stutter-
ing compared with their normal peers and examining 
the effect of syllable length and stuttering severity on 
the speed and accuracy of words/non-words repetition 
in adults with stuttering. Unlike some studies, our re-
sults showed that in people with stuttering, the reaction 
time to words/non-words repetition is more prolonged 

than people without stuttering [16, 23]. In this study, 
no significant difference was observed between people 
who stutter and those who do not in terms of reaction 
time. Probably, the difference between the two groups 
in repeating non-words versus the repetition of words 
was due to differences in the methods used to access, 
retrieve, and execute words compared with those in the 
non-words [24]. 

Moreover, phonological decoding and encoding in 
non-words were different than words which could affect 
the severity of speech disfluency in people who stutter, 
because in non-words, the retrieval of semantic content 
(word meaning) was deleted in comparison with words, 
and the output of non-words was focused on phonologi-
cal encoding [25]. Furthermore, the weakness of non-
words repetition in people with stuttering showed their 
poor PWM [14], but in previous studies, the number 
of participants was lower compared with our research, 
which showed the results with less certainty. In our re-
search, word and non-word stimuli were showed the 
participant using DMDX software. This procedure could 

Table 1. Characteristics of the participants

Group No. Age (y) Mean±SD

Control group 30 18-30 26.3±3.3

Stuttering group 20 18-30 25.25±4.575

Table 2. Frequency of stuttering based on severity levels

Stuttering Severity No. Reaction Time for Word-Repetition Reaction Time for Non-Word Repetition

Mild 8 1830 2060

Moderate 7 1571 1775

Severe 5 1864 2068

Table 3. The Mean±SD of reaction time on word/non-word repetition (ms)

Variable Group Mean±SD

Word repetition 
Control group 1859.77±359.98

Stuttering group 1751.1±292.04

Non-word repetition 
Control group 2068.7±332.47

Stuttering group 1966.9±295.49
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Table 4. Mean±SD of reaction time on word/non-word repetition (number of syllables)

Variable
Mean±SD

Control Stuttering

Words

1 syllable 1398±436 1310±187

2 syllables 1725±379 1589±329

3 syllables 1882±362 1757±325

4 syllables 1995±367 1988±355

5 syllables 2236±295 2095±385

Non-words

1 syllable 1442±429 1356±216

2 syllables 1895±359 1810±304

3 syllables 2119±343 2035±370

4 syllables 2343±328 2246±377

5 syllables 2520±353 2461±315

Table 5. Comparing the accuracy of word/non-word repetition in study groups

Variable Group % Error χ2 P

Repetition accuracy

Word 
Control group 0

0.065 1
Stuttering group 0

Non-word
Control group 44.8

6.062 0.014
Stuttering group 80

Table 6. Comparing reaction time on word/non-word repetition between study groups

Variable Group Mean Rank Z P

Reaction time

Word 
Control group 22.41 - 0.643

0.520
Stuttering group 19.87

Non-word
Control group 22.22

- 0.512 0.609
Stuttering group 20.20

Table 7. Testinghomogeneity of reaction time variance based on stuttering severity levels

Variable Stuttering Severity Statistic P

Reaction time

Word repetition

Mild 

0.86 0.448Moderate 

Severe 

Non-word repetition

Mild 

1.387 0.287Moderate 

Severe 
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reduce the amount of environmental errors and individu-
als’ interference.

Regarding repetition accuracy, no difference was reported 
between study groups in terms of word repetition, but adults 
with stuttering had significantly lower accuracy of non-
word repetition than normal peers. This finding is consistent 
with the findings of Pelczarski [26] and Smith et al. [18].

It seems that people who stutter rely more on semantic in-
formation to make up for poor performance in other aspects 
of phonological coding. Therefore, this difference can be 
due to poorer phonological coding in stutterers than those 
with speech fluency [26], but as stated, these differences 
also depend on the length and complexity of words and 
non-words [17]. 

For example, Smith et al. studied the effect of phonologi-
cal complexity and length of non-words on inter-articulator 
coordination. They reported that adults who stutter were 
much less consistent in their coordinative patterns over re-
peated productions, and with increasing length and com-
plexity of the non-words, these differences increase. In 
their study, both adults with and with out stuttering showed 
a higher error rate with the increase of length and complex-
ity of the non-words, and the accuracy of their responses 
reduced. This can be due to more difficult phonological re-
trieval in individuals [18].

Byrd et al. studied the PWM of adults who stutter. Their 
study participants were 10 adults who stutter and 10 
matched peers tested by using non-word repetition and 
compared as vocal versus non-vocal. They found out that 
the adults who stutter needed fewer accurate initial produc-
tions of7-syllable non-words than those who do not stutter 
[14]. Our results are consistent with the results of Byrd et 
al. and showed that with the increasing number of syllables, 
the accuracy of production decreases.

Zangeneh et al. reported that the frequency of non-fluency 
on words and non-words in adults who stutter was signifi-
cantly higher, which is consistent with our results [23]. Our 
results indicated that the error percentage of people with 
stuttering in repeating non-words was significantly higher 
compared with their matched peers. In previous studies, the 
words/non-words repetition has not been compared among 
adults with different stuttering severity. In this study, this 
comparison was carried out, and results revealed that the 
difference between various levels of stuttering severity was 
not significant in terms of reaction time and repetition ac-
curacy. Based on our results, phonological processing is dif-
ferent in people with stuttering and those with speech flu-

ency, but this difference was not significant. Further studies 
are needed in this area.

5. Conclusion

The ability of adults who stutter in performing word/non-
word repetition was weaker than people with fluent speech. 
Reaction time on word/non-word repetition in adults with 
and without stuttering was not significantly different. Word 
repetition accuracy of adults who stutter had no significant 
difference with that of those who do not stutter, while their 
non-word repetition accuracy was significantly different. 
Regarding the effect of the number of syllables, it was found 
out that the function of adults with and without stuttering in 
repeating longer words/non-words was poorer compared 
with their function in the repetition of shorter words/non-
words. The difference between adults with different stutter-
ing severity also was not significant with respect to reaction 
time and repetition accuracy.
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