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Figure 1. Variability in reading intensity SD
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The purpose of this study is to examine long-term variability of acoustic measures and the relationship between selfreported stress and anxiety on stuttering. Participants completed a recording protocol comprised of a variety of speech
tasks over 6 consecutive weeks and self-perception questionnaires. Results indicate less variability during reading for
PWS and higher reports of stress associated with the initial recording sessions. Implications and future directions are
discussed.
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•PWS showed significant changes across weeks (variability) for articulation rate in reading (Figure 2a) and SD of intensity
(Figure 1).
•PWDS showed significant changes across weeks (variability) in intensity in reading only. Data approached significance for
articulation rate in reading.
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The purpose of the present study is to explore the day-to-day variability of acoustic measures over a period of six-weeks
and the relationship between self-reported stress and anxiety on stuttering, in PWS and PWDS.
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measures analysis of variance (RMANOVA) was completed with group (2 levels, PWS vs. PWDS) and Week (6 levels,
weeks 1 – 6). The dependent variables for this measure included the aforementioned acoustic variables. Each variable was
also analyzed descriptively to look for trends between and within groups. The results will be presented for each
dependent measure.
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Figure 3b. Variability of F0 during the

monologue task for PWS and PWDS across
6 weeks.
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•Trait anxiety
•No significant changes across weeks for either group.
•No significant differences between PWS and PWDS, although trends indicate higher trait anxiety by PWS compared to
PWDS on 4 of 6 weeks (See Figure 4).
•State anxiety
•No significant changes across weeks for either group.
•PWS reported significantly higher state anxiety than PWDS (p<0.05)
•Significant effect of pre-recording vs. post-recording state anxiety (p<0.05).
•Anxiety was significantly lower after recordings compared to before recordings.
•These reductions of anxiety after recording were evident for PWS and PWDS on all 6 weeks (see Figures 5 and 6).

Results of this current study indicate that PWS demonstrate greater week-to-week variability in terms of prosody (measured
by intensity SD) during reading. In the future, one can also utilize intensity SD to measure effects of therapy on vocal tract
stability during reading and monologue. It is also important to examine long-term stability of possible changes to speech
acoustic measures on a variety of tasks following therapy. This can provide information about treatment effects and the scope
of motor learning with respect to vocal tract stability during speech production following therapy.
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Figure 5. Pre- and post-recording state

Figure 4. Trait anxiety (Anxiety last 3 days prior
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to recording session) for people who stutter
(PWS) and people who do not stutter (PWDS).
Trait anxiety was measured on a 100 mm visual
analog scale, where 0= No stress and 100= High
stress).

anxiety ratings for people who stutter
(PWS). State anxiety was measured on a
100 mm visual analog scale, where 0= No
stress and 100= High stress).
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Figure 6. Pre- and post-recording state anxiety
ratings for people who do not stutter (PWDS).
State anxiety was measured on a 100 mm visual
analog scale, where 0= No stress and 100= High
stress).
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Anxiety and Stuttering: To examine overall difference in trait anxiety alone (anxiety reported over last 3 days prior to
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recording), a repeated-measures analysis of variance (RMANOVA) was completed by Group (2 levels, PWS vs. PWDS)
and Week (6 levels, weeks 1 – 6). To examine any changes in self-reported anxiety (state anxiety) across weeks, a
separate RMANOVA was used, with analysis by Week and by Group. To examine the effect of the speaking tasks on
anxiety, a repeated factor of Time was also included in this ANOVA (2 levels, pre-recording vs. post recording).
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An important non-significant
non significant trend observed in this study was that of Fundamental frequency variability (measured by SD)
where PWS were in general found to have a lower mean F0 SD than PWDS for both the reading (Figure 3a) and monologue
tasks (Figure 3b). Future studies might incorporate a larger sample size to corroborate or refute the results of this present
study. In general, this trend seems to indicate that PWS had less prosodic variations than PWDS.
Another important non-significant trend was found with respect to articulatory rates for the reading and monologue task.
PWS were found to have lower mean articulatory rates than PWDS for both reading and monologue task for all recording
sessions. This difference in articulatory rate could be a result of the presence of more disfluencies in the speech of PWS.
Significant group differences were found for reported state anxiety, with PWS reporting higher state anxiety than PWDS.
This indicates that PWS feel more situation specific anxiety that PWDS and is in agreement with studies indicating that PWS
have higher state anxiety than PWDS but no significant group differences for trait anxiety. This is an important clinical
findingg and should be p
probed further to explore
p
the effects of therapy
py on reports
p
of state anxiety.
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Acoustic Variability and Stuttering: To examine the overall difference in each of the acoustic measures a repeated-

PWDS

Figure 3a. Variability of F0 during the

Participants
p
Participants for this study included 4 PWS (age: 23-51 years; gender: 3 males, 1 female; self-reported severity: mild to
moderately-severe) and 4 PWDS control speakers (age: 23-34 years; gender: 1 male, 3 female).
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Acoustic Measures
A number of acoustic measured were included in the current study. The primary acoustic measures reported in this
study include the mean and standard deviation (SD) of fundamental frequency (Fo), mean and SD of intensity, and
articulation rate from each reading passage and monologue.
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Self-reported Measures
A 100 millimeter visual analog scale was used to assess each variable for both pre- and post-recording questionnaires.
Pre-recording questionnaires gathered data pertaining to health changes in the last week, stress in the past three days
prior to the recording session (trait anxiety), and current stress levels (state anxiety). The post-recording self-perception
rating scales were used to gather data about current stress levels (state anxiety), difficulty of the session, and self-ratings
of fluency, and clarity of speech during the reading passage / monologue.
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Methods

Protocol
Participants came to an assigned laboratory once a week for six weeks in succession. Participants were asked to complete
the following tasks each week: (1) a pre-recording questionnaire (2) a reading of the Rainbow passage (Fairbanks, 1960).
(3) a 3 minute monologue on a topic of the participants’ choosing (4) post recording questionnaire. During the first
session, participants filled out a demographic questionnaire prior to completing the self-rating scales and recording tasks.
During the next five sessions, participants only completed self-ratings and speech tasks.
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Figure 2b. Monologue articulatory rate

weeks for PWS and PWDS.
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The role of stress and anxiety on stuttering has also been examined by a few studies. In general, research on stress and
anxiety indicates People Who Stutter (PWS) may experience what is called as trait anxiety (Blood, Blood, Maloney,
Meyer, & Qualls, 2006). Trait anxiety is defined as anxiety that arises in specific situations whereas state anxiety is
defined as an individual’s genetic or inherent general anxiety levels (Speilberger, Gorsuch, & Lushene, 1970). Findings
related to anxiety in PWS appear to be inconsistent due to possible methodological concerns regarding the role anxiety
plays in the etiology of stuttering (Davis, Shisca, & Howell, 2007), however, findings do indicate that PWS exhibit
anxiety during certain tasks and situations as opposed to generally higher anxiety levels. Overall, previous studies have
examined either acoustic measures of PWS speech or self-perceptions and anxiety. Additionally, no study has examined
PWS for long-term stability of speech acoustics on a variety of speech tasks.

•There were no significant differences between acoustic measures of PWS vs. PWDS.
•PWS and PWDS show differential patterns of variability when examined across weeks (see above).
• Descriptive statistics did reveal some non-significant PWS – PWDS differences.
•PWS group had a lower mean for the reading articulation rate all 6 weeks (Figure 2a).
•PWS were found to have an overall lower mean articulatory rate for both reading and monologue tasks on 6 of 6 weeks
(Figure 2b).
•Similarly, PWS were found to have lower variability of F0 (Fo SD) in both reading tasks (see Figure 3a) and monologue
tasks (see Figure 3b).
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Figure 2a. Reading articulatory rate across 6
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Stuttering is a complex multifactorial disorder (Smith, 1999). Most definitions of stuttering have included a motor
component in addition to an emotional component that influences speech production (e.g. Starkweather, 1987; Wingate,
1964). Several studies that examined speech acoustics of people who stutter (PWS) and people who do not stutter
(PWDS) have found that PWS, as a group, show longer voice onset times (VOTs), vowel durations, stop gap (SG)
durations, and consonant-vowel transition durations. These differences however, are often limited to certain conditions
determined by the phonetic context or articulatory complexity (Bloodstein, 1995). Few studies have examined
differences in vocal tract stability during speech production between PWS and PWDS. Newman, Harris, & Hilton (1989)
found that PWS as a group showed higher fundamental frequency perturbation during sustained vowel productions. This
was interpreted as difficulty maintaining a fixed laryngeal posture during vowel steady-state production. Robb,
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Additionally, the use of formal tests to measure trait and state anxiety PWS and PWDS during a variety of speaking tasks
with increasing levels of perceived difficulty to determine the effect of anxiety on the number of disfluencies measured in
the speech of PWS and PWDS is important in order to examine the role that anxiety may have on the stability of motoric
changes induced by therapy.
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