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ABSTRACT

The phonological and phonetic deficits of anterior aphasics
have been analyzed as either linguistic pathologies or within the
framework of clinical symptomatology. This study aims at a descrip-
tion of the articulatory tongue movements in neuromuscular terms.

Seven unilingual English-speaking and two bilingual French
and English aphasics who made frequent vowel errors were recorded in
spontaneous speech and repetition tasks. Three patients, plus one
patient reported in the literature, contributed material on a reading
task. 1315 vowel substitutions were collected (215 diphthongal and
251 environmentally motivated errors excluded). Unilingualé showed
a consistent tendency towards lowering, unrounding and tensing in
spontaneous speech and repetition; the pattern for bilinguals was
similar, except that their errors were compounded by a tendency to-
wards fronting which may possibly reflect a regression to an earlier
state of linguistic competence. The substitutions on the reading
task showed possible signs of interference from the patients' visual
associations with spelling pronunciation variants for the vowel con-
cerned.

Phonetically, a subsample of 100 substitutions analyzed on a
Kay Sonograph supported the main findings. Moreover, aphasics had
higher average Formant, measurements than normals or dysarthics
showed for the same perceived vowel. This was interpreted as another
indication that aphasics tended to have wider constriction levels than
normals in their oral vocal tract during articulation.

Neural activation is selective for particular extrinsic tongue
muscles with high vowels, and more generalized with lower vowels. The
tendency towards lower vowels and wider constriction levels thus indi-
cates a loss in the selectivity of neural activation--a notion that
also accounts for the tendency towards rounding and tensing. Loss in
the selectivity of muscle activation has been described in the litera-
ture as resulting from post-central lesions. It is therefore specula-
ted that patients with frequent vowel substitutions have lesions that
extend into the postcentral cortex, while those who do not produce fre-

quent vowel errors, have lesions which respect this area.
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INTRODUCTION

The study of aphasia is concerned with the breakdown
of two related systems: the life support system of part of
the brain, and the communicative system of language which
that section of the brain mediates. This intimate rela-
tionship between the two systems has traditionally neces-
sitated an interdisciplinary approach to aphasia research.

For more than a hundred years, for instance, neuro-
logists have attempted to relate various areas of the brain
to specific linguistic functions, such as comprehension or
the sequencing of phonological units (cf. Hécaen and Ange-
lergues 1965). For this type of research, neurologists have
had to be familiar to some extent with various aspects of
language.

In recent years, linguists have sought to isolate
some linguistic parameters of various types of aphasia.

Such parameters have been expected to reflect aspects under-
lying the 1linguistic organization of normal language. As
an example, Whitaker (1971) suggested an ordering of levels
in the grammar which is congruent with evidence from
aphasia. Such research in turn requires at least some fa-
miliarity with neurology.

Morebver, researchers from psychology and speech
pathology have traditionally applied experimental and
statistical methods to the formidable problems of aphasia.
As a result, neurologists as well as linguists have been
induced to state some of their more recent research results
in quantitative form (Lecours et al. 1973, Blumstein 1973b).

The present study reflects all these various tradi-
tions. Its results suggest that the postcentral cortex may

be crucially involved in the processing of vowels, a finding
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of some interest to neurology. Linguists, on the other
hand, will find that markedness is not a useful parameter

in describing the desintegration of vowels in aphasia.

A very interesting parameter, in contrast, has proved to

be the degree of specificity in neuromuscular activation

of the tongue: higher vowels, which require specific activa-
tion, tended to be replaced by lower vowels which require
less specific activation. And as in the field of psycho-
logy, research questions are tackled by means of experi-
mental and quantitative methods.

The central research question of the study, like-
wise, is one that occupies scholars from a variety of dis-
ciplines. It is the following: what happens in the brain
"and the associated articulatory musculature 4s we use
language? A full answer to this question is of course far
off in the future, and will presumably be exceedingly com-
Plex if and when it ever becomes known. Meanwhile, re-
search must nibble away at the fringes of this problen.
Vowel errors in aphasia appear to be such an area amenable
to immediate research.

It is the object of this study to examine vowel
errors for clues about what kind of neural activation
patterns reach the articulatory muscles in aphasia. Infor-
mation of this sort will lead to further research hypotheses
concerning what kind of interaction is necessary between
the brain and the articulators in order to effect normal
speech.

As it happens, vowel errors of one group of aphasics
are, like all of their articulation errors, particularly
open to systematic investigation. These patients share the
characteristic that they generally know what they intend to

say, but cannot easily articulate these intended utterances.
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Instead, they usually make several attempts at the intended
utterance before they either come up with the correct sound
séquence or give up in frustration. In either case, it is
generally possible to deduce what utterance was intended.

It is therefore possible to compare large numbers of erro-
neous vowels with their intended counterparts. Statistical
measures can then be applied to find out if any systematic
tendencies are evident between what amounts to the "input"
(intended sounds) and the erroneous '"output'" (error sounds)
of the final stage of articulation.

In at least two respects, vowel errors are easier to
study than consonant errors. First, vowels are more acces-
sible than consonants in spectrographic measurements. This
gives us an empirical metric where the nature of the aphasic
vowel is concerned, albeit one that remains problematic in
many ways. For instance, even the best spectrograms are
often open to considerable leeway in interpretation, since
measuring spectrographic formants is still as much an art as
it is a science. ‘

Second, vowel articulation can be characterized in
terms of the action of relatively few interacting muscle
groups, while the production of consonants exacts a far more
complex description of the action of a great variety of
muscle groups. In the case of vowel errors, we can thus
deduce a likely erroneous muscle action from a systematic
tendency in vowel errors that we have previously isolated.
Erroneous muscle actions can in turn provide clues about
what is abnormal in the neuromuscular activation patterns
issuing from the affected brain. Through the converging
results from various separate analyses which make use of
these fortuitous aspects of research on vowel errors, it
was thus possible to arrive at answers within the central

research paradigm described above.
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One fundamental assumption made in this approach to
vowel errors is that articulation can be treated as a
motor skill. Like other human activities which we more
readily see as a motor skill, say typing, articulation
depends on patterned contractions of specific muscle groups.
They, in turn, are activated by specific commands from the
brain. As the fourth chapter of this study indicates, it
has been profitable tc view phonological breakdowns in
aphasia from this perspective, since most of the findings
were satisfactorily accounted for within the motor skill
schema.

Nevertheless, it would be misleading to think that
articulation can be described solely in terms of neuro-
muscular activation patterns. Subsidiary results of this
study indicate that central brain processes which feed into
the motor process of articulation can also influence errors
in aphasia. For instance, two aphasics showed interference
from graphic spelling patterns on ieading tasks. It would
seem, therefore, that brain processes associated with the
visual modality have the capacity to influence final ar-
ticulatory processing. Moreover, two bilingual patients
showed interference from their native language which indi-
cates that articulatory processes must be seen in view of
previously stored, as well as presently active, neuromus-
cular patterns. A full description of articulation, even
a néuraphysiological one, must therefore aim for adequacy
-within the full extent of possible brain processing.

This study is innovative in a number of wéys. The
central research question is one that presently occupies
few linguists. Even fewer scholars from that discipline
share the research methodology just sketched. Among apha-
siologists in general, many have applied statistical tech-

niques to a variety of aphasic phenomena, but few have
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used them to characterize articulatory brezkdown in detail.
No one, to my knowledge, has heretofore used spectrographic
analysis in the study of aphasic speech. Yet all these
innovations are in fact nothing but the application of
orthodox techniques from a variety of established disci-
plines. As Joos (1948} illustrated over a quarter of a
century ago, progress in a discipline often depends on the
crossfertilization occurring at its boundaries with other
disciplines. 7

This study thus had to be written with readers from
a veriety of backgrounds in mind. Some familiarity with
aphasic studies and statistics was assumed. Readers not
immediately familiar with aphasia are invited te refer to
Hécaen and Angelergues (1965) and Whitaker (1971). Nonthe-
less, terminology entirely familiar to one reader may stilil
be unfamiliar to another. Rather than stopping the flow
of the argument by toco many definitions, it was decided to
explain all special terminology in a separate glossary at
the-end of the study (pp. 119-124). It is hoped that this
procedure proves satisfactory to the maximum number of

readers.



I. PROBLEMS OF PHONOLOGICAL APHASIA RESEARCH

A. The Systematicity of Phonological Errors in Aphasia

A basic as;umption of phonological research in
aphasia is that errors show systematic tendencies. An
example of a systematic tendency is the.finding that
aphasic patients are likely to substitute [p] for [f]
(abbreviated: [f] > [p]) (Blumstein 1973b:132). Such
tendencies are generally not unique to one language;
examples of this type of substitution are easily found
in the French literature on aphasia (Dubois et al. 1964:21).

Systematic tendencies should not be confused with
phonological rules (e.g. assimilation rules). In the
first place, aphasic systematic tendencies admit far more
countervailing examples than do well-formulated phonolo-
gical rules. For instance, the reverse substitution
[p]l + [f] can also be found in aphasia, as can other types
of substitutions, such as [f] + [t], examples of which may
be found in Dubois et al. (1964:21) and Fry (1959:56).

The substitution [f] - [p] is merely more common. In

the second place, aphasic patients generally preserve

the phonological rules of the language they speak. So,
for instance, when English-speaking aphasics suffix

plural s to nouns, they use [z] after voiced consonants
and [s] after voiceless consonants, in accordance with the

regular assimilation rule for English.

o d

B. Linguistic vs. Neurological Analyses

We can discern two major traditions in the analysis
of the phonological aspect of aphasia. The first is the
neurological paradigm of French and French Canadian re-

searchers. The second is the more recent American



paradigm of analyzing aphasic language in terms of the
insights of linguistic theory.

The most outstanding early neurological treatment of this
problem is that of Alajouanine et al., Le Syndrome de dés~
intégration phonétique dans l'aphasie (1939). Applying the
best neurological and phonetic techniques then available,
these researchers analyzed the language behaviour of
four patients whose difficulties with the articulatory
side of language were the most prominent problem. Their
main results (p. 118) were couched in neurological terms.
In summary, Alajouanine et al. found the following syste-
matic tendencies:

1. These patients experience difficulty in estab-
lishing articulatory movements. Muscular contractions
of the articulators are preceded by tryout movements and
abortive attempts.

2. Articulatory movements have a synkinetic charac-
ter. This means that the likelihood of a sound being used
as a substitution increases with the extent of articula-
tory musculature involved in producing the sound. (In
other words, sounds that involve few muscle groups tend to
be replaced by others involving more, because of a height-
ened synkinetic effect.) This tendency was noted to be
especially true of vowels.

3. Most often, in a stable aphasia, movements are
excessively forceful. Fricatives and affricates, for
instance, tend to be replaced by homorganic stops as a
result of this tendency.

4. Once started up, an articulatory movement is
abandoned with difficulty. Consonant-vowel transitions
are accomplished laboriously.

Unfortunately, many of the logical and experimental

steps leading to these provocative findings are not



presented in their monograph. It appears that the
results are based in good measure on the clinical
experience of the authors.

More recently, Lecours and Lhermitte (1969)
investigated a large number of consonantal errors.

They created a fairly elaborate formalism that charac-
terizes substitutions with respect to their proximate
consonants. On the basis of their findings they pos-
tulated that internal neural preactivation and post-
activation levels for proximate consonants are pro-
portional to the similarity they bear to the consonant
being produced at the moment. Though considerably more
sophisticated in approach than Alajouanine et al. (1939),
they again followed the tradition of using linguistic
evidence tc support a neurological hypothesis.

An exponent of the theoretical linguistic para-
digm, Blumstein (1973a) investigated the possibility
that the pathology of language reflected Jakobson's
postulated hierarchy of distinctive features (Jakobson
1941:62). For instance, since stops are considered to
be higher on the hierarchy than fricatives (a notion de-
rived from child language), aphasics were expected to
substitute stops for fricatives. Blumstein's data ge-
nerally supported Jakobson's feature hierarchy.

The notion of markedness attempts to capture the
fact that certain sounds are found more commonly in the
world's languages than others. For instance, among
three-vowel systems, the combination [T], [a] and [T]
is more "natural" than the combination [T], [2] and [cY]

(Shane 1973:11). [a] and [U] are thus considered less

marked than [=] and [o"]. Moreover, it is argued that



the less marked sounds are learned earlier in iife, and
lost to a lesser degree in aphasia, thanr are the more
marked ones. Blumstein (1973a) found that indeed, the
Jakobsonian markedness schema was confirmed: there was
a general tendency for marked scunds to be replaced by
less marked sounds.

Linguistic and neurological analyses are, of
course, not mutually exciusive. One can support and
further explain the other. In this study, linguistic
observations were analyzed statistically and phoneti-
cally. The results, however, were interpreted within a
neurological framework.

Vowel errors have so far been treated only mar-
ginally in the aphasic literature. Typically, resear-
chers collected sufficient data for an investigation of
consonants, but found their data base insufficient for
positively identifying systematic tendencies in vowels
(e.g. Shankweller and Harris 1966, Trost and Canter 1§74).
An exception is Schnitzer (1972) who investigated the
reading errors of a single aphasic within the theory of
generative phonology.

One of the aims of the study was thus to see if
the conclusions reached by the above-named researchers
on the basis of consonants were borne out by a systemat-
ic investigation of a large number of vowel errors. Of
particular interest were the claims put forth by Ala-
jouanine et al. (1939} and Blumstein (1973a2). However,
before proceeding to the description of the methods and
analyses of this study, a number of probiems distinctive

of this type of research must be commented upon.



C. Localization

Patients with circumscribed lesions due to em-
bolic infarcts have been of particular interest to
aphasiologists. Because of the topographic extent of the
two major divisions of the middle cerebral artery (sce
Figure 1), such circumscribed aphasia-causing lesions
fall into two major types.1 An infarction of the upper
division usually results in a lesion of anterior brain
tissue, and the ensuing aphasia is generally known as
an anterior, or Broca's, aphasia. An infarction of the
lower division generally affects more central and poste-
rior brain tissue, and results in one or a number of
aphasic syndromes, such as Wernicke's aphasia, anomia,
conduction aphasia, etec.

In this study, two major syndromes will be dis-
tinguished. The term "anterior aphasia" will be used
for the syndrome which is thought to be due to a lesion
in the irrigative territory of the upper division of the
middle cerebral artery and the term "posterior aphasia"
refers to the syndrome whose ‘likely locus lies in the
irrigative territory of the lower division.

When aphasia tests sensitive to this dichotomy
are used (such as Goodglass and Kaplan 1972, Kertesz and
Poole 1974), anterior aphasics tend to have poor fluency,
but comparatively good comprehension. The reverse tends
to be true of many posterior aphasics. They tend to
show poorer comprehension, but speak quite fluently -
Anterior aphasics also‘give evidence that they know what
they intend to say, even though they may have great dif-

ficulty in actually saying it. This can be ascertained



Figure 1.

The middle cerebral artery. 1, upper division;

2, lower division; 3, temporal branch (sectioned);
4, Rolandic fissure; 5, lateral frontal branch,
irrigating the 3rd frontal convolution (Broca's
area). Based on Gray and Goss, 1973.



by asking them to match words given to them in multiple-
choice tasks, or sometimes, by asking them to write
down the intended - word.

Most aphasic linguistic observations have so
far been correlated with gross locus of brain lesion
in quantitative, more than in qualitative fashion. For in-
stance, Blumstein's Broca's and Wernicke's aphasics
showed a nearly identical percentage of substitutions
that involved unmarking (63% and 66% respectively,
1973a:53). However, in quantitative terms, Broca's
aphasics made about nine times as many errors as Werni-
cke's aphasics made over roughly the same number of
words uttered. Blumstein's classifications of aphasic
syndromes were based on neurological findings and the
Goodglass and Kaplan (1972) aphasia test.

In a similar vein, patients with both of these
aphasic syndromes have been found to make environmental-
ly motivated substitutions. For instance, Lecours and
Lhermitte (1969) based their work on the substitutions
of French-speaking Wernicke's aphasics (Lecours 1972,
personal communication). In my own sample of primarily
Broca's patients (as determined by the Western Aphasia
Battery [Kertesz and Poole 19747]), environmentally
motivated substitutions were comparatively rare. Never-
theless, the fact that they did occur further substan-
tiates the notion that gross linguistic pathologies may
very well be found as a result of lesions in a variety ~
of areas, while their frequencies of occurrence differ
greatly from one locus to another.

Since the intent of this study is to characterize

aphasic vowel errors, it is best to concentrate on the



patients that commit this type of error the most fre-
quently, anterior aphasics. A further systematic de-
monstration that the qualitative tendencies determined
here do not differ from syndrome to syndrome was con-

sidered outside the scope of this study.3

D. Successive Approximations

Since we can work with the assumption that
target words are semantically well-specified4, the pho-
nological breakdown of anterior aphasics is open to
a comparison of presumed target with perceived output.
Anterior patients often attempt a target several times,
a phenomenon termed "successive approximations". For
instance, patient AB, of the present study, said
[matm, mmaz:m, mméntm, menim] , which are four appro-
ximations for the word 'madam' (Appendix II). The con-
text unambiguously delineated the target even though
it was never actually achieved. 1In the complete sample
of this study, the desired target vowel was uttered at
the end of about everf third successive approximation.

Some question arises in all studies of this
type as to whether it is reasonable to assume a specific
target when it is actually never uttered. For instance,
in the above example, is the [¢] in [ménium] indeed a
substitution for the assumed [s]of [médam]? Given its
unstressed nature, it would be easy to assume that the
vowel was misperceived in the transcription process.
Fortunately, the phonological system of most patients
is still sufficiently intact for a transcriber to ab-
stract a complete phonological system which makes iden-
tification of .substitutions possiblee, In the present

sample, for instance, only 6.6% of all vowel targets



were subjects to substitutions (Chapter III, below).
Thus it was with reasonable confidence that the ano-
malous use of unstressed [1] in the above example was
judged to be a substitution vowel.

Segmental phonological errors fall into three
major types: substitution, deletion and addition.7
In [ta'm] + [ta'n] 'time'!, the substitution consonant
[n] replaced the target [m]. The deletion [frend] ~»
[fenl] 'French' shows a loss of [r], while [papal =
[papra] demonstrates an addition of the same consonant.
Blumstein (1973a:46) reports that substitution errors
were the most frequent in her sample, followed by de-

letion errors, and least frequent were addition errors.

E. Aphasic vs. Dysarthric Syndromes

Dysarthria is typically defined as a set of
syndromes involving motor speech problems which are
caused by lesions in the efferent motor pathways, the
brain stem and/or the cerebellum. Phenomenologically,
Darley et al. (1969) distinguished symptoms in pitch,
loudness, vocal quality, respiration, prosody, and ar-
ticulation of phonemes (p.248). This latter category
is of particular interest, especially in a study on
vowels, as Darley et al. report 'vowel distortion" in
five of their seven clinical dysarthric syndromes.
Could it then be that vowel errors are purely dysar-
thric, rather than aphasic, in nature?

In fact all of the patients interviewsd fox
this study were deficient in some of the 38 subcate-
gories listed by Darley et al., especially in the major

category of articulation of phonemes (imprecise conso-
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hants, phonemes prolonged, phonemes repeated,'irregular
articulatory breakdown and vowels distorted). Yet at
the same time, these patients have also frequently sub-
stituted very dissimilar vowels for intended targets,
such as [a] for [v] in [kuvdz] » [kadz] 'kids'. It is
doubtful that the term "vowel distortion'" can be exten-
ded to cover this phenomenon, and the frequent occur-
rence of such distinct substitutions may indeed be
one of the few clear articulatory features that distin-
guish anterior aphasics from dysarthrics. -
It will therefore have to be examined whether
the data collected from the present set of patients
show further qualitative articulatory differences from
the findings reported for dysarthrics$ in the literature.
But even if more differences can be substantiated, it
will remain difficult to decide on the basis of beha-
vioural examinations of articulation whether a patient
shows an exclusive aphasic difficulty of manipulating
linguistic units (features, phonemes, etc.), or whether
his impairment is entirely due to a more peripheral and
dysarthric neuromuscular disorder. Although anterior
aphasia and dysarthria are generally regarded as sepa-
rate disorders, the dividing line between them may not

be all that precise.

F. On Correlating Acoustic and Articulatory Data

Since the mid-sixties, dysarthric speech has
been investigated spectrographically (Tikofsky 1965,
Lehiste 1965, Kent and Netsell 1975). The tacit as-
sumption in the first two studies appears to have been

that the Formant; vs. Formant, (F; vs. F, hereafter)
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plot for mid-vowel frequencies corresponds at least
roughly to the articulatory position of the tongue.
This notion was first articulated by Joos (1948:49-59)
as the correlation plot:tongue height and then refined
by Delattre (1951:228) into plot:oral constriction
width, or in Delattre's terminology, opening.

Delattre insisted on the narrowest constric-
tion between tongue and palate because of measurements
made on X-ray photographs. But his argument appears to be valid
on the basis of another consideration: it is this
constriction, rather than some absolute tongue height,
which is likely to be crucial in the formation of the
acoustic vowel sound frequencies (cf. Stevens and
Hause 1955:35, Fujimura 1972:120).

Since part of this study is devoted to a F;
by F, analysis of aphasic vowels, such a correlation
merits some further delineation.

One of the problems in the early studies was
that the X-ray measurements of vocal tract constriction
and their spectrograms were based on held vowels,
rather than vowels in running speech. This procedure
was necessitated by the limitations of the X-ray
'photography of the early fifties. More recent studies
have used cineradiography on 16 mm film (Perkell 1969,
Gay 1974) and have sometimes succeeded in doing without
any artifacts such as lead pellets or barium paste
(Ondrdékovd 1973). Nevertheless, the data base has
remained somewhat sparse, and it will be a few years
before detailed studies on the correlation between
acoustic and articulatory measurements become available.
It will then be possible to judge more accurately just

how reliable spectrographic evidence is for
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articulatory movements.

From the available evidence, however, it
appears that a gross correlation does exist. For rea-
sons that will become evident in Chapter III, the
discussion of this correlation will be limited to
observations about F; and oral vocal tract con-
striction.

If the closest point of constriction between
the tongue and the palate in Perkell (1969:55, bottom)
is measured, one arrives at the vowel series U < 7T <
P < v < g <@ < oa (where [U] shows the narrowest con-
striction). Lehiste and Peterson (1961:229) report
the vowel series T < U < e’ < 1 < u < o <5 < g <
® < & < a (where [T] is the sound with the lowest
average frequency for F;) on the basis of 1263 words.
The Spearman r for the seven attested vowel pairs is
964 (significant, p < .01). The same procedure ap-
plied to the French vowels reported in Brichler-Labaeye
(1970:250) and Delattre (1948:238) yields an r of
«B713 [ % <01},

These high positive correlations are never-
theless to be viewed with circumspection. Perkell's
data are those of a single subject, and Lehiste and
Peterson's data obviously derive from a different sub-
ject. The same is the case for the French data, where
Delattre's vowels were furthermore held vowels. It
should also be noted that recently, Ouellon and Lind-
felt (1973) have expressed some serious doubts about
the way the Kay Sonograph computes formant values,
especially in the case of F;.

Despite all these caveats, it seems reasonable

to assume that in some rough degree, spectrographically
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measured F; values reflect degrees of vocal tract con-
striction. The same case has not been made, however,
for the dimension of variability. Greater variability
in spectrogram measurements may or may not reflect
greater variability in vocal tract constriction.g

While it is thus defensible to state spectrographic
findings for averaged values of F; in articulatory
terms, the variability found for those values will have

to be stated primarily in acoustic terms.
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FOOTNOTES TO CHAPTER I

lln most patients, that is. Most anatomy texts
show the two divisions (e.g. Gray and Goss 1973:597,
Schaeffer 1942:636); this is in accordance with the most
comnmon clinical findings (Mohr 1972). However, Netter
(1953:37) draws a middle cerebral artery with a number
of equal-size branches that extend from a long central
trunk, and Gray (1901:511) has a middle cerebral artery
that abruptly branches into four major divisions.

2 . :
Other authors use '"receptive' or "sensory aphasialf

for what I call here posterior aphasias, and "expressive"
or "motor aphasia'" for one specific, or all of the anterior
syndromes. Another very common term for the latter is
"apraxia" or "verbal apraxia". I prefer to reserve the
term apraxia for disorders of non-verbal behaviour (cf.
Hécaen and Angelergues 1965:189, Goodglass and Kaplan
1963:105, Geschwind 1975).

3Nor did any difference show up on any of the
measures applied to the data (cf. Chapter III). This
judgement is tentative in view of the small number of
vowel substitutions gathered from patients with non-

Broca's aphasic syndromes.

4For all practical purposes, especially in a
spontaneous speech or repetition task. For an investiga-
tion of a limitation in the semantic specification, see
Zurif et al. (1974).

5Exact figures: 39.2% of the time on stressed vowels
and 26.0% of the time on unstressed vowels. Interestingly
enough, anterior patients did a bit better than posterior

patients; on stressed vowels, anteriors reached the correct
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target 39.5%, posteriors 37.1% of the time. On un-
stressed vowels the effect was greater: anteriors 26.7%,
posteriors 19.4% of the time. Number of targets:

anteriors 1160, posteriors 132.

6For a relevant acoustic experiment on this point
of issue, cf. Ladefoged and Broadbent (1957).

7This terminological distinction between "error"
and "substitution" will be observed throughout this study.

SA very extensive project using 35 mm cineradio-

graphic film of French and English speech (without arti-
facts) is being undertaken at Laval University, Québec,

at present. A newly developed real-time spectrograph

that projects onto 35 mm film is being used to analyze the

recordings acoustically (Ouellon and Lindfelt 1973).

9Gay's (1974:265) arguments against such a corre-
lation are not satisfactory. He reports that [7] and [T]
are articulatorily less variable than [a], while all
three vowels show comparable variability in spectrogram
measurements. However, it appears that Gay measures tongue
height and not vocal tract constriction (p.256). Since
[a] involves moving the jaw far more than is the case for
either [7] or [U], it is easy to see how cineradiographic
measurements for [a] will vary greatly, depending on what
the combined effects of tongue height and jaw opening will
be. With [T] and [U] one can assume relatively stable
maxillary and jaw positions, so tongue height will reflect

constriction levels more closely.



II. THE PATIENTS AND THE DATA

A. The Patients

1. ‘Aphasia Battery Scores and Neurological Deficits

Ten right-handed aphasic patients who frequently
produced successive approximations on vowels were in-
cluded in the sample. Eight of them were tested with the
Western Aphasia Battery (Kertesz and Poole 1974), one
(AB) with the Schuell Aphasia Examination (Schuell 1957),
and one (RGMS) was given a number of batteries on all of
which she scored 100%. To obtain comparable battery
scores for all ten patients, AB was rescored on the
Western Aphasia Battery by converting the Schuell scores
to appropriate and weighted Western Aphasia Battery
scores, and RGMS was rescored as having attained 100% on
each of the subtests of the Western Aphasia Battery. The
scores of the various subtests are presented in standard-
ized form as T-scores in Appendix I; the same information
appears in graphic form in Figure 2. The various
neurological deficits for each patient are noted below the
scores.

Inspection of Figure 2 reveals that seven patients
(AB, AW, BW, DH, EL, GP and ID) scored lower on fluency
than on comprehension. In contrast, patients JR and TK
performed nearly equally well on these two subtests. They
did, however, show notable deficits in repetition. The
first type of composite score corresponds to the syndrome
of an anterior, or Broca's, aphasia, while the latter fits
the description of a posterior syndrome called conduction
aphasia1

Though the aphasia batteries were uninformative on

RGMS's deficit, autopsy revealed in that case a small
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circumscribed lesion affecting all six layers of the
supramarginal gyrus cortek and very minor secondary
lesions in the temporal and parietal lobes (Kehoe and
Whitaker 1972). Since such lesions are generally
associated with posterior aphasic syndromes, RGMS was
grouped with the posterior patients JR and TK. As a
result, the sample of ten patients may be divided into

a group of seven anterior and a group of three posterior
patients. .

For the seven aphasics with an anterior syndrome,
neurological localization information was unfortunately
not available. Their deficits were judged either so
slight that arteriograms or brain scans were not con-
sidered (AW and BW), or these techniques did not reveal
any abnormalities. However, the presence of other
neurological deficits, such as hemiplegia, hemianopia
and sensory loss in all patients but one (AB), would seem
to indicate that for most of these cases, cortical tissue
was probably affected over a larger area than the
classical anterior areas, 1.e. Broca's area and the
portion of the motor cortex most directly involved in
articulation. The term "anterior aphasia" is thus for the time
being to be understood primarilyas characterizing the syndrome,

rather than the extent, or even the focus, of the lesion.

2. Socio-economic and Language Backgrounds

A variety of socio-economic and language backgrounds
were represented in the sample. Three patients were in
blue-collar jobs, four were in white-collar jobs and three
were professionals (Table 1).

After insult, seven patients were informally judged

to be typical southern Ontario speakers, one patient spoke
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TABLE 1:

PERSONAL INFORMATION ABOUT THE PATIENTS OF THE SAMPLE

NATIVE MAIN LANGUAGE
*®
INITIAL SEX AGE PROFESSION LANGUAGE AT INSULT
shipper, French English
o = =0 chef (France) (New England)
AW M 62 marketing English English
researcher (Midwest U.S.) (Westrn U.S.)
v
£t B M <0 schoolbus English English
al driver (south. Engld.) (south. Ont.)
B
~ DH M 60 electronics English English
. researcher (south. Engld.) (south. Ont.)
S
o EL P 68 telephone English English
E operator (south. Ont.) (south. Ont.)
" GP M 54 quality con-  French English
trol inspector (Québec) (south. Ont.)
D M 72 cement English English
pourer (south. Ont.) (south. Ont.)
: English English
% o dR B 52 DOWSeWIES . soeatn One.]  (SSuth. DiS.)
N2 , : .
&5 biology English English
g 2 Mty & a8 teacher (upstate N.Y.) (upstate N.Y.)
Q@ G s e : ’
& TK M 49 purchaser English . English

(south. Ont.) (south. Ont.)

*Mean age for the sample was 53.7.
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a New England dialect, one an upstate New York, and one a Western
United States dialect with traces of Upper Middle Western speech
(cf. Reed 1967).

Though all patients spoke English as their main language
at the time of the cerebral insult, two of the patients had French
as their native language. Patient AB, originally from France,
learned English in his early teens, and patient GP 1learned it as
a child in a bilingual section of Québec. At the time of the in-
terviews, both showed comprehension for French (as tested informal-
ly) yet productively, they were all but incapable of using French.
Nevertheless, at various points in the analysis of the results, it
became necessary to treat their results separately from those of

the eight unilingual patients (see Chapter III, below).

B. The Data
1. The Various Projects

The Aphasic Running Speech Sample

An initial project in the area of aphasic vowel errors
should undertake a minimal characterization of the phenomenon be-
fore investigating its relevant parameters. For this purpose, an
aphasic running speech sample was compiled. Six patients provided
11 minutes each of running text chosen from various places in the
same recordings that served as the basis of the Vowel Substitution
Sample (see below). On the basis of these nine minutes of'text, the
frequency of vowel errors could be compared to the frequency of all
vowels, to the frequency of consonant errors, and to time. The
Aphasic Running Speech Sample was transcribed in toto (see Appen-
dix II), while the Vowel Substitution Sample was merely scanned
aurally for vowel substitutions which were subsequently transcribed.
Since the listening and transcription process must necessarily be

far more exacting for a total transcription than for the selective
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transcription of errors, this sample helped check how many errors were
missed in the Vowel Substitution Sample (see '"Completeness of the

Substitution Sample', below).

The Vowel Substitution Sample

This, the main sémple, is based on over 30 hours of recorded
speech. Patients were given the three following tasks:

1. Spontaneous Speech. Patients were engaged in conversation,
if possible. Six patients were capable of substantial spontaneous speech
with vowel errors. Three (ID, GP and DH) were too severely, and one
(RGMS) was too slightly, impaired for this task.

2. Repetition. Tasks were titrated to the patients' levels
of speaking competence by using stimulus words of varying length and
familiarity. For instance, one patient (ID) was only capable of mono-
syllabic words. For him, high frequency monosyllabics were selected
from the Howes 1list (Howes 1966). At the other extreme was patient
AW for whom only the longest and least frequent polysyllabics from the
same list evoked any vowel errors. As a consequence, it was impossible
to control for frequency of vowel and word occurrence, word length,
and linguistic complexity. Nevertheless, this titration procedure did
not appear to affect the similarity of results from the different
patients (cf. for instance patients AW and ID on p. 62). As in the
Spontaneous Speech task, RGMS did not contribute any errors to this task.

3. Reading. Tasks were titrated to the patients' reading
competence. EL and BW were given high frequency bisyllabics, while
RGMS was given a special list, reproduced in Schnitzer (1972). AW
was given this same list, plus high frequency polysyllabics from the
- Howes list. Frequency of vowel occurrence was not controlled. No
other patient was capable of performing in extended reading-aloud tasks.

Insofar as this is the first extended aphasic vowel error
sample to be compiled, the purpose was to concentrate on the spontaneous

speech and repetition output of anterior aphasics while at the same time
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to insure that a few potentially diverse elements, such as
bilingualism, posterior aphasia, and reading tasks be
included in the sample. The first type of data was to be
used to formulate and test a number of hypotheses, while
the latter would serve this and other investigators as
indicators of probable areas where the results obtained
through the first type of data might differ. At no time
was a systematic comparison of unilingual vs. bilingual,
spontaneous speech/repetition vs. reading, or anterior vs.
posterior data intended.

Thus the breakdown of the total of 1566 substitutions
that were collected is as follows: unilingual 79%, bi-
lingual 21%; spontaneous speech/repetition 82%, reading
18%; anterior patient errors 91%, posterior 9%. Diph-
thongs are excluded from these figures. Full details are
found in Tables 2 and 3.

The Spectrographic Sample

Because many of the results of this study are
stated in terms of formant frequencies, a subsample of
the Vowel Substitution Sample was analyzed on a Kay
Electric Company Sonograph. 100 substitutions were re-
corded and analyzed on four displays: 1. wide band spectro-
gram, 2. wide band amplitude, 3. wide band and 4. narrow
band cross-sections through the nuclei of the substitution and
target vowels. Formant values were derived from these
displays using the calibration provided by the Sonograph.

Selection of the substitutions was constrained by
two factors: first, the substitution had to occur within
2.4 seconds of the target so that both could be measured
on the same set of displays, and secondly, only substitu-
tions where the correct target was actually uttered could

be included. All substitutions of this type from patients
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TABLE 2:
SUMMARY OF VOWEL SUBSTITUTION SAMPLE

POSTERIOR
PATIENTS

ANTERIOR PATIENTS

AB* AW  BW DH EL GP* 1ID JR RGMS TK TOTAL

APPROXIMATIONS 132 209 195 19 194 84 66 21 70 16 1006

SUBSTITUTIONS 389 378 281 31 276 138 129 290 95 20 1566
ON VOWEL NUCLEI

SUBSTITUTIONS 18 28 27 3 46 45 37 6 4 1 215
ON DIPHTHONGS**

TOTAL OF 207 406 308 34 322 183 166 35 99 21 1781
SUBSTITUTIONS

*#pilingual patients.

#*diphthongal substitutions were listed for the Vowel
Substitution Sample, but they were not used in any
of the analyses.
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TABLE 3:
OVERVIEW OF ERROR TYPES

NUMBER TOTAL
OF ERRORS*  TERCENTAGE  p'nppops+
MONOLINGUAL PATIENT i
e 1239 769.1%
BILINGUAL PATIENT _— _ 1306
ERRORS £
SPONTANEQUS SPEECH AND .
REPETITION ERRORS e L
1566
READING ERRORS 290 18.5%
ANTERIOR PATIENT G,
ERRORE 1422 90.8%
POSTERTOR PATTENT ” e et
ERRORS e

*only errors on vowel nuclei are included.
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DH, GP, ID, JR, BW and TK were included in this sample,
with the remaining 63 substitutions distributed equally
among AB, AW and EL.

The Normal Running Speech Sample

The Vowel Substitution Sample did not contrel for fre-
quency of vowel types, but was assembled with the
assumption that a sufficiently large sample would re-
flect the frequencies found in the language. That
assumption can however only be maintained

(a) if the Vowel Error Sample and the sample
underlying the normal vowel frequency count were tran-
scribed using the same subdivisions into vowel types and
stress levels, and

(b) if the two samples are based on comparable
linguistic material with reference to age, dialect and
social class, as well as spontaneity of production.

The two major modern vowel frequency counts are
those of Denes (1963) and Roberts (1965). Neither of
them satisfied both conditions. Denes's count was based
on phonetic readers used to teach British received pro-
ﬁunciation and Roberts used a transcription system sub-
stantially different from that used here

Hence, a normal running speech sample of 9] minutes
of a Canadian Broadcasting Corporation radio broadcast
was transcribed in toto. Ten native speakers from a
Southern Ontario town gave their opinions about life in
their community. As judged from the content of their con-
tributions, their age range appeared to correspond well
with that of the aphasic sample.

French, Carter and Koenig (1930) found that in
telephone conversations, 20% of their sample of words con-

sisted of half-completed utterances, and of interjections
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such as "uh'" and '“Yah'. However, none of the substitutions
in the Vowel Substitution Sample involved interjections like "uh"
and "ah". All occurrences of this type of interjection

in the Normal Runﬁing Speech Sample were therefore elimi-
nated.3 Half-completed utterances were counted. The
results of the Normal Running Speech Sample are summarized
in Appendix ILI.

As a measure of reliability in estimating the
population of vowels from the present sample, frequencies
on eleven vowel types in stressed and unstressed condition
(a total of 22 scores) in the first half of the sample
were correlated with the corresponding frequencies in the
second half. The resulting value was r = .980 (z = 10.02,
p < .001). The correlation between the total sample and
the results of the Denes count was .880 (z = 6.00, p < .001),
which suggests that despite an over-all correlation,
vowel frequencies may indeed be somewhat influenced by
dialect and spontaneity of production (condition fhls

above).
2. The Recording Process

Six patients were recorded during the summer of
1974 in the Metropolitan Toronto area (AW, BW, EL, GP, and
ID). 1In addition, three patients were made available on
tape by other researchers in the field4 (AB, JR, and TK),
and a full list of RGMS's errors is found in Schnitzer
(1972] .

The Toronto patients were recorded in quiet sur-’
roundings, using UHER Report 4200 equipment at 7; inches
per second (19 cm per second), and a Shure microphone with
an essentially flat response between 90 and 15,000 Hz.

The recordings of one patient (AB) were passed through a

band filter which enhanced the 8,000 Hz range, and cut off
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below 30 Hz and above 15,000 Hz. The comparatively
high interjudgmental agreement on this particular patient
(see below) suggests that this might be a valuable

procedure for general application.
3. The Transcription System

The various transcription systems in use for English
do not differ substantially in their consonants. However,
the way vowels are transcribed often reflects a difference
in the theoretical assumptions of the user. For instance,
in the Trager and Smith system advocated by Gleason
(1961) the word 'see' is transcribed as /siy/, while Pike
(1947) writes it [si], and Chomsky and Halle (1968) prefer
the transcription [s7]. All such transcription issues
were resolved with reference to the specific needs of

aphasic speech, or of the analysis of the results.

Vowels with offglides and diphthongs

Vowels with offglides (e.g. [e'] and [0"]) and the
diphthongs were both initially grouped with vowel nuclei,
since aphasics sometimes substituted them for the latter
(e.g. [bukTpin] » [ggﬂkTpan] "bookkeeping' and [LﬁjOL] +
[a'njo"] tenjoy').

In the analysis of the results, however, the
diphthongs behaved quite differently from the vowels with
offglides in respect to formant parameters (see Chapter
11II). For this reason, the vowels with offglides were
grouped together with the vowel nuclei, and the diphthongs
were excluded from analysis.  The resulting line-up of
vowels and diphthongs thus corresponds to the use in Pike
(1947) and Lehiste and Peterson (1961).
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Individual sounds

[2]: Such sounds as [v], [a] and [v] are typically
reduced to schwa-like sounds in unstressed position. How-
ever, such sounds were only transcribed as [o] if they
were perceived as being completely neutralized, in other
words, if they were auditorily indistinguishable from the
underlined sounds in an unemphatic pronunciation of
‘banana’, "bird', or 'collect'. Rigid enforcement of this
criterion ensured relatively better interjudgmental agree-
ment on transcriptions of this type of sound.

Lr] and [1]: Since the syllabic use of those sounds
was not very common in the sample, and in the interest of
keeping the number of vowels to a manageable minimum,
they were transcribed as [er] and [al], respectively, when
they occurred in syllabic position. The aphasics of this
sample did not clearly treat them as separate vowels. Thus we have
[kaunselgr] +~ [tohnsedir] 'councillor', where a substitu-
tion has occurred on the schwa-sound alone (among the
vowels), but we also find, in the speech of the same
patient, [pe‘par] + [te'pT] 'paper', where [T] replaces
the whole sequence [or].

[al: This vowel shows great phonetic variation, both
across speakers and across allophones in use with the
same speaker. Among non-aphasic older speakers in
Southern Ontario, 'father' was heard with a fronted version
of the sound, approaching [#], while younger speakers of
the same community used a sound much closer to the [a] in
‘car'. Also, the variants of the sound [a] in 'but® or
"mustard' can occasionally be found with a phonetic quality
very different from that of [a] in 'car'. However, in
running text this difference has proven exceedingly hard

to perceive, except for those cases where the vowel was
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sufficiently reduced to warrant a transcription as [a].
A1l other variants of this sound were grouped with [a].
Stress

Only two levels of stress were distinguished and
marked, primary stress ("stressed") and all other levels
("unstressed"). This insured a high level of inter-

judgmental agreement (see below).
4. The Transcription Process

Transcription and Correction

Three linguistics students from the University of
Toronto and Carleton University in Ottawa made the origi-
nal transcriptions from tape.5 This investigator went
over various passages together with the transcribers to
explain the criteria of transcription, and corrected the
entire data base with reference to the tapes before it
was committed to punched cards. After the keypunched data
were listed by the computer, the data base was verified,
again with reference to the tapes. The only portion of
the sample not verified in this way was the vowel errors
in the Aphasic Running Speech Sample which were re-
corrected by the original transcriber (LM). Those errors
were used as part of the sample which was tested for inter-

judgmental agreement (see below).

Inclusion of Errors in the Vowel Substitution Sample

Only approximations involving substitutions were
transcribed. Those involving addition or deletion of an
element (e.g. [swidbord] » [switabo] 'switchboard', or
[Tlektid] > [lektud] ‘elected') were excluded because by
their very nature they would be relevant to a syntagmatic,

rather than a paradigmatic study. If an approximation
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involved substitutions as well as additions or deletions,
the whole approximation was transcribed; however, the
computer program was set to ignore all but substitution
EXToTrs.

Approximations where the transcription of either
the intended target or the substitution vowel was in
doubt were excluded. Dialect variants, such as [a] in-
stead of [e] in the Upper Middle Western pronunciation of
'very', or the lengthened [a] in the New England pro-
nunciation of 'car', were transcribed as perceived.

Vowel substitutions associated with errors of a
primarily semantic nature ([&er] = [te'b] 'chair' =
'table', for instance) were excluded, but those found in
substitutions of a morphological nature (e.g. [fel] »
45171 Yfell?) were ineluded, In the first one the in-
tended target differs from the word chosen as a substitu-
tion, while in the second one, the two may be the same,
since even random generations of substitutions by computer create a
certain percentage of this latter type of substitution
(Lecours, Deloche and Lhermitte 1973). Not more than ten
such morphological-phonological substitutes occurred

throughout the sample.

Alignment of Errors

Often more vowels are found in the target than in
the substitution (e.g. [yelo"] = [I1a] 'yellow'). The
question then arises, which target vowel is involved in
the substitution. The consonantal environment was the
clue in the overwhelming number of cases (such as in the
above example where [8] is counted as a substitution of
[ou]. Sometimes the consonantal environment itself was
defective (e.g. [disembar] » [2z] 'December'); then the

error was aligned in such a way that the consonantal
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environment was matched for as many features as possible.6
Thus [@] is seen as a substitute for [T] in this example.
This is in line with the finding of many researchers

using a variety of feature systems that most consonant
errors differ by a single feature, regardless of the type of aphasia
(Lecours and Lhermitte 1969:78, Trost and Canter 1974:73,
Martin and Rigrodsky 1974:336, Blumstein 1973a:49).

In the case of telescoping deletions the vowel was
assumed to 'belong' with its succeeding consonant. In the
example [ JankZen] - [Jen] 'junction' for instance, there
is no vowel substitution at all. This editorial judgement
was based on the general principle that wherever possible,

the alignment should minimize the error.

5. TCompleteness of the Vowel Substitution Sample

When going through tapes listening for vowel errors
to be transcribed, many errors are missed. 17 out of the
35 vowel errors in the Aphasic Running Speech Sample were
missed in the Vowel Substitution Sample. This is not a serious
disadvantage as long as errors were not excluded systemati-
cally. To check for this possibility, this investigator
went through three hours of tapes and noted down errors
that had been missed by the first transcriber (JN). No
pattern involving particular vowels or vowel groups were

noted in this set of errors.
6. Computation

Computation of vowel frequencies in the two running
speech counts, and the tabulation and the compilation of
vowel substitutions in the Vowel Substitution Sample were done in

three SPITBOL computer programs.
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7. Interjudgmental Agreement

Aphasic speech is notoriously difficult to under-
stand, even when ?elatively free of dysarthric effects.

It was thus examined how much interjudgmental agreement
there existed between the final computer print-out and a
new transcription by a linguistics student who was not
aware of the hypotheses to be tested in the study (LM).

She transcribed sections of speech involving about
35 vowel errors from each patient. This new transcription
was checked with reference to the tapes, and those vowels
that this investigator disagreed with were queried. In
about one third of the cases, the second judge subsequent-
ly changed her original transcription. That transcrip-
tion was then compared with the final print-out of the
Vowel Substitution Sample. Table4 lists the percentage of agree-
ment for each patient.

There was total agreement on stress assignment.

The weighted average percentage of agreement on vowel
quality, based on the total of errors from each patient,
was 76.9%.

An analysis of the 60 disagreements out of 323
sounds transcribed, indicated that most transcriptions
differed relatively little from each other, especially as
measured along the front-back axis (Formant,). The dis-
agreements are fully listed in Appendix IV. Moreover,
this interjudgmental agreement figure compares favourably
with Peterson and Barney's results (1952:177). In their
study, 1520 CVC words from 76 normal speakers were pre;ent-
ed to 70 listeners over loudspeakers. Unanimous agreement
on the ten vowels that were tested was 54.3%. Nevertheless,
these agreement figures pose at least two questions. Why

are they so low and will they affect the results reported in
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this study?

The primary cause of the relative difficulty in
coming to interjudgmental agreement is probably the sub-
stitution vowel's lack of identifying context. In nor-
mal speech, the listener brings certain expectations to
bear on the listening effort. When the'listening task
is artificidlly freed of clies for such egxpectations
(such as in the Peterson and Barney study), the degree of
agreement drops drastically. In aphasic substitutions it
is, of course, impossible to predict which vowel will be
chosen. It is therefore likely that the agreement
figures can only be raised by the use of special filter-
ing techniques and speech range extenders.

Interjudgmental disagreement will not affect the
results of this study as long as the disagreements are
not systematic. If they are, one should examine which
transcriber introduced the systematicity.

From Appendix IV it appears that only [tv] was the
source of considerable disagreement (the frequencies of
[v] and [o] were too low to judge). 17 (or 57%) of the
30 sounds transcribed by the second judge as [1] were not
recorded with that symbol in the final computer print-out.
This seemed to reflect a personal preference of that
judge, since only seven (or 35%) of the 20 [¢] sounds in
the print-out were not transcribed as such by the second
judge. There is therefore no evidence that the tran-

scription was systematically biased.
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FOOTNOTES TO CHAPTER II

1The general classification "posterior syndrome"
is also supported by neurological indicators. JR's brain
scan showed an increased uptake in the left posterior
parietal region and TK's condition necessitated a fronto-

temporal craniotomy for an aneurism in the sylvian fissure.

2Roberts used the Trager and Smith system which
optionally combines the vowels /i/, /e/, fal, féfs Jfal,
/fu/, /o/ and /5/ with the glides /y/, /w/ and /H/. This
led to anomalies in the count because of instances such as
the following: the sound [7] (as in 'see') was rendered
as /iy/, and in the computer count, the /i/ and /y/ were
counted separately. This made later distinction of the
offglide /y/ from the syllable-initial /y/ impossible, and
made the count incompatible with my treatment of this type
of vowel.

Moreover, Roberts unfortunately did not distinguish
stressed and unstressed vowels in his otherwise meticulous
study. The results of my sample (Appendix III) indicate

that the frequencies differ greatly for the two conditions.

3Only 27 out of a total of 1844 vowels (1.5%) had-:
to be eliminated from this edited radio sample.

4For list, see Acknowledgements, above.

SAphasic Running Speech Sample: Linda Moran, Carle-
ton University, Ottawa. Vowel Substitution Sample: Jane Naughton,
The University of Toronto. Normal Running Speech Sample:
Anne Greenwood, The University of Toronto.

6This assumes that the consonant did not change

location either--a syntagmatic error of a type described by
Lecours and Lhermitte (1969). In view of the relative

rarity of syntagmatic vowel errors in this anterior sample,



it was reasonable to take such a risk.
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III. RESULTS

A. Characterizing Vowel Substitutions in Aphasia

1. Analysis 1: Vocalic vs. Consonantal
Substitutions in Aphasic Running Speech

The Aphasic Running Speech Sample was analyzed for the dis-
tribution of targets and substitutions among vowel nuclei and conso-
nants (diphthongs excluded). In this manner, the degree of intact-
ness of the patients' phonological system could be ascertained with
reference to vowels and consonants. The results of this analysis are
presented in Table 5.1

There were roughly twice as many consonant targets as there
were vowel targets. Nevertheless, the number of substitutions for the
two conditions was of the same order (52 and 47, respectively). This
is surprising in view of the clinical finding that patients with
frequent vowel substitutions are seen relatively rarely (cf. Trost and
Canter 1974:692). For both anterior and posterior patients, the per-
cent of targets subject to substitutions out of all targets was some-
what greater for vowel nuclei than for consonants. This means that
unlike the patients of many.other studies (e.g. Fry 1959, Shankweiler
and Harris 1966), these patients were characterized by a high frequency
of vowel errors. Nevertheless, it should be noted that consonant er-
rors were also in frequent evidence.

Still, only a small proportion of vowel targets are ever sub-
ject to being substituted. On the average, five times a minute (6.6%
of 75.4/min), aphasics of this sample erred on a vowel target, and then
for this target, they usually produced several substitutions which
averaged out to 6.5 a minute. This indicates that by and large, the
phonological system was still intact, and that erroneous sounds were
the exception, rather than the rule, in the speech of these patients.

As expected, the disfluent anterior type of patient produced
substitutions more commonly (7.6 times a minute) than the fluent post-

erior type of aphasic (4.7 times a minute). This is mirrored in con-

sonantal substitutions, a fact documented in Blumstein (1973a:46).



TABLE 5:

TARGETS AND SUBSTITUTIONS
IN APHASIC RUNNING SPEECH SAMPLE
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. TARGETS
W cein SUBSTITUTIONS SUBJECT TO
SUBSTITUTIONS
- P % of all
n n/min n n/min targets
Anteriox 275 61.8 34 7.6 26 9.5%
. patients
3 B .
B J Posterior o
BE patients 268 97.5 13 4.7 10 3.7%
=
Combined 543 75.4 47 6.5 36  6.6%
5, RUEEEIUE 549 123.4 44 9.9 37 6.7%
E patients
< 4
= Posterior 477 173.5 8 2.9 8 1.7%
% patients
(e}
O  Combined 1026 142.5 52 7.2 45  4.4%
TOTAL 1569 217.9 99  13.8 81  5.2%

*# For this calculation, all pauses were removed.
Total length of sample: 7.2 minutes.
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2. Analysis 2: Vowel Occurrences in Aphasia

The vowel frequencies of the Aphasic Running Speech
Sample were compared to those of the Normal Running Speech
Sample. As in the latter, occurrences of filled
hesitations, such as "uh'", were removed (36 instances).3
The aphasic vowel frequencies are presented in Table 6.

Vowels used by these aphasics are similar in their dis-
tribution to those used by normals (see Figure 3). The
Pearson product-moment correlation is .933 (significant
with z = 7.33, p < .001), and the Xil of 29.5 indicates
no significant difference (o = .05).

The vowel nuclei distributions for the anterior and
posterior patients were correlated separately with the
vowel distributions of the Normal Running Speech Sample,
and similar high figures were attained: anterior patients,
328 (=
907 (=

used by aphasic patients and those used by normal persons

Il
il

T 7.2, p < .001) and posterior patients,

I

6.6, p < .001). It is apparent that vowels

r

are similarly distributed, a finding that is basic for
the analysis of the larger vowel substitution sample be-
cause all its analyses are grounded in this assumption.
It also corresponds with the results reported for conso-
nants by Blumstein (1973a:41).
3. Analysis 3:

Syntagmatic vs. Paradigmatic Substitutions

Since this study set out to analyze vowel substitu-
tions along the paradigmatic axis, an attempt was made to
weed out the most obvious syntagmatic errors.

Syntagmatic errors were excluded from the sample
according to the following criteria:

(a) any error whose substitution vowel was identi-

cal to the immediately preceding or immediately following



TABLE 6:

VOWEL NUCLEI FREQUENCIES
IN THE APHASIC RUNNING SPEECH SAMPLE
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STRESSED UNSTRESSED TOTAL
n % n % n %

[T] 18 10. 49 10.0 67 10.2
[] 11 6. 59 12.0 70 10.7
[e'] 16 9. 17 3.5 33 5.0
[e] 22 13. 52 10.6 74 11.%
[2] 23 13. 52 10.6 75 11.4
fal 10 6. 160 32.7 170 25.9
[T] 9 5. 13 2.7 22 3.4
[uj 3 1. 5 1.0 8 1.2
[o"] 16 9. 34 6.9 50 7.6
[2] 9 5. 6 1.2 15 2.3
[a] 29 175 43 8.8 72 11.0
TOTAL 166 100 490 100 656 100
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Normal vowels e———-e

Aphasic vowels o——o

[VeToole'ze Tt al [celTuea@o Tt ol
STRESSED VOWELS UNSTRESSED VOWELS

Figure 3. Vowel frequency distribution.
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target vowel (e.g. [bzkyard] + [bakyard] 'backyard' or [ellmanam] +
[elemenem] 'aluminum®,

(b) any error whose substitution vowel was stressed and iden-
tical to the immediately preceding or immediatly following stressed
target vowel (e.g. [wimenz kali) haspitel] » [wémenz KéJLj haspital ]
'Women's College Hospital').

The two criteria applied both within and across word boun-
daries. They were applied with the assumption that identical vowels
in the two stated environmental positions would exert the greatest
syntagmatic influence on the substitution vowel. '

While the remaining substitutions will henceforth be referred
to as ''paradigmatic errors", it is not suggested that the syntagmatic
axis was eliminated entirely by this procedure. The substitution
vowel may still:

--resemble an adjoining vowel, but not be identical with it
(e.g. [rimembar] [re'member] 'remember'),

--resemble, or be identical with a vowel in the more remote
environment, especially if that vowel is surrounded by a consonantal
context strongly reminiscent of the target context (e.g. [YU ken
wmajen] » [yU ken yumazjen] 'you can imagine'),5

--or, be correlated with the occurrence of certain conso-
nants or groups of consonants surrounding the target vowel.6

Nevertheless, it is suggested that the remaining errors are
homogeneous enough for the further analyses of this study. The homo-
geneous results that emerged from Analyses 4-8, summafized on pp.
75-6, would indicate so.

The percentages of substitutions classified as ”syntagmatéc”
under the two above criteria (a and b), and of remaining ''paradig-
matic" substitutions are given in Table 7. The bulk of the syntag-
matic substitutions were classified under criterion (a), and only
five instances of criterion (b) were noted. Moreover, by far most

syntagmatic substitutions occurred inside word boundaries. Only



TABLE 7:

SUBSTITUTIONS ON VOWEL NUCLEI *
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SYNTAGMATIC PARADIGMATIC

SUBSTITUTIONS SUBSTITUTTIONS TOTAL
n % n % n %
Spontaneous 73 4.7 427  27.3 500  31.9
Speech
Repetition 118 7.5 658  42.0 776 49.6
Reading 60 3.8 230 14.7 290  18.5
TOTAL 251 16.0 1315 84.0 1566  100.0

*Source: Vowel Substitution Sample.
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25 instances, or 10% of the total of syntagmatic substi-
tutions, were found to extend across word boundaries.

The remainder of the study will be concerned with
the paradigmatic axis, and thus will be based on the
1315 paradigmatic substitutions collected in the Vowel

Substitution Sample.

B. Spectrographic Analyses

1. Analysis 4:
The Variability of Formant Frequencies
in Aphasia, Normal Speech, and Dysarthria

In comparing formant frequencies of aphasics with
those of normals and dysarthrics, use will be made of the
results reported in Tikofsky (1965) for normals and
a variety of dysarthrics. That study uses the same transcription
system as the present one, and reports both means and
standard deviations of formant Positions.7 Tikofsky's
sample consisted of nine clinically defined dysarthrics
and nine normals approximately matched for age, education
and occupational status. The major dialectal differences
to be expected between Tikofsky's Upper Middle Western
(Ann Arbor, Michigan) sample and the predominantly south-
ern Ontario sample of this study were examined. Some fell
into the area of diphthongs8 and were not of interest,
and others did not appear to affect the results.9

The means and standard deviations of F; and F, are
given in Table 8 and plotted in Figures 4 and 5. Aphasic
formants derived from targets and substitutions were com-
bined, since they did not differ significantly (tjg=.547
for F; and .409 for F,, p > .05).

A later analysis, Analysis 5, will be concerned

with a comparison of the mean frequencies. Here, we will



TABLE 8:

MEANS AND STANDARD DEVIATIONS
FOR FORMANT; AND FORMANT, OF NORMALS, DYSARTHRICS AND APHASICS
(N = 9 IN EACH CASE)*
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NORMALS APHASICS DYSARTHRICS

mean sd. n  mean sd; n  mean sd. n

(7] B s gaa 1 2z 26 P 100 e
[ Rl a7se oss 18 19 135 20 13 o7 18
('] £} aome  ssa 15 2057 s 15 1m0 aas
(] F 1625 1m0 B s 232 2 s sl B
2] Elige1 1240 20 1652 s U 152 ol
(o] 5l %ss eso ¥ was0  2s4 2 115 s
) Fl %0 ses 2 10 221 37 1163 a0 22
(] F) o5 sad 2 ales 233 M ges s 2
("] B e s 10 osr s M se1 a1
) Rl ogees 7mr S 1zs osms 4 o5 s O
() Bl s s M e 162 1 e s U

* Comparative data for normals and dysarthrics taken

from Tikofsky (1965:34).

Mean and standard deviation values are in hertz.
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first note the differences in the variability of formants.
For F;, as well as for F,, measured frequencies are far more
variable in aphasia than in dysarthria or normal speech. 20
out of the 22 differences between normal and aphasic vari-
ances were significant (p < .025). All differences in
variances between dysarthrics and aphasics were significant
at o = .05. This variability was also documented for single
vowels of individual patients (Table 9). 16 out of 18 of
the single cells of that table show significant differences
from the standard deviations of normal subjects.

Inasmuch as this result can be taken to reflect an
empirical measure and not merely the vagaries of formant
analysis,lo it supports the notion that there is a measur-
able difference in the articulations of anterior aphasics
and dysarthrics. Dysarthrics typically articulate with re-
duced speed and range of excursion in their vocal tract
movements, and also show muscle weakness. In contrast, an-
terior aphasics articulate with considerable variability in
vocal tract movements, as evidenced by sound substitutions
both across and within phonemic categories. If the varia-
bility in formant frequencies indeed reflects a variability
in articulatory movements, the present result supports such

a behavioural distinction.

2. Analysis 5: Mean Formant Positions
in Aphasic and Normal Speech

The mean values of normal and aphasic speech for-
mants were replotted in Figure 6.11 Tikofsky (1965) shows
that dysarthric formant means are generally in agreement
with those of normals, and therefore, those values were not
plotted.

The aphasic vowel cdnfiguration appears to be some-
what flattened along the F; axis, in comparison to the

normal configuration. With the exception of [a], aphasic
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TABLE 9: FORMANT VARIABILITY
IN ALL SINGLE CELLS WITH N > 5

APHASIC NORMAL
PATIENT VOWEL N FORMANT STANDARD  STANDARD PROBABILITY
DEVIATION DEVIATION* (o = .05)

AB [e] 7 Fy 113.4 44.2 < <025

F, 228.9 65.0 < .005
[a] 8 Fy 74.4 40.5 < .05

Fp 156.8 36.9 < .00L

AW [T] s F, 89.4 16s7 < .001
Fp 125.5 74.4 .5

[v] 8 Fi 77.6 33.5 < .005

F, 176.8 95.3 < .025
[e'] 6 Fy 63.2 42.0 a8
F, 206.0 88.4 < .05

[a] 7 F; 144.7 40.5 < .005

Fy 234.0 36.9 < .001

EL iITd B Fy 86.0 16.7 < .025
F, 156.5 74.4 < .05

[e] 11 Fq 90.2 44.2 < .025

Fy 223.8 65.0 < .001

[al 7 Fy 140.6 40.5 < .001

Fy 241.3 36.9 < .001

#*n for normal vowels is to be found in Table 8, p. 45.
Data for normals from Tikofsky (196534). Standard
deviation values are in hertz.
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vowels have a higher F; than normal vowels (significant
at « = .05, t = 2.17). The difference in frequency means
is least with vowels [a] and [e], the two that appear at
the bottom of the configuration, which gives it the
flattened appearance. Table 10 lists these differences
between aphasic and normal vowel means.

To the extent that F; can be correlated with various levels
of vocal tract constriction, these figures suggest that in
aphasics, vocal tract configurations are generally less

constricted than in normals.

C. The Results of the Vowel Substitution Sample

1. An overview

The frequencies of the various types of possible
vowel substitutions are given in the matrices tabulated
in Appendix V. Vowels are arranged along F;, as it was
derived for aphasic vowels in Analysis 4 (Table 8, p.45).
The results are reported separately for 1. unilinguals
on the tasks of spontaneous speech and repetition
(Tables 1 and 2, Appendix V), 2. unilinguals on the read-
ing task (Tables 3 and 4, Appendix V), and 3. bilinguals
on spontaneous speech and repetition (Tables 5 and 6,
Appendix V). |

Since vowels occur with unequal frequency, and
since the Vowel Substitution Sample was collected without
constraint on vowel occurrence, the results for each
target vowel must first be adjusted for chance of occur-
rence. This was accomplished by multiplying the fre-
quency of each target vowel by a constant. It was derived
by dividing the frequency of the least frequent vowel in
the Normal Running Speech Sample (Appendix III) by the

frequency of the particular vowel. The constants are



TABLE 10: F; FREQUENCY DIFFERENCES
BETWEEN APHASIC AND NORMAL VOWEL MEANS (IN HZ)*

52

[e'] [¢1 [o"] [0] [u]

174 120 114 90 86

[T] [el [ul [e] [e] [al

82 82 76 36 31 20

*Normal data from Tikofsky (1965:34).
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given in Table 11.

Equalized figures appear in italics below each sub-
stitution type in Appendix V. The following analyses
will be on either substitution frequencies or equalized
equivalents, whichever is appropriate.

At the time of this writing it appeared that a
more immediately useful set of constants would have added
up to 11, the number of vowels. In that way any equalized
frequency would have been readily comparable to the ob-
served frequency. The reader can derive such a comparable
figure by multiplying the equalized number by 2.93 in the
case of stressed vowels, and 2.89 in the case of unstressed
vowels. A conversion chart is given in Figure 7.

Figures 8 and 9 show the most proﬁinent substitu-
tions made by unilinguals in spontaneous speech and repe-
tition tasks. Only the'substitutions that were most com-
mon (as measured in equalized figures) were graphed.

In both conditions of stress a tendency to sub-
stitute lower vowels for higher ones can be noted, or in
acoustic terms, a tendency towards a raising of F;. This
possibility will be examined in Analysis 6.

The vowel [a] appears to be a common choice for
substitutions, as is [a]. The question whether some
vowels are more commonly chosen as substitutions than
others is considered in Analysis 7.

Some additional phonetic features, such as ROUND
and TENSE, are studied within the whole of the vocalic
feature framework in Analysis 8. Closely associated is’
Analysis 9 which examines substitutions in terms of mar-

kedness theory.
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TABLE 11: CONSTANTS USED IN EQUALIZING THE RESULTS
OF THE VOWEL SUBSTITUTION SAMPLE

[T]

.169

STRESSED

[G] [v] [v1 [o"] [e'1 [e] [2] [e] [=] I[a]

.440 1.000 .157 .354 .224 .458 .407 .190 .207 .147

71

125

UNSTRESSED

[G] [v] [v] [o“] [e'] [e] [o1 [el [2] I[al

.514 .400 .083 .173 .545 .042 1.000 .340 .257 .327




10.0 + 29.30 10.0 + 28.92
9.5 ¢+ 27.84 9.5 + 27.47
9.0 1 26.37 9.0 { 26.03
8.5 + 24.91 8.5 1 24.58
8.0 + 23.44 8:0 425,15
7.5 ¢ 21.98 7.5 ¢ 21.69
7:0 1+ 20.51 7.0 1 20.24
6.5 + 19.05 6.5 + 18.80
6.0 + 17.58 6.0 ¢+ 17.35
5.5 + 16.12 B«5 1+ 15,90
5.0 + 14.65 5.0 1 14.46
4.5 + 13.19 4.5 ¢+ 13.01
3.0 + 11.72 4.0 + 11.57
3.5 & 10.26 3.5 1 10.12
3.0 % 8.79 3.0 + 8.68
2:8 + 733 2:5 4+ T:23
2.0+¢ 5.86 2.0 + 5.78
1.5 + 4.40 1.5 ¢+ 4.34
1.0+ 2:93 1:0 + 2.89
0.5 4+ 1.47 0.5 ¢+ 1.45
0.0 + 0.00 0.0 + 0.00

equalized comparable equalized comparable
number number number number
STRESSED VOWELS UNSTRESSED VOWELS

Figure 7. Chart for conversion
from equalized to comparable
frequency (see text, p. 53).
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2. Anmalysis 6:
Substitutions along the Frequency Axes
of F; and F,.

If vowels are arranged according to their mean
frequencies on F;, a substitution matrix will reveal
whether substitutions are predominantly higher in F; fre-
quency (and articulatorily lower) than their targets.
Similarly, arranged according to F,, it will be possible
to find out if substitutions have a consistent téndency
towards higher F, values than their targets (and are thus
further back articulatorily).

For these analyses it was assumed that the formant
frequencies of the substitutions in the Vowel Substitution
Sample for the most part reflect the mean frequencies of
the Spectrographic Sample (Table 8, p.45). This will not
always be the case, of course, because of the variability
of aphasic vowel formant frequencies. It is possible to
predict raising in F;, for instance, on the basis of a
perceived substitution [T] » [e'], when in actual spectro-
graphic measurements, this substitution turns out to be
a case of F; lowering. This possibility was investigated
on the 100 substitutions of the Spectrographic Sample.

The predictions made on the basis of the perceived sub-
stitution agreed with formant measurements 81% of the time
for F, and 88% of the time for Fj.

With this reservation in mind, the results of these
analyses are presented in Tables 12 and 13.12

Unilingual aphasics in spontaneous speech and repe-
tition show a very definite tendency to substitute vowels
that are lower than the target vowels (or have a higher
F;). This tendency is evident in stressed as well as un-
stressed condition and can be noted among all uhilingual

patients. Moreover, there is great overlap between the
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results on spontaneous speech and repetition. This was
true of all substitution analyses. Henceforth, the re-
sults will therefore be reported in combined form. Table
14 lists the result of all those single cells of uni-
linguals (one patient, one task, one stress condition)
that had over 40 substitutions. All seven cells are
significant at least at a = .025; the pattern of vowel
lowering is thus general throughout patients, tasks and
stress levels.

In reading, unilinguals also show lowering in un-
stressed vowels, while this tendency does not manifest
itself in the stressed condition.

Similar circumstances prevail among bilingual
patients. However, here a case of raising is observed in
stressed repeated vowels.

A much less consistent picture is evident in the
F, analysis. There is some tendency towards backing in
stressed condition among unilinguals, but that is not
supported in the reading task. Bilinguals on the other
hand show considerable fronting under unstressed condition.

To sum up, the main axis of displacement appears to
be along F;. Unilinguals have a strong tendency to use
lower vowels than are required for the target. The
results for bilinguals and reading among unilinguals
diverge; however, these are based on a much smaller sample
of subjects and substitutions than are the main results.

3. Analysis 7:
Predominant Target and Substitution Vowels--
Contribution to the x?2.

In a characterization of vowel substitutions it is
useful to examine which target vowels are particularly
prone or immune to substitutions. Likewise, substitutions

can be examined to detect which vowels were more frequently,
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TABLE 14: F; RAISING IN UNILINGUALS

(CELLS WITH OVER 40 SUBSTITUTIONS)

0,
« % OFF;  PROBABILITY
PATIENT TASK STRESS n RATSING (a = .05)
AW repetition unstressed 74 70.4 p < .001
14.274
BW repetition stressed - 85.5 p < .001
25,783 )
BW repetition unstressed e 66.1 p < .001
16.019
spontaneous 90 < .01
EL speech stressed 22.333 64.2 p
spontaneous 63 < .025
EL speech unstressed 12.890 64.3 p
EL repetition stressed e 72.1 p < .01
10.945
ID repetition stressed el 67.9 p < .001
25.428 i

* top number: observed frequency, bottom number: equalized
equivalent [see text, p. 51).
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and which were less frequently used than expected.

As noted in Analysis 2 (p.39), aphasics use vowels
with a similar Lfrefguency distiibution to £hat of netmals.
By comparing the observed frequency of targets with the
expected frequency, we can derive x2 values, an index of
the difference. Individual vowels will make different
degrees of contribution to this value; thus an examination
of the contribution to the x2 will determine which vowels
are unusually frequent or infrequent. Table 15 1lists the
xz values, and the contributions of the various vowels,
for targets.

Among unilinguals in spontaneous speech and repe-
tition, two values stand out, those for stressed [o] and
[al. [e] is unusually prone (47 instead of an expected
21.3 targets of this type) and [a] is unusually immune to
being involved in substitutions (24, with an expected
frequency of 66.5). None of the other values of Table 15
are worth mentioning here, given the sample size associated
with many of them.

Among substitutions, some particularly high con-
tributions to the x2 are noted (Table 16). Unilinguals in
spontaneous speech and repetition used stressed [o] and [o],
and unstressed [e] and [a] much more often than would be
expected if substitutions were randomly distributed accord-
ing to the frequency distribution of normal persons. This
is also represented in the top graph of Figure 10. Con-
versely, stressed [7)] and [v] and unstressed [e] occur
considerably less frequently than expected.

Expressed in terms of substitution raising or lower-
ing, we then find a strong tendency towards lower vowels
and away from higher ones, within each condition of stress.

In reading, very similar circumstances prevail for

unstressed vowels. However, in stressed condition, the
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Unilinguals: Spontaneous Speech and Repetition

aphasic vowels

————— normal vowels

fusUoolUelze T1al [oetTuveaazolT . al

STRESSED VOWELS UNSTRESSED VOWELS

Unilinguals: Reading

[VeUoolelze T tital [oelTuveaazolT i o]
STRESSED VOWELS UNSTRESSED VOWELS

Bilinguals: Spontaneous Speech and Repetition

.....-.——-.-""—

[ueUoolYelze Ti1va] [oelTvuveaszolT i a]
STRESSED VOWELS UNSTRESSED VOWELS

FigurelO: Frequency distribution of substitutions.
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frequency distribution is roughly parallel to the expected normal one
(x2 not significant at o = .05). This suggests that in stressed
vowels of a reading task, a different effect may be at work than in
the stressed vowels of spontaneous speech and repetition tasks.

Only two vowels are prominent in the bilingual sample,
stressed [2] and unstressed [e€]. Their high frequencies, together
with the conspicuous absence of an elevated [a] frequency, throw some
light on the divergent results noted for bilinguals in the formant
analysis (Analysis 6, p. 58).

Blumstein (1973a:43), in a very similar analysis of conso-
nants, finds that the least frequent consonants of the language (such
as [£§], [&]and [Z]), are proportionally more prone to substitution
than the more frequent consonants (such as [t], [n] and [s]). This
pattern apparently does not generalize to vowel substitutions. For
instance, in the unilingual results, stressed [a] and unstressed [a]
are very frequent substitution vowels and they also occur frequently
in the language. Conversely, [ul], in both stress conditions, is a

rare sound, in language use as well as in substitutions.

4. Analysis 8: Changes in Feature Values

Several aspects of vowel production, such as degree of round-
ing and tensing, have so far been left unexamined. They are most eas-
ily studied by a feature analysis; its results will incidentally also
serve to check the findings of the formant analysis, Analysis 6. The
feature system to be used here will be that of Chomsky and Halle (1968).

There is a major drawback to feature analysis in comparison
to formant analysis. Every vowel differs from every other vowel in its
mean formant frequencies. Thus a substitution can always be described in
terms of an increase or decrease in the (probable) frequencies of the
formant concerned. Since two vowels may have the same value in the

particular feature under study, only a subsample of the total sample



68

ever differs in any one feature, though, of course each vowel is dif-
ferent from each other by at least one feature. For instance, [3]
and [2] differ in the feature ROUND, but not in HIGH,
BACK, LOW and TENSE. Thus a substitution [I3] » [13]
'law' cannot contribute to an investigation of lowering
and raising tendencies within a feature analysis. A
formant analysis, on the other hand, would have recorded
this substitution as a case of lowering. In stressed
vowels, an average of only 33.1% of substitutions con-
tributed to the feature analysis. The figure drops to
19.3% for unstressed vowels. This means that for bi-
lingual patients, for instance, the sample of unstressed
vowels contributing to the feature analysis has shrunk to
perhaps 17 substitutions (19.3% of 89 substitutions).

Not all features were equally likely to be involved
in substitutions. The feature TENSE was most likely to
be involved in a substitution, ROUND least likely, and
HIGH, LOW and BACK generally took intermediate positions.

Tables 17 to 19 present the results of the feature
analysis.l2 Among unilinguals in spontaneous speech and
repetition, the pattern of lowering is supported in
stressed vowels; the results are inconclusive for un-
stressed vowels in these tasks, but there is again lower-
ing in unstressed vowels in reading. Bilinguals once more
show some divergence from the unilingual patterns with a
slight tendency towards raising.

The unilingual results on the feature BACK are con-
sistent: backing is found in all three tasks under both
conditions of stress, but as in the formant analysis, the
results are statistically much weaker in unstressed than in
stressed vowels. Bilinguals show a strong tendency for

fronting.
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There is very consistent unrounding in all tasks
and conditions, except in stressed vowels of reading where
a statistically insignificant percentage of rounding is
reported (p > .05).

In the feature TENSE, substitutions are generally
tenser than their targets; there was one case of laxing
in the bilingual sample, yet that is based on a very small
sample of 19 substitutions. Given the vagaries of the
equalization procedure within a substitution matrix, this
figure cannot be given very much credit.

5. Analysis 9:
Changes in Markedness Complexity

It was examined whether the vowel substitutions
follow the same pattern in markedness complexity as
Blumstein (1973a:52) reports for consonants. For vowels,
the rules of Chomsky and Halle (1968:405) were used to
derive a complexity index, graphically represented in
Figure 11.

The sound [a] has the index 0, [T] and [U] have
the index 1, [t1, [e"'}, [o"] and [v] have the index 2,
and [€], [2] and [o] the index 3. [a] is left out of this
scheme because it is generally derived for surface repre-
sentation by the rule of REDUCTION, after which it can
take on dialect-specific feature representation (Chomsky
and Halle 1968:110).

Table 20 reports the results of this analysis.12
The results for stressed vowels are generally inconclusive.
Only bilinguals show something of a trend towards unmark-
ing.

In unstressed vowels, some considerable unmarking
is reported for unilinguals in all tasks, while marking

appears in bilinguals.



¥3

MARKING
COMPLEXITY

Figure 11: Marking Complexity Index
for Vowels.
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These results can be illuminated by referring back
to the x2 analysis (p.61). It was reported there that in
unstressed vowels unilinguals were much more likely to use
[a] as a substitution vowel than any other. It will be
recalled that [a] has the marking complexity index O.

This would account for the tendency of ﬁnmarking in uni-
linguals. In bilinguals, a predilection for the substitu-
tion vowel [e] was demonstrated, which, with an index of
3, contributes heavily to marking.

However, the marking pattern does not generalize to
other crucial vowels. For instance, with a marking index
of 1, the vowels [T] and [U] should be predominant
choices as substitutions in unilinguals. However, Figure
10 shows that these two vowels are either below or at
average values. In bilingual substitutions as well, other
highly marked vowels are not prominent substitution
vowels (cf. for instance, [o] or [2]). The concept of
markedness complexity seems to have little to contribute
to a search for a unifying principle behind the vowel

substitutions of this sample.

D Summary

A number of major tendencies in vowels and vowel
substitutions of English-speaking unilingual aphasics have
crystallized through the application of a variety of ana-
lytical techniques. The results are summarized here and
their implications will be discussed in Chapter 1IV.

1. Aphasic vowels vary considerably in their for-
mant frequencies for the same perceived vowel. This can
perhaps be interpreted as greater variability in vocal
tract configurations than normals or dysarthrics exhibit.

2. Aphasics have generally higher mean Formant,

values than normals or dysarthrics do for the same vowels.



76

This is least the case for [al. This tendency can be
seen as a trend towards relatively wider vocal tract con-
strictions among aphasics.

3. In substitutions, higher vowels (those with
lower F; values) have a very consistent tendency to be
replaced by lower vowels (or those with relatively higher
F; values). This can be interpreted to support the above
tentative conclusion that aphasics have a proneness to-
wards relatively wider vocal tract constrictions.

4. The vowel with the widest oral vocal tract con-
striction, [a], is used as an unstressed substitute vowel
far more frequently than it would naturally occur in
language. Conversely, some of the more constricted un-
stressed vowels, such as [T], [t] and [a], occur relatively
infrequently.

5. Aphasics tend to substitute unrounded vowels for
rounded ones, as well as tenser vowels for laxer ones.

6. A circumscribed sample of bilingual (natively
French-speaking) aphasic speech in English revealed some-
what divergent tendencies in the choice of substitution
vowels. [e], rather than [a], was the predominant choice,
another sound with a relatively wide vocal tract constric-
tion. This tendency was, however, compounded by an addi-
tional tendency towards fronting.

7. Another limited sample of unilingual aphasic
speech in reading tasks revealed some similarities to
spontaneous or repeated speech in unstressed vowels, but
clearly divergent and inconsistent tendencies in stressed
vowels.

8. An examination of changes in the feature marking
indices of substitution vowels did not disclose any

~generalizable marking patterns.
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FOOTNOTES TO CHAPTER III

leor this analysis, [wl, [y] and [h], used in the

computer print-out as consonants as well as glides, were

separated manually.

2'I‘wo of their ten patients accounted for most vowel
errors. Since these two patients were among the most
severely impaired patients, they suggest that the presence
of vocalic errors, in addition to consonantal errors, may
be a severity indicator of this type of aphasia. However,
the presence in this sample of quite a number of patients
with slight impairment (AB, AW, EL, JR and RGMS) would

seem to indicate that this is unlikely.

3With this exception the frequencies comprise all
vowels that occurred: targets and substitutions, and their

respective repetitions, as well as additions.

4Arguing that all substitutions can be analyzed
both syntagmatically and paradigmatically, it was at first
decided to subject the entire data base to analyses 7 and
9. However, when the result turned out to be rather weak
and inconsistent, it was decided to separate out those
substitutions that had apparently undergone the most in-

fluence along the syntagmatic axis.

SIncidentally, Victoria Fromkin's (1971:251) data
for slips of the tongue in normals are most frequently of
this type. However, only very few such errors were ob-
served among the aphasics reported here.

6This possibility was investigated for consonants

preceding and succeeding those instances where a substitu-
tion had occurred for the vowels [T], [2] and [TU]. Assum-

ing that consonantal correlation would manifest itself
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most readily in place features, it was expected that [T]
would be surrounded predominantly by anterior consonants,
[U] by velars, and [2] by a mixture of both. However, no
such pattern emerged. Trost and Canter (1974:69) proposed
the possibility that vowels "were misarticulated in relation
to articulatory difficulty on contiguous consonants'. But
assuming that their patients and the present ones are
comparable, it now appears that vowel substitutions have
“"a life of their own', independent of consonantal diffi-
culties. '

The reverse possibility, that vowels influence the
substitutions occurring among consonants, is suggested in
Cohen et al. (1963:173). This fascinating possibility

merits exploration on a wider scale.

7The acoustic analysis for that study was done by
Ilse Lehiste. It is not entirely clear how far her sample
in Tikofsky (1965) differed from that of Lehiste (1965)--
there appears to be considerable, but not total, overlap.
In any case, the two sources are consistent in the means
and standard deviations of formant positions of dysarthrics.

8e.g. Canadian raising (Joos 1942:141, Chambers

1973:113), where Canadian [he"s] corresponds to Upper Mid-
dle Western [ha"s] 'house’.

9e.g. the difference between the two dialects on the

pronunciation of the word 'fog'. Even though the Upper
Middle Western pronunciation is often judged to be clospr
to the sound [a] than the Southern Ontario variant, this
difference between dialects was not reflected in the spec-
trographic mean plots (p. 50).

10Among these can be counted disagreements between

the three displays (the spectrogram, the wide and the



i

narrow band cross-sections), additional unexplained for-
mants, and the limitations of the measuring process. Some
of these limitations are being overcome by new, real-time
computer assisted formant analysis (cf. Ouellon and Lind-
felt 1973]).

11Most two-dimensional formant plots are made on a

logarithmic scale. This practice was not adopted here in
order to facilitate visual comparison of distances bet-
ween normal and aphasic plotting points.

12The percentages reported here are based on the

equalized figures. Probabilities were determined by means
of the variant of the binomial test reported in Glass and
Stanley (1970:323).



IV. DISCUSSION

A. Possible Unifying Hypotheses

In the previous two chapters, two prominent linguis-
tic concepts were discounted as possible unifying hypothe-
ses for the results of this study. The first concept is
that of environmental phonetic influence on the substitu-
tion sound. Only 16 percent of the substitutions of the
present sample of aphasics had potentially undergone such
environmental influence; 1in addition, the Tesults reported
on pp. 75-6 are based on the remaining 84 percent of sub-
stitutions. If phonetic environment had been the only
cause of those vowel errors, the results would not have
been as systematic as they were. The second concept is
markedness which distinguishes various degrees of "natural-
ness" within a sound system. When sounds were ranked ac-
cording to their degree oﬁ markedness, no clear and perva-
sive patterns were established.

In this chapter a third hypothesis will be considered.
Since articulation can be viewed as a motor system, it should
be possible to speculate on the neuromuscular events of
articulatory breakdown. The expectation is that these
events would be similar to the neurcmuscular events that
have been described for the breakdown of other motor sys-
tems which, like aphasia, result from cerebral lesions.
Accordingly, there follows first a description of likely
neuromuscular events in articulation, and then, a charac-
terization of how these events are altered in the case of

certain brain lesions.
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B. Anatomy of the Tongue

and Electromyographic Measurements

All vowels are formed with the tongue bunched into
nearly the same rounded form (Perkell 1969:63). There-
fore, the intrinsic tongue musculature can for the most
part be left out of consideration here; by and large, the
body of the tongue is moved into its various typical
positions by three extrinsic muscles: the genioglossus
which runs along most of the middle of the underside of
the tongue and connects it to the front inside of the jaw,
the hyoglossus which connects the sides of the tongue with
the hyoid bone, and the styloglossus which runs from the
side of the tongue to the two styloid processes below the
ear openings of the skull (Figure 12).

Other muscle groups are active in the oral articu-
lation of vowels, such as those that activate the jaw, the
lip muscles, those that lower and raise the hyoid bone, a
few intrinsic muscles of the tongue, and perhaps one more
extrinsic muscle, the palatoglossus. However, for exposi-
tory simplicity, it will be assumed here that a rough
sketch of tongue muscle activity is possible in terms of
the above-mentioned three main muscles.

One of the main findings of this study is that
higher vowels have a consistent tendency to bé replaced
by lower vowels. In terms of extrinsic tongue muscle action,
what distinguishes higher from lower vowels? This question
has been examined empirically by an electromyographic s%udy
done by Mac Neilage and Sholes in 1964. For each vowel
they recorded at least 20 artifact-free tracings from
thirteen points along the surface of the tongue of a single
subject as he pronounced vowels in a [p]v[p] series ([pip],

[pelp], etc.). Two suction micro-electrodes were attached
P
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Figure 12. The main extrinsic tongue muscles.
1, jaw; 2, genioglossus; 3, hyoid
bone; 4, hyoglossus; 5, styloglos-
sus; 6, styloid process; 7, ear
opening. Based on Gray and Goss, 1973.
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to the tip of the tongue, three to the blade, four to the
back, and four to the root of the tongue. Mac Neilage and
Sholes report their data separately for each electrode;
howevef, for this summary, their tracings were averaged
and are reported for the main areas of the tongue just
indicated.

Figure 13 gives a summary of the averaged peaks
found in eight of the eleven vowels examined for this
study. [o] was left out because Mac Neilage and Sholes
did not include it in their study, and the two vowels [t]
and [v] paralileled [T] and [U] respectively in their elec-
tromyographic profiles, save for somewhat attenuated peak
levels. [T], [T], [oY]and [e'] were chosen as high vowels,
and [2], [e], [#] and [a] as low vowels--which corresponds
to their status on the F; measurements.

We can see from the graphs of Figure 13 that high
vowels have rather elevated activation levels at one or
the other extreme of the tongue. In contrast, low vowels
have fairly even activation levels over the whole sur-
face of the tongue. Interpreted in terms of muscle con-
tractions, the values at the root of the tongue probably
represent genioglossus activation and those at the blade
presumably represent the innervation to the styloglossus
and/or the hyoglossus. As a result, for [T], the genio-
glossus would have to contract very acutely té accomplish
the considerable forward movement required for this vowel.
The simultaneous high activity at the tip probably repre-
sents the activity of an intrinsic muscle which has the
effect of retracting the tip so as to keep it from touching
the teeth as the tongue advances. [UJ, on the other hand,
has high activity levels at the blade and the tip which is

best interpreted as styloglossus contraction. [e'] and
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[oY] exhibit peak activity that is similar to that of their
articulatorily related vowels: 1like [T], [e'] shows pro-
bable genioglossus contraction, and [oY], like [TJ], has
peak activity that lets us conclude considerable stylo-
glossus activity (Mac Neilage and Sholes 1964:214-7).

The low vowels, with their far more evenly distri-
buted activation levels, would seem to depend on a con-
traction of the two lower muscles, the genioglossus and
hyoglossus. For these vowels, the activity levels at the
tip and the blade are relatively low, probably reflecting
the relaxation of the opposing styloglossﬁs muscle. This
accomplishes the goal of moving the tongue downwards and
away from the position that it would occupy if the muscles
were totally relaxed. This representation of articulatory
events is of course grossly simplified. For one thing, the
environment is held constant in a [plV[p] sequence which
means that co-articulation effects are eliminated. Never-
theless, for the purposes of this description, the pre-
ceding deductions are probably useful. The reader is re-
ferred to the original article and to Mac Neilage (1972)
for an elucidation of the detail.

Stated in terms of neural activity innervating the
tongue muscles, it appears that for lower vowels there is
a similar level of activation throughout the tongue muscu-
lature, while with higher vowels there is differential
activation of particular muscle groups. For example, a
very pronounced peak of activity was recorded at the front
of the tongue for [U].. But for [a], peak activity extends
over the whole surface of the tongue (Figure 13). If we
can conclude from a normal subject upon aphasics (which we
probably can, since there is no reason to assume a patho-
logy in the innervation and musculature of this sample of

aphasics), this means that the patients of this study could
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very well have received motor impulses that were less se-
lective than they should have been. Instead of a selec-
tive activation of individual muscles, there could have
been a more generalized activation of all tongue muscles.
The tongue would have been lowered as a result, and a
vowel substitution would have been produced. This would
account for the lowering tendency reported in the analyses
of the substitution sounds of this study.

This schema can also account for the finding that
the aphasics of this sample probably articulated the same
perceived vowels with wider vocal tract configurations
than normal subjects did. Such pathological lowering of
the tongue could be sufficient to show up on spectrograms,
but not in a perceived vowel substitution. Even conside-
rable changes in the vocal tract configurations do not
necessarily prevent a vowel from being perceived as the
intended vowel; as Stevens and House (1955:41) demonstrated
by means of a simulation study, the same perceived vowel
can be formed with greafly varying vocal tract constric-
tions.

A number of other results of the study are also
illuminated if we can assume loss in the selectivity of
neural commands. Lip rounding, a contraction of the or-
bicularis oris muscle, is only successful when its syner-
gistic partners for lip spreading (such as the risorius
and the triangularis muscles) extend simultaneously. It
will be recalled that the aphasics of this sample had a
tendency to substitute unrounded vowels for rounded ones;
this can then be interpreted as another instance of in-
sufficient synergistic selectivity in neural commands.

Tense sounds, in Chomsky and Halle's (1968:324)

feature system, "involve considerable muscular effort”
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over the entire articulatory tract. A patient who lacks
selective control over his musculature is likely to re-
double his efforts, which will result in heightened muscle
tonus throughout the phonation apparatus. It is thus not
surprising that the patients of this sample tended to sub-

stitute tense for lax vowels.

€. Lack of Selectivity as a Cortical Dysfunction

As may be recalled from Chapter I (p. 2), Alajoua-
nine et al. (1939:118) ventured a description of articu-
latory movement disturbances in neurological terms. They
felt that articulatory movements, and especially the pro-
duction of vowels, had a syﬁkinetic character. Synkinesis
is "an unintentional movement accompanying a volitional
movement'" (Dorland 1965), such as the inevitable partial
flexing of the ring finger that accompanies a full flexion
of the middle finger. In pathological cases, synkinesis is
clearly a loss in neural muscle selectivity, analogous to
the state that was deduced for impulses to the tongue in
the previous section.

Pathological synkinesis as a result of a cortical
lesion is not unique. Luria (1966:179), reporting on the
work of Foerster (1936), notes that in many cases of le-
sions that lie posterior to the Rolandic fissure (Brod-
mann's areas 3, 1, 2 and 5--see Figure 14), 1limb muscles
had defects which were due to a loss of selectivity of the
motor impulse. As a result, both partners of the syner-
gistic muscle pair would contract diffusely. He also -
describes a case of almost total loss of selectivity from
his own laboratory; this patient had lost the ability to
alternatively extend and flex all fingers by means of the
muscle pair flexor carpi radialis/extensor carpi radialis.

Electromyograms of the two muscles documented this lack
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ROLANDIC (or CENTRAL)

FRONTAL RESREE PARIETAL

LOBE LOBE

OCCIPITAL
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LOBE

Figure 14. Cytoarchitectonic areas of the left hemisphere
(after Gray and Goss, 1973)
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of selectivity in graphic form (Figure 15).

However, the sensory-motor area that lies posterior
to the Rolandic, or central, fissure is only one of several
cortical areas difectly concerned with movement. All of
these areas lie in the irrigation area of the upper divi-
sion of the middle cerebral artery and are thus ready tar-
gets for an embolic infarct. Prima facie, we thus have no
reason to assume that the anterior patients of this sample
must all have a lesion that lies exclusively in the sensory-
motor area. We will have to examine whether lesions in the
other areas could have caused the observed symptomatology.

The so-called motor areas are bands of cytoarchi-
tectonically similar neural tissue lying parallel to and ad-
joining the central fissure. Posterior to the central
fissure lies the sensory-motor area (Brodmann's areas 3, 1,
2.and 5), anterior to it lies the motor-sensory area (Brod-
mann's area 4), and situated in front of the latter is the
pre-motor area (Brodmann's areas 6, 8 and 44) (see Figure
14). Those parts of these different areas which lie ad-
jacent to the sylvian fissure contain cells directly con-
cerned with movements of the .articulatory organs. The
postcentral articulatory area contains predominantly cells
that register proprioceptive feedback from the articulators.
The precentral articulatory area, on the other hand, con-
tains pyramidal cells which conduct motor impulses into the
upper vocal tract. And anterior to that lies Brodmann's
area 44, or part of Broca's area, an area distihguished from
its cytoarchitectonic relative, area 6, by the fact tha%
cell layer III forms an unusually dense associative network
(Luria 1966:206). It is this area that has been implica-
ted in the majority of those cases of the anterior aphasic

syndrome where localization was attempted.
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What are the characteristic symptoms associated with
lesions that are exclusive to these areas? Luria (1966:187)
reports that patients with lesions in the inferior portion
of the postcentral region do not generally show anterior
aphasia as an isolated syndrome. Rather, they show an in-
capacity for quick and concentration-free articulation, and
the innervation of articulatory actions has lost its usual
selectivity". One result noted by Luria is that the patient
has troubles assuming the correct positions of the tongue
and lips. This is reminiscent of the first symptom listed
by Alajouanine et al. (Chapter I, p.2).

Luria is also one of the few modern writers who at-
tempts a description of exclusive damage to Broca's area.
Basing himself on his sizeable investigations of traumgtic
cases of premotor (Areas 6 and 44) injury, he notes that
such patients have difficulties with the concatenation of
movements and the inhibition of preceding movements. Ar-
ticulatorily, in area 44, this results in difficulties in
stringing together syllables and words into whole senten-
ces. Successive approximations are the result (Luria
1966:207). This set of symptoms is supported by the fin-
dings of Hécaen and Consoli (1973:384ff.). For their sam-
ple of precentral and Broca's area patients (predominantly
affected by tumours), they noted an articulatory as well
as sensory difficulty in integrating linguistic units into
whole strings.

It appears that the anterior patients of the present
sample have symptoms that correspond to both preceding des-
criptions. It is thus entirely possible that these patients
have fairly generalized damage throughout the motor areas.
However, they were selected for the study because in addi-
tion to showing the stated symptoms of precentral injury,

they also made frequent vowel errors. They appear to be
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part of a subgroup of anterior patients because of this
feature (Trost and Canter 1974:69). Vowel errors of the
type reported here could thus be an indication that these
patients had a lesion which extended into the postcentral
area, since thelr symptoms match those reported by Luria.
Anterior patients without such frequent vowel errors could,
according to this reasoning, have lesions that respect

this area. ) '

This attempt at localizing the injury of vowel error
producing patients raises the question of why two poste-
rior aphasics contributed qualitatively indistinguishable
substitutions in their spontaneous speech and repetition
tasks (the third posterior patient only made reading er-
rors). A re-examination of the localization data available
for these patients is illustrative. Patient TK recovered
very rapidly from a left fronto-temporal craniotomy for a
large left hemispheric middle cerebral artery aneurism
that had formed in the sylvian fissure. He only made 17
paradigmatic vowel substitutions in the first aphasia test
which took 45 minutes and was administered five weeks after
surgery. A few weeks later, his interviews were devoid of
vowel errors. The postcentral inferior parietal cortex
could thus still have been affected by post-operative
swelling at the time of the first interview.

Patient JR likewise is well-documented. Her angio-
gram showed left-sided thickening of the arteries, the
brain scan registered an area of increased uptake in the
left posterior parietal region extending from the periphery
toward the midline, and the EEG picked up a prominent focus
of slow activity in the left post-frontal area. It would
seem that a lesion reaching into the inferior postcentral
parietal area from a midparietal focus is a definite pos-

sibility.
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But whatever the impact of these observations on
localization may ultimately prove to be, of much more
central interest is the neurological argument presented
above. It can lead to a set of productive research hy-
potheses for further investigation of the motor aspects
of aphasia.

Tc summarize the main points of the argument,
first, Mac Neilage and Sholes (1964) showed that in normal
subjects, the production of lower vowels required a less
selective activation of tongue muscles than in the case of
higher vowels. Second, Luria (196%6) correlated postcentral
injury with a loss of selectivity of muscle activatioh for
alternating movements. And third, the-present study de-
monstrated that wider vocal tract configurations tend to
replace narrower configurations. It now follows that
research with tongue electromvographs of aphasics with
vowel errors should reveal whether the preceding argument
has been corrsct. The hypothesis which follows from the
argument would predict that the tongue would be prevented
from moving into the full extreme positions required for
high vowels through concurrent activation of agonist and
antagonist muscles. As a result, electromyography would
show high levels of neural activation close to the points
of insertion of both types of muscles.

However, alternative hypotheses are alsc possible. The
presefit results can for instance be interpreted ta reflect
a weakness of the tongue musculature. Under this hypothe-
sis, the tongue remains in a lower-than-required vocalic
position because of insufficient activation of the agonist
muscles. If this were the case, reduced levels of inner-
vation to the relevant muscles would be registered by

electromyography.
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But if neither hypothesis can be supported, the
pPresent Tesults woiuld likely have to be considered to be
impairments at a more central level of linguistic organi-
zation. If that were the case, it would have to be exa-
mined which role these substitution tendencies could play

in a characterization of internal linguistic processing.

D. Bilingual Patients

So far the discussion has focussed on the main re-
sults of unilingual speakers. A small sample of substitu-
tions was collected from two native speakers of French who
premorbidly had been excellent speakers of English. Their
results were reported separately in Chapter III. They
showed a similar tendency towards wider vocal tract con-
strictions; however, that tendency was compounded by an
additional tendency towards fronted vowels. The lowering
tendency could again be relegated to a state of partial
synkinesis. On the other hand, the fronting tendency pos-
$ibly had its roots in the patients' bilingualism.

French and French Canadian vowels are known to be
further front than their North American English counter-
parts. To substantiate this commonly-heard statement,
Brichler-Labaeye's (1970:250) cineradiograph tracings were
compared to- those of Perkell (1969:55). After adjustments
for differences in ithe overall sizes of the tracings,
Brichler-Labaeye's tongue positions for [T], [Ul, [e] and
[a] were an average of 22% further front than Perkell's
American English counterparts. The distance measured was
the horizontal line between an ordinate, sectioning the
dento-alveolar juncture and the tongue at the point of its
closest constriction with the palate. Similar measurements
of tongue positions were made for the two comparable Cana-

dian French vowels [e] and [a] in Charbonneau (1971:332pp.).
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The two vowels were respectively 24% and 8% further front
than Perkell's counterparts. All of these measurements,
however, are based on the tracings of cineradiographic
pictures of the vocal tracts of single speakers. There

is considerable variation in the tracings of the vocal
tracts of different speakers while the same vowel is ar-
ticulated, or of different articulations of the same vowel
by the same speaker. This argument will thus remain a
rather speculative one until larger numbers of tracings from
normals and aphasics can be studied. But if further evi-
dence supports the above observations, an argument can be
made that bilingual patiens were indeed showing signs of

regression to an earlier state of language competence.

E. Substitutions in the Reading Task

Another subsample of substitutions was collected
from four unilingual English-speaking aphasics on a reading
task. The purpose of collecting this sample was to in-
vestigate if the substitution tendencies in this task were
congruent with those from the other tasks. The implication
was that if that was the case, a neuromuscular account of
peripheral motor action in articulation would then also
account for the aberrant behaviour on the visuo-motor task
of reading. In other words, if all the results in reading
fell into the same categories as those collected from other
articulation tasks, brain processes associated with the
visual capacity could then be considered to be unaffected
by the cerebral injury of the present group of aphasics.
The results from this task were therefore reported separate-
ly throughout Chapter III.

The findings were intriguing. On unstressed vowels,

the pattern followed closely that of the spontaneous speech
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and repetition tasks: there was considerable lowering, un-
rounding and tensing in the vocal tract. But in stressed
vowels, no really significant tendencies emerged on the
feature analysis, or any other analysis. However, an in-
spection of the stressed s?bstitutionslrevealed a great
many errors of the type [radiksl] » [rgiﬂtkal] ‘radical’,
or [menejirTel] - [manajérekal] 'managerial'. These are
substitution pronunciations which are common variants for
the spelled letters that were being attempted. In the first
example, for instance, [eL] is a common pronunciation of
the letter a, witness words like nation, radial and the
like.

One patient who showed a particularly high propor-
tion of this type of error (84%) is RGMS. This patient also
differed from the others in another respect. Fully 53% of
her vowel substitutions involved incorrect changes in
stress placement (e.g. [k%ns%st] - [kéns%st] 'consist!'),
while only a single error of this type was noted among the
remaining three patients. Both of the tendencies of this
patient were analyzed in depth in terms of the generative
phonology framework by Schnitzer (1972). His linguistic
account may explain the tendencies in the stressed .substitutions
of the other patients of this sample as well.

But just as in the case of the bilingual sample,
the conclusions reached on the basis of this subsample of
substitutions must remain very tentative. It is possible
that unstressed vowel substitutions can be accounted for
solely in terms of the main neuromuscular hypothesis
sketched above. In the stressed condition however, the
patients' visual associations with spelling variants could
have interfered with their choice of the correct vowels to
be articulated. If this was the case, those reading sub-

stitutions fall outside the narrow neuromuscular hypothesis
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advanced above, and may have to be subsumed by a larger
hypothesis which can account for interactions between
visual processing and the neuromuscular processes of

articulation.

F. Summary

Neural activation is selective for particular
extrinsic tongue muscles with high vowels, and more gene-
ralized for lower vowels. The tendency towards wider con-
striction levels in the vowels and substitutions of the
aphasics of this study has thus been interpreted as a
loss in the selectivity of neural activation. This concept
can also account for the observed tendency towards un-
rounding and tensing. Loss of selectivity of neural acti-
vation is a common result of lesions in the postcentral
cortex. This finding leads to the speculation that patients
with frequent vowel substitutions have lesions that extend
into the postcentral cortex, while those who do not, have
lesions which respect this area. The vowel deficits of
bilinguals appear to be compounded by tendencies of re-
gression towards an earlier state of language competence.
Reading errors on stressed vowels show signs of inter-
ference from the patients' visual associations with spelling

pronunciation variants.



APPENDIX I

T-SCORES FOR STANDARDIZED SUBGROUPS
OF THE WESTERN APHASIA BATTERY (WAB)

FLUENCY COMPRH. REPET. NAMING INFORM. MEAN

AB (56.3) (62.8) (62.4) (67.3) (68.8) (63.52)
AW 62.7 64.8 61.8  66.4  65.6 64.26
% 0 BW 46.0 57.2 51.8 55.2  59.4 53.92
EE DH 29,4 51.4 46.6  50.0  37.5 43.64
% E EL 59,9 63.1 62.4 66.7 65.6 62.10
GP 39.3 54.4 55.3  48.5  46.9 48.88
1D 39.7 56.2 36.8  42.7  40.6 41.80
X w JR 66.0 63.8 59.5  65.8  68.8 64.78
e
g:g?_;{ RGMS (66.0) (64.8) (62.4) (68.5) (68.8) (66.10)
~
35 TK 59.3 58,3 54.2  56.1  65.6 58.70
1 ;
Anterior 0 ¢ s58.56 53.87 56.69 54.91 54.02
patients
Posterior  o» -, g9 30 58.70 63.47 67.73 63.19
patients
All 51.37 59.68  55.32 58.72 58.76 56.77
patients i 5 - ' 8 :

Notes: 1) These T-scores have a mean of 50 and a standard
deviation of 10; standardized for a population of 150
aphasics (Kertesz and Poole 1974).

2) Bracketed figures were obtained by rescoring
(cf. Chapter II, p. 16).

3) COMPR. = comprehension; REPET. = repetition;
INFORM. = amount of information conveyed by spontaneous
speech.
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VOWEL NUCLEI FREQUENCIES

APPENDIX III

IN THE NORMAL RUNNING SPEECH SAMPLE

STRESSED UNSTRESSED TOTAL
N % N % N %
[v] 65 13.3 146 12.1 211 12.5
kel 70 14.3 218 18.1 288 17:0
[e'] 49 10.0 33 Ay 82 4.9
[e] 58 11.9 53 .4 Iii 6.6
[=] 53 10.9 70 5.8 123 1:3
[2] 24 4.9 425 35.4 449 26.6
[u] 25 5.1 35 2.9 60 3.6
[v] 11 2.5 45 2.7 56 5.5
[o"] 31 6.4 104 8.7 135 8.0
[5] 27 5.5 18 15 45 -1
[a] 75 15.4 55 4.6 130 7.7
TOTAL 488 100 1202 100 1690 100




APPENDIX IV

DISAGREEMENTS BETWEEN THE FINAL PRINT-OUT OF
THE VOWEL ERROR SAMPLE AND A RETRANSCRIPTION*

[71 [e'] [v1 [el [2] [o] [al [v] [o] [T] [o"] TOTAL

[T] 39 1 4 44
[e'] 12 2 14
[.] 2 . 23 2 1 i 20
[e] 1 6 30 2 1 40
[2] 1 26 27
[2] 6 2 1 57 1 1 3 71
[a] 2 4 40 1 47
[v] 2 3001 6
(=] 3 2 1 6
[u] 1 18 19
[o"] 1 1 3 2 24 29

TOTAL 41 15 30 37 31 64 42 6 5 22 30 323

*Both target and substitution sounds were sampled.
Note: Sounds are arranged according to the front-back
axis (Formant2) of aphasics (Table 8, p. 45).
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GLOSSARY AND ABBREVIATIONS

afferent conveying (e.g. neural
impulses) toward a nerve centre:
afferent pathways

aneurism or aneurysm a sac formed
through the dilation of a blood
vessel as a result of internal
pressure and a diseased vessel
wall

angiogram an X-ray photograph
showing the size and location of
the arteries and veins

anomia a loss in the ability to
recall the names of items or
concepts

anterior aphasias a group of
syndromes thought to result from
lesions in the irrigation area
of the upper division of the
middle cerebral artery
-also expressive aphasia, some-
times motor aphasia

apraxia a disorder of purposeful
non-verbal behaviour

approximation
approximation

see successive

arteriogram an X-ray photograph
showing the size and location
of the arteries

ataxic aphasia see motor aphasia

BACK a distinctive feature used
in generative phonology, specify-
ing a retraction of the body of
the tongue from its most relaxed
position -ant. NONBACK

band in acoustic spectrography,
a typical range of frequencies
scanned for the presence of
acoustic signals; in this study,
wide band was 300 Hz and narrow
band was 45 Hz.

barium paste a paste containing
barium sulfate, used as a con-
trast medium in X-ray photo-
graphy

Broca's aphasia an anterior
aphasia thought to be due to a
lesion focussing in Broca's area
and marked by a deficit in
fluency of verbal output

Broca's area [P.P. Broca, French
surgeon, 1824-1880] the third
frontal convolution of the brain
(Brodmann's area 44, cf. Figure
14, p.88), involved in premotor
processing of articulation
-cf. premotor cortex

Brodmann's areas [k. Brodmann,
German neurologist, 1868-1918]
areas of cytoarchitectonically
homogeneous brain tissue, identi-
fied by numbers

carotid artery the main ascending
artery that supplies blood to the
head -specifically internal
carotid artery or arteria carotis
interna the branch which sup-
plies blood mainly to the brain

cell in statistics, the smallest
subdivision of the data for
which measurements are collected

cell layers in the cytoarchitec-
ture of the grey matter of the
brain, sheets of tissue that show
homogeneous structure in neural
cells; six layers are usually
distinguished, layer I being the
closest to the surface.

central fissure see Rolandic
fissure

chi-square or x2 a statistical
measure for the difference
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between a set of expected and
observed values

cineradiography X-ray photo-
graphy on film

conduction aphasia a posterior
aphasia marked by a deficit in
Tepetition

constriction see oral vocal
tract constriction

correlation in statistics, a
relationship between two sets or
series, where the member of one
is associated with a correspond-
ing member in the other

craniotomy a removal of part of,
or incision into, the skull,
usually as a preliminary to brain
surgery

cytoarchitecture the organization
or structure of cells within
tissue, especially neural cells
in the central nervous system
-adj. cytoarchitectonic

dento-alveolar juncture the sur-
face on the inside of the oral
cavity where the teeth issue
from the alveolar process of the
maxilla

distinctive feature in phonology,
a2 specification of a sound along
one of a number of parameters,
such as height, backness, etc.

dysarthria a group of syndromes
of motor speech disorders, char-
acterized by imprecise articu-
lation and a number of additional
symptoms

efferent conveying (e.g. neural

impulses) away from a nerve centre:

efferent pathways

~cf. Darley et al. (1969)

120

electroencephalogram or EEG a
recording of the electrical
activity of various areas of
the brain, measurable at the
scalp

electromyography the measuring
of neuromuscular electrical
activity

embolism the sudden blocking of
a blood vessel by a clot or
other particle -adj. embolic

error in this study, any devia-
tion from the utterance form
that is presumably desired by
the speaker, including a sub-
stitution of a sound, a deletion
or an addition

expressive aphasia
aphasias

see anterior

extensor carpi radialis see
flexor carpi radialis

extrinsic muscles of the tongue
those muscles that join the body
of the tongue to various skele-
tal structures, such as the
genioglossus, the hyoglossus,
and the styloglossus (cf. Fig-
ure 12, p.82) =-cf. intrinsic
muscles of the tongue

feature see distinctive feature

flexor carpi radialis and extensor
carpi radialis a pair of muscles
responsible for the flexing and
extending of the hand at the
wrist

formant any of a number of pro-
minent resonance bands deter-
mined through a frequency analy-
sis of speech sounds, identified
by numbers: Formant -cf. spec-
1
trography



genioglossus or musculus genio-
glossus see extrinsic muscles
of the tongue

hematoma a swelling or a tumor
containing blood -subdural
hematoma, such a swelling below
the dura mater

hemianopia or hemianopsia a loss
of visual capacity in half of the
visual field; in the case of
cortical origin, usually due to

a unilateral lesion in the contra-

lateral occipital lobe

hemiplegia paralysis on one side
of the body; in the case of cort-
ical origin, usually due to a

unilateral lesion in the posterior

portion of the contralateral
frontal lobe

HIGH a distinctive feature used
in generative phonology, specify-
ing a raising of the body of the
tongue above a midposition
-ant. NONHIGH

homorganic in phonetics, produced
with the same oral vocal tract
configuration: [t] is an anterior

stop and [n] its homorganic nasal.

hyoglossus or musculus hyoglossus
see extrinsic muscles of the
tongue

infarct a condition of insuffi-
cient blood supply; in the case
of a cerebral infarct, such a
condition causes a neural deficit
in the area of irrigation of the
deficient artery.

insult any attack or injury to
the body

intrinsic muscles of the tongue
muscles that serve to bunch the
tongue body, or curl, twist, de-
flect and shorten it; they are
situated within the tongue body.

iZ2l

~cf. extrinsic muscles of the
tongue

LOW a distinctive feature used
in generative phonology, speci-
fying a lowering of the body
of the tongue below a mid-
position -ant. NONLOW

lowering see oral vocal tract
constriction

markedness in linguistics, a
specification of which aspects
are more overtly signalled than
others; for instance, the [%]
sound in 'measure' is very in-
frequent in English and ac-
quired late in life. It is
thus said to be a marked sound,
while [a] does not stand out in
such a way and is thus said to
be unmarked, or less marked.

marking in linguistics, a change
towards a more marked, or the
marked, condition
-cf. markedness

middle cerebral artery or arteria
cerebri media a branch of the
cerebral artery that supplies
blood mainly to the frontal,
parietal and temporal lobes of
the brain; typical branches:
upper and lower division tem-
poral branch (cf. Figure 1, p.6)

monopitch a loss in variation
of the intonational contour

motor aphasia an anterior apha-
sia, particularly one marked by
articulatory deficits -also oral
verbal apraxia, verbal apraxia,
ataxic aphasia

motor-sensory cortex a band of
cytoarchitectonically homogene-
ous neural tissue that lies
anterior to the Rolandic fis-
sure and contains cells that



effect movement (Brodmann's
area 4, Figure 14, p.88)
-also precentral cortex

opening see oral vocal tract
constriction

oral verbal apraxia see
motor aphasia

oral vocal tract constriction
in this study, the closest
distance between the body of
the tongue and the palate;
usually, widening this dis-
tance involves lowering the
tongue.

orbicularis oris muscle or
okbicular muscle of the mouth
a muscle encircling the mouth
that rounds and protrudes the
lips.

palatoglossus muscle or
musculus palatoglossus

a muscle between the sides of
the tongue and the soft palate,
forming the fauces; it may aid
in elevating the tongue by
constricting the fauces.

paradigmatic error in this =
study, an error which is most
easily analyzed as a substitution
that has not been subjected to
obvious influences from preceding
or succeeding sounds.

Pearson product-moment corre-
lation coefficient or Pearson r
[k. Pearson, British mathema-
tician, 1857-1936] a statisti-
cal measure for the degree of
correlation found in two series
that show measurable degrees of
the attribute(s) to be tested

postcentral articulatory area

a section at the foot of the
sensory-motor cortex most imme-
diately concerned with proprio-
ception from the oral vocal tract
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posterior aphasias a group of
syndromes thought to result from
lesions in the irrigation area
of the lower division of the
middle cerebral artery
-also receptive aphasia, sensory
aphasia

precentral articulatory area
a section at the foot of the
motor-sensory cortex most imme-
diately concerned with articu-
lation

premorbid occurring before insult

premotor cortex a band of cyto-
architectonically similar neural
tissue that lies anterior to the
motor-sensory cortex and contains
cells that are probably concerned
with the integration and organi-
zation of movement (Brodmann's
areas 6 and 44, Figure 14, p.88)
-cf. Broca's area

proprioceptive feedback or pro-
prioception information concern-
ing the movements and position of
various parts of the body.

pseudobulbar palsy a paralytic
condition affecting facial mus-
cles and control over vocal
tract organs, thought to be due
to a lesion of pyramidal motor
cells.

pyramidal cells 1large pyramid-
shaped neural cells

receptive aphasia
aphasias

REDUCTION in generative phonology,
a rule which substitutes a mid-
central vowel for other vowels
under specified conditions, in-
cluding lack of stress

see posterior

risorius muscle or musculus riso-
rius a muscle that spreads the
lips and moves the angle of the
mouth laterally



Rolandic or central fissure or
sulcus centralis [L. Rolando
Italian anatomist, 1773-1831]

a groove marking the boundary
between the frontal and parie-
tal lobes of the brain, extend-
ing from the top of the brain to
the lateral midline

-ef. Figure 14, p.88

ROUND a distinctive feature used
in generative phonology, specify-
ing 2 narrowing of the lip open-
ing -ant. NONROUND

section or cross-section in spec-
trography, a display of the am-
plitudes at various frequencies
at a particular point in time

segmental in phonology, concerned
with small constituent parts of
an utterance such as sounds and
features -ant. suprasegmental
extending over several such con-
stituent parts, such as an in-
tonation contour

sensory aphasia
aphasias

see posterior

sensory-motor cortex a band of
cytoarchitectonically similar
neural tissue that lies pos-
terior to the Rolandic fis-
sure and contains cells that
register proprioceptive infor-
mation (Brodmann's areas 3, 1,
2 and 5, Figure 14, p. 88)
-also postcentral cortex

sonograph

Spearman rank correlation co-
efficient or Spearman r

[c. Spearman, British psycho-
logist, 1863-1945] a statistical
measure for the degree of
correlation found in two series
that can be ranked according to
the attribute(s) to be tested

see spectrography
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spectrography in acoustic pho-
netics, a method for dispersing
the sound wave into a spectrum of
acoustic frequencies, usually by
means of a device called sono-
graph

speech range estender a device
that slows down speech by insert-
ing white noise into the speech
signal at very rapid intervals

stress in linguistics, intensity
of utterance given to a speech
sound

styloglossus or musculus stylo-
glossus see extrinsic muscles
of the tongue

substitution in this study, an
error that involves substituting
a sound for a presumably desired
target sound

successive approximation (Frenchs
conduite d'approche) a series

of attempts, or approximations,
made by an aphasic patient to
articulate a desired utterance
target

supramarginal gyrus or gyrus
supramarginalis a convolution
of the brain that curves around
the posterior end of the sylvian
fissure

sylvian fussure or sulcus latera-
lis cerebri [F. de la Boe
(Sylvius), French anatomist,
1614-1672, or Jacobus Sylvius,
French anatomist, 1478-1555]

a cleft separating the temporal
and frontal lobes of the brain
and extending posteriorly to the
juncture of the temporal and
parietal lobes

~cf. Figure 14, p. 88



synkinesis an unintentional
movement accompanying a voli-
tional movement

syntagmatic error within this
study, an error which is most
easily analyzed within the con-
text of influence from preced-
ing or succeeding sounds

target in this study, the
utterance form that is pre-
sumably desired by the speaker

TENSE a distinctive feature used

in generative phonology, specify-

ing a deliberate, accurate and
maximally distinct gesture in-
volving considerable muscular

effort =-ant. NONTENSE (LAX)

triangularis muscle or musculus
depressor anguli oris a muscle
that spreads the 1lips and pulls
the angle of the mouth downward
and sideways

unmarking in linguistics, a
change towards a less marked,
or the unmarked, condition
-cf. markedness

verbal apraxia see motor aphasia

Wernicke's aphasia a posterior
aphasia thought to be due to a
lesion focussing in Wernicke's
area and marked by a deficit in
comprehension

Wernicke's area [k. Wernicke,
German neurologist, 1848-1905]
the superior temporal gyrus of
the brain (Brodmann's area 22,
ef. Figure 14, p.88), involved
in auditory processing
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o a symbol in
statistics; see Glass
and Stanley. 1970. P.281.

ant. antonym

x? chi-square

CVA cardiovascular accident

cvC consonant-vowel-conso-
nant

EEG electroencephalogram

Fi Formant 1

in microvolt

p a symbol in

statistics; see Glass
and Stanley. 1970. P.218.

r Pearson product-moment
correlation coefficient

T Spearman rank correla-
tion coefficient

v vowel

vce voice

sd standard deviation; see
Glass and Stanley. 1970.
P.82.

T-score a standardized score in
statistics; see Glass
and Stanley. 1970. P.88.

z a symbol in
statistics; see Glass
and Stanley. 1970. P.513.

Note: In the compilation of this
glossary, use was made of a
great many-different sources;
however, Dorland (1965) was re-
ferred to especially frequently.



PHONETIC SYMBOLS AND CONVENTIONS

Symbols
Pleretlc NS evampre | PITOELS OO e
CONSONANTS [e] E 'bed!
[&] G 'change' [2] @ ‘cat!
(3] J 'George’ [2] + 'about '
[6] TH 'think' [T] uw 'boot '
[a] DH 'those’ [v] U 'foot'
(8]  sH 'ship' [o"] oW 'rote’
(21 ZH *vision' [2] 0 'caught'
VOWELS : | [a] A e
[¥1 1Y "feet' DIPHTHONGS
[+] I Fit! [a"] AY 'kite'
[e'] EY Mlate!' [a"] AW ‘mouse’
[o0'] oY 'soil!

AS IN ENGLISH SPELLING
Ps T ks by ud; g5 £, Vi S5 25 YW, By 1 T 00, 0

Bracketing Conventions for Computer Print-Qut

) questionable utterances
< ... > successive approximations for a single target

<( ) Gwae }> disjunctive sections of the same succes-
sive approximation, interrupted by ex-
traneous comments

I marks primary stress on the succeeding vowel





