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ABSTRACT

Speech errors, or 'slips of the tongue'", have been
studied in attempts to understand the speech production
process, to investigate phonological units and rules, and
to provide insights into historical linguistic change.
The present study examines speech errors and their rela-
tion to segment durations in word-initial /sp, st, sk/-
clusters produced under rapid repetition conditions by

six adult native speakers of English.

Fifty percent of the errors produced could be classi-
fied as repetition errors; these were examined for duration
in the initial clusters, both error and corrected productions.
General results following from analysis of the data were:

(1) Error clusters and their component segments were con-
sistently longer in duration than their subsequent and imme-
diate corrections. |

(2) The clusters /sp/ and /sk/ are longer than /st/, which
may be attributable to the faster moving, more highly inner-
vated tongue tip musculature involved in the production of
/s/ and /t/, compared with the heterorganic clusters.

(3) The stop consonant in a given cluster appears to deter-
mine the overall cluster duration, since the duration of /s/

remains fairly constant irrespective of context.

In light of the results, it was speculated that the ex-

cessive duration of the cluster (or of its component parts)
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violated a timing constraint on the production of an utter-
ance, necessitaﬁing recalibration and éorfection of the
error. It was further inferred that feedback must be present
in order for the system to recognize the duration error, to
compare it with planned output, and finally to execute a

correction.

Two types of feedback were considered nécessary for the
adequate functioning of a speech production model, which
would also allow for speech perception: (a) continuous
auditory feedback, which is supplemented by (b) intermittent
proprioceptive feedback, both of which are used in perceiving
input :and manipulating output. Such a system provides a
plausible account of speech error production as described
in this study. The hypothesized variable servomonitor system
advocated here (and in other studies) in general provides an
efficient means for producing, monitoring and correcting

speech production.
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CHAPTER 1
INTRODUCTION

1.0 Introduction

A speech er?or can be, and has been, variously‘described_
as a "spoonerism” (after the Revd. William’Spooner), a "port-
manteau'" word (coined by Lewis Carrol;) or a "slip of the
tongue'" and can best be defihed as "én unintentional linguis-
tic innovation'" (Sturtevant, 1947, p. 38)1 Speech errors are
constrained by the grammar and phonology of a given language,
and because ofAthese constraints they are to a certain degree

predictable and non-random (Fromkin, 1973, p. 113).

Authors such as Shakespeare, Rabelais and Lewis Carroll
used speech errors in their works to achieve humourous ends.
Freud believed that these disturbances of speech were‘"the
result of complicated psychical influences, of elements
outside the same word, sentence or sequence of spoken words"
(Freud, 1924; cited in Fromkin, 1973, p. 110). Speech errors
have also been studied.in,the hope that such would provide
insight into historical linguistic change (Sturtevant, 1947),
in attempts to understand the speech production process more
fully (Boom;r & Laver, 1968; Fromkin, 1968, 1971; Nooteboomn,
1969), and to investigate the possible bases for certain

phonological units and rules (Fromkin, 1968, 1971).



Few investigators have speculated as to the underlying
cause of speech errors, although Meringer (1908) tried --
and_failed’-- to correlate error produétion with numerous
variables, such as rate of speech and time of day. While
speech errofs have been used as a vehicle for inveétigating
various speech processes, this temporary "breakdown and re-
calibration'" process in which the system is involved can be
studied in its own right; i.e., an examination of thé in-.
frinsic structure of speechlerrors is logicaliy prior to

their use for other purposes.

The methbdologies employed to collect speech error data,
as well as the subsequent classifications of svch data, have
been many and diverse. The speech errors collectéd in the
present study, for example,bcould be classified and éccounted
for almost entirely by the descriptions provided in Fairbanks
and Guttman (1958); with regard specifically fo the "repeti-
tion errors'" found in the present study, researchers in the
field of delayed auditory feedback (DAF) have encounteréd a
similar phenomenon which they have labelled "artificial
stutter" (cf. Lee, 1951). In the DAF literature, it has
. been noted that subjects require a '"turn around time" (i.e.,
a delay in which a subjecf can produce a repetition after a
first production), and this delay time could have a neuro-
physiological basis, such as that proposed by Kent and Moll

(1975).



An examination of the literature pertaining to fuhé-‘
tional neuroanatomy and the neurophysiology of motor res-
ponées (e.g., Bowman, 1971; Abbs, 1973) suggests that this
delay arises as a result of cortically controlled motor
mechanisms.(gamma and alpha motor systems); i.e., delay time
might be accounted for by means of a gamma ''delay" loop for
feedback from the position and movement of the artigulators

(tongue, jaw, etc.) during speech.

1.1 Review of the Literature - Introduction

The literature relevant tb this study will be discussed
in four sections: (1) &a outline of the functional neuro-
anatomy of speech, (2) feedback mechanisms, (3) speech errors,
and (4) tiﬁing of speech. The fifth section will provide a
discussion and summary of models of speech production in an
attempt to synthesize information from the above-mentioned

disciplines.

1.2 Functional Neuroanatomy of Speech

As has often been noted (e.g., MacNeilage, 1972, pp.
6-7), the importance of physiological mechanisms for speech
is their interaction in the production of an acoustiﬁ out-
put which has communicative significance. In this section
a brief overview of some of the main areas of the brain with
specific significance in generating speech will be discussed,
as well as the central nervous system, the peripheral nervous

system and the sensory and motor tracts, all of which make



up the pathways for speech. The discussion will descend,
anaﬁomically speaking, from the cortex to the thalamus and
on downward through the midbrain, pons, medulla, cerebellum,

cranial nerves and spinal cord.

1.21 Central Nervous System

The cerebral cortex is to be regarded as the supreme
manipulator of motor neuron impulses resulting' in speech.
This idea has been debated for several dgcades,vculminating
with the notion that the central nervous system (CNS) can
be regarded "as a series of functional arcs in which sub-
cortical centers are in a reciprocal relationship with corti-
cal areas'" (Berry § Eisenson, 1956, p. 45; cf. also Penfield
VG Roberts, 1959, p. 15). These arcs.are claimed to interact
with one another and not exclusively with the cortex. This
view of the CNS as an input-output reflex arc’ is now, how-
ever, somewhat outmoded: Pribram (1971) has described the
presence of feedback and feedforward mechanisms of the CNS
which contrcl receptor functions and has hypothesized a
functional "Test-Operate-Test-Exit" servomechanism, which
matches input against the output target. Whichever §ystem_
is at work in the CNS, the result is a complex interactive

process: speech.

Auditory perception, which is used for learning and
maintaining speech, is believed to be found in the auditdry

reception area (Brodmann's Area 22). It is within this area



that an individual may perceive sounds but not decode their
meaning, this latter function being accomplished in Wer-
nicke's area (Area 41-42):

"In the auditosensory area [Areé 22] auditory
impressions reach consciousness as sounds, and
their loudnéss, quality and pitch can be differ-
entiated. The direction from which the sound
comes and its character, whether rhythmical or
érhythmical, are also determined by this part of
the cortex. The significance and the source of
the sound, however, require the adjoining audito-
psychic area for their elucidation .... In this
area [Areas 41-42] auditory impressions receive
their interpretation and can be differentiated
from one another, as regards their probable source
and origin, by association with past experience."
(Johnston § Whillis, 1954, p. 1037)

It has been demonstrated in recent years that loudness, qual-

ity and pitch can also be differentiated sub-cortically.

In the parietal lobe are Areas 1-3 which make possible
awareness of touch, pressufe, temperature and muscle moVement.
An awareness of tongue movements in articulation may be pro-
jected from here to speech areas and '"'may be one of the chief
stimuli in provoking 6r continuing speech" (Berry G>Eisenson,

1956, p. 56).

The motor projection area for voluntary movement (Area 4)
has a large percentage devoted to phonatory and articulatory

movement which sends impulses via this pyramidal tract to the



muscles of the jaw, lips, tongue, larynx and pharynx.

Area 6, the extrapyramidal area, produces refinement in
motor behaviour such as the sequencing of vocal fold adduc-
tion, resonance and articulation, or the qualities of intona-

tion and rhythm.

Area 44, Broca's area, i§ where fibres from other'areas
concerned with the speech process synapse and.then proceed
to the motor projection areas for the muscles of speech.
Other areas which may be similar in function to Area 44 are
Areas 7A, 7B and 7C, the last of which is concerned with the
thalamus and with integration of emotional expression into

speech.

Areas 8-11, the frontal ideational association areas,
are called upon to integrate past experience, abstract

thinking, réasoning and ideas into speech.

The striate bodies, comprised of the caudate, lenticular
and amygdalcid nuclei, together with the cortex and the
thalamus, probably act as one unit or arc (cf. Penfield §
Rasmussen, 1950, pp. 106-107). The caudate and lenficular
nuclei belong to the extrapyramidal system, and their axons
run to motor nuclei of the brain stem concerned with innerva-

ticn of the muscles of the tongue, face, larynx and pharynx.

The highest integrative mechanism for speech may, as

Penfield and Rasmussen (1950, p. 219) suggest, "be situated



in some cerebral area, such as the thalémus, and not in
either cerebral cortex'". All sensory tracts have a rélay
station in the thalamus. Sensory-emotional responses, the
'quality of the voice, fécial expression and subtle body
gestures, as well as conceptual patterns of form, si:ze,
quality, intensity and texture, are organized here for trans-

mission to the cortex.

The midbrain contains fhe substantia nigra and red
nuclei, which are part of the extrapyramidal syétem, and the
cerebral peduncles, which contain the pyramidal tracts. The
pyramidal tract is made up of the corticospinal fibres which
run from the motor cortex to the spinal cord. This tract has
control over the speech muscles of the head and neck through
cranial nerves V, VII, IX, X and XII. The extrapyvramidal
system is chiefly made up of the structures other than the
cortex which send impulses to the spinal cord; i.e., stfiate
bodies, cerebellum, red nucleus, substantia nigra, etc.

(cf. Netter, 1974). The substantia nigra and the red nuclei
have th—way'connections with the striate bodies, thalamus
and premotor area of the cortex. The substantia nigra is
believed to control the muscles of facial expression, and

the red nuclei in association with the cerebellum control the

gradation and timing of muscular contraction.

The pons, located just below the midbrain, contains sen-

sory and motor pathways, as well as the reticular formation,



which is linked with the cerebellum and striate bodies,

making up part of the extrapyramidal system. The pneumotaxic
centre of the pons is connected to the hypothalamus and stim-
ulates exhalation and maintains respiratofy rhythm for speech.
The trigemihal sensory complex is the principle sensory nu-
cleus of the trigeminal (Vth) nerve in the pons. The motor
nuclei of the facial and trigeminal nerves in the pons inner-
vate Volﬁntary facial speech musculature and muscles of masti-

cation, respectively.

The medulla contains the centres which control the res-
piratory and tirculatory systems and also regulate rate and
thythm of breathing for speech. These centres respond to
incoming sensory impulses from the diaphragm and from the
aortic and carotid capillaries. The lower motor neurons of
the medulla innervate muscles of the mouth, pharynx and
larynx for speech production via specific craﬂial nerves (to
be discussed}below). The medulla contains the nucleus soli-
tarius which receives afferent (sensory) fibres from thé fa-
cial, vagus, and glossopharyngeal nerves. The hypoglossal
nucleus of the medulla supplies innervation to tongue muscles.
The nucleus ambiguus sends fibres through the glossopharyn-

. geal, vagus, and spinal aécessory nerves to supply muscles of

the pharynx and larynx.

The cerebellum,part of the extrapyramidal system, is --
in addition to providing for fine motor coordination in

general -- of importance in speech production, by elaborately



controlling voluntary muscle movements, e.g., in the modula-

tion of phonation and articulation.

The spinal cord cdnducts sensory impulses to higﬁer
centres, such as the cerebellum and the thélamus. It also
mediates control of motor activities of tﬁe body below‘the
face and neck (e.g., posture, movements and gestﬁre). ~The
spinal cord acts as an integrating centre for many }eflex

patterns.

1.22 Peripheral Nervous System

The cranial nerves directly associated with speech
mechanisms are the triggminal (V), facial (VII), glosso-
pharyngeal (IX), vagus (X), accessory (XI) and hypoglossal
(X11).

The trigeminal nerve (V), containing both sensory and
motor fibres important to the articulatory movements of
speech, transmits sensations of movement from the muscles of
mastication of the jaw, sensations of touch, temperature and

pain from the face, and voluntary motor impulses to the jaw.-

The facial nerve (VII), as well as cranial nerves IX-XII,
has motor fibres innervating the muscles of speech production
mechanisms. The facial nerve itself supplies tﬁe striated
muscles of the face, the stflohyoid muscle and the stapedius

muscles.
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The glossopharyngeal nerve (IX) innervates the stylo-
pharyngeus muscle, which aids in velar closure. It likewise

mediates proprioception of the posterior third of the tongue.

The vagus nerve (X), in conjunction with cranial nerves
IX and XI, innervates the voluntary muscles of the pharynx
and larynx involved in speech. Sensory impulses, transmitting
proprioceptive information to the medulla, cerebellum and
other parts of the extrapyramidal tract, can effect fine cb-
ordination, graded contraction and tonic control necessary

for speech.

‘The spinal accesscry nerve (XI) assists the vagus in
motor control of the pharynx and larynx and innervates the
trapezius and sternomastoid muscles necessary for speech

breathing. >

Cranial nerve XII, the hypoglossal, inﬁervates the stri-
ated muscles of the tongue. These muscles concerned with
voluntary movements of the tongue are the genioglossus, geni-
ohyoid, hyoglossus, stylohyoid, styloglossus, and palatoglos-

sSus.

There are thirty-cne pairs of spinal nerves, which
‘transmit both sensory and motor information. The most impor-
tant role of these nerves in speech production consists of
sending motor (efferent) impulses to activate the muscles of

breathing for speech.
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1.23 Sensory Tracts

It is of importance to this discﬁssion to remember that
proprioception (muscle position, tension and movement) is
responsible for the rate, force, direction and extent of
voiuntary movements. One of the largest systems of sensory
tracts transmitting such information consists of the ventral

and lateral spinothalamic tracts.

As an example of relayé along a sensory fract, we will
utilize the auditory pathway. The stimulus is transformed
into an electrochemical impulse in the cochlea, and the first
synapse 1is located in the cochlear nucleus of the medulla.
The fibre tract ascends in the lateral lemniscus through the
pons to the midbrain. There is another synapse in the infer-
ior colliculus and a final one in the medial geniculate body
of the thalamus, from whiéh the information then passés to
‘the auditory reception area (Area 22) and to other areas in

the cortex.

While the auditory impulse is being transmitted, propri-
oceptive impulses from muscles in the tongﬁe, lips and jaw
(among others) are reporting shifts in positién and tension
which will be used in the.production of speech (cf. Berry §

Eisenson, 1956).

It is worth noting here the differences between efferent
and afferent tracts. An éfferent, or sensory, tract conducts

an impulse from the periphery towards the cortex, while an
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efferent, or motor, tract conducts impulses from the CNS to

efferent nerve endings in muscles.

1.24 Motor Systems

Two tracts comprising the pyramidal system, the corti-
cospinal and corticobulbar tracts, originate in the motor

and premotor areas of the cortex.

The corticobulbar tract is important for speech pro-
duction, since it activates the muscles of the tongue, lips,

jaw, pharynx and larynx.

‘The corticospinal tract, having cell bodies in the pre-
central gyrus (i.e., in the frontal lobe) of the cortex, makes
its way via the internal capsule (a fibre tract) to the cere-
bral peduncles (i.e., a crossing of several fibre tracts) in
the midbrain. This fibre tract decussates,'of crosses,vin
the medulla and then passes into the spinél cbrd, synapsing
with motor cells effecting Voluntafy muscie contraction. The
corticobulbar tract follows the same route until it passes
into the pons and medulla, synapsing with lower motor neurons
of cranial nerves V and VII-XII. From here fibres of this

tract continue on to innervate the muscles of speech.

The extrapyramidal system 1is also vital to the finely
coordinated motor activity necesséry for speech. 1Its organi-
zation 1is described by Grinker and Bucy (1949, p. 274) as

follows:
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""All of these subcortical structures which are
recipients. of impulses from the precentral cor-
tex have two principal projection systems.

1) They project to the lateral nucleus of the
thalamus and thence back to the precentral re-
gion (cortex) and 2) they have a descending
pathway down the spinal cord to the anterior
horn cells. ... [The necessity of this systenm
for speech activities is that it] controls;
activates, and inhibits the associated muscula-
ture or pfotagonistic muscles which must be appro-
priately contracted. ... It controls the reflex
innervation of the skeletal muscles to produce
what is'commonly known as tone." [Cited in Berry
& Eisenson, 1956, p. 71]

As can be deduced from the above discussion of neuro-
anatomical structures and their functions, speech can be re-
garded as ‘a very complex integrative process, encompassing
not only motor systems for its production, but élso sensory
monitoring systems, which are to be discussed in more detail

in the following section.

1.3 Feedback Mechanisms

1.30 Introduction

The goal of this section is an appreciation of the neuro-
physiological basis for peripheral proprioceptive/kinesthetic
feedback systems in operation during the speecﬁ act. The pre-
sentation here is germane to the discussion .of models of»speech

production in Section 1.6. Researchers, such as Abbs (1973),
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Hardy (1970) and Eowman (1971; cf. Smith's 1973 review of
Bowman), have contributed most of the information discussed
in this section. The auditory system as a feedback mechan-
ism for speech is also discussed hefe, and the main body of
this seétioh's presentation comprises an introduction to the

gamma, or spindle, motor system and its import for feedback.

1.31 The Gamma/Spindle Motor System

"The gamma-loop can be considered as the gamma
efferent fibers, the spindle fiber controlled by
the efferent fibers, and the synaptic connections
made by the spindle afferent with alpha motoneurons
(after Smith, 1969)." (Abbs, 1973, p. 176)

A muscle spindle is a small cylindrical body to the main
body of the muscle. It contains intrafusal and extrafusal
muscle fibres. The motor innervation of the body of a muscle
is carried out by alpha motcaeurons in the cortex, while in-
nervation of muscle spindles is carried out by gamma moto-
neurons. Sensovy neurons in the muscle spindle'form a mono-

synaptic reflex arc with alpha motoneurons.

It is instructive at this point to cite directly from
Smith's (1973) summary of the major points in Bowman's (1971)
work concerning the gamma motor system:

""Most muscles;'including many but not all of the
muscles innervated by the cranial nerves, contain
small fusiform receptors known as muscle spindles.
The spindles- are located mechanically in parallel
with the muscle tibers, which are célled extrafusal
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fibers in this context. The spindle sends in-
formation back to the central nervous system
(CNS) over two types of fibers: large diameter
group Ia fiberé, and somewhat smaller group II
fibers. The afferent information, which can
arise for example when the spindle is stretched,
- indicates in a relative sense both the length
of the muscle (group Ia and group II fibers)
and the rate of change of muscle length (group
Ia fibers only). Extrafusal muscle fibers
receive their motor innervation from large dia-
meter alpha fibers, which are axons of alpha
motoneurones in the spinal cord or brainstem
motor nucleus. Spindles also contain muscle
(contractile) fibers, called intrafusal fibers.
They receive their innervation from gamma fibers
(axons of gamma motoneurones). The gamma in-
nervation of the spindle is a complex issue,
and is not at present completely understood.
The alpha and gamma motor systems in mammals
are anatomically and functionally distinct. The
spindle with its associated afferent and motor
nerve supplies is considered to be one of the
most important mechanisms regulating the stability
‘and accuracy of muscle contraction. An accurate
understanding of the functioning of this system
is thus obviously important for detailed neuro-
muscular studies of the speech production appara-
tus." (Smith, 1973, p. 172)

Of similar import is the work of Merton (1953; cited by
Abbs, 1973), who claims that the spindle motor system can pro-
duce output proportional to the length error between extra-

fusal and intrafusal fibre systems. The error signal is
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transmitted to the motoneurons of the extrafusal fibreé as
"negative feedback". The muscle.length is then indirectly
coﬁtrolled by contraction of the spindie fibres. Abbs (1973)
gbes on to note that a common misunderstanding of the spindle
motor systém for feedback in speech is that many investigators
feel it to be a peripheral neuromotbr network. In supporf of
this contention, Abbs cites Mortimer and Akert's (1961) find-
ings from research with primates which confirms that '"gamma
motoneurons have discrete areas of cortical réptesentation
very similar to those of alpha motoneurons and in some cases
the two types are excited by the same cortical région. Such
representation suggests, not a diffuse facilitory action from
the spindle motor system, but a detailed cortically controlled

function” (Abbs, 1973, p. 178).

It is perhaps the role of the cerebellum, which receives
afferent muscle impulses from the brainstemvand-cortex, to
coordinate motor and sensory activity (cf. Ruch et al., 1967;

cited in Abbs, 1973, p. 178). From pathological conditions of
-the cerebellum it has been noted to control precision of rate,
range, force and direction of Voluntary motion.

In sum:

""the spindle motor system is.not simply a peripheral
control mechanism that serves only to modulate more
central activities. The [available] data ... would
suggest that this system has the functional repre-
sentation to interact with alpha motoneuron systems
in the cortical and subcortical generation of speech
movements. Indeed, Gfanit, as early as 1955, sug-
gestéd existence of separate but interacting control
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of gamma and alpha motoneurons at higher neuromotor
centers.'" (Abbs, 1973, p. 178)

Abbs mentioned the hesitation of-maﬁy speech-production
researchers. to assign the role of "detection and correction'
of-speech errors to the gamma-loop because of the relatively
long delay time involved. The contribution of primary spindle
afferent fibres and the specific role of the spindle.motot
system in movemént control are considered. .As mentioned above,
group Ia afferent spindles relay information on rate of length
change of the muscle, and thus length can be anticipated and
problems of overshoot or oscillation avoided. Consideration
of the role of these group Ia fibres, especially that of feed-
back delay, leads to an awareness of a servofunction for the
gamma efferent system (cf. Abbs, 1973, p. 179). In this re-
gard Fairbanks (1954) postulated a model for speech in terms
of a servosystem (see also Section 1.6 below)} such a model
compares output to input and adjusts input accordingly in
this closed-loop system. Von Euler (1966; cited in Abbé,
1973, p. 179) supports the notion of a servosystem with work
on muscle spindles in the intercostal muscles of the chest,
in which firing rate of alpha motoneurons inéreases with
. increased rate of respiration. Thus,‘

"A continuous error signal that modulates
centrally generated alpha activity could provide
a basis for the continuous correction of intended
muscle length .as set by the independently activated
gamma motor fibers.'" - (Abbs, 1973, p. 179)
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In spite of its predictive'powers, a simple servo
model cannot explain continuous control in production of
short rapid muscle movements, such as those necessary'for
speech. The delay '"loop" in humansAis around 20-80 ms
(cf. Campbeil, 1968; Alston et al., 1967; Sears § Newsome
Davis, 1968: all cited in Abbs, 1973, p. 179), and some |
speech movements are complieted in less time, such as those
involving tongue tip, which are often initiated and completed"

in less than 50 ms.

Stark (1968; cited in Abbs, 1973, p. 180) has suggested
that the spindle (gamma) system is used when '"continuous'" con-
. trol is required, and the alpha system may operate when high
speed or ballistic-type movement is required. Research by
many investigators (for details, see Abbs, 1973, pp. 180-181)
led Abbs to summarize the possible role of the spindle motor

system as a '"'variable" servo model, in the following terms:

s

""the spindle motor system operates (1) when the
muscle is disturbed in an isometric state [i.e.,
‘when the ends of the muscle are fixed in place and
increase in tension occurs without appreciable in-
creases in length] or during controlled isotonic
contraction [i.e., when the total muscle is of equal
tension] by an unexpected force (that is, the spindle
System attempts to maintain length or a certain rate
of change in length), (2) to develop speed in the
initiation of contraction, and (3) to provide anta-
gonistic facilitation to damp movement and prevent
overshoot." (Abbs, 1973, p. 181)"
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1.32 Auditory Feedback

The first suggestion that auditory feedback may be in-
volved in speech monitoring and ﬁroduction, in terms of the
effects of delayed auditory feedback on speech, was suggested
by Lee (1950, 1951) and Black (1951). Other speech production
models employing auditofy feedback'were proposed by Fairbanks
(1954) and Chasg (1958). Their model; will be discussed be-

low in Section 1.6,

Van Riper (1971) speculates about the role of auditory
feedback for speech produétion. Acknowledging the contro-
verSy'between continuous and intermittent monitoring of speech,
Van Riper views speech as operating like a servosystem ﬁnder
ordinary conditions and claims that:

- "Information about the speech output is returned
to the central integfating mechanism through six
auditory channels, via the right and left feedback
routes from (1) airborne side-tone, (2) bone-conducted
side-tone, and (3) tissue connected side-tone. Other
feedback signéls come from the kinesthetic-tactile-
proprioceptive sensors on both sides of the body.
Stromsta (1962) showed that auditory feedback signals
in these different channels arrive at markedly differ-
ent times and that thé temporal information-processing
of speech output by the brain is very complex. Some
central mechanisms for integrating all these feedback
signals must be present, although their nature is
not yet known." (Van Riper, 1971, p. 383)

Hardy (1970) discussed the importance of auditofy moni -

toring for maintenance of speech production. He considered
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the congenitally deaf who do not usually develop intelligible
speech and the adven;itiously deaf (i.e., deafened after
learning td speak) who show a slow deterioration of the speech
process (cf, Sataloff, 1966; cited by Hardy, 1970, p. 50).
Hardy supported the belief (after Chase, 1958, and others)
that the auditory signal is part of the total sensory exper-
ience used in generating speech with complete informgtion about

speech musculature patterning contained in the speech "target".

Lombard (cited in Hardy, 1970, p. 51), who blbcked audi-
tory feedback by masking the subjects' speech with high in-
tensity noise; found that -- other than raising the intensity
level of the voice --‘speakers showed little disruption of arti-
culation. This led Hardy to reject Fairbanks's (1954) model
of closed-loop feedback for speech, where the system would be
dependent on auditory feedback at all times. Perhaps -the
speaker; in raising his voice, is,adjusting his auditory feed-
back level so that it is audible under such conditions, at
least via bone conduction. The adventitiously deafened speaker
does nbt lose speech immediately, in spite of the auditory
feedback having been lost. Hardy's concluéion may shed some
light on these considerations:

"it must be concluded that intraoral sensations can
provide cues for positioning of the speech muscula-

- ture once the appropriate patterning has been learned,‘
and they can continue to do so in the absence of
auditory feedback."  (Hardy, 1970, p. 51)
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1.33 Summary

To synthesize information from Section 1.2 on neuro-
physiology and from this section, a speculative comment from
Konigsmark (1970), based on his knowledge of neural struc-
tures and their connections, is appropriate at this time:

"The integrative activity resulting in speech
probably begins in the cerebral cortex with a con-
cept which can be vocalized. Broca's area in the
cortex may then be influenced to initiate the
speech process. Projections from this cortical
region go to the motor cortex. From here a major
projection courses to the motor nuclei involved in
_spéech, fhat is, rheAhypoglossal nucleus, the nu-
cleus ambiguus, the facial nucleus, and the motor
nucleus of the Vth nerve. At the same time, fibers
from the cerebral cortex project to the basal gang-
lia, and to the cerebellar cortex via the pontis
[pons]. These projections probably function to
smcoth. and to create the necessary motor tonus for
vocalization. Projections from Broca's area to
the respiratory motor area may cocordinate this acti-
vity with speech.

"Neurons in the hypoglossal nucleus, nucleus
ambiguus, facial nucleus, and motor nucleus of the
Vth nerve are played upon by projections from the
precentral gyrus and by the cercecbellar cortex via
the red nucleus. Also, shorter connections inter-
connect these nuclei with one another, possibly
aiding in their coordinated activity. Fibers from
these nuclei act upon the musculature of the tongue,
larynx, mouth, and jaw to produce speech.

"Sensory endings in the mucosa and musculature
of the tongue, larynx, mouth, and jaw are activated
by touch, pressure, and position. This information

/
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is fed into the dorsal horns of the spinal cord, .
the nucleus solitarius, and to the trigeminal
sensory complex. These structures are also in-
fluenced by the cerebral cortex and reticular

| formation, possibly enhancing or dampening their
activity, as the occasion demands. These sen-
sory nuclei then project to the ventral posterior
medial nucleus of the thalamus, and then to the
postcentral gyrus of the cortex. _

"Auditory feedback of what is being said pro-

jects to the transverse temporal gyri. From these
gyri there are projections to the motor cortex,
allowing a comparison of the results of speech aﬁd
possibly influencing the motor production of speech."

- (Konigsmark, 1970, p. 17)

1.4 Speech Errors

As defined by Boomer and Laver (1968), a '"slip of the
tongue ... is an involuntary deviation in performance from
the speaker's current phonological, grammatical or lexical

intention" (Fromkin, 1971, p. 29).

Linguistically, speech errors have.been studied for sev-
eral reasons: (1) to provide important clues for language
change, to provide a source for studying historical linguistic
change, as suggested by Hermann Paul (Sturtevant, 1917; MacKay,
1970); (2) to understana betfer the speech production process
via the mechanisms of speech (Boomer § Laver, 1968; Fromkin,
1968; Nooteboom, 1969); and (3) fo draw a distinction between
'”coﬁﬁeﬁehée“ and '"performance' and to demonStrate the reality

of phonological units and rules (Fromkin, 1968).



Speech errors can occur whenever speech is used.
Meringer (1908) recorded, along with the speech errors, the
speaker's Birthdate, his educational background, state of
health, degree of tiredness, rate of speech, and the time
of day at which such errors occurred, onlf to find that there
was no correlation of any of these factors with the errors ob-

served.

Several investigators have devofed time to classifying
speech errors into such categories as miéordering,>omission
or replacement of a unit (Boomer & Laver, 1968), or into phon-
emic vs non-phonemic errors (Nooteboom, 1969). Fromkin (1971)
considers errors, not for purposes of classificat?on,.but as
evidence for underlying units in speech, such as syllabie,

phoneme and feature.

From Fromkin's (1968) research on speech'errors,.one can
see that such errors obey rules of the grammar and are not ran-
domly generated. Her resﬁits show that: (1) features, seg-
ments and syllables make up units of production; (2) segments
in a syllable are ordered, and this order is not violated in
the production of an érror; (3) morphemes or words of the same
class (i.eﬁ, roots, affixes, etc.) are usually interchanged
with oﬁe anéther; (4) intonation and primary word stress re-
main in the same position, regardless of the error; (5) mor-
phological and phonetic or phonological constraints are placed
on a wordvat different times in the generation of an utterance;
(6) non-permissible phcnetic seguences (i.e., those not char-

acteristic of the language) do not occur; (7) semantic .
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features may be displaced, resulting in a semantic error;
and (8) words with similarity of phonological form are likely

candidates for substitution as an error (cf. Ffomkin, 1971).

As Fromkin (1971) and MacKay (197@) have noted, speech
errors are more likely to occur between words that contain
similar phonetic elemenﬁs. It has also been noted that re-
sultant errors of metathesis of two sequential phonemes in
words (e.g., /@sk/ »/aks/) often seem to involve the sibilant
/s/: "In a number of perception tests, the hiss (such as
occurs with [s] is often 'misplaced'; i.e., it is difficult
for subjects to judge where the noise occurs in an utterance"
(Fromkin, 1971, p. 39). On the basis of such statements (and
the data) one may suggest that words of similar phonological
make-up involving the sibilant /s/ are the most likely to

create speech errors.

Of the sfudies carried out on speech errors, those of
Meringer and Mayer (1895) and Meringer (1908) are the most
exteﬁsive in terms of number of errors and possible extra-
linguistic correlations. Boomer and Laver (1968) collected
over one hundred errors, and Fromkin (1971) reported over six
hundred errors; but only Boomer and Laver tape-recorded their
errors. Fromkin collected hers in an anecdotal fashion,
generally‘ﬁith the Speaker reporting after the fact what he
had said and had meant to say. One major problem with From-
kin's method of data collection for a discussion at the mole-

cular level of speech production is that subtle phonetic
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differences, or deviancies, in an error will (at least some -
times) be missed by the speaker and hence not reported, lead-
ing to false claims about  the phonological/phonetic form --

and perhaps cause -- of a speech error.

In summary, speech errors have been used in various in-
vestigations to test diverse hypotheses, but no empirical ex-
amination of the error phenomena has itself been cohducted.

As a result of such considerations, it was felt that an exam-
ination of durations of segments in speech errors, specifically
in word-initial consonant clusters -- an aspect of ‘the problem
not investigated by Meringer or others -- would prove informa-
tive and help elaborate‘hypotheses concerning the genesis of

such errors.

1.5 Timing of Speech

Timing; for the purposes of this study, is defined as a
sequential ordering of articulatory évents, theoretically
based»on neuromuscular impulses sent by the brain to the arti-
culators and programmed in some hypothetical unit, such as a

phoneme, morpheme, or syllable.

It is not known fiom the literature whether timing of
speech is regular; i.e.,.whether it remains constant, for ex-
ample, from stress to stress within an utterance (cf. Ohala,
1970). Nor is it known when timing begins; i.e., whethcr a

timing programme is set down when the first phoneme is uttered
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or as soon as the impulse is initiated in the brain. Ohala
(1973) gives results which support the claims that there is
no underlying speech rhythm or time programme, as claimed by

Kozhevnikov and Chistovich (1965).:

A number of'investigators have considered timing in at-
tempts to cdnstruct models of speech production, together '
with concomitant coarticulatory effects (e.g., Haggard, 1973;
Kent § Moll, 1955; Lehiste, 1971; Ohaia,‘1970, 1973). These
models-can usually be classified in terms of systems which
do or do not employ considerations of feedback in speech pro-

duction (see also Section 1.6).

Timing is considered in this study only insofar as it is
a possible determinant of the duration of segments which, it

is tentatively hypothesized here, it constrains.

1.6 Models of Speech Production

1.60 Introduction

Résearch on speeth errors, timing of speech and feedback
has led to the formulation of numerous theories and models of
speech production, several of which were briéfly mentioned
. earlier. In general, models of speech production can be
classified as either '"closed-loop" or '"open-loop'": the former
refers to a system which -- it is speculated -- employs . feed-
back to regulate and adjust speech, the latter to a system

which does not. The closed- vs open-loop distinction has been
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variously designafed as a ''chain'" vs "comb" model (Bernstein;
1967), '"sequential chain'" vs ”plan“ model (Lenneberg, 1967),
"hypothesis 1" vs "hypothesis 2", using efferent and affefent
impulses (Kozhevnikov § Chistovich, 1965), and "peripheral
feedback or'chaining" vs "preprogramming' model (Kent § Moll,
1975). Our discussion begins with consideration of the theo4.

ries which support an open-loop hypothesis.

1.61 Open-Loop Models

As noted above, an open-loop system specifies that com-
mands are issued to the articulators at regular intervals to
produce speech, but that feedback is not emploved to regulate
its production. One of the more innovative studies originated
with Kozhevnikov and Chistovich (1965), who tested the ration-
ale for using either of the two models to account for the se-
quential generation of syllables. Defining a "syntagma" as
a sentence or phrase connected by meaning and articulation
and pronounced on a single output, they varied the rate of
speech and stress of the syntagma and found the syllable to be
the unit which remained relatively é&nstant under such varia-
tion. Their hypothesis was that if an open loop is in opera-
tion, the total variance over the time interval will be less
than the sum of the variances of the component intervals, and

their data support this claim.

MacNeilage (1970) initially supports an open-loop system,
claiming that command patterns issued to the muscles would not

wait for information from the articulator reaching a given
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target in order to control the following movement appropri-
ately. However, he points out that an open-loop system would
require storage of a vast amount of information on phoneme-to-
. phoneme transitions; and since this is not practical, he éug-
gests that closed-loop control is more probable, based on
neurophysiological research on the gamma motor system (cf.

Section 1.3).

Fromkin's (1971) model of speech production shows a pos-
sible ordering of events in generation of an utterance and
accounts for prdduction of errors, as well as correct utter-
ances, but.it shows no relationship of these with any feed-
back mechanism. Since there is no mention of feedback, espe-
cially'conCerniﬁgerror utterances in which the error is
"caught'" and then corrected, it can be assumed that Fromkin's
model is more closely associated with an open-loop than with

a closed-loop system.

1.62 C(Closed-Loop Models

The earliest notions of a closed-loop model, following
cybernetic theory (i.e., a system which employs féedback by
which to modify subsequént productions within é.giveh utter-
ance) are provided by Lee (1950) and Fairbanks (1954). Lee
proposed a system of loops: articulation loops, monitoring
phonemes via tactile and kinesthetic meahs; and voice loops,
monitoring syllables via auditory feedback; both of thesé
opérate on vélitioﬁ and reflex.systems. .Fairbanks inter-

preted the speech system as a closed-loop servosysiem, in
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which the output is compared with input via bone-conducted
and air-conducted auditory feedback and which manipulates
the_production mechanism so that output will have the same

functional form as input.

Chase's (1958) model of speech produﬁtion likewise in-
corporates a servosystem and auditory feedback and evinces
the same flaw as Fairbanks's model, namely that monitoring
speech solely by means of auditory féédﬁack would mean that
speaking would be impossible (or at 1east‘inordinately dif-
ficult) in an extremely noisy environment, since feedback
would be effeétively‘masked. As many who work in industrial
environments where there are exceptionally high noise levels

will attest, this is not the case.

Kent and Moll (1975) posit a feedback model which assumes
that timing of movements from higher centres depends on ef-
ferent and afferent signals received from a previous arti-
culatory movement, in order to chain together speech segments.
Their "preprogramming", or open-loop,-model assumes that inher-
ent timing control results in the timing of an articulatory
movement's being affected by another articulatory movement
which occurs either before or after it. While they initially
interpret t%e data fromvtheir investigation of word-initial
/spr-/ and /spl-/ clusters in terms of a closed-loop system,
Kent and Moll note that responses from this feedback.loop
fail to reach éonsciousness and that articulation must there-
-fore depend on "unconscious feedback-mediated responses'" (1975,

p. 319); it is not clear from their argument how feedback
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might ever be a conscious response, They reconsider their
data in terms of an open-loop model, which they claim is the
only way td account for: (a) variable duration of /s/ before
/p/ in /sp-/ clﬁsters, and (b) the ordering of /s/-release

ﬁpdn the geéture'for /p/-closure, likewise in /sp-/ clusters.
However, they do not say how an open-loop system would accom-
plish this: No resuvlution is forthcoming, except for the inci-
dental non-comment that, whatever modél one'adopts, it will be-
"capable of fine and accurate control'" (Kent § Moll, 1975,

p. 321).

'1.63 Summary and Discussion

Ohaia (1970) tries to clear up some of the misconceptions
surrounding the results and interpretation of Kozhevnikov and
Chistovich's (1965) experiment, commenting that the methodo-
logy employed cannot reveal adequate information as té the
presence or absence of feedback_in the timing of speech. He
proposes a reinterprétation of their closed- and open-loop
hypotheses: The first is a system wiich is "'Timing Dominant'

i.e., a system which maintains a tight time schedule per-
haps at the expense of precise and thorough accomplishment of
the gesture;”; the second ‘is one which is "'Articulation |
Dominant' .;. i.e., a system which maintains precise and thor-
ough performance of the gestures no matter how much time it
takes" (Ohala, 1970, p. 143). He adds that both of these:
systems cbuld_eifher employ or not employ feedback in deter-

mining future articulatory events.
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The major criticism leveled by Ohala (1970) against
the methodology used by Kozhevnikov and Chistovich (1965),
in thch subjects were required to repeat the same utterance
hundreds of times at different rates of speech; is that per-
haps the subjects adopted a fixed rhythm and this could
affect the underlying time schedule and generation of speech
segments. Under such conditicns an open-loop model, where
timing commands are sent at fixed intervals, iS more likely

to be adopted as an explanation of their findings.

In terms of their data analysis, Ohala has criticiied
Kozhevnikov and Chistovich for their reliance on positive and
negative covariances between phones in the determination of
which model should be chosen; by covariance, here is meant
that if an error is made in the duration of a phone, either
positively or negatively, it is compensated for in the follow-
ing phone, which finishes at the originally planned *time, by
being either shortened or lengthened, respectively. Ohala
(1973) claims that variations in rate of speech of the test
items, if consistently yielding positive covariances, would
tend to support an open-1loop model, which is indeed the one
adopted by Kozhevnikov and Chistovich; if consistently nega-
tive covariances were obtained, on the other hand, a closed-

loop model would suggest itself.

Ohala (1970) also questions the appropriateness of the
closed-loop system for speech. He presents several arguments
in favour of such a system and then proceeds to disprove all

of them. He does, however, confirm the poésibility_of the .
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use of short-term feedback to make quick adjustments in
speech (by recourse to the results of his experiment on maxi-
mum jaw opening and velocity in the production of isolated

words; cf. Ohala, 1970, pp. 122-141). .

A model of épeech production based on neuroph?siological
mechanisms which incorporates both open- and closed-loop sys-
tems has been proposed by Abbs (1973). He views the com;
plete system as a ''variable' servosystem (i.e., one which can
employ feedback depending on the'system's'requirementS). He
claims that the gamma motor system (cf. Section 1.31) in-
volved in feedback: (1) maintains the length or rate of
change of length of a muscle, (2) is active in initiation of
contraction, and (3) provides antagonistic actions to damp

movement and prevent overshoot.

A speech perception/production model which is an.active
analysis process applied to the speech signal is the analysis-
by-synthesis model proposed by Bell et al. (1961). The main
part of this system is a generator capable of synthesizing
all signals to be analysed. These signals are compared with
signals to be .analysed and an error measure computed. When
a signal is synthesized that causes the error to reach the
smallest V;iue, this signal is stored. Components of the sys-
tem are the filter set, spectrum’generator, comparator, and
strategy component. 'The-designers claim that this system re-
presents linguistic phenomena at various levels such as

acoustic, phonological, morphological and syntactic. This
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system is mentioned here because it considers production,
perception, and feedback of speech all in one efficient

model.

On the assumption that feedback may or may not be in-
volved in the production of speech (depending on various con-
ditions, as yet unknown), arguments for one type.of system
or another are perhaps premature, given the lack of“a proper
empirical foundation. Much more research needs to be carried
out in search of an answer to the problem, and attention
should now be devoted to devising experiments which can ade-
quately test for this intermittent feedback and to determining

‘the role it plays in speech production.



CHAPTER 2
STATEMENT OF THE PROBLEM

There are few studies which examine models of speech
production in conjunction with their possible neurophysio-
logical bases, and even fewer in number are those investi-
gations which incorporate considerations of feedback mechan-

isms into such models.

If we consider production of a speech erfor as a momen-
tary breakdown, followed by a recalibration of the system
enabling the correction of an error,‘ggg if we use such
- errors to hypothesize about certain aspects of speech pro-
duction (including feedback and neurophysiological mechan-
isms), then perhaps it might be possible to provide further

insight into the process of speech production.

Timing of speech is considered in relation to speech
errors for the purpose of determining differences in duration
of segments in repetition errors (of the form /s*C*/ ... /sC/),
between /s*/ and /C*/.iﬁ an error pfoduction.and /s/ and /C/
in a correctly produced repetition immediately following the
error. Bécause the error is corrected immediately following
1ts commission (although there may be a slight hesitation,
to be described in Chapter 4), rate of speech is considered
to remain constant and therefore not to affect significantly
the length of consonants. Basedlon the.foregoing considera-
tions, comparisons are made between /s*/ and /s/ and between

/C*/ and /C/.

34
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The intent of the present study was to examine systemati-
cally specific aspects of speech errors through studying re-
1ationship$ of word-initial fricative plus stop Consonanf
clusters, by: |

(1) determining an efficient procedure for generating
speech errors and for their subsequent analysis;

(2) obtaining a representative sampling of speech
errors in word-initial fricative plus stop con-
sonant clusters;

(3) providing a sample of speech at normal conversa-
tional rate containing no speech errors;

(4) classifying the types of speech errors found by
consulting available descriptive accounts from_
previous research;

(5) evaluating the duration and timing_relationghips
of certain of the word-initial clusters undef
investigation;

(6) considering the experimental results in terms of
various models of speech prnduction, feedback

mechanisms, and speech perception models.



CHAPTER 3
- METHOD

3.1 Pilot Studies

Prior to the main study, two pilot studies were conducted
in order to ascertain a reasonably optimal approach to the

collection and analysis of speech errors.

3.11 Pilot Study I

Subjects. Subjects for the first pilot study were four female
university students, ranging in age from 21 to 25 years. All
were native speakers of English with no demonstrable hearing

or speech problems.

Stimulus Materials. Three types of stimulus materials were

used in different combinations to determine WhiCthOle pro-

duce the most fatigue of speech musculature and thus give the

greatest numher of speech errors:

(1) The first paragraph of "The Rainbow Passage'" (cf. Fair-
banks, 1960, p. 127; see Appendix A).

(2) Six occurrences of each of the clusters /sp-/, 7st-/ and
/sk-/ in initial position in words embedded in three
separate paragraphs (see Appendix B).

(3) Twelve occurrences of each of the word-initial clusteré
specified in (2) above in words embedded in three Sets
of sentences, each referred to here as a '"tongue-twister"
(see,Appendix C). -

36
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Procedure. Subject 1 was instructed to read the "Rainbow
Passage'" at normal speed, then to read the three paragraphs
five times each consecutively as fast as possible. Subject
2 was instructed to read the '""Rainbow Passage' at normal
speed, and then to read the three 'tongue-twisters'" five
times each as fast as she could. Subject 3 was told to read
éach of the paragraphs once at normal speed and then five
times each as fast as she could. Finally, Subject A was re-
quired to read each of the "tongue-twisters' once at normal

- speed and then five times each as quickly as possible.

Results. Subject 1 produced three errors; Subject 2, thir-
teen errors; Subject 3, nine errors; and Subject 4, fifteen
errors. Thus, more errors were produced by those subjects
who had read the '"tongue-twisters'" than those who had not.
In the iight of these results, it was deemed necessary to
conduét a second pilot study using only "tongﬁe—twisteré"
as stimulus materials, in order to refine the experimental

procedures.

3.12 Pilot Study II

Subjects. For this study subjects were two female university
students, both 24 years of age, native speakers of English

with no demenstrable hearing or speech difficulties.

Stimulus Materials. The stimulus materials consisted of the

three '"tongue-twisters'" described in Section 2.11 above and

given in Appendix C. Each sentence contained twelve
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occurrences of one of the word-initial clusters./sp-/, /st-/

or /sk-/. .

Procedure.‘ Each subject was required to read each sentence
fifteen times as fast as possible. Only the last five repéti-
tions were examined for speech errors, the first ten produc-
tions being considered as the '"fatiguing'" portion of the

experiment.

Results. The number of errors produﬁed by subjects‘reading
""tongue-twisters'" (in both pilot studies).was greater by a
factor of two to one than those obtained through the use of
any other passage. As such, they were considered to produce
better "fatiguing" effects and were therefore Chosen as stim-

ulus materials for the experiment proper.

3.13 Discussion

The types of errors produced by the subjects in the pilot
studies could be classified as follows: (a) syllable repeti-
tion, (b) phonetic substitution, (c) cluster repetition,

(d) phoneme repetition, and (e) phoneme prolongation. These

errors will be discussed more fully in Chapter 4.

It was'felt that reading errors might have contributed to
the percentsge of the errors produced, but there appeared to‘be_
no objective way to extract speech errors under such conditions.
In order to avoid the possibiiity of reading errors, given that
the purpose of the investigation was to examine spontaneous

productions, it was decided to have the subjects in the main
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study memorize the ”tongué-twisters” rather than read them. -
Such a method has been described and employed by Kozhevnikov

and Chistovich (1965).

3.2 Main Study

Subjects. Selected for inclusion in the study-were twelve

university students, ranging from 22 to 33 years of age, all
of whom were native speakers of English. The héaring of all
subjects was judged to be within normal limits, and none had
deviant articulation patterns or anomalies of facial musula-

ture.

Equipment. The equipment employed in this study included:

(a) For recording: a two-channel power supply (Brlel § Kjaer,
Type 2803), associated with>a'BrUe1 & Kjaér one-inch micro-
phone, Model 4145; and a Scully Model 280-2 tape recorder/
reproducer. Recordings were made on Ampex 611 audiotape at

7.5 ips.

(b) For analysis: a Kay Sona-Graph, Model 7029A, a Siemens

Osciilomink,-and an Ampex Micro 50 cassette recorder/reproducexr

utilizing studio-quality magnetic tape.

Stimulus Materials and Procedure. The stimulus materials em-

ployed included the three '"tcngue-twisters' described above and

given in Appendix C.

Each subject was instructed to memorize one sentence at
a time. When the subject indicated that she knew the passage

well enough to recite it aloud without error or prompting,
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taping began, during which time a 12-inch mouth-to-microphone
distance was maintained. Instructions to all subjects were
as follows:.

""Repeat the sentence once at normal conversational
rate in a normal conversational voice, and then
fifteen times as fast as you can."

The subjects followed this procedure for all three ''tongue-
twisters", whereby the order of presentation of the three A

sentences was varied randomly for all subjects.

3.3 Analysis of Data

"Tapes and.Transcription. Tapes were transcribed for all twelve
subjects by the experimenter using a modified virsion of the
International Phonetic Alphabet (IPA). This analysis included
the first production at normél speed and the fifteen test re-
petitions, including any errors, together with their immediate
phonetic contexts. Tapes'COuld be played béck-eitherAat nor-
mal speed or at half-normal speed, in order to facilitate
transcription. Errors were then coded (see Appendix D for
examples of transcription and coding); and where necessary,
spectrograms were produced to determine more clearly phonetic

substitutions, epenthetic phones, and reversals within clusters.

-Editing. Because of the extent of the data available, only data
from the six subjects who made the most errors were edited and
analyzed. Phonetic transcriptions were varified by having a

trained phonetician transcribe errors from these six subjects.

Editing was carried out via the Scully 280-2 tape recorder/

reproducer in conjunction with the Ampex Micro 50 cassette
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recorder, the experimenter isolating the normal-conversational-
rate repetition of the '"tongue-twisters'", all errors, and

their immediate contexts. .

Oscillograms. Edited data were displayed visually on oscillo-

grams, using the Siemens Oscillomink. This instrument displays
a speech signal trace, duplex oscillogram trace, and a trace

of the log of average speech power. Within the experimental
arrangement is a Revox Model A77 tape recorder/reproducer,
duplex oscillograph, Frdkjaer-Jensen Trans-Pitchmeter, and an
intensity or speech power circuit. Oscillograms were produced

at ten cm/s.

Segmentation. Because of the rapidity of the subjects'

speech, segmentation of the oscillograms proved somewhat diffi-
cult. Gross segmentation was carried out first. This ﬁas
accomplished by marking off 10-cm sections on the oscillogram.
The utterance on the tape was then timed with a stopwatch to
a-five-second mark, and at this point the oscillogram was
matched by counting workiﬁg backwards frem every five to three
to one second marks. When a subject's utterances were segmented

at the gross level, a finer segmentation procedure was conducted.

One objective: of the finer segmentation was to establish

the time in milliseconds of the /fs/-segments plus stop conscnant
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in: (a) the error segment,'and (b) the correct productions
of the utterance. Selection of /s/ + /C/ (stop) avoided
many of the difficulties a;sociated with segmentation of
glides, resonants, Voweis and phonemes within words which
were excessively shortened, distorted or omitted because of
the rapidity of the subjects' speech (cf. Lehiste § Peterson,
1959, for details);

Initial /s/ plus stop consonant plus vowel'con%igurations
can be segmentéd without difficuity by examinétion of the
speech wave trace and the duplex oscillogram trace. The first
trace, the speech signal, can Be examined in conjunction with
the negative amplitude »f the duplex,.or second, trace to de-
termine an /s/; (cf. Lehiste and Peterson, 1959). The conso-
nants /p/,./t/ and /k/ immediately following the /s/ can also
be easily distinguished, since the fface of the speech signal
and duplex both follow the zero-line. Vegetative sounds made
by the subjects, such as snorts, breaths, 1ip‘sma§ks or clear- -
ing of the throat, made segmentation somewhat easier by adding

natural pausss between often indistinct utterances.

The maximum error measurement which resulted from the
above procedure was ten milliseconds, when one subject's data
were measured again by the experimenter. This maximum error

was present on only one of fifty measurements made.

Utterances which presented problems in segmentation (e.g.,
very rapid speech, or instances of dubious phonetic transcrip-
tions) were, as noted above, classified by examining wide-band

spectrograms.



CHAPTER 4
RESULTS

4.0 Introduction

Using the "tongue-twisters', each of which contained
twelve instances of either /sp-/, /st-/ or /sk-/ in word-
initial pdsition (as described in Chapter 3 and given in
Appendix C), a sample of the six subjects' speech under
normal conversational conditions was obtained; Using the
same ''tongue-twisters' produced at a subjectively faster
rate of speech was a procedure determined to be effective
- for generating speech errors in the pilot studiss. A cor-
pus of speech errors involving the word-initial clusters

was also gathered and subsequently classified.

The six subjects produced a total of 228 errors, which
could be categorized into six types, as followé (see also
Table 1): |
(1) Omission: deletion of a phoneme or syllable; ec.g.,

spotted > -potted.

(2) Addition: epenthesis of a vowel or cénsonant; e.g.,
skimpy - kskimpy. |

(3) Substitution: phonetic replacement of deviation from

the target phoneme; e.g., skin - skim.

(4) Checked Hesitation: insertion of glottal stop as a

pausal phenomenon; e.g., scallions » scall?ions.
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Prolonged Hesitation: .unusual lengthening or prolonga-

tion of a phoneme; e.g., stalwart -+ st:alwart.

Repetition: reproduction of a word, when the first

production is halted following the first phoneme,
cluster, syllable or entire word; e.g., spirited =

spspirited.

More than fifty percent of all errors obtained were of

type (6), i.e., Repetition Errors. These in turn could be

classified into six sub-types, when grouped according to

the repeated segment or segments, as follows (see Table 2):

(1)

(2)

(3)

(4)

Phoneme Repetition: production of the initial /s/,

followed by a pause and then production of the full
word; i.e., /s* (pause) sC.../.

Cluster Repetition with a Pause: production with a

pause between the initial cluster and repetition of the

entire word; i.e., /s*C* (pause) sC.../.

Cluster Repetition without a Pause: same as (2), but
without a pause between the error cluster and the repe-
tition; i.e., /s*C* sC.../.

/sCV/-Syllable'Repetition: production of an open sylla-

ble, followed by a pause and the production of the whole

word; i.e., /s*C*V (pause) sC.../.



TABLE 1. Types and Numbers of Speech Errors Produced by Each Subject.

Error Type » _
. Omis- Addi-  Substi- Checked Prolong Repeti- :
Subject sion tion tution Hesita- Hesita- tion TOTAL
‘ tion tion.
1 4 2 1 2 ) 18 32
2 f 8 2 2 1 11 28 52
3 - 1 4 1 3 15 24
4 1 - - 6 19 . 33 59
5 5 1 2 1 17 11 37
6 7 -—- 1 2 1 13 24
TOTAL 25 6 10 13 56 118 228

TABLE 2. Types- and Numbers of Repetition Errors Produced by Each Subject.

Repetition Error Type

Cluster Cluster Syllable Syllable Entire TOTAL

Subject Phoneme /" e No Pause  sCV- sCVC-  Word
1 2 4 3 5 4 - 18
) g 3 2 5 8 1 28
3 s 2 2 2 1 51
4 3 10 4 8 5 3 33
5 -- - 1 5 3 2 11
6 --- 7 1 4 1 --- 13

TOTAL 19 26 13 29 22 9 118
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(5) /sCVC/-Syllable Repetition: production of a closed

syllable, followed by a pause and the production of the
entire word; i.e., /s*C*VC (pause) sC.../.

- (6) Word Repetition: production of the entire word followed

by its repetition.

The above repetition error types were examined with
respect to the duration of the fricative plus stop consonant
clusters, as well as to that of the individual segments of

which they were composed.

4.1 Control Group Data

A speech sample at each subject's normal rate of speech
was obtained; and the durations of the /sC-/ clusters, includ-
ing internal segments, were then measured and analyzed. The
duration data thus obtained provide norms for this stqdy and
and hereafter referred to as the Contrdl Group'Data (CGD).

The summary statistics for these data are presented in Table 3.

The CGD were subjected to Bartlett's test for homogeneity
of Variance'across subjects: The chi-square values obtained
did not exceed the critical value for significance (p > .01i);
it was therefore assumed that the.subjects' individual data.
could be pooled for purposes of further evaluation and analy-

sis.



TABLE 3. Control Group Data (Normal Conversational Rate) for

Word-Initial Consonant Clusters /sp-/, /st-/, /sk-/:

Means and Standard Deviations of Segmental Durations (in ms).

64 -

Subject .

Segment 1 2 3 4 5 6 Mean

N=12 N=12 N=12 N=12 N=12 N=12 N=72

/sp/ X = 76.67 114.17* 140.00 89.17  91.67*  74.17 97.
sd=  17.23 53.17  32.75 31.47 31.86 - 21.09  39.56
- /p/ X = 80.83 80.00*  90.83 . 82.50 91.67* 85.00  85.14
sd=  12.22 11.28 18.81 23.01 9.37 16.79 16.08
/sp/ X = 157.50 194.17* 230.83 171.67 183.33* 159.17 182.78
sd=  20.39 57.91 46.41 49.70 34.20 23.14 46.90
/st/ X = 100.83 117.50 123.33 87.50 80.00 93.33 100.42
sd=  15.64 21.79 28.39 28.32 20.45 27.08 28.01
/t/ X = 40.83 39.17 43,33 57.50 - "44.17 45.00 45.00
sd=  18.32 10.84 11.55 8.66 13.79 17.84 14,73
/st/ X = 141.67 156.67 166.67 145.0C 124.17 138.33  145.42
sd=  29.80 21.03 35.51 29.70 24.29 24,43 30.11
/sk/ X = 03.33 107.50 125.00 85.00* 95.83  92.50 99.86
sd=  24.25 26.33 25.05 21.95 17.30 18.65 25.37
/%/ X = 57.50 63.33 61.67 61.67* 59.17 56.67 60.00
sd=  20.51 11.55 11.93 12.67 7.93 13.03 13.22
" /sk/ X = 150.83 170.83 186.67 146.67* 155.00 149.17  159.86
sd=  43.16 29.38 28.39 28.71 21.53 29.68 33.04

* Due to subject error, N=11 for these entries; mean value added in
each case to yield N=12 in order to standardize observations across

‘all subject

S.

48



49

Several analyées of variance were carried out: A two-
way classification demonstrated significant differences
among subjects, segmehts and the interaction of these (seé
Table 4); but with respécf to subject-by-cluster interaction,
no such significance could be found (see Table 5). Under
each of these analyses, a Newman-Keuls test (with p < .05)
was carried out, which indicated that the individual clusters
comprised homogeneous subsets, as did each of the stop.con-
sonants, whereby all initial /s/-segments fell into the

same subset (see Tables 4a and 5a).

One-way analyses of variance wefe also carried out with
the data from all subjects pdoled. As expected, the segments
and clusters showed significant differences, and the Newman-
Keuls test (with p < .05) demonstrafed the samé homogenedus
subset groupings as were found in the two-way classification

(see Tables 6 and 6a, 7 and 7a).

A general interpretation of the CGD can bé made by con-
sideration of the overall means (as given in.the last column
of Table 3), which are presented graphically in Figure 2.
The duration of /s/ before-any of the stop consoﬁants was
approximately 100 ms, with /s/ before /p/ being slightlyi
shorter. The mean duration of the stop consonants ranges

from 45-85 ms, with /t/ having the shortest and /p/ having



TABLE 4. Summary of Analysis of Variance:

Cluster Segments and Subjects.

Control Group Data --

Source of

Sum of

Mean

Variation Squares d.f. Square E P

Subjects (S) 29585.18 5 5917.04 12.566 <.0001

Segments (P) 198937.95 5 39787.59 84.497 . <.0001

S x P 42581.48 25 1703.26 3.617 <.0001 -
 186466.65 396 © 470.88

~ Error

TABLE 4a. Newman-Keuls Summary Table: Control Group Data ('p <.05)--

Cluster Segments and Subjects.

Homogeneous Subsets

Subjects

Cluster Segments

(1) 6, 1, 5,
(2) 2
(3) 3

4

(1)
(2)
(3)
(4)

/sp/, /sk/, /st/
/t/

/k/

/p/




TABLE 5.  Summary of Analysis of Variance: Control Group Data --
Clusters and Subjects.

Source of Sum of d.f Mean

Variation , Squares T Square E P

Subjects (S) 59170.01 5 11834.07  10.412 < .0001

Clusters (C) 51112.03 2 25556.02  22.484 < .0001

S xC 13860.18 10 1386.02 1.216 > .25
 Error © 225049.98 198 1136.62 .

\

TABLE 5a. Newman-Keuls Summary Table: Cecntrol Group Data (p < .05) --
Clusters and Subjects.

Homogeneous Subsets

Subjects _ Clusters
(1) 6, 1, 5, 4 (1) /st/
(2) 2 | - (2) /sk/
(3) 3 | (3 /sp/
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TABLE 6.

Summary of Analysis of Variance: Control Group Data --

Cluster Segments, One-Way Classification.

Source of Sum of d.f Mean E

Variation Squares T Square - P
Segments 198937.95 5 39787.59 65.535 <.0001
Error 258633.31 426 607.12
TABLE 6a.  Newman-Keuls Summary Table: Cdntrol‘Group Data (p <.05)--

Cluster Segments.

Homogeneous Subsets:

Segaents

(1)
(2)
(3)
(4)

ONNVENVRNEN,

/t/

/x/

/p/
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TABLE 7. Summary of Analysis of Variance: Control Group Data --
Clusters, One-Way Classification.

Source of ' Sum of d.f ' Mean F
Variation Squares te Square = P
Clusters 51112.03 _ 2 25556.02 18.26 < .0001
Error 298080. 53 213 1399. 44

TABLE. 7a. Newman-Keuls Summary Table: Control Group Data (p < .05) --
Clusters. a

Homogeneous Subsets: Clusters

(1) /st/
(2) /sk/

(3) /sp/
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the longest durafion. The clusters range in mean duration.
from about 145 ms for /st/ to 183 ms for /sp/, with /sk/ in
between at 160 ms. The duration of the clusters is consis-
tently of the same order as with the individual stop seg-
ments, due to the similarity of thé durations of the /s/-

segments.

4.2 Experimental Group Data

The six Repetition Error classes (hereafter called Ex-
perimental Groups #1 - #6) were examined separatel& by subject
for segments and clusters, the summary statistics for which

are presented in Table 8..

In Experimental Group #1. (Phoneme Repetition),./s/ is .
consistently shorter the /s*/ (i.e., the error production),
regardless Bf the stop conéonént thchvfollows. The segment
/p/ is the longest stop consonant (ca. 100'm§), followed by
/k/:(87;5;ms)Aandjfiﬁally by /t/.(SO ms’) ; thié.isAconéisfeht
with the fin&ings.fbr_fhe,CGD. The relative‘ordering of the
vcluster durationérfiﬁds /sk/fto héve the longesf mean dura-

tion and /st/ the_shorpest; this differs from the CGD in that
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TABLE 8. Summary Statistics for Segmental and Cluster Durations (in ms),
’ in Six Repetition Error Groups (termed Experimental Groups).
( Mean / Standard Deviation / Number of Observations )

Experimental e Rk Xk L%
Group . , s*p* | sp s*t* ; st s*k* , sk
#1: s*: 136.67/ 66.58/ 3 127.50/ 92.15/ 4  162.50/154.17/12
Phonere st 90.00/ 10.00 107.50/ 57.37 154.17/122.14
Repetition C*:  ----- emeee meees
(s* - sC) C:  100.00/ 50.00 50.00/ 24.49 87.50/ 61.52
. s*Ck: . aaea- ' Cmmmm-
sC:  190.00/ 45.83 157.50/ 71.36 241.67/136.90
#2: s*: 120.00/ 62.05/ 5 128.00/ 35.64/ 5 118.75/ 45.73/16
| . ‘
Cluster st 68.00/ 16.43 100.00/ 40.00 116.25/ 31.60
Repetition C*: 208.00/110.77 318.00/261.29 229.37/227.29
(with Pause) C:  82.00/ 4.47 52.00/ 19.24 66.87/ 29.15
s*C*: 328.00/129.31 446.00/273.28 348.12/242.63
sC:  150.00/ 15.81 -  152.00/ 48.68 183.12/ 48.82
#3: s*: 128.00/ 48.68/ 5 140.00/ 56.57/ 2  158.33/105.53/ 6
. / brd
Cluster st 118.00/ 65.35 95.00/ 21.21 131.67/ 36.01
Repetition C*: 462.00/308.50 270.00/296.98 376.67/164.03
(No Pause) C:  45.00/ 25.50 40.00/ 28.28 - 65.00/ 10.49
s*C*: 590,00/343.25 410.00/240.42 535.00/231.58
sC:  163.00/ 85.41 =~ 135.00/ 7.07 196.67/ 41.79
#4: s*: 118.33/ 51.15/ 6 - 87.69/ 33.20/13  103.00/ 32.68/10
. t " "
sCV-Syllable S° 116.67/ 54.65 90.77/ 33.78 102.00/ 39.38
Repetition C*: 160.83/154.93 79.23/ 57.22.  92.00/ 41.04
C:  70.00/ 17.89 43.08/ 20.97  60.00/ 23.09
S*C*: 279.17/156.67 166.92/ 81.69 195.00/ 54.42
sCr  186.67/ 61.21 133.85/ 50.42 1162.00/ 53.71
#5: s*: 116.67/ 46.19/ 3  80.00/ 19.27/ 8  121.82/ 47.08/11
SCVC-Syllable Si 120.00/ 50.00 105.00/ 51.27  105.45/ 26.22
Repetition C*: 123.33/ 77.67  .40.00/ 13.09 148.18/254.67
| C: 90.00/ 26.46 41.25/ 16.42  45:45/ 13.68
S*C*: 240.00/122.88 120.00/ 22.04 . 270.00/286.23
sC: 210.00/ 72.11 146.25/ 55.79 150.91/ 35.34
#6:. s*: 115.00/ 49.50/ 2 60.00/ 0.00/ 2 108.00/ 32.71/ 5
Word s 75.00/°21.21  '110.00/ 14.14 108,00/ 22.80
Repetition C*: 115.00/ 7.07 55.00/ 7.07 82.00/ 17.89
' ' C:  80.00/ 28.28 80.00/ 28.28 ~ 70.00/ 10.00
s*C*: 230.00/ 56,57  115.00/ 7.07 190.00/ 47.43
sC: 155.00/ 49.50 190.00/ 14.14 178.00/ 30.33
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/sk/ and /sp/ are reversed in order with respect to duration.
Because of the phonetic shape of this experimental group,

no segment /C*/ or cluster /s*C*/ exists (see also Figure 4).

In Experimental Group #2 (Cluster Rebetition with a
Pause), thé error productions /s*/, /C*/ and /s*C*/ are all
longer in duration than the corrected repetitions /s/, /C/
and /sC/, respectively. Considering the error clusters:
/s*t*/ is the longest (446 ms) and [s*p*/ the shortest
(328 ms), a finding which is not consistent with the other
experimental groups. The cluster /sk/ has the longest dura-
tion (183 ms) and /sp/ the shortest (150 ms), which is not

consistent with the CGL (see Figure 3).

Experimentél Group}#S (Cluster Repetitibn without a
Pause) patterns after the above group, where /s*/, /C*/ and
/s*C*/ are consistently longer in duration than /s/, /C/ and
/sC/, respectively. In this group, /C*/ is defihitively
longer than in- any other experimental group: the cluster
/s*p*/ is the longest (590 ms) and /s*t*/ the shortest

(410 ms), while /sk/ is the longest (197 ms) .and /st/ the

' Ashortest (135 ms) of the corrected productions. The cluster

/st/ is the only one which is consistent with the CGD (see

also Plgure 3)

Experimental Group #4 (/sCV/- S]llablp Repetition) also
shows all error segments to be longer than non-error segments.
Here, /s*p*/ and /sp/ are the longest and /s*t*/ and /st/ the

shortest clusters.
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In Experimental Group #5 (/sCVC/-Sylléble Repefition),
the non-error segments and clusters are longer than the
error segments and clusters, respectively. This differs
from all other groups discussed thus far. Of the non-error
prqductions, /sp/, /p/ and /sp/ ha?é the longest durations,
while /si/, /k*/'and /s*k*/ show the longest durations of

the error segments and clusters (see Figure 3).

Experlmental Group #6 (Word Repetition) demonstrates
/s /, /t/ and /st/ to have the longest durations, while /s /,
/p/ and /sp/ have the shortest. Of the error data, /s;/,
/p*¥/ and /s*p*/ are the longest, while /si/, /t*/ and /s*t#*/
are the shortest, thus conflicting with the results for the

CGD (see also Figure 4).

= em e e 4w e m m ae W W W T e vm A e m TE e R MR e e e YR A e e e e e e e e e e
o em am tm m v M e s e em m e B M M e e e e mm e e a e e m

In Qrdér to generalize pbservations, the data froh Ex-
perimental Groups #2-#5 were pooled, the results of which
are presented .in Table 9.. This'summafy illustrétes that |
/s*p*/ at 368 ms and /sp/ at 174 ms exhibit the longést

cluster durations, while /s*t*/ at 221 ms and /st/ at 141 ms
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TABLE " 9. Summary of Repetition Error Data for Experimental Groups #2-#5:
Segmental and Cluster Durations (in ms). (Mean/S.D./N)

Segment Error Production Segment Correct Production
/s;/ 121.05 / 48.64 / 19 /sp/ 104.74 / 51.25 / 19
/s;":/ 96.43 / 36.54 / 28 /st/ 96.79 / 38.50 / 28
/sl’z/ 121.40 / 55.75 / 43 /sk/ 112.33 / 33.23 / 43
/p*/ 246.58 / 222,49 / 19 /p/ 69.74 / 24.41 /- 19
/t*/ 124.29 / 162.74 / 28 /t/ 43.93 / 19.12 / 28
/k*/ 197.21 / 213.81 / 43 /k/ 59.53 / 23.50 / 43

~ /s*p*/ 367.63 / 240.61 / 19 /sp/ 174.47 / 61.30 / 19

/sEt*/ 220.71 / 180.96 / 28 /st/ 140.71 / 48.45 / 28
 /s®k*/  318.60 / 242.54 / 43 . /sk/  171.86 / 47.42 / 43
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exhibit the shortest; this is_consisteht with the CGD find-
ings. The segments /sﬁ/ at 121 ms and /sk/ at 112 ms are
only slightly longer in the latter case than /SS/ at 121 ms
and /sp/ at 105 ms, with /s%/ at 96_ms and /St/ at 97 ms re-
maining the shortest. Also consistent with the CGD is the
findingAthat /p*/ at 247 ms and /p/ at 70 ms are the longestA
stop segments, whereby /t*/ at 124 ms and /t/ at 44 ms are

the shortest.

The following general observations may be made:
(1) Segments and clusters in the error, or first, productions
are longer than their respective counterparts in the corrected,
or second, productions.
(2) The shortest clusters are /s*t*/ and /st/, which also
contain the shortest segments /si/, /t*/, /St/ and /t/.
(3) The longest /s/-segments are /sﬁ/ and /sk/. 7
(4) The longest stop consonants are /p*/ and /p/.

(5) The longest clusters are /s*p%*/ and /sp/.

If we consider the resuits of overall means obtained in
the correct productiohs in 1ightbof the CGD findings, we note
that: | | | | |
- (1) The duration of-/s/ before any stocp ccnsonant was approx-
imately 100 ms in‘the CGD and 104 mé in the Experimental Group ’
Data (EGD). o | | |
tZ) ‘The duration of the stop c&nsbnéﬁt.was 63-ms;in:thé CGD
‘and 58 ms in the EGD. | | ‘. . | |
(3) The duration of the cluster was 163 ms for both CGD and

EGD.
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The‘ranking of the segments and clusters within their re-
spective groups also remains about the same. An interesting
observation might be made regarding the similarity of these
means: Under control conditions, subjects were speaking at
a normal rate, while the same subjects, when speaking under
experimental conditions, were speaking as fast as they could.
This should, it would seem, make the durations of the EGD
segments and clusters shorter than those of the CGD;-but |
such was not the case. It is reasonable to suppose from
these results that once an error in a first producfion is

. made, perhaps the rate returns to the normal conversational

rate until the subject can once again pick up speed.

Summary statistics were also derived for the  pause, or
delay time, between error and correct productions. These
statistics show that the pause can be eliminated, but that a
lengthening bf the consonant-before the pause, when it oﬁéurs,
‘can have a mean value as great as 967 ms (such as in Phoneme
Repetition). Disfegarding the cases where no pause occﬁrs,
-the pause can be as'short as 20 ms or as long as 6550 ms

(with little or no lengthening of the segment before it).



CHAPTER 5

DISCUSSION

5.0 General Considerations

The intent ef the present study was to examine system-
atically specific aspects of speech errors through studying
relationships of word initial fricative plus stop consonaﬁt
clusters. The categories into which'error utterances.are
classified in the literature pertaining to speech errors
(specifically Boomer § Laver, 1968)vwere not adequate to des-
cribe errors ﬁroduced by subjects in this study. In addition
to misordering, omission and replacement of segments (cf.
Boomer § Laver, 1968), additibn, hesitation and repetition
errors.-were produced. These latter categories were found by
consulting the literature on delayed auditofy feedback (DAF)
an<d werc adapted from the categories set up by Fairbanks and
Guttman (1958), .since they proved to be the most applicable

" to the present study.

Approximately fifty percent of all errors produced by

subjects in th1s study were of the repetltlon type Categqr-

~ ization of these errors was. based on-phonetic transcriptions

carried out by the experimenter and a trained phonetician

and supplemented by spectrograph;c analysls where necessary
‘(for a list. of the errors and the phonetic transcrlptlons,-
see Appendlx D) This ylelded six categorles of repetltlonv

erTors based on thelr phonetic forms.

64
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1 Speculation as to why repetition errors are corrected
and errors in the other categories. are not led to examination
of the first productions for phonetic deviancies vis-a-vis
the subsequent correction productiens. It was found that
only about one third ef the repetition errors could be con-
sidered‘as eorrections because of phonetic abnormalities in
the first, or error, production. The phenomenon of excessive
length associated with the initial cluster and its component
segments was often noted, buf it was not considered as a
phonetic abnormality. It was observed that the first phoneme
or cluster in the error syllable or word was somewhat longer
in duration than might have been subjectively expected. ThlS
observation led in turn to comparison of the durations of the
initial clusters and their segments in the error production
with the immediately following cluster production, or correc*
tion. In order to measure objectively and compare these dura-
'tions, oscillogramS'were produced!and measured for each sub-

- ject's normal productlon of the ”tongue tw1sterf", then for
each subJect S 2TrYors wh1ch oceurred in subsequent ranld pro-
ductions, The results obtained were subjected to statistical
vahalysis (ae_detailed.in‘the previous chapter).> Findings

specific to the control group data will be discussed first.

5.1 - Discussion of the Control Group

Ihe ana1y51s of variance carrled out on the control oroup,
data showed 51gn1f1Cdnt dlfferences between subJects and be-

tween phonemes,as well as clusters (cf. Tables 4-7). The
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Newman-Keuls test grouped four of the subjects into one
homogeneous subset, while Subject 2 and Subject 3 were each
separately grouped. The segregation of these tﬁo subjects
may have resulted.from the fact that both spoke with sub-
jectively more precise articulation and somewhat more slowly
than the other subjects (but also differently enough from one
another to be grouped separately). Such factors would tend
to lengthen segments and clusters in the speech of these two
subJects and thus account for the differences in the Newman-

Keuls test (cf. Tables 4a and 5a). ‘ -

The four significant subsets for segments exhibited by
the Newman-Keuls test (¢f. Tables 4a and 6a) and the three
subsets for clusters (cf. Tables 5a and 7a) segregate (a)
all /s/-segments as a group from /p/, /t/ and /k/, each of
which are aiso grouped separetely,_and (b) the clusters, /st/
from /sk/ from /sp/. Examination of the means (cf. Table 3)

- indicates that /s/ before /p/ is slightly shorter than /s/
before /t/ or /k/ with-/t/ being the shortest stop and /p/
the 1ongest - consistent w1th the data repOIted by Schwartz
_(1970)._,Based'on the means .and the Newman-Keuls test group-
ings in this study, it is reasonablevto'speculate that,‘since
duration of the sibilant is similar in each context, it is

: the_stop:consonant which ultimately determines:the_duration of
h the'cluster as a whole. - indeed. when .Oone examines the means
ahd the subset orderlngs for the stop consonants and for ‘the
clusters the same relatlonshlp holds 1l.e. /p/ is .longer than
'7/k/ ‘which is longer than /t/, and /sp/ is- 1onger than /sk/,

which is longer than /st/.
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The above findings are in agreement with those of

Borden and Gay (1975) with respect to the groupings and re-
lative orderings of segments comprising word-initial clusters;
‘due perhaps .to their subjectsf producing words in isolation,
their values for the durations of these segments are somewhat
lafger in all cases. Inconsistent with their findings is the
relative ordering of cluster lengths, since their data indi-
cate that /sk/ is slightly longer thah /st/, which is 1onger
than /sp/. This suggests that for théir three subjects the
sibilant may be a greater determinef of cluster lehgth, which

is in contrast with the results of the present study.

5.2 Discussion of the Experimental Groups

In experimental groups #1-#6 the duration of the first,
or error, production was contrasted with the second, or cor-
rected, production. Becauée of the differeﬁces in rate of
spsech and other uncontrolled variables, these speech error
data cannot be legitimately compared with the control group
findings; however, the'general trends in the two groups 6f
data can be compared in order to ascertain whether similarities

exist.

Experimental groups #2-#5 were combined in orde: to ob-
serve more general trends in the data. Experimental group
#i.was»not'used; since ‘it cdntained no~err6r'c1uster;'and
 experiméntaI~group #6 waS'not'considered_beCédse itjinvolved,'

‘repetition of a whole word rather than .of an initial cluster



68

or syllable. Groups #1 and #6 also contained small numbers
of observations and were thus 1ess'likely to affect group

trends.

As mentioned previously, subjects were told to produce
the experimental utterances at their fastest speaking rate.
Assuming that experimenfal utterances were indeed produced
at a "fastest" rate of spoech one might further assume that
segmental and cluster length would decfease;»howe?er, this
is not the case, as can be seen in Tables 3 and 8. One ex-
planation for fhis could be that only vowels, resonants. and
perhaps pauses make a difference to rate, while stops and
. fricatives are only slightly affected, if at all. In addi-
tion, a possible'explanation for this subjectively faster
rate of speech could be the change in duration of the hesita-
tion pause and the'relation of semantic content to pausél

time.

As GoldmanfEisier (1968) reports, variations in the
overéll'rate of speech or an increase in rate were found to
- be variations in the amount of pausing. She concludes thét
raterof speech‘based Soiely_on articulatory activity remained

relatively invariant.

Goldmen- Fls;er (1968) a15u observes trend: in pausal time
in. relatlon to semantlc content | When subjects 1nterpreted
. meaning, pausal t1me_was_tw1ce.as great’as when they descrlbed

content. She examined this phenomenon with respect to degrees
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of Spontaneity in speech. Where semantic content becomes
less and less a factor in speech; as in repetition ofAthei
same utterance, she found that there was a decline in pausal
time after the first repetition and a further decrease ih

subsequent repetitions.

Considering these interpretations, one would not assume
that.cluster-length would decrease with an increéserin.rate‘
but would remain approximately the same, attaining its short-
est duration in the last (i.e., fifteenth) reﬁetition wheré

semantic content is most familiar.

General results can be grouped for discussion purposes:
The iongest'sibilants are'those before the velar /k/, while
the longest stép consonaht is the bilabial /p/ and the short-
est the alveolar /t/. In the control group data, the stop
consonant was considered to determine the 1ength of the
cluster. Hypothesizing that such a constraint holds for the
experimental. group data, one might expect the corrected /sp/-
clusters to be the longest and the corracted /st/-clusters to
be the shortest. The results presented in Table 9 support

such an hypothesis.

A possible physiological explanation for thé fiﬁding thét
‘/sb/ énd /ék/-aré longer in duration thaﬁ"/st/ would be that.
_ the_fofmérgihVo1Ve slower moving articulatéry musculature
(e.g., lips .and body of theitongue) for the stop production;
while both‘/s/ and /f/jinvolve'féstef moving, more higﬁly in-’

nervated tongue tip musculature. Furthermore, /t/.is homorganic -
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with /s/.(i.e.; place of articulation is the same, only the
manner differs), whereas the heterorganic¢ clusters /sp/ and
/sk/ require several differeht muscles in ordervto complete
the articulatory gestures. These different movements should
tend {logically) to make production slower for /sp/ and /sk/
than for /st/. 'Héggard (1973) also discusses abbreviation

in certain homorganic clusters: He reports varied individual
differences and supposes that durations can be controlled by

oral pressure feedback.

Perhaps the most intriguing finding of the present in-
vestigation is that the elemenfs of an error cluster are al-
ways -longer than those =f the repetition, or correction pro-
duction. It is of interest to note the possible effects of

stress and following vowel environment on cluster duration.

Of the thirty-six test words embedded in_the three
.”tongue~twi5ters”, all but two had primary Qtress on the first
syllable containing the cluster. Word stress was therefore
not cohsidered'to be a major factor in detérmihing,clustér
léngth.. Similarly, the following vowel environment was
'analyzed to determine whether repetition'errors occurred more
frequently before some vowels and mot others. Of 118 repeti;
tion errors-pfoduéed.by the six subjécts;~39 errors occurred .

" before the vowel /a&/, 29 before /iv/, 24 before /a/, 9 before
/e/, 5 befare /oo/, 5 before /i/, 4 beforé'/s/; and '3 before- o
 /¢£/..vMote repetitiOn_errors'otcurréd:befOré.the Vowels /a/, "
/v/ and /a/ than before the others. Since data were not

analyzed to take following vowels into account, no explanation
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“as to their §ignificance can be offered at this time. The

import of these results are the topic of the next section.

5.3 Theoretical Considerations

Results from the experimental gronp data strongly sug-
gest that duration of a segment or cluster already -produced
can affect subsequent articulations. It seems that excessive
duration of the cluster as a‘whole or of either of its com;
ponent parts may violate some sort of timing constraint on
the system in the production of a given utterance; this viola-
tion causes the production to be halted in mid-word, a re-

. calibration to be effected, and a correction to be produced.

If, however, an error is made with respect to the phon-
etic form . of the utterance (such as a substitution error),
the timing constraint hypothesized above may not be violated,
and the utterance wonla,not have to be tepeated. At present
it is not known whether addition or omission errots violate
such a timing constraint in words, or if other segments within
words lengthen or shorten to make room for an extra elemcnt
or to fill up an'empty space. | If such a view is tenable, the
'he51tat10n eTrrors (where an intra-word. pause or p1010nga110n
of a. segment occuto) can-be con51dered to be a Qtep earlier’
'than-avrepetltlonverror 1, e., w1tth certaln 11m1t>,_seg-
mental prolongatlon or pau<e insertion will be enough for
ef_the system toﬂrecal;btate_ but 1f such recallbtatlon doe<

not take place quickly enough, then'productlon is completely
o _ _ Y
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halted, with the utterance being reproduced, yielding what

has been termed here a repetition error.

Consideration solely of the rebetition errors does not
allow for determination of whether (a) a delay in production
of the next phoneme caused the repetition, (b) the repetitipﬁ-
is a correction of an excessively long segmené, or (c) the
repetition is a correction of an excessively long cluster jusf
uttered. A combination of (a), (b) and (c) is a likely solu-
tion; i.e., excessively long segments in a cluster are pro-
duced which causes a delay in production of the next phoneme,
and the second production in a repetition error is a correction
of the timing violation. In support of this solution, let us
again consider hesitation errors: As mentioned previously,
no repetition occurs in such errors (pe;haps) because (aj the
duration of the hesitation is not long enough to violate a
timing constraint, and thus (b) the phoneme transitions have
not been lost so that production of the word can be continued.
This suggests that when a repetition takes place, it is due to
excessive duration'which causes a delay'violating a timing con-
eralnt and results in 1oss of phoneme tranaltlons Conse?
quently, the utterance cannot be continued, and a correetion
of ‘the excessive duratlon of the flrst productlon is ordered
‘eIf such a notlon is adopted then how m1ght the system deter-
‘mine fhat a timing constralnt has been v1olated and a correctlon :

'called for?



In order to accomplish correction‘of an element pre-
viously uttered, the system must first know that the element
was incorrect and what the target should have been; i.e.,
feedback must be present.in order for the system to recognize:
the duration error, and comparison of output with the origi-
nally planned target element must occur in order for ‘a correc-

tion to be executed.

The "anélysis-by—synthesis” model of speech perception
and production (cf. Bell et al., 1961) incorporates a feed-
back method of speech spectrum analysis by which correction
of an element previously uttered could be accomplished.A In
terms of this model, the "spectrum generator'" produces output
comparable to stored speech data (i.e., the first production
of the utterance). The."comparator" then computes the differ-
ence between the input speech spectra it has feceived via a
feedback loop and the eriginal target utterance just generated.
Trial spectra are synthesized by the '"strategy component"
until minimum error is obtained in matching and in this case

a correction of a previous error utterance is generated.

On the bhysiological_level, feedbacklcan occur via the
.acoustic and/or proprioceptive‘channels (as discussed in Sec-
- tions 1.31 and 1.32), i.e., via bone and'airvcoﬁduction and/or
‘the gamma’motor syetem. In the present studv there is no way
-.to deLernlne 1f boeh cneﬁnels are in use at all tlmes, or if
there is intermittent monltorlﬁg by one. or ‘both channels du‘ee»
ing speech (as suggeated earlier). One argument for inter-

mittent feedback during speech is thatlpmission and addition
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errdrs are usually not corrected. One may speculate that

such errors do not violafe a timing constraint placed on the
word, but it may be more likely that such errors have not been
""caught” by the system due to intermittént monitoring. In any
case, the speaker/hearer receives feedback, and some comparison
with the original target must take place -- facts which models

of speech production (and perception) should account for.

The notions discussed thus far may be viewed in light
of Fairbaqks's (1954) interpretation of the speech productibn
system as a servosystem. He suggested that there is continu-“
ous monitoring via the acoustic mode, by which we compare out-
put to input and the}eby manipulate production. Monitoring‘
solely by means of the auditory channel is most unlikely,
since an adventiticusly deafened person.does not lose his
speech immediately after an injury (as noted in Section'1.62);
‘perhaps such an individual can rely on his proprioceptive feed-
back from the articulators to supplement barely discernible

auditory signals.

For the normal hearing person, Abbs (1973) proposed é,
”Variable” servosystem (cf.,Section”1.63), a model which
ciosely;acquaints probrioceptive feédback_and input/output
- comparisons. _ThiS’speech ﬁroduction éystem is efficient, since__

| ;t>employ§ feedback depending on_its3requirements,_viaﬁthp
gamma or spindle motor system. In order to consider which
sjstem mighﬁ be in pperation,'lep us'spéculate»howfrepetition

errors might viclate timing constraints,.
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The violation of a timing constraint could be due to a
"lapse' in continuous auditory feedback becéuée of a2 faster
ratebof speech; i.e., the auditory monitoring system (and
""comparator'") lag‘behind production to the extent that a
lengthening of segments occurs which, in the case of repetition
errors, violates a timing constraint. Perhaps for this reason
these errors closely resemble the repetition errors produced
under the influence of delayed auditory feedback, wheré a
delay results in such a "lapse'" and a repetition is produced
(cf. Fairbanks & Guttman, 1958; Lee, 1951). If such a lépse
does occur, then repetitibn errors are not just a production
problem, but also a percéption problem. In relating this
notion of auditory feedbaék's lagging speech production to
the '"analysis-by-synthesis'" model, we might speculate that it
is the "comparator", in computing the difference between input
and output, which has caused the delay,_andva,recalibration
is necessary for it to catch up to productiqn. The delay-
thus violates a timing constraint here too, and a corrected

utterance must be produced;

To account for the fact that not all speech errors are
corrected, one may speculate that'auditory-féedback5monitors -
only general sound patterns and intonation, rhythm and stress
pétterns, While pfopriocéptive.féedback moniiorS:intérmittentiy
for phoneticidevianciés..iIn.accordanéé'wifh.Abbs'(1973)-this_
iﬁtefmittenﬁ proprioceptivg'féedbackfconcerns theigamma‘dr>

-spindle motor system, which (1) maintains length or rate of
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change of length of a muscle, (2) initiates contraction,
(3) provides damping movements to prevent overshoot, and

(4)'supp1ements auditory feedback when necessary.

There .is a reasonable basis for supposing that the gamma
motor system is operational with respect to phonetically de-
viant repetition erfors (such as those observed in this study)..
If we consider the shortest pause between repetitions 6bserved,‘
here approximately 20 ms, and the "turn around'time" or delay
for operation of the spindle system, ca. 20-80 ms, we find that
the two figures overlap, and the interpretation is not contra-

dicted.

t

All told, a model 6f speech production must account for
normal utterances, as well as for speech errors. Moreover,
it must allow for appropriate types of feedback and.be.an
efficient system for relating speech production to perception.
The variable servomonitor system outlined above incorporates
both continuous auditory feedback and intermittent proprio-
ceptive fee&back, which are used in perceiving input and using
it to manipulate output. This system also provides a plausible
‘account of the speech errors and of their production as des-
- cribed in this study. ‘Theoretically, the system advocated:
here provides an efficient means for producing, monitoring and

- correcting speech production.

5.4 Limitations of the Present Study.

One cf the purposes of this investigation was: to examine

- speech 'errors under ‘cocnditions of rapid repetition of three
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Vtohgue-twisters".' It was hypotheﬁized that errors obtained
using a faster than normal speaking rate might be due to at
least the following: (1) The words were similar in phonological
form and phonetic content (i.e., twelve occurrences each of
/sp/, /st/ and /sk/ in word-initial position), and (2) the
faster rafe of speech which, when combined with (1), results

in error productions. These involve variables such as psycho?
logical and physical stress and fatigue which were not con-
trolled for -- if indeed they can be controlled for -- in

this study.

The following limitations apply to any interpretation
of the data:
(1) Generation of speech errors may not produce the same type
of errors as those produced in spontaneous speech.. They may
be due to memory limitations, which, when combined with speak-
ing rate, put undue stress on the speaker, who may then pro-
duce "unnatural" errors. As such, the errors described may
be artifacts of the experimental method employed.
- (2) Words with initial fricative pius stop consonant clusters
were not controlled for number of syllables, word class, stress
~placement or place in sentence.
. The above were considered to be the major 1imifations of this
'study, and due consideration for the control of such variables

should be given to future research in this area.

B

5.5 Summary and Conclusions

-~ The present study first examined the”meéns by which the

. generation and the classification of speech errors could be
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accomplished. It was found that a ""tongue-twister", which
contained many occurrences of words with similar phonological
form (i.e., with word-initial /sp/, /st/ and /sk/ clusters),
produced at a subject's'fastest speaking rate and repeated
many times would generate the most speech‘errors. These errors
were then classified according to categories combined from the
literature on speech €rTroTrs énd on DAF research; Fifty per-
cent of all errors produced by subjects in this investigation
were of the repetition type. Consideration of the possible
causes of the errors encountered led to the detailed examina-
tion of the word-initial cluster and component segment dura-
tions.

The experimental investigation yielded the following
general resu;ts:l )
(1) The stop consonant in a given éluster seems to determine
the overall cluster duration, since the duration of /s/'irre-
spective of context remains fairly constant.

- (2) The clUstefs )Sp/ and /sk/ are longer in duration than
/st/, which may be attributable to the slower moving articuléF
tory musculature associated with /p/ and /k/ prodﬁction com-
pared'wifh the faStér moVing, mére'highlyfiﬁnéfvétéd tongue
'tip muchléture invqlvéd_in the.productign 0£ /;/_and /t/.

(3). The cluster segﬁents_in_the error productions were con-
siStentlyﬁlonger”in-duration than in the second, or corrected,
'pfodUCﬁion/(Whith approximated mdfé'ciéséIthhervaJueS'oBtained. '
fOrﬁthéncontfol'group.data than might.haVé'beén.otherwiSe ex- .

”peCted due to methddological‘diffefenéés)J
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In 1light of the above results, it was speculated that
the excessive duration of the cluster (or of its component
parts) violated a timing constraint on the production of an
uttérance, whereupon phoneme transitions'are lost to the sys-
tem, following which a recalibration must take place and a
correction produéed. From such considerations it was inferred
that feedback must be present in order for the system to re-
cognize the duration error,'to compare it with planned output,

and finally to execute a correction.

On the physiological level, feedback was considered to
be both continuoﬁé (auditory éhannel) and- intermittent (pro-
prioceptive channel, involving the gamma moter system); the
latter may supplement auditory feedback and scan for deviant
phonetic elements, while the former monitors general sound

patterns, particularly suprasegmental patterns.

'As‘a'result of these considerations, it was hypothesized
that a fiming éonstraint is imposed by the system. When ;his
constraint ‘is violated, perhaps due to.a delay in auditory
feedback processing occasioned by the faster than normal speak-
- ing rate;ja_speeéh error occurs. Because of this, repetition =
erroTs Were regérded as much a percéptibn‘broblem as a producf

tion probleh.
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APPENDIX A

The first pérégraph,of_VThe Rainbow_PéSSage" (Fairbanks;_'
1960, p. 127): ' |

"When the sunlight strikes raindrops in the air, they
-act like a priém'éhd form7a'réinbow;' The rainbow is a
division of white'light into many beautiful colors. These
take the shape of a long round arch, ﬁith its path high.
above, and its two ends apparently beyond the horizon.
There is, according te legend, a boiling pot of gold at
one end. People look, but no one ever finds it. When a
" man looks for something beyond his reach, his friends say

he is looking for the pot of gold at the end of the rainbow."
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APPENDIX B

. Paragraphs with embedded word-initial /sC/-clusters:

/sp-/: . "In school I had a friend nicknamed 'Spud', who
was terrible at most everything. One afternoon

in the school spelling bee, Spud spelt 'spaghetti’

speedily and won the school spelling prize."

/st-/: "In school I also had two frieﬁds, Stan and
Stewart, who were always fighting with one another.

‘One day while in a fight, Stewart stepped on Stan's

stomach, and he died three days later."

/sk-/: "Another friend from my school days was Skana.
She liked doing anything better than going to school.

In fact, Skana skipped school so skillfully that no

.one knew what happened to her."
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APPENDIX C

"Tongue-twisters" with embedded word-initial /sC/-clusters:

/sp-/:

/st-/:

/sk-/:

"A spectre of a spirited spectacled Spanish
'Spartan' called Spinoza ate the spotted spiced
spinach sporadically with a spoon before it

Egoiled.”

"The stalwart stallion and the statuesque. cteer

- were startled by the stoical stable staff stealing

stagnant stew off the stove."

""Scandinavians skillfully skin and scald scallions,
scallops, scampies and skimpy scorpions until

they are scarcely scarlet, then scarf them down."
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APPENDIX D

~ PHONETIC TRANSCRIPTIONS AND- CODING

The repetition errors for each subject in this study
are listed according to type (or exéerimentallgroup), |
phonetic transcription (using a modified version of the
International Phonetic Alphabet), and standard orthographic
form of the target utterance. All errors involve the word-

initial clusters: [sp-/, /st-/, /sk-/.

| Page
Subject L e 89
Subject 2‘.................;; ..... e e 90
Subject 3 e PRS2
SUDIECE 4 ittt e e PRV 92
Subject 5 e 93
SUDIECE 6 vt ittt it e e .. 9%
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SUBJECT 1.

Experimental Group #1:

. (Phoneme Repetition)

Experimental Group #2:

~ (Cluster Repetition,
with a Pause)

Expérimental Group #3:

(Cluster Repetition,
without a Pause)

Experimental Grouyp #4:

(/sCV-/ Syllable
‘Repetition)

Experimental Group #5:

(/sCVC~/ Syllable
Repetition)

Experimental Group #6:

(Word Repetition)

/'Sp—-/"

/st=-/
/sk-/

/sp-/
/st=/
/sk=/

/sp-/

/st-/
/sk~/

/st—/‘

/sk-/

REPETITION ERRORS.

: [s?spthooza].

[ s?stootki ]

[sk?skempiz]
[skh?skilfoli]
[ skh2skempiz]
[sk?skilfolil

[ spspoaadikii]
[sthstet[juesk]
[skskilfolil

[ spe*?spadid]
[ spe?spektha’ ]
[sphet?spadid]

[sthe?stastid] .

[ skha?skaalet ]

[sthaks?stat [ juesk]
[stet?stet[juesk]

[ skau?skaalet]
[ skem?skaaf ]

No observations.

89

(Total: 18)

*Spinoza’

'stoical’

'scampies’
'skillfully'
'scampies'

'skillfully"

'sporadically’
'statuesque’

'skillfully'

‘spotted’
'spectre’
'spotted'
'startled’

'scarlet’

'statuesque’
'statuesque’
'scarlet'

'scarf'



SUBJECT 2.

Experimenﬁal Crodp #1:

(Phoneme Repetition)

Experimental Group #2:

(Cluster Repetition,
with a Pause)

Exporimental Group #3:

(Cluster Repetition,
" without a Pause)

Experimental Group #4:

(/sCV-/ Syllable _
Repetition)

Experimental Group #5:

(/sCvC-/ Syllable
Repetition)

Experimental Group #6:

(Word Repetition)

/sp-/
[st=/
/sk-/

/sp~/
/sk-/

/st=/
/sk-/

/sp~/
[st-/

/sk-/
/sp-/

/st-/

 [sk=/

/sp-~/

. REPETITION ERRORS.

[ s?spektokald]
[s?stet[juesk]
[s?skeijenz]

[ s?skimpi ]

[ s?skhaslet]
[s?skelsps]
[s?2skimpi ]
[s?skaljenz]

[ s?skempiz]

[s’h2spoamdikli’]
[skh?skiifoli]
[ sk?skeljonz]

-~ [ststhilin]

[ sk:skin]

[sphet?spadid]
[ sthe?stet [ juesk]
[stesteljon]
[stho?stootk] ]
[sti?skiifolil

[gphiJ?SphiJLde]
[ spekh?spektad ]
[sthootksthootkh| ]
[stulfeskiifoli]

[ skimp?skimpi ]

[ skemph?skempiz]

[ skenth?skempiz]

[ skaa?sketasli]

[ spek}d?spekthak|d]

90

{Total: 28)

'spectacled' "’

'statuesque’
'scallions'
'skimpy'
'scarlet'
'scallops'
'skimpy’
;scallions'

'scampies'

'sporadically
'skilifully'

'scallions’

'stealing'

'skin'

'spotted'
'statuesque'
'stallion’

'stoical'

'skillfully'

'spirited’
'spectre'
'stoical’
'skillfully'
'skimpy'
'scampies’
'scampies'

'scarcely'

‘spectacled’

)



SUBJECT 3. REPETITION LERRORES. ' (Total: 15)

 Experimental Group #1: . . /sk-/  [s?skimphi] = . .. . ~ 'skimpy'
(Phoneme Repetition) L s?skimpi ] 'skimpy'
[ s?skeleps] 'scallops’
[s?skhimpi ] 'skimpy'
[ s?skauaf ] 'scarf’
Experimental Group #2: /sk-/ [ skh?skendenetvi jsnz ] 'Scandinavians'
(Ciuster Repetition, - tskh?skhmmpiz] : 'scampies'

with a Pause)

Experimental Group #3: /sk-/ [ skehskauf ] © 'scarf'

(Cluster Repetition, [skiskilfolil 'skillfully'
without a Pacse)
Experimental Group #4: /sk-/ [ skhi?skhimpi ] 'skimpy'
(/sCv-/ Syllable [ skha?skhaalet ] ; 'scarlet'

Repetition) ' o ‘
Experimental Group #5: /st-/ [stzg?stet[juesk] 'statuesque'
(/sCvc-/ Syllable

Repetition)
Experimental Group #6: /sk=/ [skoupiz?skelsps] 'scallops'
(Word Repetition) [ skhin?skauf ] 'scarf’

[ skhin?skhin] 'skin'

!



SUBJECT 4.

Experimental Group'#l;_

(Phoneme  Repetition)

~Experimental Group #2Z:

(Cluster Repetition,
with a Pause)

Experimental Group #3:

(Cluster Repetition,
without a Pause)

Experimental Group #4:

(/sCV-/ Syllable
Repetition)

Experimental Group #5:

(/sCVC~-/ Syllable
' Repetition)

Experimental Group #6:
(Word Repetition)

JISP"/

/st~/

I/St-/

/sp~/

/sk-/
/sp-/

/st-/

REPETITION ERRORS.

/sk—/‘

/sp=/
/st-/

/sk-/

/sk=/

[s?spektakh]d]
[s?steb] ]
[s?stz] jon]

[sth?stetb)]
[sth?stalwedi]
[sth?stoorkhal ]
[sth?stegnt |
[sth2sthilun]
[skh?skin]
[sk:hskimpi]

[ sk?skoupijonz]
[ sk:?skimpi]

[ skh?skal jonz ]

[ sp:sphoumdikl!i]
[sp:ﬁspadnd]

[ sp:spau?n]
[skeihskilfolil

[ spa?spaent [ ]
[ste?sthzl jon]
[ste?steib] ]
[sta?statfjueéK]
[sti?stoov]

[ ste?stegnt ]
[sta?stalws’t]
[ske*?skel jonz ]

[cpad?spiatdid]

[ stegn?stet fjuesk]
[stal jed?stalwest ]
[skii?skimpi]
[skt1?skin]

[ skhaafet?skhaaiet ]
[ skhimpha?skimpi ]
[skiif?skimpi]

92

(Total: 33)

'spectacled'
'stable'

'stallion'

'stable'
'stalwart'
'stoical'
'stagnant’
'stealing'
'skin'

'skimpy'

-'scorpions'

'skimpy'
'scallions'

'sporadically'

'spotted’
'Spartan’

'skillfully'

'Spanish'
'stallion'
'stable’
'statuesque’
'stove'

'stagnant'

'stalwart'

'scallions'
'spirited’
'statuesque'
'stalwart'

'skimpy'
'skin'

'scarlet'
'skimpy'
'skimpy'



SUBRJECT 5.
Experimental Group #1:
<Experimental Group #2:

Experimental Group #3:
(Cluster Repetition,
without a Pause)
Experimental Group #4:

(/sCV-/ Syliable
Repetition)

Experimental Group #5:
. (/sC%C~-/ Syllable

" Repetition)
Experimental Group #6:

{Word Repetition)

REPETITION ERRORS.

No observations.

No observations.

/sk~/

/sp~/
/st-/
/sk~/

/sk~/

/sp-/

/sk~/

[skiskelaps]

[spAéspade}

[ sthoo?sthet [juesk]
[skha?shéleps]

[ ske?skelaps]

[ skhi?skhin]

[ skhzm?skelops ]

[skel?skendinevijenz] .

[stasd?skhadslet ]

[ spekthe?spekihad ]
[stheasliskhetusti]

93

(Total: 11)

'scallops'

'spotted’
'statuesque’
'scallops'
'scallops’
‘skin' k
'scalleps’
'Scandiravians'

'scarlet’

'spectre'

'scarcely’



SUBJECT 6. REPETITION ERRORS. . (Total: 13)

Experimental Group ¥1:  No observations.
Experimental Group #2: [sp-/ [sp?spiatdrd] 'spirited’
(Cluster Repetitiom, | {sph?spekthakeld]  'spectacled'
with a Pause) [sph?spent [] 'Spa@ish'
[sph?spaatn] 'Spartan'
/sk~/ [ skh?skaleps] ) 'scallops’
[ skh?skin] 'skin'
[skh7skilfolil "skillfully'
Experimental Group #3: /st-/ [st:stet[juesk] 'statuesque’
(Cluster Repetition, '
without a Pause)
Experimental Group #4: [st-/ [ste?stalwadt] 'stalwart'
(/sCV-/ Syllable /sk-/ [skhi2skimpi] 'skimpy’
Repetition) [ ska?skaleps] 'scallops'
| [ ske?skel jonz ] 'scallions'
Experimental Group #5: /st-/ [ steg?stegnant ] 'stagnant’
(/sCvC-/, Syllable o ’
Repetition)

Experimental Group #6: No observations.
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