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ABSTRACT

Literature surveying various perceptual protocols and objective measures reveal no clear agreement to
decide transient periods of dis/dys fluency as pathological stuttering or normal non fluency. Part of this
confusion arises because of lack of objective dependable measures to differentiate the two conditions. In
this context, the present study evaluated speech of 10 normal and 10 stuttering children speaking Kannada
(a south Indian language) on refined acoustic measures viz.formant patterns, speed of transitions, F2
transition duration, and F2 transition range as possible indicators for differential diagnosis. Results reveal
stuttering children exhibited longer transition duration, shorter extent and faster speed of transition and
abnormal F2 transition patterns. The results are discussed from theoretical and clinical perspectives.
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1. INTRODUCTION

Speech is not always without disruptions, which
in turn lead to break in fluency. These breaks in
fluency can be normal or pathological. In adults
it is easy to identify stuttering. However the
same is not true in young children who present
with disfluencies in speech. Many children
stutter transiently before developing normal
fluent speech. Onslow, Garden, Bryant,
Stuckings & Knight [1] in their study showed
that listeners frequently disagreed on deciding
whether speech disfluencies of young children
were either normal or stuttered. Further, there is
no clear agreement to regard transient periods of
disfluency as stuttering. Yet another research by
Andrews & Harris [2] in 1964 revealed that most
children grow out of stuttering.

Despite these divergent opinions, it is universally
agreed that the dysfluencies should be identified
early and treated. It is widely accepted that it is
better to treat stuttering in its early stages than to
wait until adolescence or adulthood. Not only is
early intervention more time and cost effective,
but it also liberates children from a lifetime of
frustration and embarrassment about speech
(Onslow [3]). At present one cannot predict
which children are likely to recover without
intervention, except that more girls recover than

boys (Felsenfeld [4]). Even if it were clear that a
child who had just started to stutter would
recover, it would be inappropriate not to
intervene in some way, if the child and the parent
were distressed about the condition.

These necessitate the need for identification
measures that demarcate normal childhood
disfluency from childhood stuttering. Clinicians
typically use the following aspects of disfluent
and related speech behaviors when trying
assessing stuttering in children. They are: overall
frequency of all speech disfluencies (between
word plus within word), percent of all spoken
words and / or percent of all speech disfluencies
which are within a word, average duration of
instances of stuttering, informal as well as more
formal assessment of stuttering severity and
nature and number of associated speech and non
speech behaviors. Various guidelines and
perceptual protocols for the use of these
behaviors when assessing stuttering in children
known or suspected to be stutterers have been
formulated in the past (E.g. Adams [5]; Conture
[6]; Culp [7]; Curlee [8]; Geetha [9]; Ham [10];
Pindzola and White [11]; Riley [12]; Van Riper
[13D).



An analysis of these protocols reveal variability
in measurements which can be questioned on the
following grounds: reliability between and
within independent observers, reliability of
subject-independent or external observations and
control over variability between and within
stutterers. These lead to more questions and
confusions than solutions and confirmations.
Clinicians do not find it difficult to decide that a
child is “normally fluent” if he or she exhibits
extremely fluent speech likewise it is not hard to
decide that a child is a “stutterer” if he is
predominantly dysfluent. It is however, difficult
for a clinician to decide about a child whose
behaviour falls between these youngsters who
can obviously be classified as normally fluent
and those youngsters who can obviously be
classified as “stutterers”. Unfortunately these in-
between youngsters represent a sizable portion of
all children who stutter.

Part of this difficulty arises from lack of
“objective measures of stuttering” and “norms”
to clearly separate “fluent” from “disfluent”
speaker. Howell & Vause [14]; Prakash, Saji &
Savithri [15]; Stromsta [16]; Yaruss & Conture
[17] have set a few indicators that show that the
fluent and disfluent speech of stutterers and non-
stutterers, though perceptually identical differ
acoustically. However the results of acoustic
analysis of the speech of normally non fluent and
stuttering children are equivocal. F2 transitions
have been investigated as possible differential
diagnostic indicator. These transitions in
dysfluent speech of normal children and children
with stuttering indicate a variable pattern. The
F2 transitions are sometimes absent or atypical
(Howell & Vause [14]; Prakash, Saji & Savithri
[15]; Stromsta [16]; Stromsta [18]; Yaruss &
Conture [17]) and when they are appropriate they
tend to be shorter in duration (Yaruss & Conture
[17]). Klich & May[19] found that the stutterers
F1 and F2 wvalues were more centralized
compared to non stutterers, which were
interpreted to reflect restricted articulatory
adjustments. This was contradicted by Prosek,
Montgomery, Walden & Hawkins[20] who
failed to find any such centralization.

Inspite of these findings, it has not been possible
to differentiate stuttering and normal non-
fluency. In this context the present study was
planned at investigating the efficacy of acoustic
parameters as indicators of differential diagnosis
of stuttering and normal non fluency.
Specifically the F2 transitions, formant patterns,
F2 transition duration and F2 transition range
were investigated in the fluent and disfluent

speech of normal children and children with
stuttering. It was hypothesized that these
acoustic measures in the speech of children with
stuttering and normal nonfluency would not
differ.

2. METHOD

2.1 Subjects:

A total of 20 subjects participated in the
experiment. Group A consisted of 10 children
(2.6 - 7 years) diagnosed as stuttering and group
B consisted of 10 children (2.3 - 5.5 years)
diagnosed as normally non fluent. All of them
spoke Kannada as their native language. Speech
language pathologists on the basis of type and
percent disfluency did the diagnosis of stuttering.
Children above 25% disfluency (Indian norms)
were diagnosed to have stuttering. None of the
subjects had any complaint of hearing
impairment, mental retardation, neurological
problem and language delay. All of them had
normal orofacial structure and functional
mechanism.

2.2 Material and Recording:

Subjects were tested individually. They were
comfortably seated in a sound treated room of
the speech science laboratory, All India Institute
of Speech and Hearing. Conversational speech
samples were audio recorded using a microphone
(Legend HD 800) kept at a distance of 10 cm
from the speaker into a high quality
audiocassette using a professional stereo cassette
deck (Sony TC FX 170). The conversational
speech samples were verbatim transcribed to
identify the disfluencies. All the sound/syllable
repetitions (SSR’s) formed the wunits of
analysis/material.

2.3 Acoustic Analyses:

Acoustic analyses was performed using CSL
[Computerized Speech Lab], which permitted
digitization and storage of the tokens [SSR’s].
The tokens were fed from the cassette deck in to
the computer, digitized at 10KHz sampling rate
and 12 bit quantization and stored in the memory
of the computer. Each token was displayed as a
broad band spectrogram with a pre emphasis and
a band width of 146Hz in a ‘Hamming’ window
weighting. The spectrogram was displayed in a
monochrome [black on white] with a grid size of
8 x 8 pixels (x-grid —8 pixels and y-grid — 8
pixels) and a linear vertical axis display. Using
the cursors the following five measurements
were made. These were counter verified by



super imposing the LP formants (linear predicted
formants) on the spectrogram display. Figure 1
shows the various acoustic measures in the
study. (See / insert figure 1 here)

2.3.1  F2 Transition Duration:
The duration of the formant transition was
measured as the time difference in msec.
between the onset of F2 transition at the
beginning of the vowel till the steady state. The
beginning of the steady-state portion of the
following vowel was defined as the time when
the formant paralleled the time axis. This
measure of F2 transition duration is believed to
approximate the amount of time the articulators
spend moving from one position to another.
2.3.2 Onset and Offset frequency of F2
transitions:
The onset and offset frequency of F2 transition
in Hz were estimated from the visually apparent
center of the F2 energy bands on the spectrogram
display at the onset and offset of the F2
transition. These measures of the F2 onset and
offset frequencies are believed to represent the
relative positions of the supraglottic articulators
at the beginning and end of F2 transition.
2.3.3  Extent of the F2 transition:
The extent of the F2 transition was estimated by
calculating the difference in frequency between
the onset and steady state of F2. This is believed
to represent the overall movement of the
articulators during the transition.
2.3.4  Speed of F2 transition.
The speed with which the second formant
frequency changes during the transition was
measured by using the following formula.
Speed of F2 transition =E /D where

E is the Extent of F2 transition

D is the Duration of F2 transition
This is believed to approximate the speed with
which the speech articulators move from one
location to the next.
2.3.5  Pattern of F2 transition
The sign of the F2 transition was used to
determine whether the “inflection” (i.e., upward,
downward bending of a formant on the
frequency axis, Stromsta [18]) of a stuttered
transition was similar to that of a comparable
fluent transition or was atypical. These atypical
patterns were noted. F2 transition that
demonstrated an upward inflection resulted from
a negative formant transition ie. <OHz was
termed as rising pattern [i.e. Onset frequency <
offset frequency] (Stromsta [18]). Down ward
inflections which resulted from positive formant
transition i.e. > OHz were termed as falling

pattern [i.e. Onset frequency > offset frequency]
(Stromsta [18]). When there was no inflection
i.e. the extent of formant transition was OHz it
was termed as flat pattern (Stromsta [18]) or
absent F2 transition. Fig.2 shows the various F2
patterns. (See / insert figure 2 here)

Apart from these, the number of iterations in the
speech of children with stuttering and normal
nonfluency was also estimated. The number of
SSR’s determined the number of iterations.

2.4 Statistical Analysis:

The data was tabulated and the pattern of F2
transition was determined and percentage
discrepant, non discrepant and non measurable
were computed. The means and standard
deviations of transition durations, extent of
transition, speed of transition of the disfluent and
fluent utterances were computed. Walsh Test
was used to find out the significant differences
between the groups.

3. RESULTS

Comparison of different acoustic measures
between the groups:

Table 1 and 2 show the unweighted means,
standard deviations (SD) and levels of
significance by Walsh test [21] for the acoustic
measures: transition duration (TD), Extent of F2
transition (Extent), speed of F2 transition
(Speed), pattern of F2 transition (in percentages)
[A  (Absent); D (Discrepant); ND (non
discrepant) of the 20 subjects with stuttering and
normal nonfluency respectively. (See / insert
table 1 and 2 here)

Table 3 shows the P values and the levels of
significance by Walsh Test between group
comparisons based on the mean differences
weighted by the number of samples produced by
each subject for each acoustic measure. (See /
insert table 3 here)

The results indicated that F2 transition durations
were longer in the speech of children with
stuttering compared to those with normal non-
fluency. However, individual differences
existed. While subjects 5 and 10 with stuttering
showed significantly longer F2 transition
duration, the others did not. The range/extent and
the speed of F2 transition were significantly
reduced in the speech of children with stuttering
compared to that of children with normal non
fluency.

Table 4 shows the between group comparisons
of distribution of F2 transition patterns for the



sound/syllable repetition. It was noticed that
children with stuttering showed more of non
measurable / absent patterns (44.79%) when
compared to the normal non fluent group
(23.30%). The discrepant F2 patterns were
comparatively more and non-discrepant F2
patterns were comparatively less in children with
stuttering. (See / insert table 4 here)

Table 5 and 6 show the highest and lowest
number of iterations within each dis/dysfluent
utterance of the stuttering (A) and normally non-
fluent children (B) respectively. They also show
the structure (of the syllable) which was iterated
in the dysfluent utterances. The results
indicated  that children with stuttering
showed more number of iterations when
compared to their normally non fluent peers.
Also, they had more iterations while transiting
from a consonant to a vowel (consistently seen in
6/10 subjects studied in group A). Most often
the fricative sound (3 subjects) was iterated by
children with stuttering where as vowel iterations
were seen in children with normal non-fluency.
(See / insert table 5 & 6 here)

4. DISCUSSION

The results revealed several points of interest:
First of all, in this experiment, children with
stuttering exhibited longer transition duration
than their normally non fluent peers in their
dysfluent utterances. This finding is in
consonance with Yaruss & Conture [17], who
however did not find any statistical significance.
However, the present finding is not in
consonance with Prakash et al [15] who found a
shorter TD and Zebrowski et al [22] who found
no statistical significance. This difference could
be attributed to subject variation. (Stuttering
being a heterogeneous group, each subject is
unique). This apparent lengthening of F2
transition durations during SSR’s may be
indicative of sound/segmental prolongations i.e.,
increased duration, in whole or in part, of the
iterated unit. This finding is potentially
important for different analysis of children who
stutter because an increased frequency of sound
prolongation has been established as a useful
differentiator of stuttering severity, if not directly
for predicting chronicity. (Schwartz & Conture
[23]; Zebrowski & Conture [24] and Zebrowski
[25]).

Second, children with stuttering exhibited shorter
extent of transition than their fluent counter
parts.  This indicates that there are subtle

distortions and deviations which may simply
reflect the fact that stutterers produce a sound,
consonant or vowel with an abnormal
articulatory posture and the articulatory (and
therefore the acoustic) “path” from this posture
to a normally produced consonant/vowel was
correspondingly disturbed which is reflected in
the extent of transition. This findings negates
the previous observations by Montgomery &
Cooke [26], who found greater extent of F2
transition in stutterer’s (adults) speech and
Zebrowski, et al [22]; Yaruss, et al [17] and
Prakash, et al [15] who found no statistical
significance. However while all these studies
were in adults, the present study is in children.

Third, children, with stuttering exhibited a faster
speed of transition than their normal non-fluent
peers. This finding is in consonance with
Montgomery, et al [26]. This refutes the
findings of Klich et al [19], Zebrowski et al [22],
Yaruss et al [17] and Prakash et al [15] (No
significant difference).

Fourth, children with stuttering exhibited
abnormal F2 transition patterns (atypical i.e non
measurable or missing, measurable but
discrepant) more than atypical F2 transition
pattern (i.e., measurable and non discrepant) as
seen in normally non fluent children. These
findings are consistent, with that of Stromsta
[16,18], Montgomery et al [26], Howell et al
[14], Yaruss et al [17] and Prakash et al [15].
This may be because stutterers truncate their
productions of some sounds during some SSR’s.
For “measurable but discrepant” F2 transitions,
the articulators may be moving in the “wrong”
direction during the stuttered portion. However,
relating these apparent differences in the acoustic
signal for “non measurable or missing” and
“measurable and non discrepant” F2 transitions
is difficult because of the lack of a direct one to
one correspondence between the acoustic signal
and the movements of the articulators. These
measures reflect that the stutterers use a different
onset and offset frequency compared to children
(in consonance with Yaruss et al [17], Prakash et
al [15]).

Fifth, children with stuttering had higher number
of dysfluencies and more number of iterations
than their normally non fluent peers. This shows
that stuttering children are at a higher risk of
articulatory breakdown leading to iterations than
normally non fluent children. These are in



consonance with Yaruss & Conture [17] and
Prakash et al [15].

Sixth, children with stuttering found it more
difficult to transit from a consonant to a vowel.
This finding is in consonance with Montogomery
& Cooke [26], who concluded that the
articulatory breakdown is confined to the initial
consonant transiting to a vowel. This may be
probably due to an abnormal posturing for the
consonant production during stuttering events.
Another possibility is stutterers’ instead of
moving from the consonant to the target vowel,
probably use a more neutral schwa vowel which
is reflected as an abnormal/ atypical pattern
during CV repetition. Van Riper [13] feels that
it is essential to determine whether young
children employ the schwa in their syllabic
repetitions.  If they do, it may indicate the
probability of developing stuttering on a more
permanent basis, because the proper F2 transition
are not present and the required co-articulation
has not been achieved. Van Riper [13] states
“almost universally the schwa vowel can be
heard in the stutterers abortive speech attempts,
when the stutterer has repetition of syllables on
the word “paper” he seldom says (pe- Pe-pep)
instead he wuses the schwa vowel in his
repetitions. (p —p -p - paper). This conforms
to the present study because the onset and offset
frequencies in the fluent and dysfluent utterances
are different in stuttering group which shows that
stutterers are using different postures and
probably a schwa is what the acoustic result of
that posture.

Seventh, the F2 TD was longer and the extent
and speed of F2 transitions were significantly
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Inser

ts

Table 1: Mean and (SD) of the acoustic measures for group A (stuttering) and number of iterations. The F2
transition patterns are expressed in percentage. [ - ve sign indicates a rising transition and a + ve sign
indicates a falling transition]

Pattern(in %)
Slno TD (In msec) | Extent (in Hz) Speed (in Hz/sec) A D ND No.of
1teration

1. - 1.5(0.75) 70.00 (35) 1.51(0.75) 60 20 20 15
2 - 12 (8.48) -460.00 (325.27) -2.20 (1.55) 50 50 0 4
3. -17.70

(10.22) 666.66 (384.9) 29.49 (17.02) 57 29 14 7
4. -4.83 (1.97) 440.00 (179.63) 6.79 (2.77) 33 56 11 9
5. -22.45(6.77) | -238.72(71.98) -9.57 (2.88) 21 43 36 14
6. -10(5.77) 363.00 (209.58) 14.43 (8.33) 50 25 25 4
7. -0.67 (0.38) | -380.33(219.58) - 15.33 (8.85) 40 60 0 5
8. -2.67 173.00 (99.88) - 13.06 (7.54) 40 60 0 5
9. -11.25(5.25) | 349.75 (174.87) 22.63 (11.31) 33 50 17 6
10. E1410507§ - 11.58 (3.34) 1.63 (0.47) 56 22 22 27
Mean | - 12.35(3.89) 62.58 (19.79) 3.63(1.14) 44.79 36.46 18.75 96

Table 2: Mean and (SD) of the acoustic measures for group B (Normal non fluency) The F2 transition
patterns are expressed in percentage. [ - ve sign indicates a rising transition and a + ve sign indicates a

fallin,

g transition]

Sub . . Pattern in %
No. TD (In msec) Extent (in Hz) Speed (in Hz/sec) A D ND . No..of
iterations
1. -1(0.5) 4.25 (2.12) -5.17 (2.58) 33 22 45 9
2. 0(0) 0(0) 0 (0) 100 0 0 1
3. 31.13) 76.14 (28.77) 3.04 (1.14) 12.5 | 125 75 8
4. 0 (0) 0 (0) 0 (0) 100 0 0 1
5. -11.5(8.13) 42 (29.6) 6.43 (4.54) 50 0 50 4
6. -5.25(2.62) -8.5(4.25) 0.42 (0.21) 0 0 100 4
7. 12 (6.93) 22.33 (12.89) 1.76 (1.01) 0 0 100 3
8. -1(0.70) - 566.5 (400.57) -25.36 (17.93) 0 0 100 2
9. - 10 (5) - 380 (190) - 7.57 (5.35) 20 20 60 5
10. -19(13.43) 80 (56.56) 5.52 (3.90) 0 0 100 2
Mean | -3.275(1.035) | -73.028 (23.09) -2.093 (0.66) 23.3 | 10.25 66 39

Table 3: P values (levels of significance) by Walsh Test for various acoustic measures| - ve sign indicates a
rising transition and a + ve sign indicates a falling transition]

Mean F2 TD(in msec) Mean Extent(in Hz) Mean speed(in Hz/sec)
Gp A -12.31 62.58 3.63
GpB -3.27 - 73.02 -2.09
ul Values 10.95 & 12.91 358 & 393.62 13.57 & 29.51
P Values 0.051 0.051 0.051




Table 4: Group comparisons of patterns of F2 transition.

Pattern of F2 Group A — stuttering Group B — NNF
Transition No. Of SSR’s % of total SSR’s No. of SSR’s % of total SSR’s

Non measurable or 3 44.79 9 23.30
absent

Measurable but 35 36.46 4 10.25
discrepant

Measurable non 18 18.75 26 66.66
discrepant

Table 5: Number of iterations within dysfluent utterances — group A (stuttering) [c-consonant, CV-
consonant vowel, VC-Vowel consonant.

Subject Total no. of iterations Highest no. Lowest No. Structure
1. 15 3 1 C,CV
2. 4 3 1 CV only
3. 7 2 1 CV & VC,C
4. 9 3 2 VC & CV
5. 14 3 1 CV only
6. 4 3 1 CV only
7. 5 1 1 CV & VC,C
8. 5 2 1 CV only
9. 6 2 1 CV only
10 27 4 1 CV only

Table 6: Number of iterations within disfluent utterances — group B (normal non fluency) [CV-consonant
vowel, VC-Vowel consonant, V-vowel

Subject Total no. of iterations Highest no. Lowest No. Structure
1. 9 ) | CV,VC & Cluster
(dr)
2 1 1 1- CV only
3 8 2 CV only
4 1 1 - CV only
5 4 1 - CV, VC
6 4 2 - CV, VC
7 3 1 - C,CV
8 2 2 - \%
9. 5 2 1 Cv,VC
10. 2 2 - \Y%

Figure 1: Idealized representation of the acoustic measurements in the study.

1 Onset frequency of F2

2 Steady state of F2

3 Extent of F2 transition

4 Transition Duration
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Figure 2: Three types of atypical F2 patterns and the corresponding patterns belonging to normal children
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