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INTRODUCTION

Stuttering is hallmarked by variability, both across the disorder as well as within the in-

dividual. Universally agreeing on a definition for the disorder is a controversial task at 

best-- allusive at the very least. The theoretical orientation for this study is based upon 

a dynamic, multifactorial model of stuttering, defining stuttering as a disorder involv-

ing complex, multilevel and dynamic linguistic, central speech programming, emo-

tional, and cognitive processes that interact to ultimately affect the motor function nec-

essary for speech production. This orientation views stuttering not as a single disorder-- 

a pathognomic monolith—but instead one of immense diversity, persisting in some 

individuals and subsiding in others [1]. Once viewed as a solely unitary disorder and 
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studied in isolation, stuttering now is recognized as a dy-

namic, complex, and multifactorial disorder. These factors in-

clude, but are not limited to, genetic predispositions, the ef-

fects of emotional and autonomic arousal on overt speech, 

and psychosocial aspects [2]. Psychosocial components of 

stuttering such as self-perceptions, parental perception of 

their children, and child-raising practices are emphasized in 

previous literature [3]. 

Stuttering and temperament
With regard to the various subtypes of stuttering, many cur-

rent theoretical models include temperament as significantly 

influencing the developmental pattern of stuttering. Tempera-

ment refers to a set of behavioral characteristics or reactions 

that are biologically-based, present from infancy, and rela-

tively stable over time and across contexts [4]. From this de-

velops a constitutional relationship between emotional reac-

tivity and emotional regulation. According to this definition, 

the individual differences in reactive and regulation manifest 

in domains of emotion, attention, and activity [4]. Rothbart [4] 

identifies surgency/extraversion, negative affect, and effortful 

control as the three dimensions of temperament based upon 

factor analysis on data from 3−12 month old children [5]. 

Temperament is a stable, trait-like characteristic that can 

manifest in a variety of emotional, state-like, ways. Therefore 

assessing the superficial emotions can lead to misrepresenta-

tions of temperament. Temperament is stable and interacts 

with stuttering as an attribute domain and not an ability do-

main (such as language or phonology). Temperament influ-

ences the speech disfluency as this may be a function of one’s 

reaction or response to sensory stimuli. 

Additionally, manifestations of stuttering are highly variable 

in the presence of environmental stimuli. Previous research 

has failed to control for the variable nature of both stuttering 

and temperament-driven emotional manifestations, as it has 

relied heavily on parent-report and clinical observations. In 

order to accurately assess temperament at a constitutional 

level in children who stutter, neuropsychological measures 

must be used to assess components of temperament such as 

reactivity, hyper vigilance, stress response, and emotional 

regulation. 

Previous research suggests that children who stutter dem-

onstrate increased emotional reactivity/sensitivity compared 

to their normally fluent peers [6,7]. Studies have shown that 

children who stutter may react more negatively to environ-

mental stimuli [6,8,9] and may demonstrate higher levels of 

impulsivity and activity [10]. Evidence also suggests children 

who stutter, as a group, demonstrate less emotional regulation 

[9,11,12] adaptability, and inhibitory control [11,10]. The di-

mension of emotional reactivity, often referred to as “sensitiv-

ity,” or exhibiting a “sensitive” temperament, has been of in-

terest as it pertains to individuals who stutter [13-16]. Re-

search literature has asserted that such a temperament may 

have constitutional roots, as well as direct links to persistent 

stuttering, and might interfere with early stuttering recovery 

[14-16]. There is evidence of increased positive and negative 

reactivity in individuals who stutter, as data indicates people 

who stutter exhibit heightened feelings of anxiousness, ner-

vousness, helplessness, as well as dependence, introversion, 

negative social and/or communication attitudes, withdrawal, 

lower social competence, and mild social maladjustments 

[6,17-20]. 

Previous research confirms heightened reactivity in people 

who stutter is autonomic in nature [7,21,22]. In other words, 

this heightened reactivity is related to the autonomic nervous 

system and is not a reaction that is under the voluntary control 

of the individual. Data has shown speaking situations to pro-

duce higher levels of urine catecholamine excretion in people 

who stutter [23]. Ortega [21] examined salivary cortisol and al-

pha-amylase, two independent measures of stress response, 

in children who stutter. Ortega found children who stutter did 

not possess salivary cortisol levels outside of the normal limits 

expected for their ages. However, cortisol samples upon awak-

ening, and in the afternoon, were significantly different in 

children who stutter, indicating CWS have more variable levels 

of cortisol throughout the day. Though cortisol and alpha-am-

ylase levels were within normal limits, daily circadian rhythms 

were generally disrupted for both biomarkers [21]. These al-

tered rhythms indicate nuances in the physiological stress re-

sponse of children who stutter that differ from that of their 

normally fluent peers. Additionally, it was reported that peo-

ple who stutter produced greater increases in salivary cortisol 

when compared to their normally fluent peers under periods 

of high general stress [24]. Multiple studies have indicated 

sympathetic arousal and stuttering severity to be positively 

correlated as well [25,26]. Treatment studies investigating in-

dividuals who stutter have found high anxiety, as measured by 

skin conductance, to be a poor prognosis for treatment out-

comes [27]. Another physiological factor related to neuromus-

cular reactivity is calcium; nervous system excitability is en-

hanced and involuntary muscular contractions were found to 

increase when calcium levels were low in an individual [28]. 
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This sheds new light on previous research findings by Costa, 

Antoniac, Berghianu, and Marinescu [29], who reported ab-

normally low levels of calcium among children and adults 

who stuttered. Recently, Alm [30] asserted that a state of 

heightened neuromuscular excitability would lead to muscu-

lar tension, rapid articulatory movements, and increased feel-

ings of speech-related anxiety, all of which would confound 

problems of disfluent speech for an individual who stutters.    

In addition, autonomic differences in individuals who stut-

ter have been found in neurologic research domains. The 

physiological differences have emotional implications as well. 

Brown, Ingham, Ingham, Laird, and Fox’s [31] seminal fMRI 

study found a clear deactivation in Broca’s Area, a left hemi-

sphere substrate, in individuals who stutter during spontane-

ous speech. Simultaneously, a significant increase of inappro-

priate activation was found in the corresponding area of the 

right hemisphere, the so-called Anterior Area of Ross, in these 

individuals. The Anterior Area of Ross in the right hemisphere 

mirrors the location of Broca’s Area in the left hemisphere. 

The Anterior Area of Ross is the seat of expressive prosody in 

speech. This area receives input from the emotional centers of 

the limbic system. Therefore, a fearful and hyper-emotional 

speaking situation would result in inappropriate activation of 

the prosodic centers within the right hemisphere during 

speech. Inappropriate activation of the right hemisphere dur-

ing speaking tasks in individuals who stutter has been con-

firmed in multiple studies dating back to the SPECT studies of 

the 1980’s [32-34]. The inappropriate activation of right hemi-

spheric emotional centers during speaking tasks has profound 

implications for people who stutter in that these structures 

have deep-seated neurological connections with the limbic 

system, a structure highly susceptible to classical condition-

ing, as well as the hippocampus, which is the sub-cortical seat 

for memory. This sheds light on aspects of emotionality and 

emotional learning that may be influencing disfluent speech.

Therefore, emotional responses can be learned and hard-

wired into the neurological reactions of individuals with flu-

ency disorders. Emotional pathways may be established that 

produce fear, anxiety, or disappointment as familiar, condi-

tioned responses. Compounding the problem is the fact that 

frequent experiences with fluency failures are not uncommon 

for individuals who stutter. The negative experiences create 

additional opportunities for repeated negative reactions. Ad-

ditionally, having a temperamental characteristic of poor 

emotional regulation would thus put an individual who stut-

tered at a disadvantage for mitigating his/her fear response. 

Thus, the cognitive belief system of the individual is subse-

quently impacted to a great extent as they struggle with, not 

only fluent speech, but also this compounding problem of an 

ingrained, internal fear response to speaking situations. Each 

fluency failure reinforces beliefs that for this individual, speak-

ing is difficult, and should be feared, and thus a cyclical effect 

occurs as each new experience confirms this negative belief 

system [35]. 

Weaknesses of past research
Internal emotions and neuromuscular patterns can manifest 

in exaggerated muscular reflexes and difficulties in regulating 

force and speed during speech for individuals who stutter. 

This assertion is supported by a report of increased ‘‘acoustic 

startle’’ in persons who stutter, as measured by increased eye-

blink reflexes in response to a surprising, loud noise [36]. Par-

ticipants in this study were male and female adults, ranging in 

stuttering severity from mild to severe. Startle responses are 

determined by exposing the listener to a surprising acoustic, 

tactile, or visual stimulus of sufficient strength, and measuring 

the changes that result in the individual’s somatic system (i.e., 

muscular contractions such as the eye-blink reflex) [37]. The 

acoustic startle response has been used in research within the 

domain of psychophysiology, specifically related to the study 

of emotional development and modification [38]. The ampli-

tude of the startle response is directly moderated by an indi-

vidual’s current emotional state [39] and increases in response 

to negative stimuli as well as anticipatory anxiety [40]. Multi-

ple research findings indicate that individuals with increased 

emotional vulnerability often present with an increased am-

plitude of startle response, such as adults or children with 

anxiety disorders, posttraumatic stress syndrome, or other 

psychiatric abnormalities [41]. Previously, Guitar [36] re-

ported adults who stuttered to have an 81% higher mean am-

plitude of startle response compared to their normally fluent 

peers. This percentage was based upon 14 adults who stutter 

and 14 adults who do not stutter reacting to bursts of white 

noise at approximately 95 dB. Additionally, data from this 

study showed a significant difference between the adults who 

stuttered and the adults who did not stutter in the “Nervous 

subscale” of the Taylor-Johnson Temperament Analysis [42]. 

Guitar also found evidence to support a statistically significant 

positive correlation (r = 0.39, p = 0.04 between the amplitude 

of startle eye blink response and Nervous subscale scores. 

Zimmerman [43-45] and others have suggested stuttering 

to be related to increased activity in the reflexes of the brain-
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stem. The acoustic startle is a reflexive contraction of the orbi-

cularis oculi muscle activated by the fast fear system. The 

neurological fast fear system bypasses the frontal lobes of the 

left and right hemispheres and courses from the sensory areas 

to the thalamus, amygdala, and limbic system. This fast fear 

system is responsible for our physiological response to fear-

inducing stimuli and this reaction cannot be altered. In con-

trast, the slow fear system includes the frontal lobes of the left 

and right hemisphere as it courses from the sensory areas to 

the thalamus, frontal lobes, and amygdala. The slow fear sys-

tem can be attended to and cognitively controlled and can 

subsequently influence fear behavior through rationale, rea-

soning, and problem solving. The fast fear system is an auto-

matic, physiological response and can be expressed in a re-

flexive reaction, such as the startle response [35].

The startle response occurs 30−50 ms after the presentation 

of a sound stimulus [37]. Davis, Walker, and Lee [46] described 

the startle response to be potentiated by fear-related signals 

from the amygdala and surrounding substrates to the brain-

stem. Therefore, further and systematic examination of the 

startle response in individuals who stutter might provide in-

sight into brainstem activity related to speech motor control, 

neuromuscular and sensorimotor reactivity, and autonomic 

temperamental factors in individuals who stutter. Specifically, 

there is a need for empirical evidence measuring the afore-

mentioned components within the pediatric stuttering popu-

lation of people who stutter in order to better understand at-

tributes of primary personality traits (i.e., more naturally anx-

ious, independent of stuttering), and traits secondary to stut-

tering (i.e., more anxious because they stutter), as well as to 

differentiate subtypes within the developmental disorder. By 

examining the temperament of school-age children who stut-

ter, a persistent group of children who stutter can be identified 

and studied at an early age. Older populations begin to accu-

mulate years of negative stuttering experiences, which can 

shape their temperament and emotional reactions over time. 

Thus, it is crucial to study children who are beyond the years 

of recovery and have yet to accrue a number of years of nega-

tive emotional experiences relative to their disfluent speech.

Previously, studies of temperament have relied heavily on 

parent questionnaire and self-report. While these measures 

provide important information regarding an individual’s pre-

dispositions and temperamental tendencies, a level of human 

error is present. Additionally, past studies have found large 

discrepancies between parent-report and child-report on 

measures of quality of life [47], relationship quality [48], psy-

chosocial health domains [49] as well as emotional and men-

tal health domains [50]. Therefore, when examining aspects of 

a child’s psychosocial profile, such as temperament, it is criti-

cal to administer more than a single parent questionnaire. 

Self-report measures are also subject to confounding variables 

which are difficult to identify and control, such as cognitive 

perspective, situational perspective, and the stable cognitive 

profile of the individual [51]. There is a need to include objec-

tive measures, such as physiological measures, when investi-

gating the relationship between reactive temperament and 

persistent stuttering. Thus, pairing a parent questionnaire with 

a physiological measure, such as the acoustic startle response, 

will more accurately establish a neurophysiologic basis in a 

field that relies heavily on self-report and questionnaire. 

To date, there has yet to be a physiological study of temper-

ament conducted within the population of school-aged chil-

dren who stutter. Such a study could objectively differentiate 

characteristics of stuttering intrinsically related to reactivity 

verses self-regulation strategies adopted by the autonomic 

nervous system as coping mechanisms. Previous research 

conducted by Guitar [36] and Alm [37] investigating the 

acoustic startle reflex in individuals who stutter failed to nor-

malize the EMG portion of their data. In order to accurately 

reflect the intensity of an individual’s response to startling 

stimuli, the response must be viewed relative to the individu-

al’s baseline eye-blink under normal conditions. Normaliza-

tion allows data across participants to be compared on a com-

mon scale, as participant’s response amplitudes are expressed 

in terms of percentage of baseline response. This method-

ological aspect is critical to accurately detect the intensity of 

reactions across subjects, and draw meaningful conclusions. 

Therefore, researchers must employ normalization proce-

dures when interpreting EMG activity level, by relating it to 

some reference activity level obtained at that particular mus-

cular injunction, in this case baseline eye-blinks under natu-

ral conditions. Previous research lacking data normalization 

cannot accurately represent the amplitude of the startle re-

sponse comparatively across individuals, leading to the possi-

bility of unreliable conclusions. 

Implications for current study
The purpose of this pilot study is to examine the reactive/ 

“sensitive” temperament characteristic of children who stut-

ter relative to children who do not stutter, as evidenced by the 

acoustic startle response and scores on the following sub-

scales of a temperament measure: anger/frustration, fear, in-
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hibitory control, and shyness. The acoustic startle response is 

widely used as a measure of the reflexive eye blink that occurs 

innately in response to sudden and/or loud noise [52,53].

Pairing these two measures, one direct and one indirect, 

will provide insight into the link between temperamental fac-

tors and fluency disorders within the pediatric population. 

Research in this area supports both physiological and descrip-

tive temperamental differences in children who stutter and 

children who do not stutter [10,15,54-59]. However, these two 

methods are rarely combined effectively within the design of 

a singular study, resulting in less-than-comprehensive results 

relative to temperament. 

It remains to be determined if certain temperamental dif-

ferences are inherent to individuals who stutter, or perhaps a 

result of the stuttering itself. For example, counter-intuitive 

findings by Alm [30,60] showed individuals who stutter to 

have a reduction in heart rate and blood pressure when com-

pared to their normally fluent peers. Alm postulated this 

could be due to a co-activation of autonomic nervous system 

branches that are responding to communication induced 

stress and anxiety, indicating that such a response was an at-

tempt at self-regulation. Alm [60] suggested that this auto-

nomic response possibly resulted in momentary static postur-

ing within antagonistic muscle-groups, interrupting the for-

ward flow of speech in stressful contexts. Examining the emo-

tional reactivity of children who stutter using physiological 

measures, such as the acoustic startle response, would allow 

researchers to parse out characteristics of stuttering inherent 

to reactivity verses self-regulation strategies adopted by the 

autonomic nervous system as coping mechanisms.

To date, few physiological studies of temperament have 

been conducted on a pediatric population within individuals 

who stutter. The need for examining a pediatric population is 

evident, as older populations have several additional years of 

negative stuttering experiences shaping their temperamental 

disposition and emotional reactions. Studying a group of chil-

dren ages 8−14, excludes individuals who may recover from 

stuttering, as the majority of children who exhibit natural re-

covery within a few months to three or four years after they 

begin stuttering, and typical age of onset is between 25 and 36 

months [3]. Therefore, the design of this study allows for the 

isolation of the persistent subgroup of children who stutter 

and comparison with their normally fluent peers. 

Research questions
1. �Will CWS demonstrate statistically significant higher levels 

of physiological reactivity, as measured by mean normal-

ized RMS amplitude of startle response scores, compared to 

their fluent peers?

2. �Will CWS demonstrate a statistically significant higher level 

of physiological reactivity, as measured by mean latency of 

startle response scores, than their fluent peers? 

3. �Will CWS demonstrate statistically significant higher levels 

of physiological reactivity, as measured by the difference 

between initial and final stimulus trial response amplitudes 

(i.e., habituation rate, which is the decrease in response to a 

stimuli after repeated presentations), compared to their flu-

ent peers?

4. �Will there be a statistically-significant and meaningful cor-

relation between scores on the anger/frustration, fear, in-

hibitory control, and shyness subscales of the EATQ-R and 

TMCQ, and amplitude (or extent of muscle activity) of star-

tle response? 

METHODS

Participants 
Twenty seven school-age children participated in this study. 

There were thirteen CWS and fourteen CWNS. The ratio of 

male to female CWS was controlled in the stuttering group in 

order to represent the long-known gender ratio within this 

disorder [1]. A male-to-female ratio is close to 2:1 at onset for 

CWS, but increases to 5:1 or 6:1 as children age, indicating 

that more females than males recover as time goes by [61]. 

Participants were between the ages of 8:0 and 14:0. Data indi-

cate that 75% of children who stutter eventually recover and 

become normally fluent speakers [1], with a majority of these 

children spontaneously recovering by age 4, though a small 

percentage of children experience recovery later with stutter-

ing remitting around age 5. Therefore, the age group of partic-

ipants in this study was representative of children who are on 

the persistent track of stuttering. 

Ethnicity was left free to vary, as data indicate that this dis-

order is fairly stable across race and ethnicity [3]. Children 

who live within 50 miles of the Central Arkansas area were eli-

gible for participation. The participants in the stuttering group 

were recruited from the University of Central Arkansas Stut-

tering Center and surrounding school districts. The partici-

pants in the nonstuttering group were recruited using word-

of-mouth and were free from any speech, language learning, 

and hearing impairment. In order to participate, all children 

were required to pass a hearing screening, or provide evi-
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dence of a current passed hearing screening. Any child who 

failed to demonstrate hearing abilities within normal limits 

were not included. 

Inclusion criteria
In view of the multidimensionality of stuttering, there is some 

ambiguity in specifically defining the disorder. For the pur-

poses of this research, a diagnosis of stuttering was validated 

using the following inclusion criteria (adapted from the Uni-

versity of Illinois Stuttering Research Program):  

A. Parents diagnosed the child as having a stuttering prob-

lem. Parents were given a stuttering severity rating scale and 

instructed how to appropriately complete it. A parent rating of 

at least 2 on this 8 point scale was required (0 = normal, 7 = se-

vere).

B. The primary investigator and her doctoral mentor both 

agreed that the child had a stuttering problem or diagnosis 

based on subjective observations.

C. Stuttering severity was rated by both the primary investi-

gator and by the research mentor as greater than 1 on the 

aforementioned 8 point scale (0 = normal, 1 = borderline, 7 =  

very severe).

D. The child exhibited at least three stuttering-like disfluen-

cies (SLDs) per 100 syllables of spontaneous speech (SLDs in-

clude part-word repetitions, monosyllabic word repetitions, 

and disrhythmic phonations). This criterion reflects the opin-

ion of many speech-language pathologists that young chil-

dren whose speech includes these type of disfluencies this 

frequently are stuttering [62] and is consistent with the disflu-

ency data reported by Johnson et al. [63] for a large number of 

children who stutter. 

E. The child had no reported history of neurological disor-

der or abnormalities. Children with a major organic condition 

were excluded because their condition may overshadow the 

dynamics of stuttering that are being studied. 

Pre-Assessment
The Stuttering Severity Instrument, Third Ed (SSI-3) [64] was 

administered to assess the severity of stuttering by partici-

pants in the stuttering group. The Stuttering Severity Instru-

ment, Third Ed (SSI-3) [64] is a reliable and valid norm-refer-

enced stuttering assessment that can be used for both clinical 

and research purposes. It measures stuttering severity in both 

children and adults in the four areas of speech behavior: (1) 

frequency, (2) duration, (3) physical concomitants, and (4) 

naturalness of the individual’s speech. Frequency is expressed 

in percent syllables stuttered and converted to scale scores of 

2−18. Duration is timed to the nearest one tenth of a second 

and converted to scale scores of 2−18. The four types of Physi-

cal Concomitants are and converted to scale scores of 0−20. 

Participant groups 
Individual data of participants 

Twenty-seven school-age children completed both portions 

of this study, which included EMG analysis of startle response, 

as well as completion of a parent-report questionnaire. These 

children were separated into two groups: CWS and CWNS. 

Children who stutter

The group of CWS was comprised of thirteen children, rang-

ing in age from 8−14, with a mean age of 10.6. Of the CWS, two 

were female and ten were male. This approximated a 3:1 male 

to female ratio, which accurately represented the male to fe-

male ratio previously established for school-age CWS [3]. The 

mean clinician severity rating for CWS was 3.06, which is in-

dicative of a moderate stuttering disorder. The mean parent 

severity rating was 3.62, also indicative of a moderate stutter-

ing disorder. The average difference between clinician and 

parent severity ratings was 0.56. This indicated the stuttering 

observed by the clinician during the severity rating session 

was an accurate representation of the child’s stuttering across 

multiple settings with both familiar and non-familiar part-

ners. Additionally, this is an indication that parents of partici-

pants in this study are well educated about the characteristics 

and nature of their child’s disfluent speech; thus, information 

provided by parents during parent interviews is well-founded.  

Children who do not stutter

The group of CWNS was comprised of fourteen children, 

ranging in age from 8−13, with a mean age of 11.6. Of the 

CWNS, four were male and nine were female. Since gender is 

not a significant factor in children who speak fluently, this 

male to female ratio was selected in order to balance out the 

overall number of male and female participants in this study. 

Overall, the participants’ age ranged from 8 to 14 years of 

age, with a mean age of 11.07 years. Fourteen males and thir-

teen females participated. Homogeneity of variance and nor-

mality were tested using Levine’s Test for Equality of Variance 

and no significant differences were found between the two 

groups. Data for each group of participants are presented in 

Tables 1 below. 

Individual data from Table 1 indicates the mean age of CWS 
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was 10.7 years old. Eleven males who stutter and two females 

who stutter participated, which approximated the 3:1 gender 

ratio previously established for school-aged CWS [3]. The 

mean clinician severity rating was 3.06, indicating a moderate 

stutter. The mean parent severity rating was 3.62, also indicat-

ing moderate stuttering. 

Individual data from Table 2 indicates the mean age of 

CWNS was 11.4 years old. Four males and ten females who do 

not stutter participated. Stuttering behaviors were not present 

in this group of participants.  

Procedures 
Prior to data collection, all inclusion criteria measures and/or 

pre-assessment measures were completed. All EMG labora-

tory equipment, including hardware and software were cali-

brated. Prior to arriving at the testing session, participants and 

their caregiver were educated about the experiment and its 

purpose(s). The participant were informed that the experi-

ment would involve a task in which they would hear brief 

bursts of noise. Participants and their parents were then asked 

to review a lay summary of the procedures and sign a consent 

form. All testing was performed individually. 

Participants entered a testing room and headphones were 

fitted for the startle stimulus. Participants were asked to sit si-

lently and gaze at a spot on the wall, so that baseline data 

could be collected relative to the individual’s natural eye-

blink. Approximately 20 eye blinks were recorded under natu-

ral conditions, without auditory stimuli. Participants were in-

formed they would hear a series of white noise bursts (at this 

point the sound will be imitated by the researcher) separated 

by randomly chosen intervals between 20 and 30 seconds 

[36]. Participants were not informed how many noise bursts 

were in the series. The series of noise burst consisted of ap-

proximately 20 bursts of white noise, in order to elicit 20 eye 

blinks [36]. 

Participants were instructed to sit silently and remain still, 

directing their attention to the wall in front of them as they 

heard the noise bursts. Startle reflexes were recorded using 

EMG data collection procedures described below. After com-

pleting the startle task, the caregiver was asked to complete a 

temperamental assessment scale. This was administered by 

the primary investigator of this study.  

Startle apparatus and stimuli
Baseline eye blink data was collected using a handheld trigger 

and open/close switch. This push-button trigger was inte-

grated with LabView software to mark blinks based on visual 

observation by the investigator. Offline analysis blinks were 

located later manually in order to quantify events. Multiple 

baseline blinks (10) were recorded using these techniques, 

prior to the recording of an individual’s startle response. This 

Table 1. CWS: Individual Data, Means, and Standard Deviations for: Age, 
Gender, and Severity of Stuttering Disorder According to Clinician and Parent 
Rating

Subject Age (yr) Gender Stutter Clinician 
Rating

Parent 
Rating 

P1 10 M Y 1.25 3

P2 8 F Y 2.25 3.5

P3 9 M Y 3.5 3.5

P4 14 M Y 3 3

P5 8 M Y 1.41 4

P6 11 M Y 2.8 3

P7 11 M Y 3.66 3

P8 11 F Y 2.25 3

P9 10 M Y 3.66 3

P10 10 F Y 2.08 6

P11 14 M Y 2.6 5

P12 12 M Y 5.32 2

P13 11 M Y 6.08 5

Table 2. CWNS: Individual Data, Means, and Standard Deviations for: Age, 
Gender, and Severity of Stuttering Disorder According to Clinician and Par-
ent Rating

Subject Age (yr) Gender Stutter Clinician 
Rating

Parent 
Rating

P14 10 F N 0 NA

P15 8 M N 0 NA

P16 9 M N 0 NA

P17 14 M N 0 NA

P18 11 M N 0 NA

P19 12 F N 0 NA

P20 12 F N 0 NA

P21 12 F N 0 NA

P22 12 F N 0 NA

P23 11 F N 0 NA

P24 12 F N 0 NA

P25 11 F N 0 NA

P26 13 F N 0 NA

P27 13 F N 0 NA
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information was analyzed and a mean baseline (i.e., normal 

blink) response was established. Acoustic stimuli consisted of 

a 95-dB burst of white noise presented for 50 ms with a 10-ms 

rise and fall time. Multiple startle responses (10) were then re-

corded and analyzed to derive response means as well as 

standard deviations for each participant. Startle responses 

were analyzed using the audio stimulus as an onset and Del-

sys Smart Threshold procedures to determine response offset. 

These parameters were based on long-standing protocol for 

startle reflex analysis [52], as well as procedures followed in 

previous research [36]. This burst were presented binaurally 

through Beyerdynamic DT 48 A.00 headphones. 

Stimuli was presented and responses were collected using a 

custom-written software program. This software program was 

designed using a LabView template that allowed for the ad-

ministration of white noise bursts as well as the display of 

EMG and trigger data. A National Instruments USB-6008 data 

acquisition device as well as a Grass amplifier was used to col-

lect electromyographic data as well. Startle responses were 

detected electromyographically using miniature 2 cm silver-

silver chloride electrodes placed on the periorbital area on the 

skin below the right eye. Gereonics electrodes were used in 

this study. Electrodes were trimmed, collared, and gelled. This 

is in accordance with procedures for orbicularis oculi place-

ment given by Guitar [36] as well as Fridlund and Cacioppo 

[65]. The electrodes were placed exactly 2 cm apart, with a ref-

erence electrode stationed on the forehead of the individual. 

The electromyographic signals then were filtered between 30 

and 1,000 Hz. Responses were detected during a 200-ms win-

dow that began at the instant of the startle stimulus presenta-

tion. Auditory acoustic stimuli consisted of approximately 95 

dB burst of white noise presented for 50 ms. The sampling 

rate remained at 2,000 Hz, contributing to the reliability of the 

EMG signal. This burst was presented binaurally through Bey-

erdynamic DT 48 A.00 headphones. These procedures were 

consistent with procedures recommended by researchers in 

the field of psychology for use of the startle paradigm [52]. In-

ter-electrode distance was carefully controlled for each partic-

ipant in order to prevent this from influencing startle ampli-

tudes. Currently, research on children between the ages of 6 

and 12 suggests that body size or muscularity does not influ-

ence startle amplitudes [36]. 

In order to control for a large range of inherent differences 

in individual muscle size and tissue distribution, as lipose acts 

as a low-pass filter, all EMG startle responses were normalized 

in this study. These differences make it difficult to discern 

meaningful comparisons across individuals. Additionally, re-

flexes can be highly variable across individuals. Normaliza-

tion is a process that is frequently used in EMG research in or-

der to control for these differences. The electromyogram is the 

sum of the motor unit activity within a specific contraction at 

a given electrode location. This activity is then expressed in 

millivolts by the data collection instruments used in this 

study. EMG normalization expresses the millivolts of activity 

as a percentage. The percentage is representative of that mus-

cle’s activity during a test contraction relative to baseline con-

traction measures (reference voluntary contractions). There-

fore, in this study the startle was expressed as a percent of 

contraction relative to an individual’s normal (baseline) eye 

blink. Additionally, all responses were recorded during a sin-

gle session for each individual. This contributed to the reli-

ability of these findings.

Normalization
Startle response were normalized in this study to control for 

individual differences. The electromyogram (EMG) is the sum 

of the motor unit activity within a specific contraction at a 

given electrode location. This activity is then expressed in mil-

livolts by the data collection instruments used in this study. 

EMG normalization expresses the millivolts of activity as a 

percentage. The percentage is representative of that muscle’s 

activity during a test (startle) contraction relative to baseline 

contraction measures (reference voluntary contractions). 

Therefore, in this study, the startle was expressed as a percent 

of contraction relative to an individual’s normal (baseline) eye 

blink. Thus, in order to accurately convey startle amplitude 

responses, the mean startle response was divided by the 

mean baseline response in order to produce the normalized 

startle response. 

Normalization is critical as it controls for variables such as 

electrode application and placement, temperature, perspira-

tion, muscle fatigue, contraction velocity, muscle shape and 

length, crosstalk from neighboring muscles, fat tissue thick-

ness, and slight variations in task executions. It would be im-

possible to control all of these variables of EMG amplitude in 

a clinical setting. Normalization controls for the aforemen-

tioned variables and facilitates the comparison of EMG sig-

nals in a more accurate manner. Expressing the neural activity 

(EMG amplitude) as a percentage makes interpretation of the 

signal more meaningful and significant. 

All previous studies [36,37,60] concerning the startle reflex 

in individuals who stutter failed to include data normalization 
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procedures within the methodology. This poor EMG tech-

nique can easily lead to misinterpretations of data. For exam-

ple, a startle response of 148 mV (averaged across 10 trials) 

across two individuals (Participant A and Participant B) would 

be interpreted as the same response according to the meth-

odology employed by Guitar [36], Alm [60], and Alm and Ris-

enburg [37]. However, upon further examination, Participant 

A’s baseline eye blink might have been 100 mV (mean) while 

Participant B’s baseline eye blink might have been 140 mV 

(mean). Normalization procedures would have revealed Par-

ticipant A’s startle response to be 150% greater than his/her 

normal eye blink, while Participant B’s startle is exactly the 

same as his/her normal eye blink. In this example, normaliz-

ing the data reveals a significant difference between the startle 

responses of the two individuals. Without normalization pro-

cedures, this data is easily misinterpreted and meaningful 

analysis cannot occur. All data is arbitrary and does not allow 

for individual characteristics affecting signal amplitude, such 

as fatty tissue, muscle distribution, and reflex variation. Thus 

resulting conclusions are rendered irrelevant as well. 

Reliability
In order to ensure reliability in EMG procedures several vari-

ables were kept consistent throughout these procedures. The 

sampling rate remained at 2,000 Hz, contributing to the reli-

ability of the EMG signal. Additionally, electrode placement 

and skin preparations were carefully monitored in order to 

ensure consistency. Skin preparation consisted of cleaning 

the skin above the orbicularis oculi with an alcohol swab in 

order to remove any dirt or dead skin cell particles that would 

interfere with the surface electrode signal. Multiple baseline 

blinks (10) as well as multiple startle responses (10) were re-

corded and analyzed in order to derive response means as 

well as standard deviations for each participant. Outliers were 

defined as responses that were beyond two standard devia-

tions of the mean. In this way, reliable muscle activation data 

was collected. Additionally, all responses were detected dur-

ing a single session for each individual. This contributed to 

the reliability of this study.

Temperament scales
The Temperament in Middle Childhood Questionnaire 

(TMCQ) [66] and the Early Adolescence Temperament Ques-

tionnaire-Revised, Parent Report (EATQ-R) [67] were admin-

istered in order to measure individual temperament. These 

measures were used to assess the reactivity of participants in 

this study. They are “paper and pencil” parent questionnaires. 

It was necessary to use both measures in order to accommo-

date the 7:0 to14:0 age range of participants in this study. 

These measures were developed at the University of Oregon 

by Rothbart and are statistically significantly correlated with 

one another [68,69].

These measures were the best-fit for this current study be-

cause they explicitly test the aforementioned three dimension 

of temperament: surgency/extroversion, negative affect, and 

effortful control. The subscales for the TMCQ and EATQ-R 

that were used for the purposes of this examination were: an-

ger/frustration, fear, inhibitory control, and shyness. The an-

ger/frustration and fear subscales were designed to specifi-

cally reflect components of negative affect. The inhibitory 

control subscale was designed to specifically reflect aspects of 

effortful control within the child’s temperament. The shyness 

subscale addressed surgency/extroversion. These aspects of 

temperament are complex and must be finely-differentiated. 

These measures were developed by Rothbart, whose research 

identified, defined, and subsequently developed accurate as-

sessment measures for specifically examining these dimen-

sions of temperament [68,69].  

The Temperament in Middle Childhood Questionnaire 

(TMCQ) [66] is appropriate for participants age 7−10. This test 

is a highly differentiated assessment of temperament in mid-

dle childhood. Temperament dimensions for TMCQ scales 

were developed and adapted from dimensions for both adults 

and infants via the Children’s Behavior Questionnaire (CBQ) 

[70], Hampton Individual Differences Questionnaire [71], the 

Childhood Temperament and Personality Questionnaire 

(CTPQ) [72], and the Children Behavioral Questionnaire - 

Bipolar I (CBQ-BPI) [73,74]. This 157-question form identi-

fies four factors of temperament, labeled: (1) Negative Affec-

tivity, (2) Surgency Extraversion, (3) Effortful Control, and (4) 

Sociability/Affiliation. 

The Early Adolescence Temperament Questionnaire-Re-

vised, Parent Report (EATQ-R) [67] is a 62-item parent-ques-

tionnaire appropriate for participants ages 9−15. The ques-

tionnaire has been designed to specifically tap experiences 

common to adolescents and is available in self- and parent-

report formats. The parent-report was used for the purposes 

of this study. This measure assessed temperament, reactivity, 

and self-regulation. The revised questionnaire also contained 

two behavioral scales to allow examination of the relationship 

of temperament to social-emotional functioning. 
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Subscales
For the purposes of this study, data from the following sub-

scales, which are common to both the EATQ-R and TMCQ, 

were analyzed: anger/frustration, fear, inhibitory control, and 

shyness. A five-point rating scale was used by the parent to 

answer each item on the test. Parents were asked to describe 

how true or false a statement is by circling a “1” for “almost al-

ways untrue of your child”, a “2” for “usually untrue of your 

child”, a “3” for “sometimes true, sometimes untrue of your 

child”, a “4” for “usually true of your child”, and a “5” for “al-

most always true of your child”. Each dimension received an 

average rating (1−5) indicating the mean response given by 

the parent for each item within a specific dimension. These 

responses were calculated and compared between the two 

groups of participants. 

Data analysis
Differences in group demographics 

Participants were matched for age and gender respectively, 

across groups. No significant differences existed in terms of 

demographic data.

Independent and dependent variables

For the purposes of this study, the dependent variables con-

sisted of three group comparisons: (1) mean response ampli-

tude across 10 trials, (2) mean response latency across 10 tri-

als and (3) difference between initial and final stimulus trial 

response amplitudes (i.e., habituation rate), (4) subtest scores 

on parent-report temperament assessment. These constituted 

the dependent variables for this study. The independent vari-

able for this study was children who stutter.

Variable analysis summary

All subject data was coded and the primary investigator was 

blinded to files during the analysis process. Baseline data was 

further blinded and analyzed twice to establish a Pearson 

Correlation. Shapiro-Wilk test statistics and Levene’s test sta-

tistics were calculated for each comparison to confirm nor-

mality and homogeneity of variance, respectively, between 

groups. Nonsignificant p values for these tests indicated the 

distribution of data was sufficiently normal and variances in 

mean amplitude and mean latency of acoustic startle re-

sponses were comparable between groups. 

The means and standard deviations of the stuttering and 

non-stuttering group were noted. Data was recorded in terms 

of amplitude of eye-blink response, which is given in analog-

to-digital units. Independent t-tests were used to test for the 

presence of significant differences between startle amplitude 

between the two groups. A paired t-test was used to compare 

the differences between the first response and the 10th re-

sponse within each individual to examine habituation differ-

ences. 

The means and standard deviations for the EATQ-R and 

TMCQ subscales were recorded for the stuttering and non-

stuttering group. Pearson-produce-moment correlations 

tested for significant correlation between the sub scales and 

the mean amplitude of the response for individuals within 

stuttering and nonstuttering group.

Differences in startle response

As a measure of startle response, EMG waves were analyzed 

and the following summary variables were provided to com-

pare across groups. To determine the difference in startle re-

sponse between group mean amplitude and latency, standard 

deviations were analyzed. 

Shapiro-Wilk test statistics and Levene’s test statistics were 

calculated for each of these comparisons to confirm normality 

and homogeneity of variance, respectively, between groups. 

Nonsignificant p values for these tests indicated the distribu-

tion of data were sufficiently normal and variances in mean 

amplitude, mean latency, and habituation rate of acoustic 

startle responses were comparable between groups. The 

means and standard deviations of the stuttering and non-stut-

tering group were documented. Data was reported in terms of 

amplitude of eye-blink response, which was given in analog-

to-digital units. Independent t-tests were used to test for the 

presence of significant differences between startle amplitude 

between the two groups. A t-test was used to compare the dif-

ferences between the first response and the 10th response 

within each individual to examine habituation differences. 

Differences in temperament scores	

To determine if there were differences in temperament be-

tween the group of children who stutter and the group of chil-

dren who were fluent, the investigator first examined the tem-

perament scale for each dimension of the questionnaire listed 

above. The means and standard deviations for the EATQ-R 

and TMCQ subscales were reported for the stuttering and 

non-stuttering group. Pearson-produce-moment correlations 

tested for significant correlation between the sub scales and 

the mean amplitude of the response for individuals within 

stuttering and nonstuttering group. 
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RESULTS

The main objective of this study was to examine the relation-

ship between pervasive stuttering and the acoustic startle re-

sponse in school-age children. Four research questions were 

posed. First, this study examined whether CWS demonstrated 

statistically significant higher levels of physiological reactivity, 

as measured by mean normalized RMS amplitude (extent of 

muscle activity) of startle response scores, compared to their 

fluent peers. In order to answer this question, the startle re-

sponses of school-age children who stutter were measured 

using EMG analysis, then compared to the startle responses of 

CWNS using the same EMG procedures. The second question 

addressed the level of physiological reactivity, as measured by 

mean latency of startle response scores, between these two 

groups. While the first research question compared amplitude 

(intensity of muscle activity) of responses between CWS and 

CWNS, this subsequent question compared the latency (du-

ration of muscle activity) of those responses. The data from 

these two questions were statistically analyzed using an inde-

pendent sample t-test. Third, levels of physiological reactivity, 

as measured by the difference between initial and final stimu-

lus trial response amplitudes (i.e., habituation rate, which is 

the decrease in response to a stimuli after repeated presenta-

tions) were measured and compared between groups using a 

paired sample t-test. Lastly, the relationship between scores 

Table 3. Group Statistics and Independent Sample t-tests for Children Who Do and Do Not Stutter

Group Statistics Stutter (Y/N) N Mean Std. Deviation Std. Error Mean

Normalized Startle Y 14 1.7522 0.93485 0.24985

N 13 1.7468 0.66901 0.18555

Baseline Mean of Delta X Y 14 135.663214 55.9253411 14.9466761

N 13 126.990623 61.9509802 17.1821104

Startle Mean Delta X Y 14 295.80093 265.567498 70.975899

N 13 239.74623 141.936717 39.366162

Baseline Mean of Mean Y 14 111.55707 17.924607 4.790553

N 13 100.42669 22.812093 6.326936

Startle Mean of Mean Y 14 188.127829 92.0299930 24.5960502

N 13 170.004700 71.3225306 19.7813109

Table 4. Group Statistics and Independent Sample t-tests for Children Who Do and Do Not Stutter Cont’d

Levine’s Test 
for Equality of 

Variances
t-test for Equality of Means

F Sig. t df Sig. 
(2-tailed)

Mean 
Difference

Std. Error 
Difference

95% Confidence 
Interval of the 

Difference

Lower Upper

Normalized_Startle Equal var assumed 8.351 0.008 0.017 25 0.986 0.00541 0.31510 −0.64356 0.65438

Equal var not assumed 0.017 23.538 0.986 0.00541 0.31121 −0.63757 0.64839

Baseline Mean of Delta X Equal var assumed 0.317 0.579 0.382 25 0.705 8.6725912 22.6841200 −38.046 55.3914

Equal var not assumed 0.381 24.227 0.707 8.6725912 22.7734065 −38.306 55.6513

Startle Mean Delta X Equal var assumed 4.210 0.051 0.676 25 0.505 56.054698 82.916579 −114.71 226.824

Equal var not assumed 0.691 20.162 0.498 56.054698 81.162017 −113.15 225.268

Baseline Mean of Mean Equal var assumed 1.056 0.314 1.415 25 0.169 11.130379 7.863956 −5.0657 27.3264

Equal var not assumed 1.403 22.789 0.174 11.130379 7.935963 −5.2948 27.5555

Startle Mean of Mean Equal var assumed 6.752 0.015 0.569 25 0.575 18.123128 31.8684041 −47.511 83.7573

Equal var not assumed 0.574 24.260 0.571 18.123128 31.5636808 −46.984 83.2303
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on the anger/frustration, fear, inhibitory control, and shyness 

subscales of the EATQ-R and TMCQ, and amplitude (or extent 

of muscle activity) of startle response was examined. The sub-

scales from these parent-questionnaires were designed spe-

cifically to measure emotional sensitivity and reactivity. Cor-

relation analysis was employed to test for statistical signifi-

cance. 

Mean normalized RMS amplitude and latency of startle 
responses

With regard to research question one and two, results revealed 

no significant differences between startle response amplitude 

or latency in CWS and CWNS. Tables 3 and 4 present RMS 

amplitude (Mean) and latency (Delta X) data for children who 

do and do not stutter.  

Results of the Independent Sample t-tests revealed no sta-

tistically significant difference at the 0.05 level of confidence 

between the RMS amplitude and stuttering variable. The 

mean normalized startle for CWS of 1.7522 is almost identical 

to the mean normalized startle response of CWNS, 1.7468. 

Levine’s Test revealed a p value of 0.008, indicating no signifi-

cant relationship between the stuttering and amplitude vari-

ables. Additionally, no significant difference was present be-

tween latency of response and the stuttering variable. The 

mean latency response of CWS was 295.800, while the mean 

latency response of CWNS was 239.746. CWS and CWNS do 

not have significantly different startle responses in terms of 

amplitude or latency, according to the findings of this study.

Habituation of startle reponses 
With regard to research question three, results revealed no 

significant difference in habituation of startle responses be-

tween CWS and CWNS. Tables 5−9 present habituation data 

for children who do and do not stutter.

For each child in the two groups, the amplitude of their first 

response was compared to the amplitude of their last re-

sponse in order to investigate the habituation of CWS com-

pared to CWNS. Habituation rate is the decrease in response 

to a stimuli after repeated presentations. Typically, a reduction 

in response is present when exposed to multiple stimuli (i.e., 

the first presentation of the stimulus in trial one is expected to 

be somewhat more startling to an individual than the subse-

quent 15th presentation of the stimulus). The mean differ-

ences in these responses (first response and last response) 

were compared between groups. A Paired Sample t-test was 

used to analyze this data. Results of the Paired Sample t-tests 

Table 5. Habituation of Startle Response in CWS and CWNS

Mean N Std. Deviation Std. Error Mean

Pair 1 first response 215.17141 27 96.986371 18.665036

last response 152.86556 27 68.407809 13.165089

Table 6. Paired Samples Correlations 

N Correlation Sig.

Pair 1 first response & last response 27 0.932 0.000

Table 7. Paired Samples Test

Paired Differences

t df Sig. 
(2-tailed)Mean Std. 

Deviation
Std. Error 

Mean

95% Confidence Interval 
of the Difference

Lower Upper

Pair 1 first response - last response 62.305852 41.530959 7.992637 45.876752 78.734952 7.795 26 0.000

Table 8. Group Statistics

Stutter (Y/N) N Mean Std. Deviation Std. Error Mean

Habituation Y 14 51.1498 42.99495 11.49088

N 13 74.3201 37.85402 10.49882



118

Clinical Archives of Communication Disorders / Vol. 5, No. 2:106-127 / August 2020

revealed no statistically significant difference at the 0.05 level 

of confidence between the habituation and stuttering vari-

able. The mean habituation for CWS is 51.149 and the mean 

habituation response of CWNS is 74.320. Levine’s Test revealed 

a p value of 0.434, indicating no significant relationship be-

tween the stuttering and habituation variables. CWS and 

CWNS do not have significantly different habituation rates of 

startle responses, according to the findings of this study. 

Correlation of startle response and parent-report 
questionnaire

In regard to research question four, no significant correlation 

was found between scores on individual subscales of the tem-

perament exam and the amplitude of startle responses (nor-

malized).

These results indicate that no significant correlation is pres-

ent between scores on an individual subscale of the tempera-

ment exam and the amplitude of startle response (normal-

ized). A positive correlation (0.069) between normalized star-

tle response and subscale scores of anger/frustration is pres-

ent; however, this is not generalizable secondary to sample 

size. Additionally, normalized startle response and fear have a 

weak negative correlation (−0.310). Shyness and inhibitory 

control approximate no linear relationship with the normal-

ized startle response of these individuals. Sample size also 

limits the generalizability of findings that might result from a 

predictive regression analysis of scores on the temperament 

scales and amplitude of startle responses. 

DISCUSSION

Many past investigations into the relationship between a sen-

sitive temperament and stuttering appear to reinforce the no-

tion of a link between these two constructs. There is evidence 

Table 9. Independent Samples Test

Levine’s Test for 
Equality of Variances t-test for Equality of Means

F Sig. t Df Sig. 
(2-tailed)

Mean 
Difference

Std. Error 
Difference

95% Confidence 
Interval of the 

Difference

Lower Upper

Difference 
Calming

Equal variances assumed 0.632 0.434 −1.481 25 0.151 −23.17029 15.64099 −55.38352 9.04294

Equal variances not assumed −1.489 24.937 0.149 −23.17029 15.56488 −55.23085 8.89026

Table 10. Correlation of Normalized Startle Response and Parent-Report Temperament Data for CWS and CWNS 

Normalized Startle Anger/ Frustration Fear Inhibitory Control Shyness

Normalized Startle Pearson Correlation 1 0.069 −0.310 −0.102 −0.075

Sig. (2-tailed) 0.738 0.123 0.620 0.710

N 27 26 26 26 27

Anger/Frustration Pearson Correlation 0.069 1 0.561 −0.440 0.274

Sig. (2-tailed) 0.738 0.000 0.006 0.096

N 26 38 37 37 38

Fear Pearson Correlation −0.310 0.561 1 −0.182 0.014

Sig. (2-tailed) 0.123 0.000 0.287 0.934

N 26 37 37 36 37

Inhibitory Control Pearson Correlation −0.102 −0.440 −0.182 1 −0.285

Sig. (2-tailed) 0.620 0.006 0.287 0.083

N 26 37 36 38 38

Shyness Pearson Correlation −0.075 0.274 0.014 −0.285 1

Sig. (2-tailed) 0.710 0.096 0.934 0.083

N 27 38 37 38 39
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of increased positive and negative reactivity in individuals who 

stutter, as data indicate people who stutter exhibit heightened 

feelings of anxiousness, nervousness, helplessness, as well as 

dependence, introversion, negative social and/or communi-

cation attitudes, withdrawal, lower social competence, and 

mild social maladjustments [19,20]. Although these studies 

are in agreement with a positive relationship between sensi-

tive temperament and stuttering, they fail to measure temper-

ament using the methodological rigor of the neurosciences. 

The literature review provides only a small number of studies 

that employ neurophysiological measures of temperament in 

their methodology. More commonly, data is collected, and 

conclusions are drawn based upon pencil-and-paper ques-

tionnaires and/or self-report. Moreover, when EMG data has 

been employed, as with the Guitar [36] study, the data was not 

normalized and thus the findings are unreliable. Normaliza-

tion allows data across participants to be compared on a com-

mon scale, as participant’s response amplitudes are expressed 

in terms of percentage of baseline response. For the purposes 

of the present investigation, mean amplitude data was nor-

malized. This methodological aspect is critical to accurately 

detect the intensity of reactions across subjects, and draw 

meaningful conclusions. Therefore, researchers must employ 

normalization procedures when interpreting EMG activity 

level, by relating it to some reference activity level obtained at 

that particular muscular injunction, in this case baseline eye-

blinks under natural conditions. Previous research lacking 

data normalization cannot accurately represent the amplitude 

of the startle response comparatively across individuals, lead-

ing to the possibility of unreliable conclusions. 

To date, there has yet to be a physiological study of temper-

ament conducted within the population of school-aged chil-

dren who stutter. Information from this study could objec-

tively differentiate characteristics of stuttering intrinsically re-

lated to reactivity versus self-regulation strategies adopted by 

the autonomic nervous system as coping mechanisms. 

Considering the aforementioned available research on this 

topic, the main objectives of this study were to determine the 

relationship between the reactivity/sensitive of school-age 

CWS, using reliable methods of neurophysiology (the acoustic 

startle response) as well as scores on a standardized tempera-

ment scale. More specifically, this research sought to use EMG 

data to examine and meaningfully interpret the mean ampli-

tude of startle response scores, mean latency of startle re-

sponse scores, habituation rate (which is the decrease in re-

sponse to a stimuli after repeated presentations) of startle re-

sponse score, and correlation between scores on the anger/

frustration, fear, inhibitory control, and shyness subscales of 

the EATQ-R and TMCQ and amplitude (or extent of muscle 

activity) of startle responses. 

Improving on methodologies of past studies, this present 

investigation employed: (a) the collection of a thorough back-

ground of testing, history, records, and parent interview for 

each participant, (b) carefully defined groups represented by 

CWS persistently, based upon clearly specified parameters of 

stuttering, with the gender ratio well represented, (c) clearly 

delineated and replicable EMG procedures, (d) normalization 

of EMG data, and (e) neurophysiological measures of temper-

ament combined with caregiver temperament questionnaire. 

Thus, although the groups were small, a wealth of focused 

and precise data was gleaned from each of these children. 

Discussions pertaining to the results of each research ques-

tion are presented first, followed by a section on theoretical 

considerations.  

Differences in mean amplitude
One of the main findings in this present study is the lack of 

significant differences between the group of CWS and CWNS 

with regard to mean amplitude of startle response. These 

findings are in direct contradiction to several studies that have 

reported higher levels of trait anxiety or “nervousness” in 

adults who stutter [19,36]. This difference may be due to the 

cumulative effect of negative speaking experiences over time, 

as the aforementioned studies were exclusive to an adult pop-

ulation. With regard to the various subtypes of stuttering, 

many current theoretical models include temperament as 

significantly influencing the developmental pattern of stutter-

ing. As stated earlier, temperament refers to a set of behavioral 

characteristics or reactions that are biologically-based, pres-

ent from infancy, and relatively stable over time and across 

contexts [75,76]. In other words, as Rothbart defined it, tem-

perament is a constitutional relationship between emotional 

reactivity and emotional regulation. According to this defini-

tion, the individual differences in reactive and regulation 

manifest in domains of emotion, attention, and activity [4]. 

However, personality is defined as a construct less innate and 

can be acquired and fluid over time, manifesting in an indi-

vidual’s innate temperament in a fluctuating environment full 

of variables [77]. 

Considering the previous nature of research in this area was 

self-report and questionnaire, it is plausible that findings re-

lated to anxiety and reactivity of individuals who stutter are 
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truly describing personality traits of these individuals rather 

than innate temperament or hard-wired characteristics. In 

fact, this current study, when combined with the aforemen-

tioned adult research, might suggest that no difference is pres-

ent innately in the temperament of individuals who stutter; 

however, over time negative experiences and environmental 

factors stockpile. As a result, one becomes a non-fluent adult 

who is more anxious than their fluent peer. 

Additionally, the current findings from the present investi-

gation seem to align with the previously mentioned pediatric 

study by Ortega [21] who examined salivary cortisol and al-

pha-amylase, two independent measures of stress response, 

in children who stutter. Ortega found children who stutter did 

not possess salivary cortisol levels outside of the normal limits 

expected for their ages. However, cortisol samples upon 

awakening, and in the afternoon, were significantly different 

in children who stutter, indicating CWS have more variable 

levels of cortisol throughout the day. Though cortisol and al-

pha-amylase levels were within normal limits, daily circadian 

rhythms were generally disrupted for both biomarkers [21]. In 

the Ortega study and this current study, though the markers 

of temperament were different (one biochemical and one 

neurological), both suggest no significant difference between 

CWS and CWNS in static innate anxiety or trait anxiety. How-

ever, Ortega [21] shows a higher fluctuation in stress response 

throughout the day for CWS, which would also suggest these 

children are reacting more sensitively to environmental 

stressors though no innate differences in temperament sensi-

tivity are present. 

An additionally study on adults found that people who stut-

ter produced greater increases in salivary cortisol when com-

pared to their normally fluent peers under periods of high 

general stress [24]. Further posing the question, are CWS con-

ditioned over time to react more sensitively to stress, though 

they have no significant different in temperament than their 

fluent peers? If so, why is this important? If the issue of sensi-

tivity/reactivity and the resulting anxiety is not innate, then 

preventing the stockpile of negative experiences, the accumu-

lation of anxiety ridden automated responses, and maintain-

ing the healthiest cognitive behaviors possible surrounding 

stuttering is then the responsibility of the treating clinician. 

Mean latency of response
As stated earlier, one reason for interest in the relationship be-

tween latency and stuttering was to determine if the duration 

of the startle response was longer in CWS than their normally 

fluent peers. Results of this current investigation revealed no 

significant difference between the latency of startle responses 

in CWS and CWNS. Homeostasis is controlled by the para-

sympathetic nervous system. It is the ability to maintain, or 

return to, a constant and stable internal state, in response to 

external environmental changes or stressors. These two 

groups are returning to homeostasis, after a startling event 

(stressor), at similar rates. CWS do not have a startle response 

that is greater in duration (latency) than his/her fluent peer, 

further indicating that the reactiveness of their temperament 

is not differing to a degree that is significant.

Current findings related to a DD-S model
This finding is of note when considering the aforementioned 

Dual Diathesis Stress Model of Stuttering (DD-S), which ap-

plies Monroe and Simmons’ [78] notion of a “stressor” activat-

ing a “diathesis.” The DD-S model explains environmental ac-

tivation of a genetic predisposition, and can be applied to sev-

eral various types of development. Walden et al. [79] applied 

this DD-S model to stuttering, focusing on the linguistic and 

emotional processes influencing stuttering development and 

maintenance. Using this model, Walden et al. [79] explain the 

parasympathetic nervous system’s response to a stressor as it 

pertains to stuttering. 	

This model defines diathesis as the proclivity to respond in 

a particular way; therefore, Walden et al. [79] relate diathesis 

to temperamental as well as linguistic responses in this 

model. Stress is defined as a stimulus that activates a situa-

tional (emotional) response and emotional responses are dis-

tinguished as trait-like or state-like. Temperamental emotion-

ality is a relatively stable, trait-like aspect of emotional re-

sponding, which is considered a diathesis in this model. Situ-

ational emotions are relatively variable, state-like aspects of 

emotional responding, here considered to be a response to 

stress. A stressor is anything that pushes the autonomic ner-

vous system out of homeostasis. Subsequently, a stress re-

sponse, “activates specific cognitive and affective processes 

and their central nervous system underpinnings” [80]. “Effects 

of psychological stressors on physiological system are highly 

variable” [80]. Therefore, in the presence of a stressor (linguis-

tic or emotional), the autonomic nervous system, strongly in-

fluenced by limbic structures, is pushed out of homeostasis in 

an individual who stutters. As a result, stress responses (emo-

tional or linguistic) are activated. Thus the temperamental 

predisposition (diathesis) of the individual is activated. Ac-

cording to the findings in this study, CWS are returning to ho-
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meostasis at the same rate as their fluent peers after their 

stress response is activated. In the presence of a stressor, in 

this case a burst of white noise, the autonomic nervous sys-

tem in the participant was pushed out of homeostasis as evi-

denced by their startle response. The latency, or duration, of 

the startle response represented how long it took each child to 

return to baseline or homeostasis. The CWS and CWNS did 

not significantly differ in the latency (duration) of their startle 

responses. These children were returning to homeostasis in 

similar manners subsequent to an environmental stressor. 

When stress activates a diathesis, the underlying emotional 

temperament of the individual is manifested in a situational, 

emotional response. When a stressor activates a diathesis, the 

result may be an increase in the frequency of a situation emo-

tional response, and thus an increase in the frequency of stut-

tering. Underlying emotional diathesis (i.e., temperament) 

has been shown to distinguish children who stutter from chil-

dren who do not stutter, and influences the development of 

stuttering in a variety of ways. Situational emotional respond-

ing is more variable, thereby contributing to the instance of 

stuttering speech events in a variety of ways [79]. 

Relatively stable diatheses (emotional or linguistic) can be 

activated by relatively variable stressors (emotional or linguis-

tic) to contribute to relatively variable stuttering. In this way, 

the DD-S Model of stuttering accounts for the variable nature 

of stuttering, considering the trait-like nature of temperamen-

tal predisposition. 

The findings of this current investigation can be viewed in 

tandem with this model of stuttering. This study elicited a 

stress response in CWS using bursts of white noise, thus 

“activate(ing) specific cognitive and affective processes and 

their central nervous system underpinnings” [80]. By stressing 

the diathesis, the underlying emotional temperament of the 

individual, and finding there to be no statistically significant 

difference in reactivity, this parsed out the stable tempera-

mental diathesis (trait-like) from the variable situational emo-

tional response (state-like). By doing so, this helped to rule 

out temperament as a significant difference between CWS 

and CWNS, as their latency of response indicated no signifi-

cant difference of the parasympathetic nervous system’s and 

return to homeostasis. This finding seems to pinpoint the situ-

ational emotional response as primarily responsible for differ-

ences between CWS and CWNS. As stated previously, this re-

sult would indicate state-like aspects of emotions to be the 

differing factor between CWS and their fluent peer. This 

would agree with the 2012 study by Walden, Frankel, Buhr, 

Johnson, Conture, and Karass, who found that situation emo-

tional responding (state-like aspects of emotion which are 

more variable) were contributing to the instance of stuttering 

speech events in a variety of ways. While the findings of this 

study would disagree with the portions of the DD-S model 

that suggest underlying emotional diathesis (i.e., tempera-

ment) has been shown to distinguish children who stutter 

from children who do not stutter, and influences the develop-

ment of stuttering in a variety of ways.

Furthermore, clinical implications of this finding are en-

couraging. If the significant difference(s) between CWS and 

CWNS lay within the emotional response rather than the in-

nate temperament of the child, then working to change envi-

ronmental variables and manage negative thoughts and be-

haviors using cognitive strategies, even counseling referrals 

when necessary, could gravely impact the instance of stutter-

ing speech events for CWS. This research suggests that CWS 

are not operating from a disadvantaged temperament that is 

more sensitive to speaking failures and environmental stress-

ors. The playing field is level, so to speak, for the CWS and the 

CWNS as far as innate temperamental disposition. This is en-

couraging, as stuttering is not a single disorder -- a patho-

gnomic monolith [1]. It is complex, multilevel and dynamic 

linguistically. It involves central speech programming, as well 

as emotional and cognitive processes interacting to ultimately 

affect the motor function necessary for speech production. 

With of all the variables co-mingling, knowing that a sensitive/

reactive temperament is not additionally “working against” 

these CWS, is quite a meaningful and positive finding. 

Mean of habituation response
One interesting finding of this study is the lack of significant 

difference between the group of CWS and CWNS in mean ha-

bituation of startle response. Habituation rate is the decrease 

in response to a stimuli after repeated presentation, and the 

repetition component of this measure key significance. In this 

experiment, the multiple noise bursts served as the repeated 

stimuli. Both the CWS and CWNS showed a decrease in star-

tle amplitude from the initial noise burst compared to the fi-

nal noise burst at a rate that was not significantly different 

from one another. In other words, the CWS and the CWNS 

were displaying decreases in reaction to repeated startling 

stimuli to a similar degree, as it was becoming more familiar 

and less novel.

The clinical implications of this finding can be related to 

components of classical conditioning. Inappropriate activa-
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tion of the right hemisphere during speaking tasks in individ-

uals who stutter has been confirmed in multiple studies dat-

ing back to the aforementioned SPECT studies of the 1980’s. 

The inappropriate activation of right hemispheric emotional 

centers during speaking tasks has profound implications for 

people who stutter in that these structures have deep-seated 

neurological connections with the limbic system, a structure 

highly susceptible to classical conditioning, as well as the hip-

pocampus, which is the sub-cortical seat for memory. This 

sheds light on aspects of emotionality and emotional learning 

that may be influencing disfluent speech. Repeated emotional 

responses can be learned and hardwired into the neurological 

reactions of individuals with fluency disorders. 

This repetition causes emotional pathways to be estab-

lished that produce fear, anxiety, or disappointment as famil-

iar, conditioned responses. Compounding the problem is the 

fact that frequent experiences with fluency failures are not 

uncommon for individuals who stutter. The negative experi-

ences create additional opportunities for repeated negative 

reactions. Each fluency failure reinforces beliefs that for this 

individual, speaking is difficult, and should be feared, and 

thus a cyclical effect occurs as each new experience confirms 

this negative belief system [35]. 

In light of this neurological information, the findings of this 

study are encouraging as they suggest the innate tempera-

ment of the CWS does not leave them more susceptible to a 

classically conditioned/hardwired negative emotional re-

sponse. The CWS are responding to repeated exposure of 

averse stimuli with the same gradient of response as their flu-

ent peers, on a neurologic level. While each negative experi-

ence and fluency failure is impacting the child’s cognitive be-

lief system and fear response system as described above, the 

CWS is not responding to the repeated averse stimuli to a 

greater degree than a CWNS might respond, according to the 

results of this study. The CWS is habituating to the repeated 

averse stimuli similarly to the CWNS. This may mean that the 

CWS is not, therefore, at a disadvantage for mitigating his/her 

fear response on a temperamental level, which would have 

compounded the complexity of the child’s struggle. 

Therefore, if the CWS and CWNS have a similar baseline of 

susceptibility to neurologically hardwiring emotional re-

sponses in the presence of repeated averse stimuli, then the 

conditioned fear response is less exclusive to the CWS and 

may be more manageable from a clinical standpoint. If the re-

peated experience is being hardwired into the child, but the 

child’s innate temperament is not a primary contributing fac-

tor, then clinically targeting more malleable factors such as 

the child’s environment, external support system, and cogni-

tive belief system may be a more powerful approach to flu-

ency than previously suspected. Working to minimize the 

child’s negative speaking experiences and neutralize the re-

sulting internal reactions seems more surmountable, with the 

understanding that an ingrained sensitive/reactive tempera-

ment may not be a confounding factor. 

Correlation between temperament subscales and startle 
responses

Lastly, it is of note that no significant correlation is present be-

tween scores on an individual subscale of the temperament 

exam and the amplitude of startle response (normalized). 

Previously, studies of temperament have relied heavily on 

parent questionnaire and self-report. While these measures 

provide important information regarding an individual’s pre-

dispositions and temperamental tendencies, a level of human 

error is present. Additionally, past studies have revealed large 

discrepancies between parent-report and child-report on 

measures of quality of life [47], relationship quality [48], psy-

chosocial health domains [49] as well as emotional and men-

tal health domains [50]. Self-report measures also are subject 

to confounding variables which are difficult to identify and 

control, such as cognitive perspective, situational perspective, 

and the stable cognitive profile of the individual [51]. The lack 

of correlation present in this study between measures of par-

ent report and physiological measures of temperament fur-

ther confirm the weakness of previous research based solely 

upon measures of self/parent report. It should be noted that 

the sample size limits the generalizability of findings that 

might result from a predictive regression analysis of scores on 

the temperament scales and amplitude of startle responses. 

Theoretical implications
The findings of this present study shed only little light on the 

complex issue of temperament and stuttering. Inasmuch as 

there were some noteworthy findings, these were limited by 

sample size and seemed only to pose additional questions. As 

stated earlier, investigating dimensions of temperament might 

further highlight the importance of environmental factors of 

individuals who stutter. Unraveling these environmental com-

ponents would allow clinicians to create therapeutic as well as 

home environments that lend themselves to the facilitation of 

neuroplasticity and adaptability within the child, subse-

quently affecting his speech and language from a neurological 
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perspective. Treatments focusing on creating an environment 

that is positive and encouraging would aid in the develop-

ment of a less inhibited temperament while possibly facilitat-

ing confident and assertive behavior as the child responds 

more constructively to his/her environment. Additionally, ap-

proaches that concentrate on providing enjoyable and re-

warding communication experiences, would facilitate a re-

duction in fear and freezing behaviors associated with speak-

ing for individuals who stutter. Encouraging approach behav-

ior and confrontation of feared words or contexts would help 

facilitate left hemisphere activity as well. To this point, brain 

imaging studies of adults before and after treatment [81,82] 

have shown that successful treatment is associated with in-

creased activation of left hemisphere areas which were previ-

ously inactive, as well as reductions in the over-activation of 

the right hemisphere. 

Data from this study suggest that any temperamental differ-

ence between CWS and CWNS is not inherent. This agrees 

with previous research showing tense responses, escape and 

avoidance behavior, and negative feelings/attitudes (while a 

product of a temperament) are somewhat learned responses, 

which are modifiable by new learning. Therefore, under-

standing the individual nuances of temperament within chil-

dren who stutter would provide information for the develop-

ment of individualized treatments to facilitate new learning, 

as well as tailored coping strategies to help children effectively 

deal with speech disruptions. However, these temperamental 

nuances are not innately differing from the CWS’s fluent peer. 

Additionally, findings regarding neurophysiological com-

ponents of temperament also may facilitate problem solving 

relative to environmental and emotional influences that are 

exasperating a child’s temperament and/or disfluent speech. 

These environmental and emotional factors could then be 

targeted in intervention in order to establish holistic treat-

ment and holistic success.

Limitations of present investigation
Even though this investigation was thorough and precise, ad-

dressing many methodological shortcomings of previous re-

search by employing a meticulous research design which in-

cluded normalization of data, certain limitations should be 

noted.

1. The composition of participants in this study was bal-

anced demographically, accounting for the 13:1 stuttering 

gender ratio [3]. Nevertheless, an increase in overall sample 

size would improve the statistical power in future studies and 

make conclusions more generalizable. 

2. Though thoroughly educated, trained, and supervised on 

electromyography, the researcher was the primary collector 

and analyzer of EMG data in this study. All data was tediously 

examined multiple times; however, elements of human error 

exist as the nature of the data interpretation process required 

a human analysis component.  

3. Additionally, the Temperament in Middle Childhood 

Questionnaire (TMCQ) [66] and the Early Adolescence Tem-

perament Questionnaire-Revised, Parent Report (EATQ-R) 

[67] were administered in order to measure individual tem-

perament. Even though the temperament measures were the 

best-fit for this current study because they explicitly test the 

three dimension of temperament: surgency/extroversion, 

negative affect, and effortful control, one test of temperament 

given to all participates would have been best practice, had a 

reputable one appropriate for individuals between 8 to 14 

years of age been available. 

Future research
Sample size

Though this study’s sample size is comparable to similar stud-

ies in this field that employed neurophysiological methodol-

ogy, the sample size still lacked power for generalization. Due 

to time and resource constraints of this dissertation study, the 

sample size was limited to 28 school-age children. Future 

studies should include a larger sample size (100−300 partici-

pants) in order to increase the statistical power of the results, 

making the findings more generalizable. 

Trait vs. State emotional responses

Future studies should try to parse out trait verses state emo-

tional responses. Anxiety is a multidimensional construct [83]. 

Trait anxiety is defined as a person’s constitutional level of 

anxiety, which is stable across a variety of situations, while 

state anxiety is defined as a condition-specific or situation-

specific level of anxiety. Ortega [21], has shown a higher fluc-

tuation in stress response throughout the day for CWS, which 

would also suggest these children are reacting more sensi-

tively to environmental stressors though no innate differences 

in temperament sensitivity are present. Research confirms 

that adults with chronic stuttering have elevated levels of anx-

iety [84]. The question becomes, at what point in a child’s de-

velopment into adolescence and adulthood does the anxiety 

that is secondary to stuttering begin to exceed normal limits? 

Many adult disorders begin to development in childhood, 
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thus understanding this question is crucial [84,85]. A recent 

meta-analysis of almost 1,300 adults with chronic stuttering 

found the majority of adults who stutter have at least moder-

ately elevated trait anxiety and substantially elevated social 

anxiety compared to non-stuttering controls [86]. Research is 

consistently shows that CWS do not have elevated levels of 

trait anxiety. Craig and Hancock [87] tested trait and state 

anxiety in 96 CWS and 104 of their age matched peers, con-

cluding CWS were no more anxious than CWNS and their 

anxiety levels were within normal limits as a whole. Hancock 

[88] followed up on this cohort and found a continued reduc-

tion in anxiety levels over time, following stuttering treatment. 

Additionally, Davis et al. [89] tested trait anxiety in school 

aged CWS and found no significant difference when com-

pared to their fluent peers. Further research such as this study, 

grounded in neurophysiology and examining trait and state 

anxiety of CWS, is warranted to determine at what point in 

development anxiety in stuttering is increasing over time to 

exceed normal limits in individuals who stutter. Future stud-

ies should also be methodologically designed to parse out 

trait and state anxiety, as well as temperament and/or person-

ality from emotionally learned coping mechanism/responses.

Overall, it is hoped that this study will stimulate further re-

search into the area of temperament and stuttering. More in-

formation is necessary to clarify this relationship and to dis-

cover the most appropriate and effective means of treating 

fluency disorders in children. It remains to be determined if 

certain temperamental differences are inherent to individuals 

who stutter, or perhaps a result of the stuttering itself. Pairing 

both physiological and descriptive research designs that ex-

amine temperamental differences in children who stutter and 

children who do not stutter is imperative to answering impor-

tant questions in this area of study. Specifically, information 

about the interaction between temperamental characteristics 

and persistent stuttering in children is needed. As children 

age, the possibility of natural recovery is diminishing, the na-

ture of treatment is subsequently shifting. Focusing research 

on persistent stuttering within the school-age population is 

critical. Treating school-age children who stutter focuses on a 

more comprehensive understanding of the child’s experience 

of stuttering. As the child ages, stuttering can become an in-

creasingly greater part of his/her communication and life, and 

the impact begins to grow exponentially. A key contributing 

factor in this scenario is the child’s reaction to both the im-

pairment as well as the resulting participation limitations. 

Therefore, understanding key components of personality and 

temperament, exposure to repeated negative experiences, 

emotional processing, and the child’s environment (both real 

and perceived) are a crucial for the future of this field.  
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