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Abstract
We made quantitative rhythmic and timing measurements on
speech samples obtained a 61 year-old monolingual female En-
glish speaker who is reported to have required a rare but possi-
ble case of Foreign Accent Syndrome (FAS). The phonetic char-
acteristics of speech produced by individuals with FAS affects
both suprasegmental and segmental properties. We used a large
scale of speech samples to overcome difficulties of comparison
due to the lack of speech samples before the accident. The re-
sults showed that the speaker has greater variability than control
speakers, and that speech rate is slower, but that the rhythmic
patterns were more to the stress timed. The results imply that
the greater variability of the rhythmic and timing patterns in the
speech-impaired speaker can be used as a means of identifying
areas of speech production in the speech-impaired speaker.
Index Terms: disordered speech, Foreign Accent Syndrome
(FAS), speech rhythm, tempo, rhythm metrics, speech rate

1. Introduction
We present detailed phonetic analyses of a 61 year-old mono-
lingual female English speaker. She was born in St. Catherines,
Ontario in Canada, and had resided in Nova Scotia since the
fifth grade. She had lived in Eastern Atlantic Canada for most
of her life, and was a retired special education teacher. The
speaker acquired a speech disorder three years after suffering
from sustained traumatic brain injury following a motor vehicle
accident. Three years after the accident, her family members be-
gan observing noticeable changes in her speech. According to
the family members, she woke up one morning speaking with
slow and broken speech which sounded like a foreign accent.
Her speech was regarded as often shifting from Atlantic Cana-
dian English to Scottish English or as Southern US drawls at
times [1]. It was usually the case with her, as well as other re-
ported speakers with FAS, that the speech was fully intelligible
and fluent but often resembled a ‘foreign accent.’ Thus, her dis-
ordered speech is regarded as a rare but possible case of Foreign
Accent Syndrome (FAS).

Foreign accent syndrome (FAS) is a rare disorder character-
ized by the emergence of a new accent perceived as foreign by
listeners. FAS is not due to the acquisition of a specific foreign
accent, but to impairment of the segmental and suprasegmen-
tal linguistic abilities such as stress, rhythm, tempo, and vocal
stress that make it possible to distinguish it from native lan-
guage [2, 3]. Many studies have reported a slow rate of speech
for individuals with FAS (see [3] for reference). These char-
acteristics of slow speech may arise from long-term muscular
adjustments of the vocal apparatus that lead to changes in artic-
ulatory, phonatory, and prosodic settings [4]. Given these long-
term muscular adjustments, we may expect that the slow speech
would be all-pervading in the speech of the impaired speaker.

Unlike our expectation, however, considerable variability exists
among reported cases of FAS [4, 5]. Also tt is typical for speak-
ers with FAS that the articulatory and prosodic misproductions
are sporadic and not consistent [4]. In many cases, our speaker
demonstrated that accent changes were salient when she was
extremely tired or anxious.

This observation raises a question of whether there is a way
of reliably identifying regions of accent changes in a quantita-
tive and objective manner. We hypothesize that the regions of
accent changes can be partially but reliably identified by look-
ing at the variability of the speech rhythm and tempo of the
speech-disordered speaker. The defining characteristics of the
FAS are segmental and prosodic deficits which result in the
perception of a foreign accent by listeners. These abnormali-
ties are related to the perception of rhythm patterns of the FAS
speech. For example, many native English speakers with FAS
have demonstrated rhythm changes suggesting a more syllabic
timing pattern [3, 4]. The ‘syllable-timed’ pattern has been re-
ported based on the observation that the speech samples ex-
hibit unusually equal syllable durations, lack of reduction of
unstressed vowels, and occurrence of epenthetic vowels, among
others. Our observation of the speech samples in our speaker
also indicates lack of reduction of unstressed vowels and the
occurrence of epenthetic vowels. We also observed variability
in gestural organization of the consonants, such that the inter-
vocalic voiceless stops are often produced with longer closure
duration and aspiration, word and utterance-final-stops are more
than often fully released. Taken together, it is not clear what is
the outcome of these interactions. Thus, a more reliable way
of assessing the speaker’s rhythm pattern is warranted. Further-
more the quantitative measures of the rhythm and timing pat-
terns will reveal regions of broken speech in a reliable way.

We calculate speech tempo and rhythm, using measures
such as speech rate (number of syllables per second), propor-
tion of vocalic duration over the total duration of an utterance
(%V), standard deviation of the vocalic and intervocalic con-
sonantal durations (∆V and ∆C, respectively), normalized and
non-normalized pair-wise variability indices for vocalic inter-
vals (nPVI-V) and consonantal intervals (rPVI-C), respectively,
and ratio of the number of vocalic segments to the number
of consonantal segments (V-to-C Ratio). A problem in deal-
ing with speech-impaired speakers is that speech samples are
only available after the speech-impairment, making it difficult
to compare the characteristics of the speaker’s speech patterns
after the impairment and those before the impairment. In our
study, we calculated the same measures made from 10 speak-
ers from the Buckeye Corpus [6], and compared the measures
between the speech-disordered speaker and 10 speakers in the
Buckeye Corpus.



2. Analysis

2.1. Data

Upon request by the family members of the speech-impaired
speaker, the second author visited the speaker in Halifax and
collected the speech recordings through three one-hour sessions
with the patient during the three day visit. The collected record-
ings range from simple read sentences to passages, and to spon-
taneous description of black and white line-art pictures. In this
study, we report our analyses of the read sentences and pas-
sages with a special focus on speech rhythm and tempo. The
recordings from spontaneous description of pictures are yet to
be analyzed. All speech samples were audio-recorded in a quiet
setting using a head-mounted unidirectional microphone and a
professional mobile digital recorder.

The recordings were categorized into three speech styles.
First, stimuli for segmental analyses were elicited, in which the
speaker was reading a series of carrier phrases, such as the “I
said again” or “The next word is ”. This speech
style is termed as carrier phrase. Second, stimuli for prosodic
analysis included changing intonation elicitations (e.g. We can
all smile for the camera, can’t we?”) and sentences containing
noun-verb stress-shifting word pairs (e.g., The priest blessed
the convert vs. They decided to convert the old building into
an new school.). This speech style is termed as sentence. Fi-
nal stimuli at the sessions included standardized reading pas-
sages (‘Comma Gets a Cure,’ ‘Arthur the Rat,’ ‘The Grandfa-
ther Passage,’ and ‘The Rainbow Passage’ (e.g. When the sun-
light strikes raindrops in the air they act as a prism and form a
rainbow . . . .). We call these reading style passage.

All stimuli were presented in a random, mixed order in
slideshow format using Microsoft PowerPoint. Once all the
speech recordings and stimuli were collected, acoustic-phonetic
features of the speaker’s speech were documented, automati-
cally segmented using a forced-alignment, and manually cor-
rected. In all, 57 carrier phrases, 59 sentences, and 121 chunked
files of the passages were used for the analysis. The duration of
stimuli sums up to about 20 minutes of the non-silent portions
of the recorded speech samples.

2.2. Buckeye Corpus as a reference

To compare the characteristics of the speaker’s speech patterns
after the impairment, the same measurements were made from
ten speakers drawn from the Buckeye Corpus of conversational
speech. The corpus contains high-quality recordings between
1999 and 2000 from speakers in Columbus, Ohio, convers-
ing freely with an interviewer for approximately one hour. [6]
The measures of 10 (7 female and 3 male) speakers serve as a
reference to which the measures of the current study is com-
pared. Even though the speakers in the Buckeye Corpus are na-
tive speakers of English from the mid-west, the speech style
is not the same as that of impaired speakers. But in general,
greater variability is observed in the spontaneous speech than
in the reading style. If this tendency holds true in the current
study, then we would expect more variability from samples in
the Buckeye Corpus than from samples of the speech-impaired
speaker. The duration of the 10 speakers (excluding the inter-
viewer) ranges from 16 min to 40 min. The total duration of the
10 speakers is about 4.5 hours. Detailed analysis of the rhythm
measures is found in [7].

2.3. Metrics for speech rhythm and tempo

Speech rhythm refers to the way languages are organized in
time. In recent studies on speech rhythm, a series of acoustic
metrics based on consonantal and vocalic duration have been
designed to distinguish language according to putative stress
and syllable-timed rhythmic categories. For example, Ramus
and his colleagues [8] demonstrated that sentences in stress-
timed (vs syllable-timed) languages had greater durational vari-
ability in “consonantal intervals” (sequences of abutting con-
sonants regardless of syllable or word boundaries, as mea-
sured by ∆C and a lower overall percentage of sentence du-
ration devoted to vowels (%V). These differences likely re-
flect phonological factors such as the greater variety of sylla-
ble types and the greater degree of vowel reduction in stress-
timed languages [8, 11]. In a similar vein, Pairwise Variabil-
ity Index (PVI) measures the degree of durational contrast be-
tween successive elements in a sequence, and was also devel-
oped to explore rhythmic differences between “stress-timed”
and “syllable-timed” languages [10]. Earlier studies have re-
vealed that the normalized PVI of vowel durations (nPVI-V)
and the raw PVI of consonantal durations in sentences is signif-
icantly higher in stress-timed languages (e.g. English) than in
syllable-timed languages (e.g. French) [10]. The reason for this
is, again, thought to be the greater degree of vowel reduction
and the greater syllabic complexities around syllable onsets and
codas in the stress-timed languages such as English.

Following the previous research tradition, we will adopt the
metrics that measure the proportion of vocalic intervals (%V),
the duration variability of vocalic intervals (e.g. ∆V, nPVI-V),
duration variability of consonantal intervals (e.g. ∆C, rPVI-C),
as well as speech rate for speech timing. Many of these metrics
imply that the durational variability of vowels and consonants
are greater for the stress-timed language than for the syllable-
timed language. In order to verify whether this is really the case
in our speech sample, we also calculate the ratio of the number
of vocalic segments and the number of consonantal segments
(V-to-C Ratio) to reflect the complexity of syllable structure. If
the V-to-C Ratio is lower than 1, more consonantal segments
are in the stimuli than vocalic segments (e.g. the V-to-C Ratio
of CVCCCVC is 2/5=0.4). If the ratio is 1, equal number of
consonantal and vocalic segments are in the stimuli.

In order to calculate these metrics of the speech-impaired
speaker, we first segmented the speech files by applying an au-
tomatic phone-alignment to the speech samples. The obtained
phone sequences are then manually corrected. The segmented
information is used to calculate the V-to-C Ratio. Measurements
of other metrics were made by collapsing a sequence of phone
segments into vocalic and intervocalic consonantal intervals,
where such intervals are defined as all consecutive segments
of the same type irrespective of syllable or word boundaries.
A few things to note are that utterance-medial pauses were ex-
cluded from rhythm measurement, but were included in the cal-
culation of speech rate, and that phrase-final intervals were not
excluded. The effect of final lengthening would result in greater
vocalic variability.

3. Results
Table (1) presents the mean and standard deviation of the
rhythm metrics for the speakers in the Buckeye Corpus and
for the speech-impaired speaker in our study. In general, the
speaker in our study has greater variability for all measures. It is
also shown that the speech rate of the speech-impaired speaker
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Figure 1: The box-and-whisker plots of (1) V-to-C Ratio, (2) Speech Rate, (3) %V, (4) ∆C, (5) ∆V, (6) rPVI-C, and (7) nPVI-V.
The leftmost two box plots are for the control speakers and the speech-impaired speaker. The three box plots on the right side of the
dividing line show the central tendency and variability of the speech-disordered speaker categorized by speech styles of carrier phrases,
sentences, and passages.

is much lower than that obtained from the Buckeye Corpus. The
slow speech rate is consistent with the previous studies [3].

Table 1: Mean and standard deviation (in the parentheses) for
10 speakers from the Buckeye Corpus and for the speaker in our
current study.

Rhythm Metrics Buckeye Corpus Speech-impaired
speaker

Speech rate 5.12 (0.51) 3.31 (0.74)
V-to-C ratio 0.74 (0.02) 0.81 (0.20)

%V 50.85 (2.71) 47.63 (8.41)
∆C 0.062 (0.011) 0.088 (0.034)
∆V 0.084 (0.026) 0.099 (0.045)

rPVI-C 60.98 (2.88) 93.70 (37.80)
nPVI-V 73.49 (11.79) 63.70 (16.27)

The V-to-C Ratio being lower than 1 indicates that the struc-
ture of syllable (especially at the margins) in both data sets
are comparably complex. But the %V and nPVI-V are lower
and ∆C and rPVI-C are significantly higher for the disordered
speaker than for the reference speakers in the Buckeye Corpus.
The metric values more close to stress timed language together
with slowness of speech rate indicates that the speech-impaired
speaker is having more difficulty in coordinating consonantal
gestures than the control speakers. While the variability of the
vocalic segments in general (∆V) is greater for the disordered
speaker, the normalized variability of adjacent vocalic durations
(nPVI-V) is lower than the speakers in the Buckeye Corpus.
One of the factors that contribute to greater values of nPVI-V
indicates greater variability in adjacent vowels, due to the stress-
induced lengthening and reduction in unstressed syllable with a
foot. Lower nPVI-V value for the speech-impaired speaker in
Table (1) implies that less vowel reduction in unstressed syl-

lable is observed for the speech-impaired speaker. These find-
ing indicate that in general the speech-impaired speaker exhibits
stress-timed rhythm pattern. This result is in opposition to the
previous studies (e.g. [3]) reporting that the speakers of FAS in
English is perceived to be more syllable-timed.

Figure (1) shows box plots for each rhythm metric. In each
box plot, the leftmost plots show the central tendency and vari-
ability of measures between the Buckeye Corpus and the current
study. Statistical analysis of Welch two sample t-test, with no
assumption of homogeneity of variance, indicates that all mea-
sures result in significant differences between the speakers in
the Buckeye Corpus and the speaker in our study. Even though
it is not the main focus of the paper, the box plots for speech
styles are also presented. That is, the three plots on the right side
of the dividing line show the central tendency and variability of
the speech-disordered speaker categorized by speech styles of
carrier phrases, sentences, and passages.

As mentioned in the introduction, it is typical for speak-
ers with FAS to exhibit sporadic articulatory and prosodic mis-
productions [4]. The speech-impaired speaker in our study also
demonstrated changes occurs when she was extremely tired or
anxious. These salient changes in her speech can be identified
by looking at the relationship between rhythmic or timing met-
rics. For example, the relationship between V-to-C ratio and %V
is shown in Figure (2a). The Buckeye Corpus has a value be-
low 1 for its V-to-C ratio, which is expected for the canonical
stress-timed language. As for the speaker of our current study,
even though the mean of the V-to-C ratio is below 1, there are
many instances in which the value goes over 1. This indicates
that there are utterances containing a greater number of vocalic
segments, resulting in simpler syllable structure. Some of these
tokens are identified as having inserted vowels. For example,
the CVC of ‘bid’ is produced with CVCV, where the final V
is a short schwa-like vowel. As shown in Figure (2b), the %V
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Figure 2: Scatter plots for (a) V-to-C Ratio vs. Speech Rate, (b) Speech Rate vs. %V, and (c) %V vs. ∆C obtained from the Buckeye
Corpus and the three distinct speech styles of the speech-impaired speaker.

is not correlated highly with the speech rate, in line with the
findings in Dellwo & Wagner (2003) [12]. Some tokens with
low speech rate and high %V sounds rather syllable-timed than
stress-timed. Figure (2c) illustrates the expected negative corre-
lation between %V and ∆C. This scatter plot implies that as the
value of %V gets smaller, the standard deviation of the conso-
nantal intervals get larger. This is expected for the stress-timed
language. But when we examined some of the tokens with very
low %V and very high ∆C, we observed that the speaker had
signs of difficulty in coordinating consonants. For example, in
words like ‘pretty,’ the intervocalic consonant has very long clo-
sure duration followed by a long aspiration. Thus, we can use
deviant values from the norm to identify the sporadic regions in
which the speech-impaired speaker has difficulty in her produc-
tion of spoken utterances.

4. Discussion and Conclusions

We have shown that the rhythm metrics indicates that the
speaker in our study exhibits patterns that are aligned with
more stress-timed rather than syllable-timed language. Further
phonetic analyses were conducted to understand the impact of
the speaker’s speech characteristics on the measures of speech
rhythm and tempo. Many characteristics could be reliably iden-
tified by looking at deviant values of the rhythm metrics. Thus,
tokens which are located away from the norm are good in-
dicators of her disordered and non-canonical speech patterns.
And both phonetic and phonological factors contribute to her
non-canonical rhythmic pattern. Speech characteristics of the
speaker include slow, enunciated, and prolonged realization of
segments, frequent insertion of pauses, and release of word-final
stop consonants, occasional modification of syllable structure
via a schwa-like vowel insertion, fully aspirated stop in the in-
tervocalic context, and a variant realization of [aj] to [a]. Some
of these non-canonical phonetic properties result in decreased
rate of speech, and result in increased the variability of the con-
sonantal, rather than vocalic, interval, contributing to the char-
acteristics of stress-timing. These characteristics of disordered
speech pose a challenge on models of speech production that
does not take into account possible modifications of phonetic
properties and phonological structure.
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