Autonomic Correlates of Stuttering in Children: Preliminary Study
ABSTRACT
Electrodermal activity and peripheral
blood flow were recorded in school-age
children who do not stutter during
performance of jaw movements, effortful
breath-holding, simple sentence
production, and narrative production
(method adapted from Weber & Smith,
1990). The relations of autonomic arousal
to task requirements and speech
disfluencies are discussed.

BACKGROUND
Studies of adults who do and do not
stutter that have assessed autonomic
arousal in connection with speech and
non-speech tasks found that in both
groups of speakers, speech production
was associated with large increases in
autonomic arousal, even when compared
to highly arousing non-speech tasks
(Peters & Hulstijn, 1984; Weber & Smith,
1990).
Weber and Smith (1990), found that the
occurrence and severity of stuttered
utterances during the speech tasks were
correlated with autonomic arousal, even
for the period prior to the onset of the
utterance, suggesting that the autonomic
arousal was not merely the result of the
person’s reaction to the stuttering
occurrence.
Evidence that increased arousal elicited
by a Stroop task prior to speech production
is related to increased variability in speech
motor output for typically-speaking adults
and school-age children (Kleinow & Smith,
2006), suggests that autonomic arousal
may negatively impact speech motor
control, disrupting the output of speech.
It is not yet known, however, if
autonomic arousal is related to speech
disfluencies in typically-speaking
individuals or how autonomic arousal
differs across both speech and nonspeech tasks for typically speaking
children.

PURPOSE
The purpose of this preliminary study
is to assess autonomic arousal in
typically-speaking school-age children,
prior, during, and after speech and nonspeech tasks designed to elicit both high
and low levels of arousal. It is also the
purpose of this study to assess whether
autonomic arousal differs between
disfluent and fluent utterances in
typically-speaking children.
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METHOD
Participants
Ten typically-speaking, 7-9 year-old children,
including 8 boys and 2 girls, participated in this
study. All exhibited normal phonological
development and scored within normal limits on
expressive language subtests of the Clinical
Evaluation of Language Fundamentals – Fourth
Edition (CELF-4) (Semel, Wiig, & Secord, 2003).
Additionally, participants demonstrated normal
oral motor development on the Oral Speech
Mechanism Screening, Third Edition (OSMSE-3)
(St. Louis & Ruscello, 2000) and passed a
bilateral pure tone hearing screening at 500,
1000, 2000, 4000, and 6000 Hz at 20 dB HL.
Children were classified as typically fluent if
they met the following criteria:
1) Not regarded as having a stuttering problem
by a clinician involved in the project,
2) Speech fluency considered typical based on
the Test of Childhood Stuttering (TOCS)
(Gillam, Logan, & Pearson, 2009), and
3) Exhibited less than 2 stuttering-like
disfluencies per 100 syllables of spontaneous
speech.
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3) EDA-bl – Mean EDA per epoch minus the mean
EDA for the baseline recording. Electrodes were
attached to the thenar and hypothenar
eminences of the palm (Dawson, Schell, & Filion,
2007).
3) EDRpk – The amplitude (in µS) of the largest
EDR per trial, measured from EDR onset to the
maximum amplitude of the response. EDR was
derived by high-pass filtering EDA at 0.05 Hz,
which provides information about rapid changes
in autonomic arousal.
Sample tracings of these data can be seen for a
SENT trial from an 8-year, 7-month old boy in Figure 1.

Figure 2

Table 1: Planned condition contrasts for the four autonomic
variables.
Contrast
JAW and Other 3
After

PV%bl

PP%bl

F = 3.27,
p = .10

F = 4.60,
p = .06

Autonomic Measures
Measurements were taken during 5-second
epochs before, during and after each trial and
were referenced to the 15-second baseline
recorded at the beginning of the corresponding
experimental condition.
The dependant variables were as follows:
1) PV%bl – percent change from baseline in
mean peak-to-peak amplitude (in volts) of
pulse cycles. An infrared photoelectric
plethysmograph transducer (Biopac
PPG100C), was placed on the distal
phalange of the middle finger.
1) PP%bl – percent change from baseline in
mean pulse period (in seconds) of pulse
cycles.

EDRPk

F = 4.49,
p = .06

VAL and SENT Prior

F = 1.56,
p = .24

VAL and SENT
SENT and NARR
Prior

Speech and Non-Speech Tasks
1) JAW, a repeated vertical jaw movement task
for 5s per trial,
2) VAL, a valsalva, or effortful breath-holding
task for 5s per trial,
3) SENT, three simple sentence productions per
trial, elicited by a series of simple pictures of
an object or animal in a box or barn (e.g.,
“The cow is in the barn.”),
4) NARR, spontaneous speech production with
each trial elicited by a picture from the textfree storybook, Frog Where Are You, (Mayer,
1969).
For the JAW and VAL conditions, six usable
trials were collected, whereas for the SENT and
NARR conditions, twelve usable trials were
collected.

EDA-bl

F = 3.87,
p = .08

SENT FLUENT and
SENT DISFLUENT
Prior

F = 4.28,
p = .07

NARR FLUENT and
NARR DISFLUENT
Prior

F = .73,
p = .415

F = 14.28,
p = .004**
F = 3.53,
p = .09

Preliminary findings for the present
study suggest that electrodermal
response amplitudes, indicative of
autonomic arousal, differ across speech
and non-speech tasks for typicallyspeaking school-age children. This is
consistent with past studies of adults
who do and do not stutter, which
indicate that speech tasks elicit greater
autonomic arousal than even highly
arousing, non-speech tasks (Peters &
Hulstijn, 1984; Weber & Smith, 1990).
Furthermore, for these typicallyspeaking children, peripheral blood
volume measures indicate higher
autonomic arousal prior to disfluent
compared to fluent responses in a
structured sentence-production task.
Similar to what has been found in
adults who stutter (Weber & Smith,
1990), it may be that autonomic arousal
impacts speech disfluencies in typicallyspeaking school-age children.
It may be that autonomic arousal
impacts typical speech disfluencies in a
similar fashion to the way it does
stuttering. Study of autonomic arousal
with children who stutter is needed to
address this hypothesis.

CONCLUSION

** p < .005
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Finding Two
Results indicated that pulse period relative to baseline
was significantly lower prior to disfluent compared to
fluent SENT trials, F = 14.28, p = .004 (see Figure 3). This
suggests there may be increased sympathetic arousal
prior to disfluent compared to fluent utterances by typically
speaking children.

There were two major findings of the present
preliminary study.
Finding One
An overall repeated measures analysis of variance
(RM ANOVA) indicated a main effect of condition for
EDR magnitude, F = 4.379, p = .04 (see Figure 2). A
follow-up RM ANOVA tested whether VAL, the nonspeech condition designed to elicit a high level of
arousal, was different from the SENT condition.
However, there was not a statistically significant
difference between the VAL and SENT conditions.
Additionally, EDR magnitude did not appear to differ
between fluent and disfluent trials.
For the BPV, PP, and EDA, which were measured
prior, during, and after each trial, then referenced to
baseline, analyses were guided by visual inspection of
the data. See Table 1 for the outcome of repeatedmeasures ANOVAs contrasting experimental
conditions.

Figure 3

Figure 4

Figure 5

Preliminary findings for the present
study indicate that autonomic arousal
may impact speech fluency in schoolaged children who demonstrate typical
speech fluency.
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