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measures while participants were presented with provoking
stimuli, SAD patients responded with higher levels of skin
conductance, heart rate, and muscular tension compared to
control group. Moreover, only SAD patients showed increased
responses when imagining either idiographic fear or standard
social threat scenes. The groups did not differ however when
imagining contents which is fearful for all participants [9].
Recent evidence suggests that acoustic parameters are
associated with the physiological responses to emotional stress
and social anxiety [2]. In particular, several studies [10, 11, 12,
13] found that social anxiety is associated with higher f0 and
higher speech rate, as well as a larger range of f0. Voice tremor,
which is an acoustic parameter related to instability of f0
(known as Jitter), was reported to be associated to SAD and
other emotions [14, 11, 15, 16, 17]. Apart from f0, other studies
showed that individuals with SAD use longer silent pauses than
control participants [18]. One study [19] found a significant
correlation between the existence of social anxiety and the use
of various pauses: Participants with SAD used more filled
pauses and their silent pauses were longer than in the control
group. Hence, a closer examination of the pauses may allow
better discrimination between individuals with SAD and control
participants.
Previous work on the relationship between disfluencies and
speech disorders discussed the influence of typology and
grammatical classes on the occurrence of speech disruptions of
stuttering and fluent children. Disruptions of speech flow were
assumed to be differentiated according to their typology [20],
such that some disruptions are common to all speakers and
fundamentally reflect linguistic uncertainty and imprecision,
while others are intended to improve the message
comprehension. The disruptions that were considered typical
are hesitations, interjections, revisions, un-finished words, and
word, phrase or segment repetition. The results of [20] indicated
that the stuttering and fluent children do not differ with regard
to the occurrence of typical disfluencies. The same results were
reported on cluttering disorder [21], where no statistically
significant difference was found between the groups concerning
the number of hesitations, unfinished words and segment
repetitions [21].
The present study focused on acoustic analysis of hesitation
disfluencies (AKA filled pauses) in individuals with SAD. It
examined to what extent detailed analysis of different types of
hesitation disfluencies may distinguish between individuals
with SAD and control participants. Two complementary aspects
were examined: 1) temporal features, i.e, amount and duration
of occurrences; 2) basic acoustic features based on f0. The
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Building on psychologists' observations that individuals with
Social Anxiety Disorder (SAD) speak slower and more quietly,
this study examines to what extent the characteristics of
hesitation disfluencies and silent pauses distinguish between
SAD and control participants. Participants responded verbally
to six identical questions, and their responses were recorded and
analyzed. Our first observation was that SAD sessions last
longer. When looking at inter-pausal units, silent pauses, and
hesitation disfluencies, we found comparable proportions of
hesitation disfluencies in both groups. Critically, however, we
found that SAD sessions last longer, due both to more speech
and to more silences. A more detailed acoustic analysis
examined four types of hesitations with respect to their
syntagmatic location, i.e., their location with regard to the
speech unit. Results show differences between SAD and control
participants in duration, jitter and shimmer. The findings
suggest that acoustic analysis of speech disfluencies may serve
as an important clinical aid in the diagnosis of SAD.
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1. Introduction
Social Anxiety is one of the most common mental disorders in
the Western world [1, 2]. It causes individuals psychological
distress, and results in significant economic damage due to the
lost workdays [3]. A prominent characteristic of Social Anxiety
Disorder (SAD) is the difficulty in verbal communication.
Individuals with SAD are afraid that others will notice their
vocal tremor, that they will say something embarrassing or have
a "Black-Out", that they will talk foolishly or will no longer be
able to speak [4, 5]. Treatment of SAD is relatively effective,
however many individuals with SAD are not diagnosed as such.
One of the fundamental problems in diagnosing SAD is that
current diagnostic tools rely on self-report, and require the
patient to disclose his/her distress. Such self-disclosure is
essentially in contrast to the typical "shy" behavior of
individuals with SAD. Consequently, many individuals with
SAD are not diagnosed [7, 8], and thus do not receive treatment.
Aiming to find different ways to diagnose and evaluate
SAD, previous research examined the use of physiological
measures. Indeed, several studies show that physiological
measures are sensitive not only to short term variation in arousal
and emotion, but also to long lasting emotional states. For
example, in a study that recorded various physiological
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 HDs that were uttered as an elongated syllable were tagged as
Syllable lengthening (Syll).

findings may contribute to SAD diagnosis, so that it would not
depend solely on self-report, but would be based also on
objective physical measures, similar to methods applied in
emotion detection [15, 22, 23]. Moreover, future research that
will develop computerized algorithms for detection of filled
pauses [24, 25] will further contribute to the development of
automatic methods for SAD diagnosis and promote its
treatment.

 HDs that were uttered between silent pauses were tagged as
Filled Pauses (FP).
Three out of these four – Initial [e], final [e], and filled pauses
– are always pronounced with the vowel [e] (For detailed
description see [30]). Only syllable lengthening may occur as a
CV syllable with other vowels as well, but mostly with [a] or
[e] [31]. These parameters were annotated and segmented
manually using the PRAAT textgrid tool, by two annotators, the
experimenter and an expert phonetician.

2. Method
2.1 Participants

Following the segmentation, the acoustic parameters that
were extracted were: Number and durations of each of the four
HDs, mean values of F0, intensity, jitter and shimmer.

Twenty Hebrew speakers participated in the present study.
Based on the Liebowitz Social Anxiety Scale (LSAS) selfreport version [26, 27, 28], ten participants that scored above 79
were assigned to the SAD group and ten that scored below 32
were assigned to the control group. Each group included five
women and five men, with age range 21-54 (mean 30.9).

In addition, the following parameters were summarized:
 Number of speech units, defined as Inter pausal units (IPU) of
each participant, and their duration.
 Number and duration of silent pauses (SIL) of each
participant. The threshold for minimum SIL was set at 70ms.
(Occurring only once in the corpus). All five SILs below
100ms were between FP and IPU or between truncated speech
and an IPU; Maximum SIL was 30 seconds, however, all 7
cases above 10 seconds were of a single SAD speaker (#1669)
in questions 5, 6, and between FP and IPU.

2.2 Procedure
All participants were told that the aim of the research was to
examine interpersonal speech communication differences. They
were further informed that they will be interviewed by the
experimenter and that the interview will be recorded. All
participants read a detailed description of the study and signed
an Informed Consent form. The session began with a structured
interview comprising six fixed questions (detailed below). The
interviewer was a student in the second year of MA program in
clinical psychology. Following the interview, participants filled
in a digital LSAS self-report version.

 Number and duration of giggles of each participant.
It should be mentioned that although almost every answer
began and ended with a silent interval, these interval lengths are
arbitrary and depend on how long the experimenter waited until
he started the recording and stopped it. Therefore, for the
purpose of this study, we defined start and end of an answer
with a vocal interval (speech, hesitation disfluency or a giggle).

2.3 The interview
The interview began with casual "small talk" questions and the
following questions gradually increased the degree of selfdisclosure expected (Q1: What do you think about the weather
today? Q2: What do you think about reality shows on TV? Q3:
Tell me about your hometown and the neighborhood where you
were raised. Q4: Tell me about a meaningful person in your life.
Q5: What part does/has this person play/played in your life? Q6:
Tell me about positive and negative qualities of this person.)
Each interview was recorded with Sennheiser MKE 2
microphone digitized with an Icicle 48V external sound card
connected to a computer. The microphone was at a fixed
distance from the speaker's mouth, and the recording was
carried out with a sampling frequency of 48 kHz, 16 bit sample
resolution .

3. Results
When measuring the answer length and the average of each
answer length, the results show that the total absolute duration
of answers were longer for SAD (1913 seconds) compared to
control participants (1029 seconds). Average length of answers
by SADs was in one case (question 3) 1.5 times the average
length of the control group; and in other cases even more, up to
four times in question 2 (Table 1).
Table 1: Average duration (seconds +standard
deviation) of the six answers, for SAD and Control
groups.
Question

2.4 Research design
The main unit of analysis in the current research is the
Hesitation Disfluency (HD), which consists of a single (C)V
syllable. In the present research, we hand-labeled four different
types of HD, according to their syntagmatic relations with the
Inter Pausal Unit (IPU):

1
2
3
4
5
6

 HDs that were uttered at the beginning of an IPU, without any
silent pause (SIL) between the two, were tagged as Initial [e]
(I).
 HDs that were uttered at the end of an IPU, without any silent
pause between the two, were tagged as Final [e] (F[e]).
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Duration of SAD
answer in seconds
(STD)
9.447 (7.723)
23.628 (21.453)
29.949 (16.789)
37.397 (9.991)
35.173 (23.748)
55.857 (27.388)

Duration of Control
answer in seconds
(STD)
3.262 (2.877)
6.005 (3.856)
19.001 (8.105)
25.087 (13.589)
18.353 (7.843)
31.227 (14.533)

Table 2: Total occurrences (%) and total duration (in seconds) and ratios (%)) of Speech (IPU), silences (SIL), four types of
hesitation disfluencies, and giggle, in the two examined groups.
Tag
IPU
SIL
FP
Syll
Final [e]
Initial [e]
Giggle
Total

SAD
Occurrences (%)
39%
36%
6%
6%
6%
4%
2%

Duration (s)
948.378
679.964
98.232
65.172
48.679
43.270
29.009
1913

Control
Duration (%)
50%
36%
5%
3%
3%
2%
2%

Given this data, we probed further to examine the cause
behind this difference. Is it due to longer speech stretches,
hesitations or silent pauses? Our hypothesis was that SAD
participants were more hesitant and more cautious than control
participants. Hence, we expected to find more silent pauses and
more hesitations in their answers.
In the sequel, we first present the average distribution of
IPU, silent pauses and four HDs in each group, and the average
duration of these variables. We then present the acoustic
features that were extracted. For each acoustic variable, we
calculated the average per participant and used T-Test for
independent groups to examine the statistical significance of
differences between the groups (significant results of t-tests are
marked in the figures with an asterisk [*]).

Occurrences (%)
39%
34%
6%
6%
6%
4%
1%

Duration (s)
563.703
311.412
51.672
44.149
28.203
20.019
10.018
1029

Duration (%)
55%
30%
5%
4%
3%
2%
1%

1.4

*

Duration (seconds)

1.2
1.0
0.8

SAD

0.6

Control

0.4
0.2
0.0
F[e]

3.1 Distribution of IPUs, SILs, and HDs

I

Syll

FP

Figure 1: Mean and 95% confidence interval of duration (s) of
hesitation disfluencies: Final [e] (F[e]), Initial [e] (I), Syllable
lengthening (Syll), and Filled pauses (FP) (* indicates
significant difference), in the two examined groups.

Table 2 presents absolute and relative (in percentages) durations
of all annotated labels. In terms of occurrences, both groups
have a very similar percentage of IPUs, silence intervals and
hesitation tokens. Interestingly, speakers in the SAD group had
longer overall absolute durations for both IPU and SIL,
compared to the control group. However, when looking at the
relative durations of each annotated label there are some minor
differences. The control group has relatively longer IPUs (55%
versus 50%) while the SAD group has relatively longer silences
(36% versus 30%). These relative differences were not found to
be statistically significant, Giggle ratios were also different, but
with minor presence, and will not be discussed further.
The next section addresses acoustic measurements of the four
types of hesitation disfluencies.

The mean intensity measurements showed mixed
directions. Two types, Initial [e] and syllable lengthening, were
pronounced at lower intensity by the control group, while Final
[e] and FP were pronounced with lower intensity by the SAD
group. With respect to the HDs types, Syll had the lowest mean
intensity values for Controls, while Syll and FP were
pronounced with lowest intensity by SADs. However, in t-tests
these tendencies did not show any significant difference
between the two groups.
The mean f0 measurements showed very similar f0 values
between the two groups (Figure 2). Females in the SAD group
pronounced Initial [e] with higher f0 than the other three types.
This can be related to the initial f0 bootstrapping that the
speaker does at the beginning of utterances.
The mean jitter measurements show that the SAD group
consistently pronounced HDs with more jitter than the control
group (Figure 3). The largest difference was found for Syll,
which was also the only HD for which the difference was
significant. Jitter in Syll is the highest for SADs, while jitter of
Initial [e] is highest for Controls. The mean shimmer
measurements show similar directions as for jitter: SAD group
pronounced HDs with consistently more shimmer than the
control group (Figure 4). The largest difference was found for
Syll, as in jitter. This difference was significant, as was also the
difference for FP.

3.2 Prosodic profile of hesitation types
In this section the results will be described in terms of average
values and t-test results. Figure 1 presents the average durations
of the four HDs in the two groups over all six interview answers.
Average was calculated first per participant, and then for each
group. Three types of HDs (F[e], I and Syll) have similar
average duration (the difference was found insignificant at a
significance level of 0.05); the difference was found significant
for FP (p = 0.026).
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4. Discussion

M ALE
SAD

Syll

In this study we examined to what extent and in what ways the
acoustic properties of hesitation disfluencies could be used as
cues for diagnosis of SAD. For this purpose, we defined four
types of hesitations with respect to their syntagmatic location,
i.e., their location with regard to the speech unit (IPU). First, we
found comparable hesitation ratios in both groups. This finding
is in contrast to [19], who found that SAD subjects use more
filled pauses than Controls. These inconsistent results may be
due to cross-language differences or to the different nature of
the speech interaction (public vs. personal interaction), further
research may shed light on the effect of such factors. Critically,
however, we found that SAD sessions last longer, due both to
more speech and to more silences. This finding is consistent to
previous findings reported in [18]), though not in identical
proportions. These findings are in agreement with previous
research that reported that SAD subject tend to use more silent
pauses compared to average population [18], and to show
increased responses [9], especially when they are requested to
give personal information, as was the case in the current study.
Finally, acoustic analysis of five prosodic variables: Duration,
f0, intensity, jitter, and shimmer, showed that the two groups
differ in the way they pronounce HDs only to a limited extent.
Overall, SAD individuals were found to have longer filled
pauses; higher jitter and shimmer in syllable lengthening and
higher shimmer in filled pauses. Intensity was not found a
significant parameter to discriminate between the two groups.
The main differences that we found between the four types
of HD were: Filled pauses were the longest, while Final [e]s the
shortest. Jitter and shimmer were similar in all four types of HD,
but only in the Control group; SAD group produced the syllable
lengthening type with the highest rate of jitter and shimmer.
The contribution of the current study is twofold: First, by a
new typology of hesitation disfluencies, based on syntagmatic
position. This annotation is straightforward and may be of use
for automatic detectors; Second, the findings suggest that
whereas quantitatively similar proportions of HDs are produced
in both groups, qualitatively the two groups differ in some
aspects of the HDs. Thus, acoustic analysis of speech
disfluencies may serve as important tool for objective diagnosis
of SAD, and the results can be used to develop potential SAD
classifier.
In future research we intend to concentrate on the acoustic
measurements of the speech units (IPUs), as well as transcribe
the interviews in order to further investigate the syntagmatic
aspect of HDs with respect to its interface with the linguistic
level. This may allow us to examine in what ways SADs differ
from Controls in their use of language.

165.126
170.646
174.268
165.945

Initial

152.913
164.398
177.935
151.844

FP

105.035
102.977
105.793
106.963

103.747
100.113
103.796
104.461

F0 (HZ)

F[e]

M ALE
FEM ALE FEM ALE
CONTROL
SAD
CONTROL

Jitter (%)

Figure 2: Mean f0 (Hz) of hesitation disfluencies: Bars
represent final [e] (F[e]), Initial [e] (I), Syllable lengthening
(Syll), and Filled pauses (FP), in the two examined groups.
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

*

SAD
Control

I

FP

F[e]

Syll

Shimmer (%)

Figure 3: Mean and 95% confidence interval of jitter (%) of:
Final [e] (F[e]), Initial [e] (I), Syllable lengthening (Syll) (*
indicates significant difference), and Filled pauses (FP), in the
two groups.
16
14
12
10
8
6
4
2
0

*
SAD
Control

I

FP

F[e]

Syll

Figure 4: Mean and 95% confidence interval shimmer (%) of:
Final [e] (F[e]), Initial [e] (I), Syllable lengthening (Syll) ) (*
indicates significant difference), and Filled pauses (FP), in the
two groups.
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