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A B S T R A C T

Objective: Stuttering is a developmental disorder of speech production with a dynamic and multifactorial nature.
Scientific theories mentioned the role of auditory processing disorder in stuttering. Investigating the auditory
processing in stuttering would provide insights into the mechanisms of stuttering. The details of basic auditory
processing in children with stuttering (CWS) continue to remain uncertain. This study aimed to investigate the
auditory temporal processing (ATP) in CWS and also its relationship with the stuttering severity.
Methods: The participants of this comparative cross-sectional study were 54 CWS and 63 children without
stuttering (CWOS). All children were between 7 and 12 years old. ATP ability of the participants was measured
using the Backward Masking (BM), Duration Pattern (DP), and Gap in Noise (GIN) tests. Then, the groups were
compared in terms of ATP results. The correlation between the scores of these tests and stuttering severity was
assessed.
Results: According to the results, CWS showed poorer performance on DP, BM and GIN tests when compared
with CWOS. Moreover, the stuttering severity had a significant negative correlation with the DP scores and
percentage of correct identification scores in GIN; whereas it had a significant positive correlation with the BM
thresholds.
Conclusions: The results showed that some CWS have ATP disorder, which could exacerbate their stuttering.
These findings highlighted the role of ATP disorder in stuttering.

1. Introduction

Stuttering is a common childhood developmental disorder, which
affects speech fluency [1]. It may recover spontaneously, otherwise
requires long-term intensive therapeutic sessions, which typically have
adverse impacts on the psychological and social health of children and
their family [2,3]. Stuttering is characterized by repetition of a syllable
or a part of a syllable, prolongation of sounds, and frequent interrup-
tions in speech [4]. The prevalence of stuttering in childhood is be-
tween 4% and 5%; about 1% of this population will continue to have
persistent stuttering until adulthood [5]. The underlying cause of
stuttering continues to remain unknown. According to current theories,
stuttering is defined as a dynamic and multifactorial disorder, which
occurs due to the effects of complex interactions between atypical

speech motor control system, auditory processing, language and other
cognitive processing, genetic, emotions, and social factors [6].

Auditory processing is a neural mechanism, which has been em-
phasized in numerous theories for its role in stuttering [7]. According to
the Direction of Velocities into Articulators (DIVA) model, the auditory
system has a role in activating and tuning speech sound maps and
forming internal speech control models (feedforward and feedback
models) through neural representation of sounds via processing others'
speech, receiving self-produced speech feedback, and interacting with
motor cortex [8]. Proposing the “internal model and feedback-biased
motor control theory,” Max et al. (2004) assumed that stuttering is due
to a mismatch between predicted (feedforward) and actual (feedback)
auditory consequences of speech.The researchers attributed this mis-
match and speech error to the auditory feedback control pathway [9].
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Civier et al. (2010) hypothesized that stuttering is due to the disruption
in rapid and automatic feedforward control pathway which, in turn,
increases dependence on the auditory feedback control system. This is
intrinsically a slow pathway for speech control and causes errors and
mismatches between the actual output and desired target speech. They
reported that speech errors are mainly made in rapid speech compo-
nents, such as syllables with rapid formant transition (F2 transition). As
errors become larger, they are more likely to be corrected by the brain.
To correct the errors, the brain restart the current syllable until the
mismatch is resolved. Frequent articulation is associated with repetition
of sound/syllable, which is seen in the majority of people with stut-
tering [10]. Similar to other relevant studies, Civier's study revealed the
importance of ATP in the auditory feedback control system [11,12].

ATP is crucial for the perception of prosody components, including
rhythm, and rapid speech elements, and is a prerequisite for superior
skills in speech perception and spoken language processing. These
temporal components are essential in the auditory feedback pathway to
produce fluent speech [12]. Through the feedback of speech temporal
information, the auditory system allows the brain to predict the tem-
poral properties of the next speech. There is evidence showing that
speech is actively monitored and adjusted through manipulating the
timing of auditory feedback [13]. Since speech is a rapid dynamic
motor process, all of its fundamental neural components should work
together in precise timing [14]. It is thus expected that ATP disorder
can affect fluent speech production and cause or exacerbate stuttering
[9]. There are some evidences that people with stuttering have ATP
disorder. Beal et al. (2010) investigated auditory evoked magnetic
fields during application of different passive listening and active
speaking tasks for patients with stuttering and found significant pro-
longation of M50 and M100 peak latencies in response to passive lis-
tening and suppression latencies of these waves during speech pro-
duction. They argued that difference in auditory cortex timing in
different stimulating conditions in this population may cause a differ-
ence in the timing of feedforward or feedback speech control elements
[14]. Other studies of magnetoencephalography (MEG) also reported
timing deficit of the left auditory cortex and that signaling from the
brainstem to the left primary auditory cortex was slower in patient with
stuttering than fluent speakers [15]. Ismail et al. (2017) showed de-
layed absolute latencies of the late auditory evoked potentials in CWS,
specifically in those with more severe stuttering [16].

Howell et al. (2002) performed a behavioral study, in which one
aspects of ATP, including temporal masking, was investigated in 8-12-
year-old children with stuttering using the BM method. They found that
the BM thresholds were higher in CWS than CWOS [17]. Howell et al.
(2006) reported that “backward masking performance at teenage is one
factor that distinguishes speakers who persist in their stutter from those
who recover” [18].

ATP findings in CWS provide a clear understanding of the me-
chanism of this disorder. Regarding that there are some ATP re-
habilitation techniques, these findings can be helpful in effective stut-
tering rehabilitation. There are insufficient ATP studies on children
with stutter and contradictory results are observed regarding the re-
lationship between ATP and stuttering severity. One reason for these
contradictory results may be due to the heterogeneity of case groups in
different studies. This is because stuttering is intrinsically a complex
disorder, which is affected by environmental, biological, and psycho-
logical factors [11]. Moreover, the majority of studies are based on
limited data. Therefore, more studies are needed for a precise in-
vestigation into the relationship between different ATP components and
stuttering. This study aimed to investigate ATP in a large group of CWS
and a homogeneous control group using the GIN, DP, and BM tests.

2. Methods

2.1. Subjects

This study was conducted on 54 children with stuttering (CWS
group) and 63 children without stuttering (control group). Moreover,
90.7% and 93.7% of the CWS and control groups were boys, respec-
tively. CWS were selected from the children's Medical Center hospital
and private speech and language therapy clinics in Tehran, using con-
venience sampling. The controls were selected from different schools in
Tehran among eligible students. Both groups were age- and sex-mat-
ched and it was tried to match them also in terms of socioeconomic
status [13,19].

The inclusion criteria for CWS group were: 1) diagnosis of stuttering
by an experienced speech-language therapist in aforementioned centers
and SSI-3 (very mild); 2) age range between 7 and 12 years old; 3) pure-
tone audiometry thresholds within normal limits (> 20 dBHL) for air-
and bone-conduction pathways at 250–8000 Hz; 4) normal otoscopy; 5)
normal IQs (≥85 on Wechsler's Revised Intelligence Scale for children
[20] administered by a psychologist; 6) being right-handed (using the
Edinburgh handedness questionnaire); 7) native speakers of Persian; 8)
no history of taking drugs affecting the central nervous system, neu-
rological problems, psychological problems, head trauma, ear surgery,
and ear diseases according to self-reports, learning and language im-
pairment according to the speech-language pathologist, and ADHD
according to the psychiatrist diagnosis; 9) no cognitive activities like
music-related activities; and 10) mother's educational attainment be-
tween 12 and 16 years and Hollingshead score between 4 and 6 [47].

The inclusion criteria for the control group (CWOS) were: 1) fluent
speech without any physical signs mentioned in SSI-3 based on the
reports by parents and teachers; 2) items 2–10 above; 3) not susceptible
to ADP based on Auditory Processing Domain Questionnaire (APDQ)
[21].

2.2. Procedures

First, the research methodology and stages were completely ex-
plained to the children and their parents. The eligible children were
enrolled after completion of the consent forms. Participants could leave
the study at any time. All children were screened for peripheral hearing
ability and all tests were conducted in a soundproof room with a noise
level of lower than 30 dBA. The stimuli were given using a laptop and a
headphone (Sennheiser HD202). The output of the headphone was
calibrated using a sound level meter (Bruel & Kjaer, 2250 L) and arti-
ficial ear type 4153 (Denmark) connected to weight or adapter of the
circumaural headphone.

2.3. Stuttering assessment

Participants were assessed using the Riley's (1994) Stuttering
Severity Instrument, version three (SSI-3). During the assessment, in-
terviews of about 20-min duration were recorded. The recording in-
cluded a reading of a text and spontaneous speech (narration) con-
taining a minimum of 200 syllables for each child. Any associated
physical concomitant was also recorded separately by two evaluators.
These interviews were used to assess the frequency and duration of
stuttering and any associated secondary and physical concomitants, and
scoring was according to the guidelines specified in Riley (1994) [22].
Assessment and scoring were done by an experienced and certified
speech-language pathologist and a trained assistant, who was a master's
student. This study used the SSI-3 score and percent syllables stuttered
(SS %) to investigate the correlation of ATP tests with stuttering se-
verity.
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2.4. ATP tests

2.4.1. Backward masking
In this test, the listener should detect the tonal stimulus, which

comes right before the masking noise at different intensity levels from
suprathreshold to threshold levels. Noise reduces the sensitivity to
preceding tone even in normal individuals; however, people with APD
perform weaker in this regard, that their threshold of tone exceeds the
normal range. This test was developed using MATLAB, the sampling
rate of 44100 Hz and 16 bit. The test comprised of a 1 kHz probe tone
with 20-ms duration, initial intensity of 94-dB SPL, noise frequency in
the range of 600–1400 Hz and bandwidth of 1.16-octave band, the
central frequency of 916 Hz, 300-ms duration, spectral level of 40-dB,
and all stimuli were gated with 10-ms. cosine-squared envelopes
[17,18].

2.4.2. BM procedure
Stimuli were presented monaurally in the right ear. The test was

done using a three alternative forced choice paradigm [18,23]. Each
item had three stimuli with 800-ms interstimulus interval, two 300-ms
noise bursts and one random noise-tone stimulus (target signal) [18].
The examinee should select the target stimulus from three different
choices correspond to cards marked with numbers of 1, 2, and 3. Prior
to the test, 10 items with intensities easily applicable to the child (94-dB
SPL) were generated to make him/her familiar with the stimulus.
Thresholds were derived with the 2-down 1-up tracking procedure
using a 2-dB step size to find the psychometric functions for a target
level of 71% correct. Each threshold was estimated based on the mean
of four last reversals out of ten reversals. In total, the threshold was
evaluated twice and repeated if the difference between the thresholds
was more than 2 dB. Finally, the mean of three assessments was re-
garded as the final threshold [18].

2.4.3. Duration pattern
This test is composed of three tone patterns presented with fre-

quency of 1000 Hz and two different durations (short: 250 ms and long:
500 ms). In each pattern, there are 300-msec intertone interval and 6-
sec interpattern interval. In general, there are six patterns (LLS, LSL,
LSS, SLS, SLL, and SSL), which are generated randomly. In this pattern,
S and L are used to denote short and long durations, respectively. It is a
monaural test with the presentation level of 50-dB HL or 70-dB SPL. The
test includes 60 items (30 to each ear) [24,25].

2.4.4. Gap in Noise
This test comprises of a series of 6-sec segments of broadband noise.

Each segment contains zero to three silent intervals and there is a 5-sec
interval between every two segments. The segment's intervals had dif-
ferent durations of 2, 3, 4, 5, 6, 8, 10, 12, 15, and 20 msec The location
and duration of the intervals in the noise segments were distributed in a
quasi-random sequence. Prior to the main test stage, ten pilot tests were
provided to make participants familiar with the test. GIN test has two
measurement criteria: approximate gap threshold defined as the
shortest length of the gap identified correctly on four out of six

attempts; the percentage of correct gap identification defined as a
proportion of correct responses to the sum of the gap intervals. GIN
included four test lists, each list was randomly presented in one ear
[25,26].

2.5. Data analysis

Data were analyzed in SPSS 23. The mean, standard deviation, and
percentage were used to describe data. The multivariate analysis of
variance (MANOVA) was used to compare the between-group data. In
addition, Pearson correlation was used to determine the correlation of
the SSI-3 score and SS% with ATP tests. The significance level was
considered to be p = 0.05 throughout the study [27].

3. Results

All CWS had been diagnosed before school age. There was no sig-
nificant difference in age between the CWS group (mean 9.913 ± 1.67
years; range 7 years and 5 months-12 years and 8 months; 1, 15, 9, 11,
7 and 11 children at the age of 7, 8, 9, 10, 11 and 12 years respectively)
and the CWOS group (mean 9.98 ± 1.48 years; range 8–12 years; 16,
11, 10, 12 and 14 children at the age of 8, 9, 10, 11 and 12 years
respectively) (p = 0.748).

3.1. Stuttering severity scores

The mean SSI-3 and SS% was 16.5185 ± 6.5638 and
3.0179 ± 1.8585 for the CWS group, respectively. In total, 13, 22, and
19 participants in the CWS group had very mild (24.1%), mild (40.7%),
and moderate (35.2%) scores on the SSI-3, respectively.

3.2. Auditory temporal processing tests

Table 1 presents the means and standard deviations of the ATP tests
for both CWS and CWOS groups. These results show that the perfor-
mance of CWS group was significantly poorer than CWOS in these tests
(p < 0.001). As compared to the control group, the BM thresholds
increased, DP scores reduced, GIN thresholds increased, and the per-
centage of correct identification scores on the GIN test reduced in the
CWS group.

3.3. Correlation between ATP tests and stuttering severity scores

The correlation coefficient between the stuttering severity scores
and ATP results is presented in Table 2. According to these results, there
was a significant negative correlation between DP scores of the right
(r = −0.269, p = 0.049) and left (r = −0.329, p = 0.015) ears and
percentage of correct identification scores of the right (r = −0.391,
p = 0.003) and left (r = −0.385, p = 0.005) ears with SSI-3 scores.
There was also a positive significant correlation between the BM
thresholds (r = 0.394, p = 0.003) and SSI-3 scores. In other words,
with increasing the stuttering severity, the DP score and the percent of
correct GIN responses of both ears reduced, and the BM threshold

Table 1
Means and SDs of auditory temporal processing tasks for CWS and CWOS. The results show significant differences between the two groups for all tasks.

Variables CWS CWOS P

M(SD) M(SD)

R L R L

DPT 62.17(15.36) 62.34(14.75) 79.99(11.51) 79.73(11.37) <0.001
BM 62.59(10.43) 46.7(6.59) <0.001
GINth 6.37(1.37) 6.24(1.31) 4.88(1.01) 4.96(0.89) <0.001
GINp 62.98(9.66) 63.5(9.88) 70.68(7.81) 70.19(7.23) <0.001
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increased in the right ear. Moreover, there was a significant positive
correlation between the BM threshold and %SS. In other words, the BM
threshold in the right ear increased with increasing the percent syllables
stuttered. There was no significant correlation between GIN thresholds
(GINth) of the right and left ears with SSI-3 and %SS scores (p > 0.05).
There was no significant correlation between the DPT scores of the right
and left ears, GIN correct responses of right and left ears, and SS%
(p > 0.05).

4. Discussion

The findings of the present study showed that the CWS group had
poorer scores in ATP tests, specifically BM and DP, and higher dis-
tribution of responses than the CWOS group. BM deficit in CWS was
also reported by Howell et al. (2000). They showed that CWS had
higher BM thresholds than the controls. They argued that probably the
neural processes involved in speech fluency, which are related to the
detection of synchrony between planning and execution of speech, are
common with those in BM-related temporal processes. Since the per-
formance of both BM and speech depends on the synchrony detector, it
can be concluded that any disruption in BM tests is related to fluency
disorder [17]. Howell and Williams (2004) studied a wider age range
and did not observe any difference between CWS and CWOS in BM.
However, there was some evidence showing between-group differences
in this age range in the rates of threshold alterations. They reported that
development of BM in participants with stuttering differs from fluent
participants [28]. Their study differed with the present study in the
sample size and age range, which can be the cause of contradictory
results. Moreover, they did not provide any information about the in-
clusion criteria and stuttering severity. Differences in the inclusion
criteria, the participant's homogeneity, and the disorder severity can
affect the results. Howell, Davis, and Williams (2006) investigated a
group of people with recovered and persistent stuttering and concluded
that the BM thresholds were higher in a group with persistent stuttering
than the group who recovered. They regarded the BM deficit as an ef-
fective factor and sufficient condition for persistent stuttering [18].
Howell, Davis, and Williams (2006) attributed these contradictory re-
sults in their previous studies (2000 and 2004) to the number of par-
ticipants with persistent stuttering. Probably, Howell (2000) in-
vestigated more participants with persistent stuttering.

The findings of the present study were consistent with other studies
on multiple aspects of auditory processing, including ATP, in people
who stutter. Andrade et al. (2008) investigated a broad spectrum of
verbal and nonverbal ATP tests, including DP and Pitch Pattern
Sequence Test (PPST), in people with stuttering. Results showed that
92.85% of these people, the majority of whom were in the age group of
8–11 years, had a disorder in these tests, specifically in nonverbal tests
[29]. Valame and Kekade (2014) showed that CWS had a deficit in the
DP test and the Random Gap Detection Test (RGDT) [12].

Some other studies, which used non-behavioral methods, such as
MEG, to assess the performance of the auditory system in people with
stuttering have reported auditory cortex timing disturbance. The re-
searchers attributed these timing differences to a deficiency in accessing
the neural representations of speech sounds in the feedforward and
feedback control pathways. They argued that the inability to produce

stable and correct neural representations of the sounds in childhood or
maintain it persistently has a role in stuttering [14].

In the present study investigations into the relationship of stuttering
severity and ATP tests showed a correlation only between BM thresh-
olds, DP scores, and percent of correct GIN responses with the stuttering
severity (SSI-3). Howell also reported a correlation between BM test
results and stuttering severity [17].

In addition to the total stuttering severity score (SSI-3), we used SS
% to investigate data correlation. Because in speech production and
control modeling studies, a syllable unit is used to explain these pro-
cesses and speech errors in stuttering [8,10]. Moreover, the transition of
syllable-related information in central nervous system requires accurate
and rapid temporal processing [11]. As a result, it was argued that there
is a relationship between temporal processing results and SS%, and
more accurate data on the relationship of ATP and stuttering can be
obtained. In the present study, only the BM threshold was significantly
correlated with SS%. It is probable that the neural mechanisms of BM is
directly correlated with stuttering or its severity. Civier et al. (2010)
hypothesized that people with stuttering are more dependent on the
auditory feedback pathway for speech control. Due to the intrinsic
delay of the auditory feedback pathway, the mismatch and error occur
between the actual speech feedback and desired target speech. They
reported that speech errors are mainly made in rapid speech compo-
nents, such as syllables with rapid formant transition (F2 transition)
[10]. Wright et al. (1997) assumed that the backward masking deficit
interferes with the processing of rapid speech components and can
cause phonological problems in children with dyslexia and language
disorders(30). In the present study, the authors assumed that in the BM
deficit cases, the vowels in syllables such as consonant-vowel with
formant transition, have a great masking effect on the formant transi-
tion [30,31]. As a result, the syllable transition does not occur properly
in the auditory feedback pathway, and thus the mismatch between
actual auditory outcome and desired auditory targets increases. More
error rate is associated with a higher chance of correction by the brain,
thereby increasing stuttering severity [10]. This argument can justify
the relationship between BM deficit and stuttering severity (SS %) in
this study.

Other studies on the DP test in CWS have not reported any re-
lationship between DP scores and SSI-3 scores [12,29,32]. The present
study showed a significant relationship between DP test and SSI-3
scores. According to similar studies, abnormal processing of temporal
patterns, such as duration pattern, interfere with the perception of su-
prasegmental aspects of speech (prosody), such as rhythm, and can
affect speech fluency [11,12]. Wieland et al. (2015) reported that CWS
had auditory rhythm discrimination disorder. They attributed the au-
ditory rhythm discrimination disorder to a deficit in internal timing
neural network, called basal ganglia-thalamocortical (BGTC), which
includes the auditory cortex. Any disturbance in this network interferes
with the internal timing patterns of speech perception and fluent speech
production. In fact, normal balance between rhythmic components of
feedforward and feedback mechanisms is disturbed during speech
production and perception [13]. Chang et al. (2016) also argued that
the major deficit in CWS is related to the perception of temporal pat-
terns of sound sequence. This skill is the base of rhythm processing and
speech perception and production [33].Therefore, it is expected that

Table 2
Correlation coefficients for the three main auditory temporal processing assessments, and the SSI-3 and SS% in CWS.

Variables DPT BM GINth GINp

R L R R L R L

SSI-3 −0.269* −0.329* 0.394** 0.218 0.225 −0.391** −0.245**
SS% −0.125 −0.065 0.336* 0.138 0.207 −0.375 −0.263

**Correlation is significant at the 0.01 level (two-tailed).
* Correlation is significant at the 0.05 level (two-tailed).
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any deficit in auditory temporal pattern perception affects the stut-
tering severity.

An interesting finding of the present study is a significant correla-
tion of GIN correct scores with stuttering severity (SSI-3); whereas no
significant relationship was observed between the GIN approximate
thresholds and stuttering severity. Other studies did not report similar
results because they used a different tests for the assessment of tem-
poral resolution ability [11,12,32]. The GIN test shows relatively good
sensitivity to central auditory nervous system lesions and can accu-
rately assess temporal resolution [26]. Musiek et al. (2005) stated that
other tests, such as Auditory Fusion Test-Revised (AFTR) and RGDT run
for the assessment of temporal resolution, are actually aiming to assess
auditory fusion and have a neural mechanism different from the GIN.
According to them, two GIN components (threshold and percent of
correct responses) can produce different information in different po-
pulations [26]. It is then recommended to conduct further studies into
auditory temporal resolution ability using the GIN test in CWS, so as to
determine the relationship of this disorder with different components of
the test.

To summarize, results showed that the auditory temporal processing
disorder is correlated with the incidence and/or exacerbation of stut-
tering. It is recommended to consider this important processing com-
ponent in routine assessment of children with stuttering. Regarding that
there are some rehabilitation methods for temporal processing dis-
orders, it is hoped that future studies investigate the effectiveness of
these methods in improving stuttering in these children. Future studies
are recommended to investigate other processing components of the
auditory system in this group of children to achieve a better under-
standing of the relationship between the auditory system and stuttering.

Declaration of competing interestCOI

We have no conflict(s) of interest to declare. This research did not
receive any specific grant from funding agencies in the public, com-
mercial, or not-for-profit sectors.

Acknowledgment

All participants, their parents and Ms. Alikarami, speech-language
pathologist and personnel of the.

Speech language pathology department of Children's Medical Center
hospital are thanked for their contribution. This study was supported by
the University of Social Welfare and Rehabilitation Sciences of Tehran
and approved by the Ethics Committee of this university under the code
IR.USWR.REC.1397.1.

References

[1] M. Basi, M. Farazi, E. Bakhshi, Evaluation of effects of gradual increase length and
complexity of utterance (GILCU) treatment method on the reduction of dysfluency
in school-aged children with stuttering, Iran. Rehabil. J. 14 (1) (2016) 59–62.

[2] C.A. Kell, K. Neumann, M. Behrens, A.W. von Gudenberg, A.-L. Giraud, Speaking-
related changes in cortical functional connectivity associated with assisted and
spontaneous recovery from developmental stuttering, J. Fluen. Disord. 55 (2018)
135–144.

[3] C. Andrews, S. O'Brian, M. Onslow, A. Packman, R. Menzies, R. Lowe, Phase II trial
of a syllable-timed speech treatment for school-age children who stutter, J. Fluen.
Disord. 48 (2016) 44–55.

[4] O. Civier, Computational Modeling of the Neural Substrates of Stuttering and
Induced Fluency, Boston University, 2010.

[5] D.S. Beal, The Neural Correlates of Auditory Processing in Adults and Children Who
Stutter, (2010).

[6] N.E. Neef, M. Sommer, A. Neef, W. Paulus, A.W. von Gudenberg, K. Jung, et al.,
Reduced speech perceptual acuity for stop consonants in individuals who stutter, J.
Speech Lang. Hear. Res. 55 (1) (2012) 276–289.

[7] B. Guitar, Stuttering: an Integrated Approach to its Nature and Treatment,
Lippincott Williams & Wilkins, 2013.

[8] F.H. Guenther, G. Hickok, Role of the Auditory System in Speech Production.
Handbook of Clinical Neurology vol. 129, Elsevier, 2015, pp. 161–175.

[9] Y. Kikuchi, K. Ogata, T. Umesaki, T. Yoshiura, M. Kenjo, Y. Hirano, et al.,
Spatiotemporal signatures of an abnormal auditory system in stuttering,
Neuroimage 55 (3) (2011) 891–899.

[10] O. Civier, S.M. Tasko, F.H. Guenther, Overreliance on auditory feedback may lead
to sound/syllable repetitions: simulations of stuttering and fluency-inducing con-
ditions with a neural model of speech production, J. Fluen. Disord. 35 (3) (2010)
246–279.

[11] R. Prestes, Andrade ANd, R.B.F. Santos, A.T. Marangoni, A.M. Schiefer, D. Gil,
Temporal processing and long-latency auditory evoked potential in stutterers, Braz.
J. Otorhinolaryngol. 83 (2) (2017) 142–146.

[12] N.S. Kekade, D.A. Valame, Auditory temporal processing in children with stuttering,
J. Indian Speech Lang. Hear. Assoc. 28 (2) (2014) 41.

[13] E.A. Wieland, J.D. McAuley, L.C. Dilley, S.-E. Chang, Evidence for a rhythm per-
ception deficit in children who stutter, Brain Lang. 144 (2015) 26–34.

[14] D.S. Beal, D.O. Cheyne, V.L. Gracco, M.A. Quraan, M.J. Taylor, F. Luc, Auditory
evoked fields to vocalization during passive listening and active generation in
adults who stutter, Neuroimage 52 (4) (2010) 1645–1653.

[15] Y. Kikuchi, T. Okamoto, K. Ogata, K. Hagiwara, T. Umezaki, M. Kenjo, et al.,
Abnormal auditory synchronization in stuttering: a magnetoencephalographic
study, Hear. Res. 344 (2017) 82–89.

[16] N. Ismail, Y. Sallam, R. Behery, A. Al Boghdady, Cortical auditory evoked potentials
in children who stutter, Int. J. Pediatr. Otorhinolaryngol. 97 (2017) 93–101.

[17] P. Howell, S. Rosen, G. Hannigan, L. Rustin, Auditory backward-masking perfor-
mance by children who stutter and its relation to dysfluency rate, Percept. Mot.
Skills 90 (2) (2000) 355–363.

[18] P. Howell, S. Davis, S.M. Williams, Auditory abilities of speakers who persisted, or
recovered, from stuttering, J. Fluen. Disord. 31 (4) (2006) 257–270.

[19] AdB. Hollingshead, Four factor index of social status, (1975).
[20] S. Shahim, Wechsler's Revised Intelligence Scale for Children/Conformation and

Normalizing, Shiraz University, Shiraz, 2004.
[21] Z. Ahmadi, F. Jarollahi, M. Ahadi, A.F. Hosseini, Normalization and validation of

auditory processing Domain questionnaire in normal 8-12 year-old children, Audit.
Vestib. Res. 26 (2) (2017) 93–98.

[22] G.D. Riley, A stuttering severity instrument for children and adults, JSHD (J. Speech
Hear. Disord.) 37 (3) (1972) 314–322.

[23] D.A.-E. Roth, L. Kishon-Rabin, M. Hildesheimer, Auditory backward masking in
normal hearing children, J. Basic Clin. Physiol. Pharmacol. 13 (2) (2002) 105–116.

[24] F.E. Musiek, Frequency (pitch) and duration pattern tests, J. Am. Acad. Audiol. 5
(1994) 265.

[25] F.E. Musiek, G.D. Chermak, Psychophysical and Behavioral Peripheral and Central
Auditory Tests. Handbook of Clinical Neurology vol. 129, Elsevier, 2015, pp.
313–332.

[26] F.E. Musiek, J.B. Shinn, R. Jirsa, D.-E. Bamiou, J.A. Baran, E. Zaida, GIN (Gaps-In-
Noise) test performance in subjects with confirmed central auditory nervous system
involvement, Ear Hear. 26 (6) (2005) 608–618.

[27] A. Petrie, C. Sabin, Medical Statistics at a Glance, Blackwell Publishing Ltd., 2005.
[28] P. Howell, S.M. Williams, Development of auditory sensitivity in children who

stutter and fluent children, Ear Hear. 25 (3) (2004) 265.
[29] Andrade ANd, D. Gil, A.M. Schiefer, L.D. Pereira, Behavioral auditory processing

evaluation in individuals with stuttering, Pro-fono Rev. atualizacao Cient. 20 (1)
(2008) 43–48.

[30] S. Rosen, E. Manganari, Is there a relationship between speech and nonspeech
auditory processing in children with dyslexia? J. Speech Lang. Hear. Res. 44 (4)
(2001).

[31] C.L. Mackersie, Temporal intraspeech masking of plosive bursts: effects of hearing
loss and frequency shaping, J. Speech Lang. Hear. Res. 50 (3) (2007).

[32] S. Asal, R.M. Abdou, The study of central auditory processing in stuttering children,
Egypt. J. Otolaryngol. 30 (4) (2014) 357.

[33] S.-E. Chang, H.M. Chow, E.A. Wieland, J.D. McAuley, Relation between functional
connectivity and rhythm discrimination in children who do and do not stutter,
Neuroimage Clin. 12 (2016) 442–450.

Y. Lotfi, et al. International Journal of Pediatric Otorhinolaryngology 132 (2020) 109935

5

http://refhub.elsevier.com/S0165-5876(20)30078-1/sref1
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref1
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref1
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref2
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref2
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref2
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref2
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref3
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref3
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref3
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref4
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref4
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref5
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref5
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref6
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref6
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref6
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref7
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref7
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref8
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref8
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref9
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref9
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref9
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref10
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref10
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref10
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref10
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref11
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref11
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref11
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref12
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref12
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref13
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref13
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref14
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref14
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref14
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref15
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref15
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref15
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref16
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref16
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref17
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref17
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref17
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref18
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref18
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref19
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref20
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref20
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref21
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref21
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref21
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref22
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref22
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref23
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref23
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref24
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref24
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref25
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref25
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref25
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref26
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref26
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref26
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref27
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref28
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref28
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref29
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref29
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref29
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref30
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref30
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref30
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref31
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref31
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref32
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref32
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref33
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref33
http://refhub.elsevier.com/S0165-5876(20)30078-1/sref33

	Auditory temporal processing assessment in children with developmental stuttering
	Introduction
	Methods
	Subjects
	Procedures
	Stuttering assessment
	ATP tests
	Backward masking
	BM procedure
	Duration pattern
	Gap in Noise

	Data analysis

	Results
	Stuttering severity scores
	Auditory temporal processing tests
	Correlation between ATP tests and stuttering severity scores

	Discussion
	Declaration of competing interestCOI
	Acknowledgment
	References




