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Introduction: Emotion can contribute to the severity of stuttering, although the underlying 
mechanism is unknown. Event-related Potential (ERP) could be very helpful for assessing 
emotional processing in persons with stuttering. Our study aimed at the investigation of 
phonological processing for emotional and neutral words in Children Who Stutter (CWS) by ERP.

Materials and Methods: Ten CWS were given 120 emotional and neutral words to read. 
Phonological processing was assessed by aloud reading task, while simultaneously ERP 
was recorded. The results were analyzed as behavioral (reaction time and accuracy) and 
electrophysiological (amplitude and topography).

Results: There were significant differences in reaction time and accuracy between positive, 
negative, and neutral words (P<0.05). The electrophysiological data analysis showed significant 
differences for a minimum of amplitude in the left frontal area, for a maximum of amplitude 
in the right temporal area, and peak to peak distance in the left frontal area (P<0.05). Visual 
inspection suggested that recorded fluctuations have a bigger amplitude range for neutral words 
in all brain regions, except prefrontal, frontal and right frontal.

Conclusion: Valence would affect behavioral measures. Generally, emotion facilitates word 
processing by reducing activity in anterior brain areas in phonological processing time.
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1. Introduction

evelopmental stuttering is a type of de-
velopmental speech disorder character-
ized by block, repetition, and prolonga-
tion in speech [1]. There are reports in 
the prevalence of stuttering in various 
areas in Iran. Overall, previous reports 
suggest that the prevalence of stuttering 

in Iran is about 1% [2, 3]. Developmental stuttering is 
a multi-dimensional speech disorder affected by various 
factors, including psychological [4].

Language processing also has an effect on stuttering in 
children who stutter (CWS) [1]. Considering the Levelt 
model of speech production, phonological processing is 
the next to the final level of language processing before ar-
ticulation [5]. Therefore there is a growing body of studies 
on motor speech areas, but limited studies on the formu-
lation and conceptualization processes [6]. Furthermore, 
the majority of these studies are conducted on adults who 
stutter, and phonological processing is controversial in 
CWS because only one aspect of language processing is 
discussed in CWS [1, 7]. Additionally, limited literature in 
CWS is another gap in stuttering research. As compensa-
tory strategies in CWS are not well shaped, the recorded 
neurophysiological characteristics are directly attributed 
to stuttering [8]. Thus, phonological processing can be as-
sessed by different tasks, such as reading aloud [9]. 

One the other hand, emotion is a psychological factor 
that has two main dimensions in a verbal expression: 
arousal and valence (pleasant) [10]. Valence is affectivity 
which can be positive and negative: high valence or pos-
itive like “celebration” and low valence or negative like 
“sadness.” Arousal means how much exciting or calm-
ing a word can be: low arousal like “peace” and high 
arousal like “war” [11]. There are both electrophysiolog-
ical and behavioral studies in the Persian language which 
illustrate that emotional content (valence) has an effect 
on word processing in fluent children [12, 13]. Previous 
behavioral investigations show that valence affects word 
processing so that neutral words are processed faster than 
emotional words [13]. Also, the valence effect on word 
processing was demonstrated by electrophysiological 
assessments: high valence words were processed faster 
[12, 14, 15] and more accurate [15]. 

In addition, high valence words produced larger am-
plitude and dipolar fronto-occipital topography in brain 
areas of language processing in the normal population 
[12, 16, 17]. Notably, this larger amplitude for high va-
lence words is recorded in the left parietal lobe, while the 

larger amplitude for neutral words is recorded in the cen-
tral region [17]. These electrophysiological studies were 
conducted by event-related potentials (ERPs). This neu-
roimaging method records small changes in the brain’s 
electrical activity from the scalp with millisecond time 
resolution [18]. These changes are arising from a specific 
event, thus ERP is very useful for language processing 
investigations. Besides, emotional language is processed 
very fast, thereby ERP can be helpful for our study [19]. 
ERP analysis is conducted in two methods: stimulus-
locked and response-locked [20]. Generally, the analy-
sis method is selected based on the study purpose [21]. 
Overt articulation during the aloud reading task is re-
corded in our study, then there is a vocal response which 
can be analyzed through response-locked method. 

Although situational stressors enhance emotional dia-
thesis and negative emotional reactivity increases the 
percentage of disfluencies [22, 23], emotion can be a re-
sponsible factor in developmental stuttering [24]. There 
is no data about the relationship between emotional con-
tent and stuttering as well, the underlying mechanism of 
emotional language processing in stuttering is unknown 
yet. On the other hand, the facilitating role of emotion in 
normal people is well-established [15].

Consequently, the present study aims to investigate 
phonological processing of emotional words (nega-
tive and positive) and neutral words by ERP in Persian 
speaking CWS. The main focus of our study is determin-
ing differences between the amplitude values of recorded 
ERP in the phonological processing time range, 100-400 
ms before articulation, between emotional words and 
neutral words by reading aloud task. So, as mentioned 
before, the response-locked method is used and 100-400 
ms before voice (articulation) is assumed phonological 
processing time [25]. 

2. Materials and Methods 

Study design and participants

Ten CWS (7 boys and 3 girls), aged 7-10 years old 
(Mean±SD=105.6±11.74 months), participated in this 
non-experimental cross-sectional study (Table 1). All 
participants met the inclusion criteria as follows: mono-
lingual native Persian speakers with corrected to nor-
mal or normal hearing and vision, had normal speech 
and language development, with normal psychomotor 
development according to parent’s report and medical 
history, and were right-handed according to Edinburg 
Handedness Inventory [26]. The study was approved 
by the Ethics Committee of Tehran University of Medi-
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cal Sciences, Tehran, Iran. All parents signed a written 
informed consent form. Table 1 presents demographic 
data and stuttering severity.

Stimulus materials

Before the study, a list of 180 emotional Farsi words 
was prepared based on arousal and valence (pleasant) 
score [27]. Then, in another study, 120 emotional words 
were selected. Next, a list of 120 emotional words was 
prepared according to recorded scores of comprehensi-
bility of the words for children [13]. Since the frequency 
of words is a significant factor in word and emotion 
processing [28], these words were matched in terms of 
frequency and length of words (Table 2).

Study procedure

First, the laboratory setting and the procedure of the 
ERP recording method were explained to the children 
and their parents completely. Personal information 
forms were filled out by the parents, and at the same 
time, an expert speech therapist assessed the severity 

of stuttering was with the Persian version of stuttering 
severity instrument third version (SSI-3) in CWS [29]. 

The place of recording was an acoustic room; children 
were asked to sit on a chair in this room facing a PC 
monitor at a distance of 40 cm. An ERP cap with 64 
electrodes was placed over the children’s heads, consid-
ering the Fpz at 1/10 Nasion to Inion. It was metered by 
a measuring tape for each participant. 

There were 3 sizes for ERP-cap selected based on the 
children’s heads circumferences. The verbal response 
was recorded by a microphone that was at a distance 
of 10 cm from the participant’s mouth. Afterward, the 
participants were instructed to read the words aloud as 
soon as these words appear on the monitor. At first, the 
training phase was done before the main trial by 10 se-
lected words. When the subjects were familiarized with 
the procedure, then the main phase of the study began 
with 120 emotional words. The emotional words presen-
tation on the monitor was in a pseudorandom sequence. 
A total of 120 emotional words were presented for each 
child, including 40 neutral, 40 positive, and 40 negative 

Table 1. Demographic features of participants

ID
Children Who Stutter

Age (mo) Gender Stuttering Severity Instrument, the Third Edition (SSI-3)

1 91 F Moderate

2 105 F Very mild

3 129 M Moderate

4 98 M Mild

5 97 M Severe

6 120 M Mild

7 105 M Moderate

8 95 F Mild

9 111 M Severe

10 105 M Moderate

Mean±SD 105.6±11.74 - -

Table 2. Characteristics of word stimuli

Emotional Words
Mean±SD

P
Positive Negative Neutral

Valence 5.83±0.37 2.20±0.51 4.25±0.31 0.07

Arousal 4.35±0.57 4.64±0.9 3.72±0.21 0.11

Word length (syllable) 2.10±0.77 1.80±0.75 1.92±0.57 0.83

Frequency 1.89±0.28 1.74±0.25 1.78±0.27 -
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words. A plus sign (+) was shown as a fixation for 1000 
ms between the presented words. Each word was typed 
in black font (B Titr, size 64) on a grey background and 
demonstrated for 2000 ms in the center of the screen.

This study was conducted in the ERP lab in the Reha-
bilitation Faculty of Tehran University of Medical Sci-
ences, from June to November 2017. 

EEG recording

The ten-ten international system of electrode placement 
was used for electrode arrangement on the head cap for 
EEG recording. In total, 64 electrodes were placed on the 
cap and all of them were re-referenced to the average of 
left and right mastoids. The sample rate of recording data 
was 256 Hz by the EB-Neuro system and Galileo Net 
software (Italy). The data bandwidth was from 0.1 Hz to 
40 Hz. The correct response was defined as a recorded re-
sponse in 200-2000 ms after the written word illustration.

EEG analysis

ERP analysis and visualization were conducted by 
EEGLAB software. The recorded data were preprocessed 
with Automatic Speech Recognition (ASR) and early-
stage preprocessing pipeline (the PREP pipeline) [30, 
31]. The repeated measure was utilized by EEGLAB to 
specify time windows for ERP and the region of interest.

Statistical analysis

In this study, continuous variables were expressed as 
mean (standard deviation). We used Repeated-measures 
ANOVA, followed by the Bonferroni test, for comparison 
between word categories. The statistical analysis was car-
ried out with SPSS V. 22. All statistical tests were two-sid-
ed and a P-value less than 0.05 was considered significant.

3. Results 

Behavioral analysis

The behavioral data were statistically analyzed using 
repeated-measures ANOVA. There was a significant dif-
ference between word categories in response accuracy 
(F2, 36=9.68; P<0.001). Then, the Bonferroni post hoc 
test shows that response accuracy in positive words was 
significantly higher than that in negative and neutral 
words (P=0.007, P=0.002, respectively) (Figure 1).

There was also a significant difference between word 
categories in reaction time (F2, 36=6.2; P=0.005). As 
shown in Figure 2, the Bonferroni post hoc test reveals 
that reaction time in negative words was significantly 
more than that in neutral and positive words (P=0.001).

Electrophysiological analysis

Electrophysiological data includes plots (Figure 3), topog-
raphy (Figure 4), and the statistical analysis of values of am-
plitude (minimum, maximum, and peak to peak measures). 

As seen in Figure 3, by global field method and visual 
analysis [20], the following results are extracted: record-
ed fluctuations had a bigger range for neutral words in 
all regions, except prefrontal, frontal, and right frontal 
areas. Generally, emotional words had smaller amplitude 
fluctuations. It also was smaller in positive words (high 
valence) compared with negative and neutral words in 
some regions, including prefrontal, frontal, left frontal, 
central, left temporal and parietal areas. 

Latency, in similar recorded components for negative 
words, is higher than that in positive and neutral words. 
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Figure 1. The mean response accuracy in emotional and neutral words
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The recorded topography had a diffuse pattern for neg-
ative and neutral words. Although positive words had a 
more regulated pattern with more activity in the occipital 
area, as is expected for reading tasks (Figure 4) [32].

There were significant differences for a minimum of 
amplitude in the left frontal area between neutral words 
and negative words (P=0.017), for a maximum of ampli-
tude in the right temporal area between negative words 
and positive and neutral words (P=0.004), for the peak 
to peak distance in the left frontal area between neutral 
words and emotional words (P=0.003) (Table 3).

4. Discussion 

Our study aimed to explore the differences between 
emotional (high valence and low valence) and neutral 
words processing in CWS. The behavioral findings 
showed that low valence (negative) words had longer 
reaction time, so they are processed slower than neu-
tral and high valence (positive) in CWS. Additionally, 
positive (high valence) words were more accurate than 
neutral and negative words. It is suggested that valence 
affect the speed and accuracy of word processing speed 
and accuracy. This finding is in line with the previous 
electrophysiological study, which is conducted in nor-
mally fluent people [12, 15].
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Figure 2. The mean reaction time in emotional and neutral words

Figure 3. Recorded plots of children who stutter in 11 brain regions for three-word categories
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But the previous behavioral study of emotional word 
processing showed that neutral words are processed bet-
ter than others [13]. Overall, in both behavioral and elec-
trophysiological studies, low valence (negative) words 
are processed slower and with less accuracy. The process-
ing of words is likely affected by valence in CWS, espe-

cially with low valence words. Therefore, negative words 
increase the complexity of the processing and may in-
crease speech disfluencies. Therefore, more investigation 
for high valence words is suggested for speed processing. 

Table 3. Comparison of maximum and minimum of amplitude and peak to peak and brain regions

Areas

Mean±SD

P† Pairwise Com-
parisons

Word Category

Neutral (X) Positive (P) Negative (N)

Minimum

Prefrontal -3.88±1.37 -4.01±1.35 -4.05±1.53 0.864 -

Frontal -2.49±0.79 -2.26±1.58 -2.78±1.25 0.61 -

Right frontal -2.6±1.09 -2.83±0.76 -2.22±1.29 0.425 -

Left frontal -3.86±1.47 -3.03±1.15 -2.38±1.05 0.017 X<N

Central -2.26±0.93 -1.74±0.93 -2.35±1.3 0.345 -

Left temporal -2.98±0.96 -2.33(1.12 -3.04±2.08 0.197 -

Right temporal -2.77±1.5 -2.41±1.64 -2.73±1.55 0.656 -

Parietal -2.25±0.7 -2.33±1.25 -2.44±1.56 0.927 -

Left posterior -3.41±1.28 -3.1±2.05 -2.46±0.94 0.185 -

Right posterior -2.37±1.16 -2.45±1.51 -2.5±1.47 0.964 -

Occipital -4.14±1.46 -3.47±1.82 -3.63±1.49 0.124 -

Areas

Mean±SD

P† Pairwise Com-
parisons

Word Category

Neutral (X) Positive (P) Negative (N)

Maximum

Prefrontal 3.82 (2.42) 3.55 (2.30) 3.56 (2.24) 0.92 -

Frontal 2.46 (1.4) 2.49 (1.43) 2.33 (1.13) 0.83 -

Right frontal 2.39 (0.96) 2.36 (1.71) 2.53 (1.44) 0.927 -

Left frontal 3.13 (1.73) 2.3 (0.78) 2.61 (1.83) 0.378 -

Central 2.75 (1.75) 2.58 (1.56) 2.33 (1.16) 0.623 -

Left temporal 2.84 (1.72) 2.24 (1.06) 2.18 (0.98) 0.351 -

Right temporal 2.9 (0.64) 2.47 (0.82) 1.76 (0.62) 0.004 N<P,X

Parietal 3.04 (1.18) 3.13 (1.46) 2.92 (1.78) 0.884 -

Left posterior 3.26 (1.38) 3.54 (1.16) 2.71 (1.59) 0.447 -

Right posterior 3.74 (1.34) 3.01 (0.87) 3.05 (0.85) 0.091 -

Occipital area 4.41±1.76 4.28±1.01 3.68±1.16 0.268 -

Figure 4. The topography of children who stutter in N: Negative words, P: Positive words and X: Neutral words
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Electrophysiological results of our study showed that 
emotional words, including negative and positive ones, 
had smaller amplitude fluctuations, except in prefron-
tal, frontal, and right frontal areas, which are language 
production areas [32]. These differences were more sig-
nificant in the left frontal area. It means that emotional 
words were processed with more activation changes than 
neutral words in prefrontal, frontal, and right frontal ar-
eas. The previous studies indicated that emotion facili-
tates word processing in the normal adult population [14, 
15], but the study conducted on normally fluent children 
to investigate emotional word processing by ERP, sug-
gested that emotional content elicit smaller amplitude in 
central areas, whereas larger amplitude is recorded for 
emotional words in language areas [12, 32]. Overall, 
emotional word processing in CWS and normally flu-
ent children are similar but differ from emotional word 
processing in adults. This difference can be explained by 
the various experiences of an adult.

On the other hand, our recorded topography showed 
a dipolar fronto-occipital topography in positive words. 
This finding is consistent with the previous reports for 
normal adults and children [12, 13, 16, 17]. Moreover, 
negative and neutral words had diffuse topography with-
out a regular pattern. This result is not in agreement with 
the results of previous studies [12]. Likewise, positive 
(high valence) words processing in CWS is similar to 
emotional words processing in the normal population, 
whereas negative and neutral words had a different topo-
graphic pattern. Altogether, negative and positive words 
and neutral words have been processed differently in 
CWS in the aspect of recorded topography. 

There is limited literature in the relation of stuttering and 
emotional words processing, which can be utilized in discuss-
ing the results. Also, CWS can be categorized based on stut-
tering severity, stuttering onset, and stuttering fluctuations.

5. Conclusion

Our investigation suggested that high valence be asso-
ciated with more accurate and less reaction time in CWS. 
Positive words facilitate word processing in the aspect 
of behavioral assessment in CWS. Also, topographical 
evidence confirms that positive emotional words have 
regular processing compared with neutral and negative 
words. Generally, considering electrophysiological data, 
emotional words facilitate word processing in central ar-
eas of the brain but increase brain activity in language 
processing areas in CWS. In other words, emotional 
words processing needs more activity compared with 
neutral words for CWS in language processing areas 
concerning the phonological processing time range. 

Ethical Considerations

Compliance with ethical guidelines

This study was registered and approved by the Re-
search Council, School of Rehabilitation, Tehran Uni-
versity of Medical Sciences (TUMS) on 2/28/2018 as 
a part of a PhD thesis. All participant’s parents were 
signed the written informed consent.

Areas

Mean±SD

P† Pairwise Com-
parisons

Word Category

Neutral (X) Positive (P) Negative (N)

Peak to Peak

Prefrontal 7.71±3.13 7.56±2.84 7.61±2.91 0.982 -

Frontal 4.96±1.75 4.75±2.01 5.11±2.09 0.815 -

Right frontal 4.99±1.96 5.18±1.73 4.75±1.68 0.784 -

Left frontal 6.99±2.41 5.34±1.57 4.99±1.99 0.003 X>N,P

Central 5.01±1.9 4.32±1.4 4.68±1.86 0.377 -

Left temporal 5.81±2.39 4.56±1.77 5.22±2.29 0.052 -

Right temporal 5.67±1.97 4.88±2.24 4.49±1.37 0.143 -

Parietal 5.29±1.49 5.46±2.01 5.35±2.67 0.95 -

Left posterior 6.67±2.08 6.63±2.71 5.18±1.79 0.099 -

Right posterior 6.11±1.81 5.46±1.74 5.55±1.95 0.241 -

Occipital 8.55±2.75 7.74±2.66 7.31±2.17 0.094 -

† Repeated Measures ANOVA.

Salehi S, et al. The Relationship Between Emotion and Phonological Processing in CWS by ERP. JMR. 2020; 14(3):141-150.

July 2020, Volume 14, Number 3



148

Journal of
Modern Rehabilitation

Funding

This work was extracted from a registered PhD thesis of 
speech therapy at Tehran University of Medical Sciences. 

Authors contributions

Conceptualization, design, writing-review and edit-
ing, and supervision: All authors; Methodology: Sousan 
Salehi, Ahmad Reza Khatoonabadi, Saman Maroufiza-
deh; Investigation, funding acquisition, resource: Ah-
mad Reza Khatoonabadi, Sousan Salehi.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgements

We would like to thank the personnel of the signal 
processing section in the National Brain Mapping Lab 
(NBML) for helping us to analyze the recording ERP.

References

[1] Ward D. Stuttering and cluttering: Frameworks for un-
derstanding and treatment. Stuttering and Cluttering: 
Frameworks for Understanding and Treatment. 2006; 1-436; 
[DOI:10.4324/9780203892800]

[2] Karbasi SA, Fallah R, Golestan M. The prevalence of speech 
disorder in primary school students in Yazd, Iran. Acta Med-
ica Iranica. 2011; 49(1):33-7.

[3] Mohammadi H, Nilipur R, Yadegari F. Prevalence of stut-
tering in Kurdish-Persian consecutive bilinguals in Iran. 
Asia Pacific Journal of Speech, Language, and Hearing. 2010; 
13(4):235-41. [DOI:10.1179/136132810805335001]

[4] Steer MD, Johnson W. An objective study of the relation-
ship between psychological factors and the severity of stut-
tering. The Journal of Abnormal and Social Psychology. 1936; 
31(1):36-46. [DOI:10.1037/h0060643]

[5] Levelt WJM. Speaking: From intention to articulation. New 
York: MIT Press; 1993. [DOI:10.7551/mitpress/6393.001.0001] 
[PMID] [PMCID] 

[6] Weber-Fox C, Hampton A. Stuttering and natural speech 
processing of semantic and syntactic constraints on verbs. 
Journal of Speech, Language, and Hearing Research : JSLHR. 
2008; 51(5):1058-71. [DOI:10.1044/1092-4388(2008/07-0164)]

[7] Hartsuiker RJ, Bastiaanse R. Phonological encoding and moni-
toring in normal and pathological speech. 1st edition. New York: 
Psychology Press; 2005. [DOI:10.4324/9780203506196] [PMCID]

[8] Weber-Fox C, Spruill E, Spencer R, Smith A. Atypical neural 
functions underlying phonological processing and silent rehearsal 

in children who stutter. Developmental Science. 2008; 11(2):321-
37. [DOI:10.1111/j.1467-7687.2008.00678.x] [PMID] [PMCID]

[9] Wagner RK, Torgesen JK. The nature of phonological 
processing and its causal role in the acquisition of read-
ing skills. Psychological Bulletin. 1987; 101(2):192-212. 
[DOI:10.1037/0033-2909.101.2.192]

[10] Russell JA, Bachorowski J-A, Fernandez-Dols J-M. Fa-
cial and vocal expressions of emotion. Annual Review 
of Psychology. 2003. 54:329-49. [DOI:10.1146/annurev.
psych.54.101601.145102] [PMID]

[11] Arulanandam A. The role of emotional valence and arousal 
on recognition memory for visual stimuli. Nashua, NH: Rivi-
er University; 2016.

[12] Salehi S, Khatoonabadi AR, Ashrafi MR, Mohammadkhani 
GH, Maroufizadeh S. Valence effects on phonological process-
ing in normal Persian speaking children: A study by ERP. Mod-
ern Journal of Language Teaching Methods. 2018; 8(2):48-75.

[13] Salehi S, Khatoonabadi AR, Ashrafi MR, Mohammadkhani Gh, 
Maroufizadeh S, Majdinasab F. The relationship between emo-
tional content and word processing in normal Persian speaking 
children. Iranian Journal of Child Neurology. 2018; 12(4):140-52.

[14] Kuperman V, Estes Z, Brysbaert M, Warriner AB. Emo-
tion and language: Valence and arousal affect word recog-
nition. Journal of Experimental Psychology. General 2014. 
143(3):1065-81. [DOI:10.1037/a0035669] [PMID] [PMCID]

[15] Kissler J, Koessler S. Emotionally positive stimuli facilitate 
lexical decisions: An ERP study. Biological Psychology. 2011; 
86(3):254-64. [DOI:10.1016/j.biopsycho.2010.12.006] [PMID]

[16] Yao Z, Yu D, Wang L, Zhu X, Guo J, Wang Z. Effects of va-
lence and arousal on emotional word processing are modulat-
ed by concreteness: Behavioral and ERP evidence from a lexi-
cal decision task. International Journal of Psychophysiology. 
2016; 110:231-42. [DOI:10.1016/j.ijpsycho.2016.07.499] [PMID]

[17] Imbir KK, Jarymowicz MT, Spustek T, Kus R, Zygierewicz 
J. Origin of emotion effects on erp correlates of emotional 
word processing: The emotion duality approach. PLoS One. 
2015. 10(5):e0126129. [DOI:10.1371/journal.pone.0126129] 
[PMID] [PMCID]

[18] Handy TC. Event-related potentials: A methods hand-
book. Massachusetts Ave, Cambridge, MA: Bradford Book, 
MIT Press; 2004.

[19] Adolphs R, Damasio H, Tranel D. Neural systems for rec-
ognition of emotional prosody: A 3-D lesion study. Emotion. 
2002; 2(1):23-51. [DOI:10.1037/1528-3542.2.1.23] [PMID]

[20] Laganaro M. ERP topographic analyses from concept to 
articulation in word production studies. Frontiers in Psychol-
ogy. 2014; 5:493-3. [DOI:10.3389/fpsyg.2014.00493]

[21] Nidal SK, Malik AS. EEG/ERP analysis: Methods and applica-
tions. New York: Taylor & Francis; 2014. [DOI:10.1201/b17605]

[22] Walden TA, Frankel CB, Buhr AP, Johnson KN, Conture 
EG, Karrass JM. Dual diathesis-stressor model of emotional 
and linguistic contributions to developmental stuttering. 
Journal of Abnormal Child Psychology. 2012; 40(4):633-44. 
[DOI:10.1007/s10802-011-9581-8] [PMID] [PMCID]

[23] Choi D, Conture EG, Walden TA, Jones RM, Kim H. Emo-
tional diathesis, emotional stress, and childhood stuttering. 

Salehi S, et al. The Relationship Between Emotion and Phonological Processing in CWS by ERP. JMR. 2020; 14(3):141-150.

July 2020, Volume 14, Number 3

https://doi.org/10.4324/9780203892800
https://doi.org/10.1179/136132810805335001
https://doi.org/10.1037/h0060643
https://doi.org/10.7551/mitpress/6393.001.0001
https://pubmed.ncbi.nlm.nih.gov/8248261/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC47990
https://doi.org/10.1044/1092-4388(2008/07-0164)
https://doi.org/10.4324/9780203506196
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1449133
https://doi.org/10.1111/j.1467-7687.2008.00678.x
https://www.ncbi.nlm.nih.gov/pubmed/18333985
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2673811
https://doi.org/10.1037/0033-2909.101.2.192
https://doi.org/10.1146/annurev.psych.54.101601.145102
https://doi.org/10.1146/annurev.psych.54.101601.145102
https://www.ncbi.nlm.nih.gov/pubmed/12415074
https://doi.org/10.1037/a0035669
https://www.ncbi.nlm.nih.gov/pubmed/24490848
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4038659
https://doi.org/10.1016/j.biopsycho.2010.12.006
https://www.ncbi.nlm.nih.gov/pubmed/21184799
https://doi.org/10.1016/j.ijpsycho.2016.07.499
https://www.ncbi.nlm.nih.gov/pubmed/27432482
https://doi.org/10.1371/journal.pone.0126129
https://www.ncbi.nlm.nih.gov/pubmed/25955719
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4425658
https://doi.org/10.1037/1528-3542.2.1.23
https://www.ncbi.nlm.nih.gov/pubmed/12899365
https://doi.org/10.3389/fpsyg.2014.00493
https://doi.org/10.1201/b17605
https://doi.org/10.1007/s10802-011-9581-8
https://www.ncbi.nlm.nih.gov/pubmed/22016200
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3740566


149

Journal of
Modern Rehabilitation

Journal of Speech, Language, and Hearing Research: JSLHR. 
2016; 59(4):616-30. [DOI:10.1044/2015_JSLHR-S-14-0357] 
[PMID] [PMCID]

[24] Jones R, Choi D, Conture E, Walden T. Temperament, 
emotion, and childhood stuttering. Seminars in Speech and 
Language. 2014; 35(2):114-31. [DOI:10.1055/s-0034-1371755] 
[PMID] [PMCID]

[25] Laganaro M, Perret C. Comparing electrophysiological 
correlates of word production in immediate and delayed 
naming through the analysis of word age of acquisition ef-
fects. Brain Topography. 2011; 24(1):19-29. [DOI:10.1007/
s10548-010-0162-x] [PMID]

[26] Oldfield RC. The assessment and analysis of handedness: 
The Edinburgh inventory. Neuropsychologia. 1971; 9(1):97-
113. [DOI:10.1016/0028-3932(71)90067-4]

[27] Nazari MA, Khayat F, Poursharifi H, Hakimi M, Shojaei 
Z. Primary nomalization of emotional Farsi words. Applied 
Psychological Research Quarterly. 2014; 4(4):41-71.

[28] Scott GG, O’Donnell PJ, Leuthold H, Sereno SC. Early emo-
tion word processing: Evidence from event-related potentials. 
Biological Psychology. 2009; 80(1):95-104. [DOI:10.1016/j.bi-
opsycho.2008.03.010] [PMID]

[29] Bakhtiar M, Seifpanahi S, Ansari H, Ghanadzade M, 
Packman A. Investigation of the reliability of the SSI-3 for 
preschool Persian-speaking Children Who Stutter. Jour-
nal of Fluency Disorders. 2010; 35(2):87-91. [DOI:10.1016/j.
jfludis.2010.02.003] [PMID]

[30] Hunt MJ. Spectral signal processing for ASR. Proceedings 
of ASRU. Keystone, Colorado; 1999.

[31] Bigdely-Shamlo N, Mullen T, Kothe C, Su KM, Robbins 
KA. The PREP pipeline: Standardized preprocessing for 
large-scale EEG analysis. Frontiers in Neuroinformatics. 2015; 
9:16. [DOI:10.3389/fninf.2015.00016] [PMID] [PMCID]

[32] Hickok G. The functional neuroanatomy of language. 
Physics of Life Reviews. 2009; 6(3):121-43. [DOI:10.1016/j.pl-
rev.2009.06.001] [PMID] [PMCID]

Salehi S, et al. The Relationship Between Emotion and Phonological Processing in CWS by ERP. JMR. 2020; 14(3):141-150.

July 2020, Volume 14, Number 3

https://doi.org/10.1044/2015_JSLHR-S-14-0357
https://www.ncbi.nlm.nih.gov/pubmed/27327187
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5280059
https://doi.org/10.1055/s-0034-1371755
https://www.ncbi.nlm.nih.gov/pubmed/24782274
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4317269
https://doi.org/10.1007/s10548-010-0162-x
https://doi.org/10.1007/s10548-010-0162-x
https://www.ncbi.nlm.nih.gov/pubmed/20938730
https://doi.org/10.1016/0028-3932(71)90067-4
https://doi.org/10.1016/j.biopsycho.2008.03.010
https://doi.org/10.1016/j.biopsycho.2008.03.010
https://www.ncbi.nlm.nih.gov/pubmed/18440691
https://doi.org/10.1016/j.jfludis.2010.02.003
https://doi.org/10.1016/j.jfludis.2010.02.003
https://www.ncbi.nlm.nih.gov/pubmed/20609330
https://doi.org/10.3389/fninf.2015.00016
https://www.ncbi.nlm.nih.gov/pubmed/26150785
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4471356
https://doi.org/10.1016/j.plrev.2009.06.001
https://doi.org/10.1016/j.plrev.2009.06.001
https://www.ncbi.nlm.nih.gov/pubmed/20161054
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2747108


This Page Intentionally Left Blank


