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Abstract

The aim of the present study is to measure the Voice Onset Time (VOT) productions of Greek
non-fluent aphasic patients, so as to determine whether they maintain discrete VOT
categories as French non-fluent patients do (Ryalls et al. 1995), or if they exhibit deficits
(overlapping or substitution of VOT categories) similar to those of English aphasic patients
(Blumstein et al., 1977; the English study’s results were also verified by the following
languages: Thai (Gandour & Dardanranda, 1984), Taiwanese (Su et al.), and Turkish (Kopkalli-
Yavuz et al., 2011).

VOT productions were measured, transcribed and compared for 10 Greek non-fluent aphasic
patients and 10 Greek healthy speakers matched for age, sex, handedness and years of
education. The statistical analysis revealed that our Greek non-fluent aphasic patients did
not perform significantly different than our Greek healthy speakers. The non-fluent aphasic
patients produced phonetic errors for the labial place of articulation in comparison to
coronals and dorsals; however, the voicing effect results for the labial place of articulation
were marginally significant (p=0.06) and therefore no generalizations are possible. Although
previous studies have found that non-fluent aphasic patients produce significantly more
phonetic errors for all places of articulation, the present study did not. Both Greek non-
fluent patients and Greek healthy controls maintained distinct VOT categories similar to
their French counterparts. However, we speculate that these results are the outcome of a
methodological limitation and that our participants would have exhibited more phonetic

errors if there had been more occurrences of voiced plosives in our data.

Keywords: voice onset time, VOT, acoustic, non-fluent aphasia, Greek, spontaneous speech
analysis
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1. Introduction

Aphasia is an acquired language impairment which affects the production and/or
comprehension of language at any (or every) of the following modalities: speaking, reading
and writing, depending on its type (Broca, Wernicke, Conduction, Global etc.) and severity.
The severity of aphasia can vary from moderate to mild to severe, and its cause is due to
brain damage, induced either by a stroke accident, brain tumor or trauma. One of the
prominent characteristics of the expressive language of aphasic patients is the production of
speech errors. Predominately, two types of errors emerge as speech patterns in the aphasic
production: (i) phonological errors, namely phonemic substitutions, additions, omissions or
transpositions and (ii) phonetic errors, namely articulatory distortions of a target phoneme
(Goodglass & Kaplan, 1972).

On the other hand, voicing, the articulatory process where vocal fold vibration is
present (e.g. in voiced consonants) or completely absent (e.g. in voiceless consonants),
accounts for minimal contrastive pairs that share the same place of articulation such as
bilabial plosives [p — b], alveolar [t — d] and velar [k — g]. A feature of the production of
plosive! consonants is that they have distinguishable ranges of Voice Onset Time in the
healthy speakers’ productions cross-linguistically. Voice Onset Time (henceforth VOT), is
defined as “the temporal relation between the onset of glottal pulsing and the release of the
initial stop consonant” (Lisker & Abramson, 1964; 1967, p. 2). The fact that distinct and
different ranges of VOT productions, namely voiced and voiceless plosive consonants,
emerge from healthy speakers’ productions can be used to examine the phonemic and
phonetic bases of aphasic speech errors. How can VOT be linked to aphasic speech
production errors?

Blumstein and her colleagues (1980) were the first to investigate and link
production errors of aphasic patients to VOT. Using VOT measures of English brain damaged
patients, she demonstrated a large number of phonetic errors, that is overlapping of VOT
values between the voiced and voiceless categories for the non-fluent (Broca’s) aphasic
patients and phonological errors, namely substitutions of VOT categories e.g. production of a
target voiced with a voiceless VOT or vice versa, predominantly for the fluent (Wernicke’s)

aphasic patients. Her results were also verified by following studies in Thai (Gandour &

! The words plosive and stop are used interchangeably in the present study.



Dardanranda, 1984), Taiwanese (Su et al.), and Turkish (Kopkalli-Yavuz et al., 2011).
However, when Ryalls, Provost and Arsenault (1995) replicated Blumstein’s study for the
French language, their results were far from convergent. French Broca’s patients did not
produce more phonetic errors; as a matter of fact they performed similarly to French
healthy speakers. Given these divergent results between French and English we suggest that
further research should be conducted on the topic and we chose to investigate the Greek
language for this purpose.

Thus, the aim of the current study is to assess/analyze the Voice Onset Time (VOT)
production of Greek non-fluent aphasic patients so as to determine whether they maintain
discrete VOT categories as French non-fluent patients do (Ryalls et al. 1995), or if they
exhibit deficits (overlapping of VOT categories) similar to those of English non-fluent aphasic
patients (Blumstein et al., 1977; and Thai (Gandour & Dardanranda, 1984), Taiwanese (Su et
al.), and Turkish (Kopkalli-Yavuz et al., 2011). Section 2 addresses the theoretical background
of VOT productions of healthy speakers which serves as an integral part of making
comparisons against the aphasic performance. Section 2 continues with a detailed analysis
of the findings of VOT productions by aphasic patients. Sections 3 and 4 lays out the research
guestions, predictions and hypotheses of the present study. Section 5 pinpoints the
experimental findings of VOT productions of Greek healthy speakers. Furthermore, sections
7 and 8 provide the methodology and results and lastly sections 9 and 10 present the

discussion and conclusions of the current study.



2. Background

2.1. Voice Onset Time (VOT) in healthy speakers

A number of studies have investigated the production of Voice Onset Time
(VOT) in the productions of predominant the healthy and secondarily the impaired
population. The latter is going to be the focus of the current paper. However, to get a full
grasp on the linguistic performance of the aphasic population we first need to understand
the underlying mechanisms of VOT in the healthy population.

VOT is the most prominent acoustic cue that distinguishes voiced from voiceless
consonants across languages and this temporal characteristic of stop consonants reflects the
complex timing of supralaryngeal coordination (Lisker & Abramson, 1964; 1967). Stop
consonants have two voicing categories, namely voiced and voiceless, and they are classified
into three groups according to their place of articulation. Thus the distinction of [p] and [b]
which are bilabial stops, [t] and [d] which are dental stops and [k] and [g] which are velar
stops. Taken to wide-band spectrographic analysis, VOT can point out a number of
characteristics of the plosive consonants. Namely, three main categories of stops emerge

from the VOT continuum (Lisker & Abramson, 1964; 1967):

(1) Voicing lead: voicing begins before the release? of the burst while the VOT values
are negative, ranging from about -125 to -75msec, having a mean value of -
100msec. Voiced and unaspirated consonants have voicing lead. For example,
French and Greek voiced stops belong in this category (Bortolini et al., 1995;
Ryalls, Antoniou, 2010).

2 Release: during articulation, the released airflow produces a sudden impulse causing and audible sound or
burst.



Figure 1. Wide-band spectrogram illustrating the interval between the release of the stop and the onset of
glottal vibration (viz the VOT) of [d] from Thai language. Picture extracted from Lisker & Abramson (1964).

(2) Short voicing lag: voicing onset begins after the release of the burst while the VOT
Voiceless and unaspirated consonants have short voicing lag. For example, English
voiced stops and Italian voiceless stops belong in this category (Lisker & Abramson,
1964; 1967).

Figure 2. Wide-band spectrogram illustrating the interval between the release of the stop and the
onset of glottal vibration (viz the VOT) of [t] from Thai language. Picture extracted from Lisker &
Abramson (1964).




(3) Long voicing lag: voicing onset lags greatly after the release of the burst while the
VOT values are positive, ranging from +60 to +100 msec, having a mean value of +75
msec. For example, English voiceless stops are of this type. Voiceless and aspirated
consonants belong in this category (Lisker & Abramson, 1964; 1967).

Figure 3. Wide-band spectrogram illustrating the interval between the release of the stop and the
onset of glottal vibration (viz the VOT) of [t"] from Thai language. Picture extracted from Lisker &
Abramson (1964).

VOT values have been measured and investigated within the normal population
in several languages. Lisker and Abramson (1964) were the first to investigate the mean VOT
values of 11 different languages’ stop consonants in initial position followed by the vowel
[a]. The different languages as reported in Lisker and Abramson (1964) were: American
English, Dutch, Puerto Rican Spanish, Iberian Spanish, Hungarian, Tamil, Cantonese, Eastern
Armenian, Thai, Korean, Hindi, Marathi. Those eleven languages fell into two groups
depending on how many voicing contrasts they had for the distinction of voiced and
voiceless dimensions. The languages which had a two voicing category contrast were:
American English, Dutch, Iberian Spanish, Puerto Rican Spanish, Hungarian, Cantonese and
Tamil (e.g. Spanish has a two way voicing category contrast [b —p], [t —d], [k —g]). The
languages exhibiting a three voicing category contrast were: Korean, Eastern Armenian,
Hindi, Marathi and Thai (e.g. Thai has a three way category contrast [b —p —p"], [d =t —t"],

[g — k —kP]). The fact that two distinct and different ranges of VOT responses, namely voiced
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and voiceless stop consonants, emerge by healthy speakers’ productions can be used to
examine the phonemic and phonetic bases of aphasic speech errors. Why and how VOT can

be linked to aphasia follows in the next section.

2.2.  VOT in aphasia

Blumstein and her colleagues (1980) were the first to investigate Voice Onset
Time and its relation to aphasia. One of the prominent characteristics of aphasia is that the
language productions of aphasic patients contain speech errors. It has been observed that
those production errors are primarily of two types, namely phonological and phonetic. And
most importantly, research in aphasia holds that these error types are linked to specific and
distinct groups of aphasic patients (Luria, 1966; Goodglass & Kaplan, 1972; Blumstein 1973).

To be more specific, phonological errors involve substitution of phonemes or

distinct speech sounds of a particular error (Luria, 1966). For example, a target phoneme [g]
has a VOT range of -25msec to +25msec for a native English healthy speaker. Its voiceless
homorganic counterpart [k] has a VOT range of +45msec to +65msec (Lisker & Abramson,
1964; 1967). If a target [g] produced by an aphasic patient has a VOT value of +60msec then
this is considered a substitution error because the value of the target sound falls into the
range of the opposite category. Meaning that the VOT value was expected to be between
-25msec to +25msec in order to be considered a [g], instead the VOT value of +60msec falls
within the range of [k], which is +45msec to +65msec and that is why such an error is
considered phonological. According to previous literature, phonological errors are typical of
the posterior fluent aphasics or else Wernicke’s aphasics (Luria, 1966; Goodglass & Kaplan,
1972).

On the other hand, phonetic errors “represent articulatory distortions of a

particular phonemic target” (p. 154, Blumstein, 1973; Luria, 1966). For instance, a [g] target
produced with a VOT of +30msec is considered a phonetic error because its value falls
between the two categories [g]: -25msec to +25msec and [k]: +45msec to +65msec (Lisker&
Abramson, 1964; 1967). A +30msec VOT value for a [g] target does not occur in the phonetic
system of the English language and that is why such an error is considered phonetic. These
types of errors are characteristic of anterior non-fluent aphasics or else Broca’s aphasic

patients (Luria, 1966). According to Blumstein (1980) the underlying reason of phonetic
10



errors is a deficit in the articulatory programming that causes an overlapping of VOT
categories in the productions of non-fluent aphasic patients.

However, despite the linguistic profile often given to each aphasic group,
Blumstein (1973) pinpoints that in actuality Broca’s and Wernicke’s patients produce both
phonemic and phonetic speech errors. She proposed that there is no clear and no exclusive
phonetic error tendency over the non-fluent patients’ productions. Blumstein claimed that
an error in voicing for example [g] as [k] could either reflect the substitution of one phonemic
category for the other and thus be phonological in nature, or in contrast, could reflect a low-
level timing error which would be articulatory or phonetic in nature (p.154, 1980).
Nevertheless, with regard to non-fluent aphasic patients, it could be the case that their
phonological errors are an extreme version of phonetic errors being the aftermath of
articulatory phonetic distortion since their speech is in general slow and laborious. To
investigate the type of error produced by aphasic patients, Blumstein (1980) chose to
measure the acoustic dimension Voice Onset Time which signals the distinction between
voiceless and voiced consonants.

Participants’ selection included 4 Broca’s aphasics, 4 conduction aphasics, 5

Wernicke’s aphasics, one patient with dysarthria yet not aphasic and 4 healthy individuals
who served as the control group. The dysarthric patient was included in the study because
Blumstein (1980) wanted to establish that phonetic errors at least for the non-fluent
patients are indeed affected by the patient’s lesion in the brain and not by the motor
problems often accompanying anterior aphasia. Subjects were English native speakers.
Participants were asked to read a list of words containing initial stops followed by the vowel
[a] (see p. 157, Blumstein 1980 for the full list of words). The consonant contrasts
investigated were bilabial plosives [b] and [p], alveolar [d] and [t], and velar [g] and [k].
Participants were tested in two sessions. Each trial consisted of a full set of the words
containing each consonant in initial position preceded by the word “this”. In other words,
the testing material consisted of a stimulus card which had the word “this” followed by the
test item. Participants were asked to read the phrase two times per session, thus four times
in total. For each participant a minimum of 240 VOT tokens was analyzed.

First of all, the analysis verified that English healthy controls produced neither
phonetic nor phonemic errors. In general, both controls and Wernicke’s patients revealed no
overlapping distributions of VOT between the two categories (voiced and voiceless). The

range of the category boundaries found for each place of articulation were the following.
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The voiced labial consonants had a VOT range of -105 to +15msec and the voiceless category
+35 to +150 msec. The alveolar consonants had a VOT range of -105 to +20msec while the
voiceless category had a range of +40 to +150 msec. As for the velar consonants the VOT
values ranged from -105 to +25msec for the voiced category and from +45 to +150msec for
the voiceless category.

As far as the Wernicke's patients are concerned, they were mildly impaired with
errors distributed equally between the phonemic (4%) and phonetic errors (4%). According
to Blumstein, Wernicke’s patients appear to make few production errors and furthermore
they do not make substantial phonemic paraphasias in their productions. On the contrary,
Broca’s aphasics made primarily phonetic errors (26% versus 14% of phonemic errors).

The authors investigated the distribution of the correct target productions as well.
The distribution for each of the voiceless consonants produced was significantly different for
the Broca’s group. The voiceless consonants were distributed over a wider VOT range in
comparison to Wernicke’s patients and controls. As far as the distribution of voiced
consonants is concerned, Broca’s aphasics produced fewer pre-voiced consonants in
comparison to Wernicke’s aphasics. This result could be attributed to an overall articulatory
difficulty of initiating vocal fold vibration and this could be also linked to the longer VOTs
observed in the distribution of voiceless consonants. The authors concluded that (pg. 164)
the Broca’s aphasics have a pervasive phonetic disorder which is not only manifested directly
in the large number of phonetic errors, but is evident also in the productions falling within
the “correct” target range.

Last but not least, the authors provided further insight on whether the phonetic
deficit of the Broca’s patients reflects a speech deficit or a motor control problem. To do
this, they compared the results of their Broca’s group to those of a non-aphasic dysarthric
patient. The pattern of productions was qualitatively different between the two groups. The
dysarthric patient produced longer VOT values in general. The VOT range of both voiced and
voiceless categories, as provided above, ranges from -105 to +150 for a healthy English
speaker. The dysarthric patient produced VOT values beyond the -150 to +150msec interval
and exhibited no overlap of voicing categories, in contrast to English Broca’s patients.

Following Blumstein’s study (1980), further research investigated the VOT
productions of aphasic patients in different languages, Thai (Gandour & Dardarananda,
1984), Taiwanese (Su et al., 1992), and Turkish (Kopkalli-Yavuz et al., 2011) in order to

expand and provide further insight on the phenomenon cross-linguistically (see Table 1). The
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majority of these studies verified Blumstein’s results in that (a) Wernicke’s patients maintain
discrete VOT categories and (b) Broca’s patients’ VOT productions overlap. However, there is
an exception among these convergent studies.

Ryalls, Provost and Arsenault (1995), investigated VOT productions by
aphasic patients for the French language and had different results. Their French aphasic
patients exhibited no overlapping and VOT categories were kept intact. The authors tested 5
Broca’s, 5 Wernicke’s and 5 healthy native French controls matched for age and sex. Test
items were 18 monosyllabic words where the consonants [p], [t], [k] and [b], [d], [g] in initial
position were followed by the vowels [i], [a], and [u] (see p. 207 for the full list of test items).
The mean VOT values (and not ranges) of the French stops were provided by the study. The
mean of the voiceless bilabial consonant [p] was +45msec and its voiced counterpart [b] was

-140msec. The voiceless alveolar [t] had an average VOT value of +51msec and its

counterpart voiced [d] a VOT value of -142msec. Lastly, the velar pair, voiceless [k] had an

average of +72msec and the voiced [g] and average VOT of -146msec.

Table 1. Accumulations of studies that have investigated VOT productions of aphasic patients.

Voicing
Study Language Category Type of Overlapping of
Contrasts Aphasia VOT categories
Broca,
Blumstein et al. English Two-way: Wernicke, B: Yes
(1980) Voicing lead, Conduction W: No
voicing lag C:Yes
Gandour & Three-way: Broca,
Dardarananda Voiced Wernicke, B: Yes
(1984) Thai unaspirated, Conduction, W: No
Voiceless Global,
unaspirated, Transcortical
Voiceless motor
aspirated
Broca, B: Yes
Su et al. (1992) Taiwanese Three-way Wernicke, W: No
Conduction C:No
Ryalls, Provost & French Two-way: Broca & B: No
Arsenault (1995) Voicing lead & Wernicke W: No
voicing lag
Kopkalli-Yavuz et Turkish Two-way: Broca Yes
al. (2011) Voicing lead &
Voicing lag
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All'in all, the French study did not find any differences between their groups.
VOT productions were fairly similar to those of healthy controls for both Broca’s and
Wernicke’s aphasics in that there was no overlapping of VOT values. French aphasic patients
kept their VOT categories distinct. For Broca’s an average of 91% of the productions was
correct and an average of 92% for the Wernicke’s patients. To add to this result, French
Broca’s aphasics produced fewer phonetic errors (4%) compared to the Broca’s of the
English study (24%). The French study’s results contradict the general expectation of non-
fluent aphasic patients exhibiting a phonetic impairment.

Phonetically, both French and English have two distinct voicing categories,
voiced and voiceless stops. French is a language with voiced consonants typically produced
with a voicing lead. This means that voicing begins before the release of the stop and this
translates to negative VOT values (Lisker & Abramson, 1964). On the contrary, in English
voiced consonants are typically produced with a voicing lag. This means that voicing begins
after (lags) the release of the stop which translates to positive VOT values (Lisker &
Abramson, 1964). As already mentioned, the English studies’ results showed overlapping of
VOT categories for the non-fluent aphasics and justified this outcome as a speech error
(phonetic deficit) than a low-level motor control problem. On the other hand, the French
study’s results (Ryalls et al., 1995) found no overlapping, instead the patients had kept intact
their VOT categories.

One of the arguments proposed by the French study was that perhaps the
reason why French Broca’s patients did not display an overlap between the two VOT
categories, may be linked to the negative VOT values of French voiced consonants. To be
more specific, French voiced consonants have negative VOT values and thus have a bigger
difference in the range between voiced and voiceless plosives. Conversely, English voiced
stops have positive VOT values and thus a smaller difference between the two categories is
evident. Consequently, English Broca’s speakers have to cover a smaller range of values
when articulating stop voiceless and voiced pairs and that might trigger their overlapping
phonetic deficit. Instead, French Broca’s patients who have to cover a much larger

difference, maintain distinct VOT categories.
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It was also implied that the divergent results between the French and English
Broca’s populations’ results might be due to the difference in the classification of the
severity of the type of Broca’s aphasia. Blumstein et al. (1980) did not provide information
on the severity of her Broca’s aphasics while Ryalls et al. (1995) classified their Broca’s
patients as mildly impaired. Given that information, severity might play a role in the
linguistic profile and VOT results of non-fluent aphasic patients.

It was also suggested that more languages with negative VOTSs should be tested in
order to gain further insight into whether bigger VOT values between minimal phonetic pairs
affect the type of the speech error for Broca’s patients. In other words, whether a difference
in VOT ranges among languages could be the reason behind the discrepancy in the findings.
Kopkalli-Yavuz and colleagues (2011) investigated the VOT productions of Turkish non-fluent
aphasic speakers. Turkish voiced stops are also produced with a voicing lead (negative VOT)
similarly to French. If Turkish Broca’s patients were to keep distinct VOT values for the
voiced and voiceless categories, then the French study’s suggestion that a difference in the
VOT range between voiced and voiceless consonants is the underlying reason which triggers
or not the phonetic deficit, could be verified. However, that was not the case. Turkish non-
fluent aphasics did not maintain distinct VOT categories. On the contrary, an overlapping of
VOT categories was evident.

Thus, Ryalls’ suggestion that differences in VOT ranges among languages
being the underlying reason was not verified. What could be the reason behind such an
outcome? Both Turkish and French have similar phonetic profiles given that voiced
consonants are produced with a voicing lead (negative VOT values). Nevertheless, looking
closer to each study’s results we can see that the VOT ranges between the two languages
differ. In French, the average VOT differences reported between the voiced and voiceless
categories is remarkably larger than in Turkish. To be specific, for French the average
difference for bilabials is 185msec, for alveolars 193msec and for velars 218msec. Instead for
Turkish, the average difference is much shorter; for bilabials is 107msec, for alveolars is
103msec and for velars is 79msec. Perhaps a larger VOT difference between voiced and
voiceless consonants could be a factor in the discrepancy of the findings regardless of the
fact that both languages have negative VOT values for the voiced consonants.

Nonetheless, the Turkish study had a number of limitations. The authors did
not recruit healthy participants as controls to compare them to their non-fluent population.

Kopkalli-Yavuz used as a control group the results of another study (Ogiit et al. 2006). The
15



data from Ogiit and colleagues involved VOT productions of 33 healthy Turkish individuals
who had to read 48 monosyllabic words. Plosives [p], [t], [k], [b], [d], [g] were in initial
position followed by vowels [a], [e], [ce], [0], [u], [w], [y], [i]. Kopkalli-Yavuz's test items were
also 48 monosyllabic words in total. The test items were different between the two Turkish
studies. What is more, the participants were determined as non-fluent based on their
linguistic performance from a composite aphasia examination adapted in Turkish (ADD:
Mavis & Togram, 2009) and not through a neurophysiological classification. Based on
patients’ MRI scans the list of participants included Wernicke’s, global and anomic patients
even though in the study they were classified as non-fluent based on their linguistic
performance.

Together, the findings discussed above call for further investigation on the topic.
In the present study, we investigated a language where voiced stops are also produced with
a voicing lead — Greek. Both healthy and non-fluent Broca’s aphasic speakers participated in
the same experimental design (narration of multiple stories, see Section 7 for further details)
and their VOT productions were analyzed. Wernicke’s patients were excluded from our
study because as provided from the above mentioned studies their productions were not

divergent and their performance was similar to healthy speakers.

3. Research Questions

Greek has two distinct voicing categories, as do English and French and
Turkish, and voiced consonants produced with negative VOT values (Kollia, 1992; Raphael et
al., 1995), similar to French and Turkish. Thus, Greek makes an ideal candidate to investigate
VOT productions in order to find out firstly, whether Greek non-fluent patients indeed make
VOT production errors and secondly, if they produce speech errors, of what kind they are.
Do Greek non-fluent aphasic speakers produce phonetic errors, namely overlapping of VOT
categories or do they make substitution errors between the voiced and voiceless categories
and thus exhibit a phonological deficit? To our knowledge, there is no study that has looked
into the analysis of VOT in non-fluent aphasic patients for the Greek language so far. The
focus of our study is to give answers to the following research questions, hypotheses and

predictions:
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Do Greek non-fluent aphasic patients produce longer VOTs than healthy controls?
2. Do Greek non-fluent patients maintain discrete VOT categories (as their French
counterparts do) or do they exhibit overlapping of VOT categories (as their English
counterparts do) in comparison to healthy controls?

The first research question serves as a “board”, to differentiate whether the aphasic
population’s productions differ from the healthy speakers in the first place. Once this
difference is established our aim is to zoom in the phonetic profile of the aphasic patients. If
they maintain discrete VOT categories, then they behave akin to healthy controls and their
French counterparts meaning that articulation or other deficits do not interfere with Greek
aphasics’ productions and articulation is kept intact. However, if Greek non fluent aphasic
patients exhibit an overlapping of VOT categories at their English counterparts (and
Taiwanese, Thai, and Turkish non-fluent aphasics) then the English study’s suggestion that

the underlying deficit of Broca’s patients is phonetic in nature is verified by Greek, as well.

4. Hypothesis and Predictions

The first research question’s hypotheses and predictions are:

e Ho: Greek non-fluent aphasic patients produce equally long VOT values compared to
healthy controls.
e Hai: Greek non-fluent aphasic patients produce longer VOT values compared to

healthy controls.

The second research question’s hypotheses and predictions are:

e |f the VOT values lie within the normal range of the category opposite the target
(e.g. production of a target voiced stop with voiceless VOT value, or vice versa; Figure

2), then this is considered a substitution error. Substitution errors are considered to
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reflect a phonological deficit (Goodglass & Kaplan, 1972; Blumstein et al.1980). If this
is verified by our results, then Greek non-fluent aphasic speakers exhibit a

phonological/substitution deficit.

Figure 1. Example of a phonological error. Hypothetically, the VOT values of labial voiced [b] place of
articulation range from -105msec to +15msec and for its voiceless counterpart [p] from +35msec to +150msec
for a Greek healthy speaker. If a non-fluent aphasic patient produces a [b] target with a +45msec VOT, then this
number falls in the opposite category ([p]) and this is considered a phonological error. The VOT numbers are
arbitrary.

Phonological error example
Aphasic [b] target: +45msec

Phonological error

[b] ><[P]

Time (msec)

e |[f the VOT values produced by Greek non-fluent aphasic patients lie between or
outside the two normal ranges of the voiced and voiceless categories, then this is
considered a phonetic error. This overlapping of VOT categories is triggered by a
deficit in the articulatory planning and reflects a phonetic deficit (Luria, 1966;

Goodglass & Kaplan, 1972, Blumstein et al. 19771 1980).
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Figure 2. Example of a phonetic error. Hypothetically, the VOT values of labial voiced [b] place of articulation
range from -105msec to +15msec and for its voiceless counterpart [p] from +35msec to +150msec for a healthy
Greek speaker. If a non-fluent aphasic patient produces a [b] target with a +25msec VOT then this number falls
between the two normal [p — b] ranges and is considered a phonetic error. The VOT numbers are arbitrary.

Phonetic error example

phonetic error

Aphasic [b] target: +25msec

[b]

Time (msec)

e |f the mean VOT values of Greek non-fluent aphasic patients are the mean VOT
values of Greek healthy controls then this means that Greek aphasic patients
maintain distinct VOT categories and perform similar to their French counterparts

and akin to Greek healthy speakers.

5. VOT in Modern Greek

Results on VOT in Modern Greek are sparse. This section presents findings
collected from studies investigating Greek consonants that include segments of VOT
analysis. Yet there is still not a study that has entirely examined VOT in Greek healthy
speakers, at least to our knowledge. This section is of great importance in order to establish
what VOT values and ranges have been found thus far in productions of Greek healthy
speakers so as to compare the findings with our results.

Greek has two distinct voicing categories, voiced and voiceless stops. The
voiceless stops of Greek, [p], [t] and [k], are unaspirated plosives produced with a short lag

(Fourakis, 1986; Kollia, 1993). In addition, [p] has the longest closure of the three stops and
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the shortest VOT,; reversely [k] has the shortest closure and longest VOT and [t] is
intermediate between the two (Fourakis, 1986a, 1986b; Arvaniti, 1987, 2001c; Botinis et al.,
2000; Nicolaidis, 2002b). This information falls in line with the universal evidence/tendency
of velar consonants having the shortest VOT ranges and bilabial consonants having the
longest VOT ranges. According to Arvaniti (2007) closure duration for [t] is longer before [i]
than before [a] and VOT for both of [p] and [t] is longer before [i] than [a]. Table 2 presents
an accumulation of findings of mean VOT values for Greek voiceless consonants from a
series of studies (Antoniou, 2010; Arvaniti 1987; 2001c; Kollia, 1993; Nicolaidis, 2002c;
Fourakis, 1986b). According to Botinis, Fourakis and Prinou (2000) measurements, the mean

VOT values of Greek voiceless consonants ranged from +22ms to +29m:s.

Table 2. Mean VOT values in milliseconds for Greek voiceless consonants in word-initial position followed
by a stressed [a]. Accumulated results from several studies. The asterisk (*) represents that the study has
not investigated the given stop consonant, thus no results.

Voice Onset Time (msec)

Study [p] [t] [k]
Fourakis (1986b) 9 16 23
Arvaniti (1987) 11 15 26
Arvaniti (2001c) 13 16 23
Nicolaidis (2002c) 14 22 *
Kollia (1993) 19 27 49
Antoniou (2010) 14 17 *

The phonetic/phonological status of voiceless plosives is widely accepted
within the field of Greek linguistics. However, this is not the case for voiced plosives in
Greek. One of the most prominent debates of Greek phonology has been about the
phonological status of Greek voiced plosives and specifically whether voiced stops are (a)
single phonemes that stand in minimal contrast with voiceless stops, or (b) whether they are
sequences of a /nasal+voiceless/ consonant (Arvaniti, 1999, 2007; Arvaniti & Joseph, 2000,

2004; Holton, Mackridge, & Philippaki-Warburton, 1997; Joseph & Philippaki-Warburton,
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1987). Worth mentioning is that, as far as orthography is concerned, Greek voiced plosives
are represented by digraphs. To be specific, [b] = um, [d] = vt and [g] = yk or yy.

In general, Greek voiced stops bilabial [b], alveolar [d] and velar [g] appear to be
pre-voiced, exhibiting voicing lead values in word-initial position (Botinis, Fourakis & Prinou,
2000). An interesting variation appears in the productions of Greek voiced consonants at
intervocalic and/or word medial position in relation to nasalization. It has been claimed by
traditional accounts that the voiced consonants are pre-nasalized [™b, "d, "g] (Newton,
1972). However, it has also been reported by Arvaniti & Joseph (2000) that the nasal
preceding the stop may or may not happen/be produced depending on a vast majority of
factors. It has been found that dialect, idiolect, rate of speech, social register and other
sociocultural aspects may affect the pronunciation of Greek voiced consonants (Arvaniti &
Joseph, 2000.) As a matter of fact this divergence in the pronunciation is something that we
have also experienced while transcribing the data of the current thesis since our participants
were from several places of Greece and different sociocultural backgrounds. Nonetheless,
the phenomenon of nasalization in Modern Greek is beyond the scopes of the present thesis
and we measured both realizations of voiced consonants without making any distinctions.

It has also been reported that Modern Greek is undergoing a synchronic sound
change, as the nasalization phenomenon is progressively disappearing from the productions
of young Athenians (Arvaniti & Joseph, 2000). Nevertheless, Table 3 presents the mean VOT
values found by Kollia (1993), Botinis (2001) and Antoniou (2010) for Greek voiced VOT
values in word-initial position. According to Botinis, Fourakis and Primou (2000), the mean

lead VOT values for Greek voiced consonants ranged from -78ms to -82m:s.

Table 3. Mean VOT durations in milliseconds for Greek voiced consonant in word-initial position followed
by a stressed [a]. Accumulated results from Kollia (1993), Botinis (2001) and Antoniou (2010). The asterisk
(*) represents that the study has not investigated the given stop consonant, thus no results.

Voice Onset Time (msec)
Study [b] [d] [g]
Kollia (1993) -105 -106 -101
Botinis (2001) -140 * *
Antoniou (2010) -124 -132 *
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6. The present study

Thus far the experimental studies presented have measured VOT productions of
aphasic patients in word-initial position through repetitions of monosyllabic words. Stimuli
typically consisted of monosyllabic real words containing in initial stop consonant [i.e. p, t, k,
b, d, g] followed by the vowel [a] or every vowel of the language under investigation.
Patients were asked to repeat the test words. Often (e.g. English and Thai studies) the test
words were put in a carrier phrase such as the word “this” in order to ensure that the deficit
was not due to an overall deficit in initiating speech at least for the non-fluent aphasic
patients.

However, this methodological approach might be facing two limitations. The first
one has to do with ecological validity. Closed-test repetition tasks have low ecological
validity and often cannot be generalized to real-life situations. They are highly structured
and allow only a limited spectrum of errors to occur. To tackle this limitation we chose to
investigate the spontaneous speech productions of non-aphasic patients instead of
replicating a monosyllabic repetition task for the Greek language. Still, one could claim that
spontaneous speech cannot control which words are produced and that words produced in a
running sentence are not the same as words in isolation and this can potentially lead to a
great overall disadvantage.

That is true. We cannot control which words are produced in spontaneous speech
but we can control the phonemic environment preceding and following the plosives under
investigation. To be more specific, we chose to test each plosive at intervocalic position and
set as the controlled environment the vowel preceding and the vowel following each plosive.
In simpler words, we chose our testing environment not to be word-oriented but instead
vowel-oriented. We aimed to collect 40 occurrences of plosives preceded and followed by a
vowel per participant, which sums to a 2,400 VOT tokens of the plosives in total. Given that
the previous studies have managed to analyze a number of 240 VOT tokens (English study)
to a maximum of 1440 tokens (Turkish study), we think that spontaneous speech analysis is a
possible alternative approach to the current research.

A second limitation in the previous studies’ methodological approach has to do
with the position of the plosive. All previous studies have tested the plosives in word-initial
position. However, if the deficit is indeed phonetic in nature then non-fluent aphasic

patients should perform similarly in word-initial and word-medial position. Instead, if the
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errors are concentrated only in word-initial position such an outcome could reflect a number
of affected processes such as sentence planning processes, word/lexical availability,
morphosyntactic problems etc. That is why with the current study we chose to investigate
the plosives [p], [t]. [k], [b], [d], [g] in both intervocalic word-initial and intervocalic word-
medial position. Another practical reason behind why we chose to investigate plosives in
both word-initial and word-medial position is because in Greek, words that start with voiced
consonants are rather infrequent. Therefore, the novelty of the present research lies in its

different methodological approach and the cross-linguistic contraposition.

7. Methodology

7.1. Participants

Twenty native speakers of Greek served as subjects in the experiment. Half of
them (n=10) were patients with Broca’s aphasia (mildly impaired) and the other half were
healthy participants who served as the control group. The two groups were matched for age,
sex, handedness and educational level. The data for patients and controls are part of an
ongoing project and the data had been collected by prof. Spyridoula Varlokosta of University
of Athens and her team from 2011 to 2015. These data are part of the THALES project:
“Levels of impairment in Greek aphasia: Relationships with processing deficits, brain region,
and therapeutic implications.” The THALES data consist of audio files of spontaneous
narration of 4 different stories narrated by 28 participants: 22 aphasic patients, 6 cardiac
patients and 14 healthy speakers.

The inclusion criteria for the Broca’s patients were to be aged above 18, to be
native speakers of Greek and to be clinically diagnosed by the hospital center. The diagnosis
to each patient was further supported by the Greek adaptation of the Boston Diagnostic
Aphasia Examination (Tsapkini, Vlachou & Potagas 2010, Goodglass & Kaplan, 1972).
Exclusion criteria were that patients should not be registered with: severe history of
neurological diseases, recent psychiatric history, hearing deficits, severe visuo-perceptual

disorders and severe motor disability. Participants have been recruited to the Aiginiteio
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University Hospital in Athens, Greece. The control group (healthy participants) were
recruited from several districts around Athens, Greece. Patients’ participation in the study
was subject to requirements of the medical Ethical Committees of the Aiginiteio Medical
Centre and the Ethical Committee of the Faculty of Medicine, the Faculty of Philosophy,

Department of Linguistics of the National and Kapodistrian University of Athens, Greece.

7.2.  Procedure & Stimuli

Participants, both aphasics and healthy controls, were asked to narrate 4 different
stories. Each story is going to be analyzed in depth in the current subsection. All subjects
were tested individually. Subjects were also tested in one session; each story was produced
after the other in one go. Participants were given instruction by the researcher who tested
them. The instructions are provided below.

Aphasic patients were tested in the rooms where they were hospitalized, while
healthy participants were tested primarily in a sound-proof room in the laboratory of the
University of Athens, Greece. A few exceptions consisted of healthy speakers who were the
patients’ caretakers and were recorded at the cafeteria of the hospital. As a consequence,
some of those recordings were noisy and thus excluded from the analysis of this experiment.
The data was not collected by us instead, from Prof. Spyridoula Varlokosta and her team. To
the best of our interest, we kept the material that was optimal for phonetic analyses where
audio quality is extremely important. By optimal audio quality, we mean all the recordings
that could be processed by the Praat software ((Boersma & Weenink, 2019); the wide-band
pattern and amplitude display of the plosives under investigation had to be evident/clear.

Prior to testing, subjects were asked to narrate a story as a warm-up. This practice
phase was meant to familiarize the subjects with the task and to make sure there would be a
smooth recording/testing time. The narrations of the warm-up story were not recorded nor
taken into analysis. In what follows, the four different stories are explained in detail, plus the

practice/warm-up story:
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0. Preliminary story — Warming up

Before narrating the four test stories, participants completed a warm-up, practice story.
The warming-up session was about narrating a simple story, “the fight” by Nicholas &
Brookshire (1993) with the visual support of six images (Figure 4). The results of this trial

were not recorded nor were they part of the analysis and results of the current study.

Figure 4. Images illustrating “The fight” by Nicholas & Brookshire (1993).

A. Narration of a personal story

Aphasic patients were asked to narrate their personal medical story. This means they were
asked to narrate their stroke story, when and how it happened before being admitted to the
hospital clinic. Healthy participants were asked to narrate a personal accident that had
happened in their lives (this varied from car accidents, to breaking a bone, to dental

surgeries). The instruction given in Greek was the following:

Researcher’s instruction: ‘Neite pou Tt cuvERN dtav nadate o eykePaAKO/ KATTOLO

atoxnua’. “Tell me what happened when you had the stroke/accident”.

25



B. Narration of a story with the support of visual material: “the party”.

This task involved the narration of a story (new to the patient) with the support of images.
Patients were presented with 6 pictures that were illustrating a brief and simple story titled
“the party” (Figure 5). The pictures were placed in front of the patient in the right order and
the patient was asked to narrate the Party story in her/his own words while looking at the
pictures. This is a semi-spontaneous speech method, as it is elicited by situational pictures.

The instruction given in Greek was:

Researcher's instruction: ‘Ot elkOveg auTég Selyvouv pia Lotopia. Kottdte mpwta OAEG TLG
ELKOVEC KOl TIE(TE POV TNV LoTopla e apxn, LEon KoLl TENog.” "These pictures show/illustrate a

story. Look at all the pictures first and tell me the story with a beginning, middle and end."

Figure 5. Supporting material of the “Party”.
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C. Re-narration of an original story with the support of images.

The patient listened to a pre-recorded story “The ring” while simultaneously looking at 5
pictures (Figure 6). The pictures were unknown to the patient and they were placed in the
right order in front of the participant while the recording of the story was playing.
Immediately afterwards, the patient was asked to re-narrate the story while looking at the

pictures provided to him/her.

Researcher’s instruction: ‘MpokeLTal vo akOUOETE LA LoTopLa yLa TO TL CUUPALVEL OE QUTEG
TLC ELIKOVEG. AKOUOTE TIPOOEXTIKA TNV LoTopia Kat HOALS TeEAewwoel Ba oag {ntriow va TV
EMAVAAAVETE 000 To duvatov o oAokAnpwuéva.” “You are about to hear/ to listen to a
story describing what is going on in the pictures in front of you. Listen carefully to the story

and once the recording is finished | would like you to repeat it as thoroughly as possible.”
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Figure 6. Supporting material of the story “the ring”.

D. Re-narration of a popular story without the support of images

The patient listened to a pre-recorded well known and popular story, the Hare and Tortoise,

Aesop’s fable (see Appendix 1), and afterwards was asked to narrate what s/he had heard.

Researcher's Instruction: ‘MpokeLtal vo. akoUOETE pla Lotopia. AKOUOTE TNV POCEXTLKA Kall

HOALC TeAewwoel Ba oag INTRow va thv enavaldBete 660 to Suvatdv o oAokAnpwuéva.’
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“You are about to listen to a story. Listen carefully, and once it's over, I'll ask you to repeat it

as thoroughly as possible."

7.3.  Analysis

7.3.1. Transcription & Annotation of the data

The procedure of transcribing and measuring the VOT values was the following.
The audio recordings (raw data) were uploaded to, transcribed and annotated with the Praat
software (Boersma & Weenink, 2019). The acoustic measurements of VOT were based on
(a) waveform representations, (b) wideband spectrographic analyses and (c) the recognition
of each plosive/sound by a native speaker of Greek (namely the author of this thesis).

VOT, as already mentioned, is determined to be the time of the release of the

burst and the onset of glottal pulsing of the vowel that follows (Lisker & Abramson, 1964;
1967). The instant of release was identified by “the onset of a burst of frication noise
following the closure interval and contaminant abrupt rise in amplitude” (Gandour &
Dardarananda, 1984, p. 181). The instant of the release was assigned with 0. Voicing
preceding the burst (voicing lead) was identified by “the sudden onset of low energy
striations in the absence of acoustic energy in the formant frequency range” (Lisker &
Abramson, 1964, p. 389) and was assigned with minus [-]. Voicing following the burst
(voicing lag) was identified by “the sudden onset of vertical striations in the second and
higher formants” (Lisker & Abramson, 1964, p. 389) and was assigned with a plus [+] (Lisker
& Abramson, 1964, p. 389).

Moreover, the transcription was performed at the phonemic level and involved
a fixed/ controlled phonemic environment. Every plosive under investigation ([p], [t], [k], [b],
[d], and [g]) had to be preceded and followed by any of the Greek vowels ([a], [o], [i], [e],
[u]). Thus, only the plosives at intervocalic position were taken into analysis. If a stop
consonant was not preceded and followed by a vowel, it was excluded from the analysis.

Important is to pinpoint, that we did not neglect from our analysis the position
of the plosive word-wise, even though the “plosive environment” was not word-oriented but
vowel-oriented, as mentioned above. To be specific, we transcribed if the plosive occurs at

(a) intervocalic word-initial or (b) intervocalic word-medial position. The reason behind this
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is that if the deficit is phonetic in nature then non-fluent aphasics should exhibit similar VOT
patterns for both intervocalic word-initial and intervocalic word-medial positions. Instead, if
the errors are concentrated only in word-initial position such an outcome could reflect a
number of affected processes such as sentence planning processes, word/lexical availability,
morphosyntactic problems etc.

40 tokens per plosive (10 from each story, 4 stories in total) per participant were
measured. This measurements summed to 2,400 VOT tokens in total for both groups (see
Figures 7 and 8 for an example of the annotation concept). If a plosive was in intervocalic
word-initial position then a dot [.] was transcribed before the plosive and after the vowel
preceding it (Figure 8), if not the dot was not annotated and that meant that the plosive is in

word-medial position.

Figure 7. Intervocalic word-medial annotation of [k] produced by healthy participant c124, extracted from the
story “the ring”. The plosive is proceeded by the vowel [e] and followed by the vowel [i]. Attached is the plus
sign to indicate that voicing follows the burst of the plosive. The Greek word «gxei» means “there”.
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Figure 8. Intervocalic word-initial annotation of [b] produced by healthy participant c118, extracted from the
story “the hare and the tortoise”. The plosive is proceeded by vowel [e] and followed by the vowel [o].
Attached is the minus sign to indicate that voicing precedes the burst of the plosive. The dot denotes the word

boundary. The Greek words «b¢ pumopw» mean “I cannot”.
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Moreover, with regard to aphasic patients’ productions, we included phonological
paraphasias and neologisms in our analysis; because these errors reflect a deficit in
retrieving the word form from the memory and not a failure in producing the individual

sounds. The type of speech error would vary from word to word, within and between

aphasic patients. For instance, one aphasic participant, for the target word [‘prigipas]

which means prince in Greek, produced the nonsense word [ko’plidikas] (Figure 9). There

appears a change in the place of articulation for the word-initial target front bilabial [p] to a
back velar [k] (substitution error known as backing). Syllable addition was also evident from
the word-initial target [pr-] being epenthesized by the vowel [0] leading to the [ko-pli-]
production by the aphasic patient. Fronting also appears at word medial position where
instead of the back velar target [g] the patient is replacing it with the alveolar front [d]
plosive. Another example of phonological substitution errors we came across was “reverse
stopping” — the process where a stop phoneme would be substituted by a fricative sound
e.g. [d] = [6] or [t] = [6].

Our approach was to transcribe the target consonant, even though the patient was
producing a different sound. So, even though the actual production was for instance [d]
instead of a target [g], we transcribed the [d] as a [g]. The reason behind such decision was

31



that we aim to focus on VOT measurements alone and not the nature of the substitution
error. In a future study it would be interesting to zoom on the different substitution errors

and under what environment and circumstances they appear

Figure 9. An example of phonological substitution errors produced by aphasic patient a303. The target word

was [‘prigipas] but instead the patient produced the nonsense word [ko’plidikas].
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7.4. Experimental Design

This section presents a layout of the experimental design and statistical
analysis of the current study. The first step was to create a table with all the information
obtained from the Praat transcription. The column Subject contains the information of each
participant individually (e.g. 108, c124 etc.). The column group stands for the type of
participant, healthy or aphasic, while the column file refers to which story each production
belongs to. T1 is the onset time of the plosive and t2 is the offset time, both in milliseconds.
The column Text stands for the annotated text. The column V1 contains the vowel preceding
the plosive, while the column V2 the vowel following the plosive. The column Boundary
refers to whether the plosive is in word-initial or word medial-position. The column C
contains the type of consonant [b], [d], [t], [d], [k] or [g], voiced stands for voicing, voiced or
voiceless to be specific. Last but definitely not least the column VOT stands for Voice Onset

Time and is the computed time in milliseconds.
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The data was statistically analyzed with the R program (R Core Team, 2019) by
using a linear mixed-effects model (Imer). The formula of the experimental design was the

following and included the undermentioned factors:

library (lmerTest)
ThesisModel <- lmer (formula = VOT ~ group * wvoiced * place +
{1 + voiced * place| =subject), data = table, REML = TRUE)

VOT is the numeric dependent variable which was measured in milliseconds. Predictors of
the model were the following. Group, a binary categorical between-participants predictor
stands for the type of participant, meaning either Broca’s patient or healthy control, whose
contrasts were abbreviated as A: -0.5 (for aphasic patients) and H: +0.5 (for healthy
controls). Voiced is a binary within-participants predictor which stands for the type of
voicing: voiced or voiceless consonant (expressed through yes [=voiced] or no [=voiceless]
and whose contrasts were Y: -0.5, N: +0.5). Place of articulation is a within-participants
predictor. Due to the nature of the experiment, the data was unbalanced, forcing place of
articulation to have a three-way contrast per type of plosive between the categories labial,
dorsal and coronal. This three-way contrast in order to sum to 0 was first set to -1/3 for
coronal, +2/3 for dorsal and +1/3 for labial because universally dorsal consonants have the
longest VOT out of them all; and then the second summing to O contrast was set with +0.5

for coronal and -0.5 for labial again because universally labial consonants have the smaller

VOT.
e 4r
contrast <- cbind (c(-1/3, +2/3, +1/3), c(+1/2, 0, -1/2)) # coronal, dorsal, labial
colnames (contrast) <- c("-LC+D", "-L+C")

contrasts (tablefplace) <- contrast

The results from the group x voicing interaction were to answer the first research question,
whether aphasic patients produce longer VOTs than healthy controls. The group x voicing x
place of articulation interaction were to shed light into whether there is a difference
between populations and the degree of overlapping of VOT categories between the two

populations.
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8. Results

8.1. Report of the statistical analysis

The statistical analysis was performed with a linear mixed-effects regression
model, as established in subsection 7.4. For the first research question ‘Do Greek non-fluent
aphasic patients produce longer VOTs than healthy controls?’ the research question
answering predictor is group. Our Greek non-fluent aphasic patients did not perform
significantly different than our Greek healthy speakers (estimate= -7.4msec, t[17.2] =-1.27,
p=0.22, 95% confidence interval [henceforth c.i.]=-19.6 .. 4.9). This means that the group
effect even though a bit longer for the aphasic patients, it is not significant and therefore no
generalizations are possible.

Furthermore, the interaction group x voicing x place of articulation answers
the second research question ‘Do Greek non-fluent aphasic patients maintain discrete VOT
categories or do they exhibit overlapping of VOT categories in comparison to healthy
controls?’. Our non-fluent aphasic patients maintained discrete VOT categories, similar to
our Greek healthy controls; except for the labial place of articulation. A comparison between
the labial versus coronal places of articulation revealed that our Greek non-fluent aphasic
patients exhibited an overlapping of VOT categories for the labial place of articulation. Greek
non-fluent aphasic patients produced the voiced labial plosive [b] with both negative and
positive VOT values, instead the healthy speakers produced [b] with voicing lead (negative
VOT values) and the [p] with voicing lag (positive VOT values). The voicing effect [b = p] had
an estimate of 56.2msec, t[12.5]=2.0, 95% c.i.=-4.4 .. 117.0msec and a marginally significant
p-value of 0.06 (p=0.06). This statistical result complements Figure’s 11 in that the aphasic
patients are devoicing some of their [b]s. Thus, we can conclude that Greek non-fluent
aphasic patients maintain discrete VOT categories for the coronal and dorsal places of
articulation similarly to Greek healthy speakers and their French counterparts, however they

exhibit marginally overlapping of VOT categories for the labial place of articulation.
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8.2.Mean VOTs and SD of plosives in intervocalic word-initial position

Table 4 provides a summary of the VOT productions of the healthy speakers and
aphasic patients in intervocalic word-initial position. The first column contains the
consonants analyzed in the current experiment; labial [p] and [b], coronal [t] and [d] and
dorsal [k] and [g], while the second column (group) shows the type of participants (H:
healthy or A: aphasic). The third column shows how many observations out of the total of
2913 VOT tokens belong to each consonant separately per group. The number of
observations per consonant is important to be provided since the measurements emerge
from spontaneous speech and even though our initial goal was to analyze and compare
equal productions per consonant and group that was not practically feasible. Our initial goal
was to have 10 productions per consonant and per story, meaning a minimum of 40
productions of the same plosive per participant. There was a divergence in the number of
production of consonants because the voiced consonants were rather sparse/infrequent in
the data, especially at intervocalic word-initial position. Thus, having equal numbers of
observations per plosive was not feasible and that is why we are providing the total number

of each consonant produced, as well.
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Table 4. The numbers of observations, means and standard deviations of coronal, labial and dorsal consonants

in intervocalic word-initial position. Group is sub-divided into H: healthy and A: aphasic participants, the

numbers of observations per group is provided out of the 2913 VOT tokens in total, the mean VOT values and

VOT standard deviations per group are provided in milliseconds.

OBSERVATIONS | MEAN | STANDARD
VvoT DEVIATION
CONSONANT | GROUP /2913 (msec) (msec)
Labial H 193 10.19 +37.45
p A 181 16.96 +49.90
Labial H 34 -63.16 +75.80
b A 79 -11.97 +104.79
Coronal H 220 17.95 +27.81
t A 248 33.99 +45.21
Coronal H 2 -52.10 +27.06
d A 3 -97.03 1+58.76
Dorsal H 226 18.52 +33.65
k A 218 37.26 +39.67
Dorsal H 1 Null Null
g A 0 Null Null

8.2.1. Distributions of VOT productions in intervocalic word-initial
position

The distributions of VOT productions of each consonant in intervocalic word-
initial position are illustrated in this subsection. Axis x shows the distribution of VOT values
per plosive per group in milliseconds and axis y the number of occurrences per plosive and
group. Figure 10 shows the frequency distribution of VOT values for the bilabial voiceless
plosive ([p]) for healthy speakers (n=10, upper histogram) and non-fluent aphasic patients
(n=10, lower histogram) out of a number of 374 occurrences for both groups.

No overlapping of VOT categories or phonetic substitution was found in the [p]

plosive category. The values for the bilabial voiceless [p] lie close to zero or in the short
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voicing lag region with a maximum of 48msec and 60msec for healthy controls and aphasics,
respectively. This variation between some productions being close to zero and others having
short lag values may stem from the fact that some [p]s were aspirated, a phenomenon that
happens/occurs especially when the voiceless bilabial is followed by the vowel [i]. Notably,
the difference between the two populations lies in the fact that the [p] productions of
aphasic patients were wider, -32msec to +60msec, than their healthy counterparts’ interval

which was from -27msec to +47msec.

Figure 10. Distribution of VOT productions for [p] in intervocalic word-initial position for Greek healthy
speakers (upper histogram) versus Greek non-fluent aphasic patients (lower histogram).
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Figure 11 shows the frequency distribution of VOT values at the bilabial
voiced [b] place of articulation for the healthy group (upper histogram) and the non-fluent
aphasic patients (lower histogram). For [b] the results between healthy and aphasic
participants are divergent. The distribution of VOT productions of [b] for healthy participants
are unimodal and lie in the voicing lead region for the healthy controls ranging from -138 to
12.67msec instead, the distribution is bi-modal for the aphasic group with its values ranging
from -204msec to +181msec. The fact that two peaks emerge for the aphasic group is of
great importance. The first peak is concentrated around approximately -100 to -50msec
while the second peak has most of its instances occurring approximately at around +50 to
+100msec. Do all aphasic patients produce equally negative and positive values for the [b]
targets? Or do some aphasics produce negative and others positive values? Moreover, can
the positive values be considered a phonemic substitution error? Meaning are the erroneous
aphasic [b] positive values close to the healthy speakers [p] values? Or does the range of the
erroneous positive [b]s lie outside of the p overall value range? Further investigation was put
forth starting with Table 5 which provides the values of VOT productions of [b] for each

participant individually.

Figure 11. Distribution of VOT productions for [b] in intervocalic word-initial position for Greek healthy
speakers (upper histogram) versus Greek non-fluent aphasic patients (lower histogram).
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Table 5. Individual productions of [b] in intervocalic word-initial position produced by healthy controls.

Productions of [b] per participant
HEALTHY GROUP
Participant | Observations Mean SD
/2913 VOT (msec)
(msec)
c108 1 -61.91 Null
cl14 4 -99.87 +38.28
c118 9 -89.27 +15.83
cl24 1 -59.48 Null
c303 3 -23.55 +105.88
c904 1 -63.68 Null
c905 1 -76.83 Null
c914 7 -58.11 +53.06
915 7 -51.29 +133.46
917 0 Null Null
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Tables 6. Individual productions of [b] in intervocalic word-initial position produced by aphasic patients.

Productions of [b] per participant
APHASIC GROUP
Participant | Observations Mean SD
/2913 VOT (msec)
(msec)
al09 3 -77.11 +13.79
alil4 9 -65.91 +64.47
al24g 1 12.03 Null
al34g 13 -19.79 +108.05
a301 5 2.28 +81.49
a303 4 -34.95 +125.27
a906 4 1.73 +136.63
a912 21 61.91 +82.56
a91l6 17 -45.23 +111.07
a917 2 -143.07 +86.72

Looking at each participant’s performance individually, we can see that healthy
controls produce convergent negative VOT values. Next, looking at the aphasic patients’
performance it is evident that not every aphasic patient exhibited positive means for [b]
targets, only subjects al24, a301, a906 and a912. For fine-grained results the plots of every
aphasic participant were drawn. Two things can be seen straight away. 1) Most patients
produce negative values for the [b] plosive and 2) the aphasics who exhibit positive values
produce negative values as well (meaning not only positive values). The scatterplots of the
patients who produced positive values are provided.

Patients a114 (+94msec) and al124 (+12msec) had one positive VOT production
each. Half of the productions of a906 aphasic patient were positive, however this 50% is a
percentage out of the small number of 4 [b] productions in total. Patient a912 produced the
biggest amount of [b]s (n=21), where approximately 60% (n=12) of her/his productions were
positive. The positive productions ranged from +10 to +103msec. This broad range of values
falls within the [p] values ranges (+30 to +50 msec) but also far from it as well. Since the
positive values of [b] do not fall into its counterpart [p] values range solely, but instead they

are equally distributed from 0 to +100msec this could verify that the error is phonetic and
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triggered by a deficit in the articulatory programming of non-fluent aphasic patients. Lastly,
aphasic a916 comes to verify the above notion. Her/his positive values range from +60msec
to +100msec which fall far from the [p] values. Taking also into account the single positive
productions of a114 and 124 patients which are way far from the [p] range values, this could

mean that a phonemic substitution deficit is rejected.

Plot 1. [b] productions of aphasic patient a114.
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Plot 2. [b] productions of aphasic patient a134.
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Plot 3. [b] productions of aphasic patient a301.
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Plot 5. [b] productions of aphasic patient a912.
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Plot 6. [b] productions of aphasic patient a916.
VOT of [b]-a916
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Figure 12 illustrates the frequency distribution of VOT values at the coronal
voiceless ([t]) place of articulation for healthy speakers (n=10, upper histogram) and non-
fluent aphasic patients (n=10, lower histogram) out of a number of 468 occurrences for both
groups in intervocalic word-initial position. No overlapping of VOT categories or phonemic
substitution was found in the [t] plosive category. The values for the coronal voiceless [t] lie
close to a mean of +17msec (short voicing lag) with a minimum of -94msec and a maximum
of +176msec for the healthy speakers and a mean of +34msec with a minimum of -153msec
and a maximum of +165msec for the aphasic patients. Notably, the difference between the
two populations lies in the fact that the [t] productions of aphasic patients (SD: £34msec,
interval: -12 to +80 msec) were wider and longer than their healthy counterpart (SD:

+28msec, interval: -10 to +45 msec), yet not significant larger.

Figure 12. Distribution of VOT productions for [t] in intervocalic word-initial position for Greek healthy speakers

(upper histogram) versus Greek non-fluent aphasic patients (lower histogram).
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Figure 13 illustrates the frequency distribution of VOT values at the coronal
voiced ([d]) place of articulation for healthy speakers (n=10, upper histogram) and non-
fluent aphasic patients (n=10, lower histogram) out of a number of 5 occurrences in total for
both groups in intervocalic word-initial position. No overlapping of VOT categories or
phonetic substitution was found for the [d] plosive category. The values for the coronal
voiced [d] lie close to a mean of -52msec (long lead voicing) with a minimum of -71msec and
a maximum of -33msec for the healthy speakers and a mean of -97msec with a minimum of
-132msec and a maximum of -29msec for the aphasics patients. Notably, the difference
between the two populations lies in the fact that the [d] productions of aphasic patients (SD:
+97msec, interval -155 to -39msec) were wider and longer than their healthy counterpart

(SD: £52msec, interval -80 to -25msec), yet not significant larger.

Figure 13. Distribution of VOT productions for [d] in intervocalic word initial-position for Greek healthy
speakers (upper histogram) versus Greek non-fluent aphasic patients (lower histogram).
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Figure 14 depicts the frequency distribution of VOT values at the dorsal
voiceless ([k]) place of articulation for healthy speakers (n=10, upper histogram) and non-
fluent aphasic patients (n=10, lower histogram) out of a number of 444 occurrences for both
groups in intervocalic word-initial position. No overlapping of VOT categories or phonemic
substitution was found for the [k] plosive category between the two populations. The values
for the dorsal voiceless [k] lie close to a mean +19msec (short voicing lag) with a minimum of
-100msec and a maximum of +119msec for the healthy speakers and a mean of +38msec
with a minimum of -195msec and a maximum of +260msec for the aphasics patients.
Notably, the difference between the two populations lies in the fact that the [k] productions
of aphasic patients (SD: £37msec, interval: -2 to +77 msec) were slightly wider and longer
than their healthy counterpart (SD: £19msec, interval: -15 to +52msec), yet not significant
larger.

Last but not least, with regard to the intervocalic and word initial position
subsection, no results can be provided for the dorsal voiced [g] plosive because for the
healthy group we had only one occurrence/observation ( -76msec) and zero observations in
the aphasic group. A possible explanation for this outcome may be that in Greek words

starting with [g] are rather infrequent.
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Figure 14. Distribution of VOT productions of [k] in intervocalic word-initial position for Greek healthy speakers
(upper histogram) versus Greek non-fluent aphasic patients (lower histogram).
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8.2.2. Mean VOTs and SD of plosives in intervocalic word-medial position

Table 7 provides a summary of the VOT productions of the healthy speakers and
aphasic patients in intervocalic word-medial position. The type of plosive, number of VOT

tokens, mean VOTs in milliseconds and standard deviations in milliseconds are provided.

Table 7. The numbers of observations, means and standard deviations of coronal, labial and dorsal consonants
in intervocalic word-medial position. Group is sub-divided to H: healthy and A: aphasic participants, the
number of observations per group is provided out of the 2913 in total, the means and standard deviations per
group are provided in milliseconds.

CONSONANT | GROUP | OBSERVATIONS MEAN SD

/2913 VOT (msec)
(msec)

Labial H 216 6.28 +37.03
0] A 196 10.15 +67.95
Labial H 12 -78.89 +13.29
b A 6 -104.7 +38.29
Coronal H 196 14.07 +32.65
t A 233 17.51 +56.67
Coronal H 164 -69.91 +29.05
d A 109 -75.61 +42.12
Dorsal H 172 20.04 +32.48
k A 150 37.93 +44.18
Dorsal H 27 -75.35 +34.11
g A 27 -74.72 +38.94
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8.2.3. Distributions of VOT productions in intervocalic word-medial
position

Figure 15 illustrates the frequency distribution of VOT values at the labial
voiceless [p] place of articulation for healthy speakers (n=10, upper histogram) and non-
fluent aphasic patients (n=10, lower histogram) out of 442 occurrences in total for both
groups in intervocalic word-medial position. No overlapping of VOT categories or phonetic
substitution was found for the [p] plosive category. The values for the labial voiceless [p] lie
close to a mean of 6 (close to 0 voicing) with a minimum of -127msec and a maximum of
80msec for the healthy speakers and a mean of +10msec with a minimum of -226msec and
a maximum of +238msec for the aphasics patients. Notably, the difference between the two
populations lies in the fact that the [d] productions of aphasic patients (SD: +68msec,
interval -58 to +78msec) were wider than their healthy counterpart (SD: +37msec, interval -

30 to +43msec), yet not significant larger.

Figure 15. Distribution of VOT productions for [p] in intervocalic word-medial position for Greek healthy
speakers (upper histogram) versus Greek non-fluent aphasic patients (lower histogram).
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Figure 16 provides the frequency distribution of VOT values at the labial voiced
plosive [b] place of articulation for healthy speakers (n=10, upper histogram) and non-fluent
aphasic patients (n=10, lower histogram) out of a number of 18 occurrences for both groups
in intervocalic word-medial position. No overlapping of VOT categories or phonetic
substitution was found for the [b] plosive category. The values for the labial voiced [b] lie
close to a mean of -79msec (long lead voicing) with a minimum of -105msec and a maximum
of -60msec for the healthy speakers and a mean of -105msec with a minimum of -166msec
and a maximum of -67msec for the aphasics patients. Notably, the difference between the
two populations lies in the fact that the [b] productions of aphasic patients (SD: +38msec,
interval -143 to -66msec) were wider than their healthy counterpart (SD: £13msec, interval -

92 to -66msec), yet not significant larger.

Figure 16. Distribution of VOT productions for [b] in intervocalic word-medial position for Greek healthy
speakers (upper histogram) versus Greek non-fluent aphasic patients (lower histogram).
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Figure 17 shows the frequency distribution of VOT values at the coronal
voiceless [t] place of articulation for healthy speakers (n=10, upper histogram) and non-
fluent aphasic patients (n=10, lower histogram) out of a number of 429 occurrences for both
groups at intervocalic and word medial position. No overlapping of VOT categories or
phonetic substitution was found for the [t] plosive category. The values for the coronal
voiceless [t] lie close to a mean of +14msec (short lag voicing) with a minimum of -85msec
and a maximum of +95msec for the healthy speakers and a mean of +17msec with a
minimum of -204msec and a maximum of +155msec for the aphasics patients. Notably, the
difference between the two populations lies in the fact that the [t] productions of aphasic
patients (SD: £+57msec, interval -39 to +74msec) were wider and longer than their healthy

counterpart (SD: #33msec, interval -18 to +47msec), yet not significant larger.

50



Figure 17. Distribution of VOT productions for [t] in intervocalic word-medial position for Greek healthy

speakers (upper histogram) versus Greek non-fluent aphasic patients (lower histogram).
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Figure 18 shows the frequency distribution of VOT values at the coronal voiced

plosive [d] place of articulation for healthy speakers (n=10, upper histogram) and non-fluent

aphasic patients (n=10, lower histogram) out of a number 273 occurrences for both groups

in intervocalic word-medial position. No overlapping of VOT categories or phonetic

substitution was found for the [d] plosive category. The values for the coronal voiced [d] lie
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close to a mean of -70msec (long lead voicing) with a minimum of -143msec and a maximum

of +111msec for the healthy speakers and a mean of +75msec with a minimum of -152msec

and a maximum of +121msec for the aphasics patients. Notably, the difference between the

two populations lies in the fact that the [d] productions of aphasic patients (SD: +42msec,

interval -118 to -33msec) were wider than their healthy counterpart (SD: £29msec, interval -

99 to -41msec).

Figure 18. Distribution of VOT productions for [d] in intervocalic word-medial position for Greek healthy
speakers (upper histogram) versus Greek non-fluent aphasic patients (lower histogram).
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Figure 19 shows the frequency distribution of VOT values at the dorsal voiceless
plosive [k] place of articulation for healthy speakers (n=10, upper histogram) and non-fluent
aphasic patients (n=10, lower histogram) out of a number 322 occurrences for both groups
in intervocalic word-medial position. No overlapping of VOT categories or phonetic
substitution was found for the [k] plosive category. The values for the dorsal voiceless [k] lie
close to a mean of +20msec with a minimum of -85msec and a maximum of +85msec for the
healthy speakers and a mean of +38msec with a minimum of -124msec and a maximum of
+164msec for the aphasics patients. Notably, the difference between the two populations
lies in the fact that the [k] productions of aphasic patients (SD: +44msec, interval -6 to -
+82msec) were wider and longer than their healthy counterpart (SD: £32msec, interval -12

to +52msec).

Figure 19. Distribution of VOT productions for [k] in intervocalic word-medial position for Greek healthy
speakers (upper histogram) versus Greek non-fluent aphasic patients (lower histogram).
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Figure 20 provides the frequency distribution of VOT values at the dorsal voiced
plosive [g] for healthy speakers (n=10, upper histogram) and non-fluent aphasic patients
(n=10, lower histogram) out of a number of 54 occurrences for both groups at intervocalic
and word medial position. No overlapping of VOT categories or phonetic substitution was
found for the [g] plosive category. The values for the dorsal voiced [g] lie close to a mean of -
75msec with a minimum of -132msec and a maximum of +45msec for the healthy speakers
and a mean of -75msec with a minimum of -133msec and a maximum of +45msec for the

aphasics patients. Notably, the two groups’ productions are almost identical.

Figure 20. Distribution of VOT productions for [g] at intervocalic and word medial position for Greek healthy
speakers (upper histogram) versus Greek non-fluent aphasic patients (lower histogram).
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9. Discussion & Conclusions

The main goal of our study was to investigate the VOT productions of Greek non-
fluent aphasic patients in order to find out whether they maintain distinct VOT categories
similar to healthy controls and their French counterparts (Ryalls, Provost a& Arsenault, 1995)
or if they exhibited overlapping of VOT categories similar to their English counterparts
(Blumstein et al., 1980). We also attempted to look into the type of speech errors —if any—
Greek non-fluent aphasics produce. If their VOT productions fell into the normal range of the
opposite category (e.g. a [b] target produced as [p] and vice versa), then this is considered a
phonological error. On the contrary, if the VOT values fell between the normal ranges of the
two categories, then this overlapping of VOT categories is considered a phonetic error.

The overall results of the present study revealed that Greek non-fluent aphasic
patients maintain distinct VOT categories similar to healthy controls. The unimodal
distributions of VOT productions observed by the histograms of every plosive (sections 8.2.1
and 8.2.3) and verified by the statistical analysis’ results (section 8.1.); suggest that Greek
non-fluent aphasic patients maintain two distinct regions 3 for voiced and voiceless
consonants. However, with the difference that the range of each category was slightly
bigger/wider for the aphasic patients in contrast to healthy speaks, yet this difference was
not significant (p-value>0.05). For example, the VOT value of the alveolar voiceless [t] ranges
from -10 to +45 for a healthy Greek speaker and from -12 to +80msec for a Greek non-fluent
aphasic patient and for its voiced counterpart plosive [d] from -80 to -25msec for a Greek
healthy speaker and from -155 to -39msec for a Greek aphasic patient. According to the
literature, the longer VOTs produced by non-fluent patients may be triggered by their
laborious and slow speech language patterns; the underlying reason of which is proposed to
be a deficit in the articulatory planning of speech sounds (Goodglass & Kaplan, 1972;
Blumstein et al., 1974; 1980).

The findings —of distinct VOT categories— are consistent with the findings of the
French language (Ryalls, Provost & Arsenault, 1995), in that French non-fluent aphasic
patients maintained two distinct categories, as well; in contrast to English non-fluent
patients who exhibit speech errors, namely overlapping of VOT categories (Blumstein et al.,

1980). One of the suggestions behind why Greek and French non-fluent aphasic patients

3 with the exception of VOT productions of the voiced labial [b] plosive for the aphasic group. We are going to
address that in detail below.
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maintain discrete VOT categories had to do with the phonetic similarities between the two
languages. In both languages, voiced stop consonants are produced with a voicing lead
(negative VOT values) and voiceless consonants are produced with a voicing lag (positive
VOT values); instead, in English voiced consonants are produced with a short voicing lag
(positive values) and voiceless consonants with a long voicing lag (positive values). Perhaps
the fact that Greek non-fluent patients (and French) have to produce longer VOT ranges for
all three places of articulation (labial*4, alveolar, velar) may not trigger the production of
speech errors. We also hypothesize that the severity of aphasia played a role for this result.
Our Greek non-fluent aphasics were mildly impaired, so were their French counterparts
(Ryalls, Arsenault & Provost, 1995); instead, for the English Broca’s patients, the
classification of their severity was not provided by Blumstein and her colleagues (1980).

Moreover, Greek voiceless targets were produced with VOT values similar to
those of Greek healthy speakers by all patients and for every place of articulation. The length
of VOT values for voiceless plosives, even though a bit longer, follows the universal pattern
of increased lag times from labials to velars. On the contrary, the VOT productions of Greek
voiced stop consonants revealed a degree of variability across subjects and places of
articulation. All participants (both groups) maintained discrete VOT categories for the voiced
alveolar and velar places of articulation, however with the exception of the labial place of
articulation. Greek non-fluent aphasic patients exhibited an overlapping of VOT categories
for the labial place of articulation, as evident from Table 6, the histogram in Figure 11, the
plot representations (Plot 1-6) and the marginally significant p-value=0.06 emerged from the
statistical analysis.

The voiced labial plosive [b] has a mean VOT value of -63msec (voicing lead) at
intervocalic word-initial position and its homorganic voiceless [p] has a mean VOT of
+10msec (voicing lag) at intervocalic word-initial position for Greek healthy speakers. The [b]
productions of Greek aphasic patients were produced with both negative and positive values
as evident from Table 4 and Figure 11. This means that some of the aphasic patients’ [b]
productions fell into the opposite category (positive VOT) something that is atypical given
that Greek healthy speakers produce [b] with a voicing lead. To be able to identify the type
of speech error; if Greek aphasics were substituting [b]s with [p]s or if they were producing

[b]s with positive values falling anywhere along the VOT spectrum due to a deficit in the

4 The results of the labial place of articulation were marginally non-significant having a p-value=0.06.
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articulatory programming (Goodglass & Kaplan 1972; Blumstein, 1980), further analysis was
put forth. The mean VOT values, standard deviations and plots were provided for each Greek
aphasic patient individually.

Our results revealed that 6 out of our 10 in total non-fluent aphasic participants
produced negative and positive VOT values for the voiced labial place of articulation (and
not vise versa). This means that some of the aphasic patients’ [b] productions were
devoiced. According to Katz (2000, p. 318) “non-fluent aphasics do not lose the capability to
produce traditional phonetic features (e.g. voicing, place or manner); rather they can
implement these features in some environments and not others”. This statement was verified
from our results in that the same aphasic would produce/exhibit both negative and positive
values for a [b] target.

Regarding the type of speech error exhibited in the labial place of articulation in
intervocalic word-initial position, the plots (section 8.2.1) revealed that Greek non-fluent
aphasic patients did not make substitution errors; the [b] values were not concentrated only
in the range of the [p] VOT values (-27 to +47msec). The positive productions of our aphasic
patients were spread throughout the VOT continuum exhibiting overlapping of VOT values
between and outside the VOT values of the normal ranges of the two categories [b — p]. We
hypothesize that this is a phonetic error triggered by a timing impairment in the co-
ordination of the articulators (the tongue and the larynx) and thus the deficit is phonetic in
nature. This suggestion is in alliance with previous literature (Blumstein et al., 1974; 1980;
Katz, 2000).

Nevertheless, the question of why the labial place of articulation exhibits
overlapping of VOT categories at word-initial position and why the alveolar and velar places
of articulation maintain discrete categories in the same position, needs to be addressed. It is
possible that a limitation in our methodological approach plays a big part for this outcome.
We chose to analyze spontaneous speech productions for all the reasons mentioned in
section 6. However, spontaneous speech analysis is not optimal for eliciting sufficient data
because for instance, for the velar [k — g] place of articulation we had only 1 production of
[g] for the healthy individuals in intervocalic word-initial position and 0 from the aphasic
patients, and for the alveolar [d] place of articulation our data had only 5 productions in
total for both populations. We hypothesize that if we had more voiced occurrences in word

initial-position, there would have been an overlapping of VOT categories in the alveolar and
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velar places of articulation in intervocalic word-initial position. Yet, this conclusion is drawn
with great caution, is speculative and not significantly proven from our statistical analysis.
Lastly, we investigated the VOT productions of plosives in intervocalic
word-initial position and in intervocalic word-medial position. Our Greek non-fluent aphasic
patients and our Greek healthy speakers maintained distinct VOT categories in intervocalic
word-medial position for both voiced and voiceless categories and for all three places of
articulation. The overlapping of VOT values for the voiced labial place of articulation was
evident only in the intervocalic word-initial position and not in the intervocalic word-medial
position as seen in Figures 11 versus Figure 16. This finding could possibly be linked to a
potential morpho-phonological organization deficit and/or word retrieval deficit. Yet again,
this is a speculation that was not investigated and is beyond the scopes of the present study.
In conclusion, the unimodal distributions of VOT values for both voiceless and
voiced plosives and our statistical results, suggest that Greek non-fluent aphasic patients
maintain distinct VOT categories similar to Greek healthy controls. The VOT productions of
Greek non-fluent aphasic patients were longer (yet not significantly longer from the healthy
controls). We suggest that longer VOT values are due to the overall slow and laborious
speech rate non-fluent aphasics exhibit (Blumstein et al. 1974; Katz, 2000). Further research
investigating (a) the same topic in Greek with a different methodology and (b) the VOT

productions of non-fluent aphasic patients in different languages should be put forth.
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11. Appendix

Appendix 1. The hare and tortoise story in Greek followed by an English translation.

O AATOX KAI H XEAQNA

®a cog Smyndm TNV 16TOpic TOL A0YOD KO TG YEADVAG.

"Eva avoi&idtiko mpmwvd 610 84c0g, évag Aayds eiye Pyst om’tn @oAld Tov Kt £kave BOATa Yio
va Bpet titota va edel. Kabog mepratovoe, €ide pua yelodva vo Tepvietl apyd omd KOVTE TOV Kol TOV
OAavNKe TOAD 0oTel0 TO TEPTATNUA TNG. ApPYIoE, AOUOV, Va TNV KOPOidELEL Kot VoL TG AEEL OTL TOV TLO
apyn o’ oro To {ma, aKOUN KL 0T T0 GOALYKAPLO.

H yeAdvo Tt 6TOUATNOE, YOPIOE TPOG TO ACYO KOL TOV EimE:

- Ti0a éheyec, hayé, va tpé&ovue 6 Evay aydva OpOLOL Yio Vo SoDE TOldg Eival TTO YPTYOPOC
oo TOLG OVO LG

O haydg Pprike tOc0 aoteion TNV TPATAOT| TNG YEADVAS, OV Egkapdiotnke an’ ta yéha. Otav
€lde, OUmc, OTL M XEADVA NTAV GOPapn KOl TO EVVOOVCE, OMOQACIoe va OgyTel TV tpokinon. ‘Etot,
oplLoaV TNV OAETOV, oav To o £5VTvo (Mo oV NTav, Yio SUTNTH Kol ATOPACIOHY VO, S1ty®VIGTOVV TO
ENOUEVO TPOVO.

[pdypartt, To GAA0 Tpwi, cuvavtiOnkay oty aeepia, 6mov giyov palevtel dha ta {da Tov
dac0Vv¢ Yo va Tovg Tapakorlovncovy. H akemov édwoe to cvvOnua kot Eekivnoe o aydvoc. H yeddva,
Y®pPic va. yaoeL xpdvo, dpyloe vo, tepratdet, apyd PéPara, aAld otabepd. O Aayde, PAEmovtag To puOuod
NG OVTITAAOL TOL Kol VOGTALOVTOGC, LG KL TOV TOAD TP®i AKOU0, CKEPTNKE:

- Aev mEQTo vo koun0d Ayakt, ki otov Evmviiow Oa tpé€m ypryopa, OTm¢ mhvTa, Kol Giyovpa
0o teppation TpmdTOC.
'Etol, ) yehdva cvvéyioe va mepmatdel, Ve 0 Aayog To EpiEE 6ToV HTTVO.

AoV Tépace apKeETN ®PO KL 0 AoyOg mapoKoundnke, Kamow otiyun Eomvnoe. Inkoonke,
Aowmdv, Baplectnuéva kot apyloe va Tpéxel. Kabmg £Tpeye mpog 1o Tépa, TOL QAaVIKE TapAEEVO OV 08
ouVavTNoE Tovdevd TN YEA®VA, ALY CKEPTNKE TPOG CTLYUN:
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- MaAilov katdroPe 6TL Oa £xave TOV ay®Va £T01 KL 0AAMG KOL TOV EYKOTEAEWYE.

Dtdvovtoc, OL®S, 0TO GNUEID TOV TEPUATIGUOV, £10€ EKTANKTOG TN XEAMDVA VO TOV TEPIUEVEL EKEL IE
pia Oprapfevtikng Ekepacn ot1o TPOoOTO TNE Kot OAa Ta. {da Tov dAcovg va T {ntokpavydlovv.

"Eto1m yehdva képdioe 1o Aaryd, Oyt yioti Tav o ypriyopn arx’ autdv, oA yioti TopEUEVE TIGTY GTO
oKOTd NG Kot dgv Kowynnke yia tTig Suvapelg e, Ommg £Kove o Aaydc.

English Translation

THE HARE AND THE TORTOISE

I will narrate to you the story of the hare and the tortoise.

A breezy spring morning in the forest, a hare had come out of his nest and started around to find
something to eat. As he was looking around, he saw a tortoise walking slowly towards him and he
thought that her walk was really funny. He then began mocking her and bulling her by telling her that
she was the slowest of all the animals, and as a matter of fact she is even slower than the snails.

The tortoise then stopped walking, turned towards the hare and said to him,

- What would you say, hare, if we compete with a running race and see who is the quickest between
us?

The hare found her preposition so funny that he started crying with laughter! But when he realized that
the tortoise was serious and meant what she said, he decided to accept the challenge. So they
appointed the fox as the match referee, because she is the smartest in the kingdom of animals and
decided to compete the next morning.

Indeed, the next morning, they met at the starting point, while all the forest animals had gathered to
watch them compete. The fox gave the slogan and the race began. The tortoise, without losing time,
began to walk, slowly, of course, but steadily. The hare, watching the rhythm of his opponent and
sleeping, since he was still in the morning, and he thought:

- | could take a sweet nap, and when | wake up | will run fast, as always, and | will definitely finish
first.

Thus, the tortoise continued to walk, while the hare feel asleep.

After a long time had passed and the hare was in deep sleep, he finally woke up. He got up feeling
bored, and started running. As he ran towards the finishing line, it felt strange to him that he didn’t
meet the tortoise anywhere along the way, but he thought for a moment:

- She probably realized she'd lose the race anyway and quit.

But while he was approaching the finishing line, he saw the tortoise waiting there with a triumphant
expression on her face and all the animals on the forest applauding her.

So the tortoise won the hare, and not because she was faster than him, but because she remained
faithful and truthful to her goal and did not brag about her powers, as the hare did.
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