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Abstract

No standardised assessment exists for the recognition and quantification 
of acquired speech dyspraxia (also called apraxia of speech, AS). This 
thesis aims to work towards development of such an assessment based on 
perceptual features.

Review of previous features claimed to characterise AS and differentiate 
it from other acquired pronunciation problems (dysarthrias; phonemic 
paraphasia - PP) has proved negative. Reasons for this have been 
explored.

A reconceptualisation of AS is attempted based on physical studies of 
AS, PP and the dysarthrias; their position and relationship within 
coalitional models of speech production; by comparison with normal 
action control and other dyspraxias. Contrary to the view of many it is 
concluded that AS and PP are dyspraxias (albeit different types). 
However, due to the interactive nature of speech-language production and 
behaviour of the vocal tract as a functional whole AS is unlikely to be 
distinguishable in an absolute fashion based on single speech 
characteris tics.

Rather it is predicted that pronunciation disordered groups will differ 
relatively on total error profiles and susceptibility to associated 
effects (variability; propositionality; struggle; length-complexity; 
latency-utterance times). Using a prototype battery and refined error 
transcription and analysis procedures a series of studies test 
predictions on three groups: spastic dysarthrics (n = 6) AS and PP 
without (n = 12) and with (n = 12) dysphasia.

The main conclusions do not support the error profile hypotheses in any 
straightforward manner. Length-complexity effects and latency-utterance 
times fail to consistently separate groups. Variability,
propositionality and struggle proved the most reliable indicators. 
Error profiles remain the closest indicators of speakers* 
intelligibility and therapeutic goals.

The thesis argues for a single case approach to differential diagnosis 
and alternative statistical analyses to capture individual and group 
differences. Suggestions for changes to the prototype clinical battery 
and data management to effect optimal speaker differentiation conclude 
the work.
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Aims of the Study

1.1. One of the possible consequences of brain damage following
cerebral vascular accident (CVA) is that a person experiences 
difficulty producing the sounds needed to say words in a 
normal, intelligible way. This pronunciation^^) difficulty 
may or may not be accompanied by some degree of language  ̂
impairment, or other neuro-psychological sequelae of brain 
damage.

Pronunciation difficulties after CVA do not form a
homogeneous group. Traditionally the main division has been 
between the dysarthrias, understood as arising from damage to 
subcortical primary sensory and motor pathways and/or
structures, and another group of disorders considered to be 
due to disruption to higher cortical functions. Within the 
latter group a distinction has been made between literal or 
phonemic paraphasia (henceforth PP) and apraxia of
speech (henceforth AS) or speech dyspraxia. The former has 
been considered a phonological language disorder, the latter, 
by many, a disorder of speech motor control.

In order to conduct research, or design principled treatment 
programmes in relation to AS, it is necessary to have a
clinical tool which can identify and measure behaviour 
associated with AS, effectively, rigorously and reliably.

Such a tool should be sensitive to qualitative and
quantitative variation in and between individuals and it 
should be able to distinguish between the target behaviour to

Pronunciation is used as a neutral term, without 
implying a particular underlying cause to the problem, 
or a particular sub-division or type of disruption.
Language is used to cover semantics, syntax and 
morphology, but unless specifically stated does not 
include phonology.
This and selected other words appear in the Glossary, 
in Appendix G.



15

be measured, and others from which it must be differentially 
diagnosed. It should be based on sound, testable, theoretical 
bases that can predict, describe, and ultimately, explain, 
observations concerning which speech production processes are 
affected and in which ways. At the same time it must be 
accessible to clinicians and researchers in terms of the 
knowledge and skills required to use it. The test should be 
within the capabilities of brain damaged people. The overall 
aim of this study is to work towards the development of such 
a clinical tool.

The goal is not to arrive at a final, perfected version of a 
test. It will soon become apparent why this lies beyond the 
bounds of a single work. Rather the aim is to establish the 
principles, content and procedures that would lead to its 
successful development. Hence, in arguing through the 
controversies surrounding AS, utilising existing knowledge of 
the disorder and addressing the field of speech production 
models the emphasis will be on identifying sound theoretical 
principles for constructing the assessment and complementary 
methods of data collection and analysis that will effectively 
and reliably accomplish the clinical objectives.

1.2 Statement of the Problem

The simplicity of the classificatory framework, mentioned 
above, of dysarthrias versus AS versus PP, is more apparent 
than real. The assumptions hide a host of controversies that 
have dogged research into AS since it first aroused interest 
in the nineteenth century.

These controversies arise from problems of theory and 
knowledge within and across the numerous fields encompassed 
by the study of dyspraxia. They include at least neurology, 
physiology, cognitive (neuro)psychology, (neuro)linguistics, 
(speech)motor control, as well as the interactions between 
them all. Some of the controversies are:

Is AS a dyspraxia in the sense originally envisaged in
the limb dyspraxias? If not what is it?
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How does AS relate to language in general, to 
phonology in particular, and to sub-cortical and 
peripheral aspects of (speech)motor control?
What are the 'units* and parameters of action planning 
and execution for speech? What is planning and 
execution? How are they disordered in AS and PP?
How do theoretical perspectives on AS influence one's 
conceptualisation of the disorder and consequent 
approach to assessment and treatment?
What kind of cognitive models account best for the 
phenomena of AS? What do they say about what to search 
for in differential diagnosis?

Another set of problems relates to psychometric criteria any 
test should meet in terms of standardisation, validity, 
reliability and usability. From this point of view focus 
might be on, for instance: individual versus group
compliance to diagnostic criteria; identification of single 
diagnostic features versus clusters that discriminate between 
groups; qualitative versus quantitative determiners of 
dysfunction; whether diagnostic features are polar opposites 
or variables along a continuum.

1.3 The pattern of the work will be to approach the matter of AS
test design from two directions. Firstly our current 
knowledge about speech dyspraxic behaviour and closely 
related disorders will be examined. This in turn will 
provide indications about which aspects of the disorder will 
be central in marking out qualitative and quantitative 
variations within AS, and between it and other disorders. 
Secondly, models of normal speech control will be examined to 
find out what kinds of predictions can be made about 
breakdown in production processes and how AS fits into these.

A view of AS within an overall framework of normal and 
pathological speech production should lift the study of AS 
out of the realms of clinical intuition and atheoretical 
foundations into a position where claims and predictions are 
based on testable models which are open to direct questioning 
and examination. Too often assessment approaches to AS have 
suffered from reliance on clinical hand-me-downs which were
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never subjected to scientific investigation; from circular 
definitions (AS is what people who study AS say it is) 
without supporting statements from externally validated, 
testable criteria; and atheoretical models of functioning 
that ignored undeniable aspects of normal and pathological 
behaviour.

By combining these two strands it is hoped to arrive at 
predictions about pronunciation disorders following CVA, in 
particular which behaviours optimally delineate AS (and 
possible subtypes), its relationship to assumed contrasting 
disorders, and identification of degrees of severity of 
dysfunction in AS itself.

The provisional test battery, its rationale, design and 
analysis procedures will be described, followed by results 
and discussion of its application to groups of normal, 
healthy speakers, CVA patients with no speech or language 
difficulties and a population of individuals with post-CVA 
pronunciation problems. The results will be scrutinised to 
see how far predictions made are supported; how effective the 
provisional (sub)tests are in separating out qualitative and 
quantitative differences in pronunciation disorders; and what 
modifications might be needed in theoretical, methodological 
and procedural terms before advancing to the next stage in 
test development.



18

What is Dyspraxia

2.1. Dyspraxia can be defined and explained on numerous levels
and in numerous terms. Ideally these should all be 
equivalent statements, and differ only in the angle of view. 
Alas, the picture is not so ordered and each discipline has 
generated its own vocabulary and attendant controversies. 
This has led to the same words having differing meanings, 
different terms being synonymous, questions solved in one 
area while other professions argue on. In other words the 
study of dyspraxia shares the same shortcomings of so many 
other fields of clinical and academic enquiry.

Consequently, any definition ventured is bound to raise 
objections from one quarter or another. That
notwithstanding, a working definition is given here which 
follows as closely as possible generally accepted tenets. 
Like any definition each word has particular implications and 
controversies. These are elucidated and discussed in the 
course of the dissertation (see also Miller 1986).

Dyspraxia* is a disorder of learned, volitional movement 
associated with damage to the central nervous system 
(henceforth CNS), more particularly from damage disrupting 
higher, cortical function. Specifically it arises from 
disruption to higher cortical aspects of motor planning and 
execution. A brief expansion of these points will throw more 
light onto the definition. Controversies are highlighted 
later.

* Both ^raxia and dyspraxia are found in the literature. 
Strictly speaking apraxia refers to complete absence of 
purposeful action and dyspraxia a state between that and 
normal praxis. Dyspraxia is the label preferred here as most 
patients are not apraxic, strictu sensu. In the speech 
literature the term most widely used is, however, ^raxia of 
speech, even where there is some speech present. For this 
reason, to avoid further proliferation of terms it will be 
used here interchangeably with speech dyspraxia. In all 
other cases in this dissertation apraxia is used to denote 
only complete absence of praxis.
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2,1.1. A disorder of volitional movement: In dyspraxia there is a
dissociation between voluntary, purposeful, volitional action 
and movement which occurs reflexively, automatically, 
randomly, non-purposively. Limb dyspraxics may not be able 
to lift an arm to show how to comb their hair, but a while 
later nonchalantly scratch their head. The buccofacial 
dyspraxic cannot smile when asked to, but promptly smiles 
when the examiner trips over. Naturally, a vital question 
here concerns how, in practice, one divides automatic from 
volitional (see 4.8).

A disorder of learned movement : Dyspraxia affects only
movements that have been consciously acquired. 'Consciously 
acquired' begs many questions. Writing, piano playing, 
wiring a plug are uncontrovertibly consciously acquired, but 
what about speech, language, walking, gesturing? Clearly the 
dividing line is not razor sharp. Suffice it to say at this 
point that the more conscious and deliberate has been the 
learning of a task, the less incorporated it is into one's 
sub-conscious, automatic routines (one sees that this feature 
interacts with the previous automatic volitional dimension), 
then the more likely it is to be disrupted in dyspraxia.

A movement disorder: Dyspraxia only manifests itself when
the person wishes to move. Some would argue that movement is 
an inappropriate word, since dyspraxics have the full range 
of movements, and in terms of velocities, force and other 
biomechanical parameters behave as normals. It is when they 
wish to engage in organised, combined movements to a specific 
end, i.e. goal directed behaviour, that trouble arises. 
Following this line, a more appropriate phrase would be 
disorder of action (see 7.4.1.; 7.5.2.).

A motor disorder : Some movement problems derive from sensory
or gnosic dysfunction - e.g. optic ataxia, hemineglect, 
anaesthesia, congenital deafness. Dyspraxia arises from 
disorganisation in the innervatory patterns to muscle groups. 
Perceptual or gnosic dysfunction may co-occur with dyspraxia, 
but dyspraxia occurs independently of any of these.



20

A disorder of planning and execution: Disorders of movement
can be caused by defects in muscle biochemistry, disorders at 
the synaptic junction, impairment of transmission of impulses 
in the peripheral nervous system, or in the upper motor 
neurones of the CNS. Movement can also be disrupted by 
extrapyramidal disorders from lesions of the cerebellum, 
basal ganglia etc. All these areas are intact in dyspraxia. 
It is not caused by primary motor dysfunction.

Rather, the basis of dysfunction lies in the areas of a) 
selecting an appropriate response/action from all the 
possible actions that could occur - e.g. if I hear the phone 
ring do I plan to dial or lift the receiver;
b) ’Assembling’ (contentious term) the main components of an 
action - e.g. picking up the kettle, walking to the tap, 
taking off the lid, turning on the tap, as the first step in 
making a cup of tea; or in speech terms determining the 
phonological make up of a selected word;
c) Organising these components such that they will occur in 
the correct order and juxtaposition, e.g. the lid will be 
taken off before the tap is turned on, the kettle - not lid, 
is placed under the tap, assignment of correct stress pattern 
and basic syllable structure, slotting in (contentious term) 
of ’phonemes’ in the correct order;
d) The organisation of neuronal activity to effect patterns 
of muscle group contraction and relaxation to realise the 
intended action.

The precise division (if indeed they are divided) of these 
functions, a - d, how they relate to each other, what 
actually counts as a ’ component ’ and how all this interacts 
with perceptual and primary motor functions constitutes the 
core area of controversy for all the dyspraxias. It forms 
the theme of much of this work.

A disorder of higher cortical function: The above
neuropsychological processes are deemed to take place in the 
cortical grey matter, more narrowly that of the left cerebral 
hemisphere in right handers. Lesion studies (see Miller 1986 
for review) largely bear this out. Of late more appreciation
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has been shown for the role of both cerebral hemispheres and 
sub-cortical structures (especially cerebellum and basal 
ganglia 7.6.3.) in action planning and execution.

2.1.2. This far the dyspraxic is seen as someone with the full 
range, speed and strength of movements as non-brain damaged 
people. Just sitting, or wandering around doing nothing in 
particular, they appear to be problem free. When tested for 
perceptual and gnosic dysfunction they perform as normal, and 
their language comprehension can be perfectly intact. 
However, as soon as they attempt to carry out a consciously 
executed, purposeful action they run into difficulties.

The difficulties are of a particular type and seem to 
indicate problems with choosing the right response (e.g. 
clean their teeth instead of wash their hands); organising 
the constituents of the response (they clean their teeth with 
the tube and press the brush); or smoothly executing the 
response (they use the brush to clean their teeth, but 
struggle to get a fluent, regular, up and down movement). 
When tested for muscle strength, tone and co-ordination, they 
are problem free. Assessed for general intellectual 
impairment results demonstrate no impairment. Consideration 
of a psychiatric aetiology likewise proves negative, despite 
the fact that some of the behaviour appears decidedly bizarre 
and the person is highly inconsistent in responses. 
Sometimes they can do the action, five seconds or five hours 
later they cannot. One day they make one type of error, next 
day a completely different one. When asked to perform a 
particular task they declare they are unable, or fail, yet 
minutes later seem to show no difficulty.

One is left with the impression that the nett effect, as 
Isaacs (1987 p61) jokingly, but aptly, expressed it, is that 
"apraxia is when you can't do what you can do ^en you try, 
but you can do \jhat you can't do when you don't try."

2.2.1. Diagnosing Dyspraxia: The characteristics noted above set
the pattern for recognising and describing dyspraxia. 
Assessment proceeds via exclusion of other possible causes of
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the aberrant movement and establishing the type of dyspraxia 
through attention to the nature of derailments.

Exclusion eliminates disorders of comprehension, sensory- 
perceptual disorders, primary motor dysfunction, general
intellectual impairment, attentional, motivational problems, 
psychiatric disorders. Further assessment ascertains what 
type of dyspraxia is present (type and pattern of errors), 
and the severity of the disorder.

2.2.2. Several questions remain, though. What errors exactly is one
searching for in disclosing dyspraxia? What is the best way
of eliciting, observing and codifying errors? How does one
detect and describe variation in severity? How can these 
procedures be put on a more objective, standardised footing
instead of being, as to date, based mainly on informal,
structured, clinical observation? How do assessments
differentiate in the grey areas of close interaction between 
dyspraxia and related disorders? How have assessments fared 
so far in meeting the demands of these queries? The aim of 
the remainder of this work is to try and find some answers to 
the above in the field of speech dyspraxia.

As a starting point the next section narrows the focus from 
dyspraxia in general to detailing the features traditionally 
employed to diagnose speech dyspraxia.

2.3.1. Criteria Used for Diagnosing Apraxia of Speech

In identifying speech dyspraxia/apraxia of speech (AS) 
clinicians, to date, have relied on textbook summaries of 
findings from the 1960’s and 1970's (e.g. Shankweiler, Harris 
1966; Johns, Darley 1970; Deal, Darley 1972; Deal 1974; 
Trost, Canter 1974). These can be found summarised in works 
such as Darley (1982), Wertz, LaPointe, Rosenbek (1984).

The findings relate to the type of pronunciation problems 
(i.e. error patterns) experienced by speech dyspraxics, the 
ways in \diich these vary according to stimulus type and 
certain general behavioural characteristics which seem to
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typify dyspraxic speech. The following are said to be true 
of speech dyspraxics

a) They substitute, add, omit, transpose, anticipate, 
perseverate and distort "phonemes"*. Earlier studies alleged 
a relatively constant rank order to these error types, and 
this helped distinguish AS from other disorders.

b) They are more likely to make an error the longer the word 
is (in phonemes and syllables), the more complex the syllable 
structure, and the less frequently the target word and target 
phonemes occur in the language. Likelihood of derailment 
relates to grammatical class in as far as the greater the 
prepositional weight of a word, the greater the chance of 
error. Hence nouns, verbs, adjectives are expected to be 
more in error than determiners, auxiliaries or prepositions.

c) In general the errors seem to occur in the earlier parts 
of words and sentences, especially initial position.

d) ' Phoneme ' types apparently display an order of fragility, 
with affricates most susceptible to error followed by 
fricatives, stops and lastly vowels.

e) On the one hand rank orders lend an air of predictability 
about error types and positions. Indeed, dyspraxics are said 
to be able to reliably indicate on which words they expect to 
experience difficulty (Deal et al 1972), and on repeated 
reading of a passage the same sounds in the same words tend 
to be consistently in error (Deal 1974). However, the exact 
nature of the derailment is not necessarily predictable, and 
on repeated trials the same segment might be in error in 
several different ways. This variability is claimed to be 
one of the chief hallmarks of dyspraxic speech and the main 
characteristic separating it off from dysarthric and other 
pronunciation problems.

*Phoneme is placed in inverted commas as the position and use 
of the term and supposed unit is highly variable and 
contentious in the context of AS. The issues surrounding it 
are taken up later.
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f) The variability may take on even more dramatic 
proportions. Speech dyspraxics may utter not just single 
sounds accurately that they struggled with seconds or minutes 
before, but they may demonstrate considerable passages of 
fluent, accurately pronounced speech containing sounds and 
words they previously could not produce. These are the so- 
called islands of fluency supposedly characteristic of AS.

g) Derailments are said to be close to target, differing at 
most by one or two features (see below for what constitutes a 
feature), deviations by three or four features being rare. 
Hence the target word is usually recognisable even if it is 
deviantly pronounced.

h) Dyspraxic speakers are allegedly aware of their errors. 
This awareness is the usual explanation given for the 
frequent self-corrections and struggle behaviour said to 
typify AS. This manifests itself as repeated attempts at 
saying a word or phoneme. The struggle may appear as silent 
or audible posturing and groping for targets.

i) AS speakers are dysprosodic. Some believe (5.4) this 
stems from the struggle behaviour, while others support the 
view of dyspraxic dysprosody being a primary and not 
secondary symptom of the underlying disorder.

j) Responses to picture naming are more likely to be in error 
than when saying the same word in imitation of the clinician 
or reading it. If the speech dyspraxic can see and hear the 
stimulus, their response is more accurate than just hearing 
(head phones) or just seeing/reading alone.

k) The greater the prepositional weight and volitional nature 
of an utterance, the greater the probability errors will 
arise. The likelihood decreases the more automatic and non- 
conscious the processing required to produce the utterance.

Other sequelae of brain damage have been argued to contribute 
to AS pronunciation errors, but are now accepted as 
complicating the picture on occasions, but not causing AS
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directly. These include auditory perceptual difficulties, 
oral non-verbal dyspraxia and dysphasia. They will be 
discussed in more detail later, but are mentioned here along 
with the other indicators which are said to assist 
differential diagnosis of AS, as any assessment of AS should 
be able to distinguish problems due to these disorders as 
opposed to the core speech dyspraxic behaviours.

Thus, speech dyspraxics may have some auditory discrimination 
problems, but dyspraxics exist with no such difficulties. 
Similarly oral non-verbal dyspraxia (see Miller 1986 for
overview) may accompany AS, but its presence is not
obligatory. The dissociation in severity and occurrence 
between the two demonstrates that, at least according to 
'traditional* oral dyspraxia assessments AS is not a 
severe/mild form of buccofacial dyspraxia, as has been 
mooted. However, certain fresh ways of examining the 
relationship have more recently suggested that there is more 
to their association than meets the ear or eye (Edwards,
Miller 1989; Square-Storer, Roy 1989),

Finally, pure cases of AS do exist (MLcoch, Beach 1983; 
Square-Storer, Darley, Sommers 1988), but the vast majority 
co-occur with some type of dysphasia. So while AS patients 
will be seen with auditory and reading comprehension within 
normal ranges and syntactically and semantically well formed 
sentences in written and spoken language, more normally the 
AS problems interact with the dysphasic difficulties,

2,3,2, The question now arises in connection with creating an 
assessment for AS, of why, if diagnostic criteria are so well 
mapped out, one should not simply choose all or a range of 
these and collect standard data to place measurement on a 
psychometrically reliable and objective footing. The answer 
is this would not be wise, for several reasons.

Firstly, while there was relative concurrence in the 
conclusions of earlier studies cited above, later 
investigators have not always found such uniform agreement. 
Furthermore, closer inspection of the pioneering works
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reveals that there was a degree of heterogeneity underlying 
their homogeneous conclusions. Thirdly, the definitions of 
factors (error types; error contexts; identification of 
'struggle' and so on) employed, despite the apparent 
commonness of language between investigations, are often 
deceptive, for reasons that will become apparent below. 
Finally, while the points a to k have served as the 
foundation for diagnosing AS, their exclusiveness to this 
disorder is more apparent than real. Chapter 4 examines the 
strengths and weaknesses of these specific criteria in 
detail. Before this, mention is made of some more general 
aspects rendering comparison across studies difficult, and 
weakening the claims of some investigations. Broadly 
speaking they fall into variables affecting group composition 
and the speech-language corpus.
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Group and Corpus Variables Affecting Outcome

3.1. This chapter mentions some points in group composition and
corpus choice more central to results of AS studies rather 
than exhaustively covering all variables and challenges that 
are met in selecting groups of and data from neurologically 
impaired people in general. In the first section size of 
population, aetiology, size of lesion and time since onset 
are dealt with briefly and group composition and quantitative 
measures in more detail. Section two covers corpus 
variables.

3.1.1. Size of population has varied from single case studies (e.g. 
Square, MLcoch 1983) to large assemblies (Luria 1947/1970 -). 
The majority of investigations have used a handful of 
subjects, with more than ten being the exception rather than 
rule. This would not be of such great concern were it not 
for the wide degree of variability displayed in the allegedly 
speech dyspraxic population. While this is apparent when 
statistics are reported, few studies until recently have 
highlighted this.

The conclusion, therefore, must be to exercise caution in 
extrapolating from group data to predict performance of 
individual members. The criteria listed in a-k all derive 
from group data. Even within their own numbers the studies 
instance people who behave contrary to the group trend, and 
certainly any clinician would not have to search long to find 
a patient who did not conform to overall predictions.

Hidden within some group data is a variation in aetiology. 
Most subjects have a cerebrovascular origin to their 
disorder, but others have been traumatic or neoplastic. No 
reports exist contrasting AS aetiologies, but in view of 
arguments for the influence of aetiology on brain dysfunction 
(e.g. Holland 1982) caution is warranted.

The same applies to site of lesion. Although no one site has 
been consistently linked to AS studies exist suggesting that
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qualitatively different subtypes of dyspraxic disorder arise 
(Square, Darley, Sommers 1982; Kertesz 1984).

Time since onset may influence pictures in two significant 
ways. Reports of other neuropsychological dysfunction (e.g. 
Kertesz 1984; Reinvang 1984) suggest that the picture of a 
disorder in one individual may change over time. This may be 
to such an extent as to warrant a separate diagnostic label - 
e.g. the recovery of Wernicke’s to conduction dysphasia, or 
global to Broca's dysphasia.

Secondly, patients in time may make certain adjustments to 
their disability making it problematical distinguishing 
between their adaptation and impairment symptoms. Kolk and 
Heeschen (1990) have analysed the apparent agrammatic 
behaviour of Broca’s dysphasics in this respect, and, 
pertinent to AS, linked these speakers’ dysprosody and slowed 
speech rate to adaptive strategies rather than primary 
impairment.

3.1.2.1. Group composition poses problems quite apart from those 
mentioned so far. They fall into choice of controls and 
decisions as to who counts as an AS speaker.

Some studies (e.g. Bowman Althoff, Anderson 1982) have 
presented no controls, normal or disordered, leaving open how 
valid and reliable their conclusions are. Uncertainties 
arise though even when normal controls are included. Fromm, 
Abbs, McNeil and Rosenbek (1982) published what became an 
influential electromyographic (EMG) study on AS leading many 
to see in the patterns of antagonist co-contraction, muscle 
shut down, and continuous undifferentiated EMG activity, 
correlates of the silent and audible struggle, blocks and 
prolongations of the dyspraxic. Subsequently Moore, Smith 
and Ringel (1988) and Forrest, Adams, McNeil (1990) using a 
larger normal population found these same patterns in their 
normal subjects.

Dysmetrias and dysfluencies have been accepted by some as 
core symptoms of AS based on comparisons with normals.
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However, when normals were made to speak at reduced rate, 
more closely resembling AS conditions, there appeared no 
differences between groups (Story, Alphonso, Munhall 1987; 
5.3.3). The implication is that the conditions under which 
normal people perform should ideally reflect dyspraxics' 
conditions.

3.1.2.2. Traditionally the problem of differential diagnosis is seen 
as between dyspraxia and dysarthria, hence many studies 
include at least one dysarthric comparator. Dysarthria is 
merely a general term, though, for a group of qualitatively 
different disorders (5.7) and it is therefore unsurprising 
that conflicting conclusions have been reached according to 
the composition of the dysarthria group.

There is another issue here. AS is deemed a disorder of 
higher cortical dysfunction and the dysarthrias as arising 
from more peripheral, subcortical dysfunctions. As will be 
argued in Chapter 7 one cannot consider one part of motor 
planning and execution in isolation from the other. If one 
maintains that the motor system works as an integrated whole, 
even if certain subcomponents can be isolated, then it will 
not be surprising that dysfunction in one area is reflected 
in or causes knock-on effects in another. ’Lower' order 
components rely on higher order input, but at the same time 
higher order function is dependent on lower order operation 
for its realisation. Hence, far from being strictly 
separable dysfunctions, AS and the dysarthrias can be 
expected to overlap in their acoustic, phonetic and motor 
manifestations.

3.1.2.3. Similar issues arise when choosing dysphasic comparators for 
dyspraxics. Dysphasia again is a general term for 
qualitatively different pictures. Differences in the 
dysphasic population are frequently not reported or broadly 
drawn as e.g.^ fluent, _+ anterior site of lesion. Other 
factors enter the field for dysphasic comparators. Their 
inclusion has been motivated by various theoretical aims, and 
definitions of the dysphasias have come from contrasting 
schools.
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Some workers have been intent to demonstrate that dyspraxia 
is or is not a form of dysphasia (Blumstein 1973; Martin 
1974; Kent, Rosenbek 1983). Some mean by dysphasia a purely 
language (syntax, semantics, morphology) disorder without any 
pronunciation breakdown. Others contrast AS with what is 
variously termed aphasie phonological disturbance (Mackenzie 
1982), phonemic or literal paraphasia, (Buckingham 1983) or 
conduction dysphasia (Kohn 1984). A germane issue concerns 
the definition of Broca's dysphasia as essentially a language 
disorder (Kerschensteiner, Poeck,Huber, Stachowiak, Weniger 
1978), as a disorder with pronunciation problems synonymous 
with AS (Katz 1988), or with pronunciation deficit not 
synonymous with AS (Lebrun 1990).

These questions actually conceal over a century of debate 
(Lesser 1989; Messerli 1983). They are not resolved in this 
section, but their bases and implications for assessment are 
covered in future chapters. The lesson in the meantime is 
that who or what counts as dyspraxia and the precise pictures 
of the controls may differ widely even when researchers use 
like labels. Little wonder then the diversity of findings.

Difficulties do not disappear there. Even when explicit 
criteria are offered, they may lead to group diversity. Deal 
et al (1972 p 640) for instance, not untypical, using a list 
of criteria akin to a-k (above) state that "subjects were 
considered to have AS if they demonstrated one (emphasis 
added) or more of the following error patterns." Does this 
mean all criteria have equal power in differentiating all 
dyspraxics? The implication from such inclusion policy is 
yes, yet no studies exist to confirm this.

3.1.2.4. There is another reason to be alert in choosing groups.
Liepraann (1908) in his pioneering papers on the limb 
dyspraxias included in his taxonomy, ideational, ideomotor 
and (ideo)kinetic dyspraxias. The former two have stood the 
test of time and are accepted as true dyspraxias. Current 
scholarship (Kerschensteiner, Poeck, Lehmkuhl 1975) excludes 
kinetic from the classification and sees it as a disorder
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midway between dyspraxia and hemiparetic primary motor 
disorder.

This debate in the limb dyspraxia field has surfaced in the 
speech literature as the debate concerning whether aphemia is 
a dyspraxic or dysarthric disturbance. Ignoring the 
confusion that the label aphemia might cause, it being a much 
used and abused term (Messerli 1983), the debate hinges 
around whether the syndrome in question is an independent 
entity, a type of dysarthria, apraxia of speech, or a subtype 
of this.

Schiff, Alexander, Naeser, Galaburda (1983) presented 
patients who had slow, effortful, irregularly phased 
dysprosodic speech containing distortions and substitutions, 
including errors of voice and nasality. Vowels and 
consonants were affected. No oral physical examination is 
recorded, but they described their patients as dysarthric, 
despite many of the auditorily assessed symptoms being 
consistent with AS. All had subcortical lesions. Schiff, 
Blumstein, Ryalls, Shinn (1985) reported another series, 
including a dysarthric with clumsy hand syndrome. Their 
feeling was that the disorder concerned was a pure motor 
disorder linked to disruption of the outflow tract of the 
anterior language association cortex at any point along its 
pathway. This is in keeping with Liepraann’s original 
formulations on the site of lesions for kinetic dyspraxia. 
Ropper (1987) described patients with severe dysarthria from 
right hemisphere lesions who "mouthed syllables before 
beginning to speak, or repeated the first sound of a word 
like a stutter" (pl061), reminiscent of AS behaviour.

Other groups have preferred to characterise same or similar 
pictures as subtypes of AS, or AS with associated dysarthria. 
All these patients have had subcortical lesions implicating 
the basal ganglia, internal capsule or immediate outflow from 
the motor cortex.

Many reports (Lecours and Lhermitte 1976; Mazzochi and 
Vignolo 1979; a patient of Fisher 1979; the lady analysed by
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Square et al 1982 and Square and Mlcoch 1983; people 
presented by Naeser, Alexander, Helm-Estabrooks, Levine, 
Laughlin, Geschwind 1982; Damaslo, Damasio, Rizzo, Varney, 
Gersh 1982; Kertesz 1984; Starkstein, Berthier, Leiguarda 
1988) seem to have found people who present with many of the 
symptoms of AS, but at the same time have elements of 
dysarthria. Despite the terminological and interpretational 
divergences all these groups appear to be describing a speech 
equivalent of Liepmann's kinetic dyspraxia, a disruption of 
motor programming for spatial targeting and phasing, for 
muscles or muscle subgroups, coupled with problems of fine 
motor control.

The implication for the present discussion on difficulties in 
homogeneity of study groups is that a further subgroup that 
is neither wholly dysarthric, nor purely dyspraxic needs to 
be identified, and the assessment procedures for either of 
these disorders should be sufficiently sensitive to isolate 
the features of kinetic dyspraxia, irrespective of how one's 
theoretical stance leads one to classify it.

3.1.3. Another notorious variable to control is severity.
Comparability across groups and studies is affected because 
different criteria are used. Severity in AS, dysarthria and 
dysphasia is the outcome of numerous interacting factors. It 
is doubtful whether studies relying on one feature (e.g. 
total number of substitution errors; rate of speech) can 
capture all that leads to impressions of severity. Even when 
multiple factors are permitted, different listeners may judge 
according to separate criteria.

Mlcoch, Square and Beach (1984) examined the use of equal- 
interval scaling versus direct magnitude estimations of 
severity in AS. They did not find a significant difference 
between them using speech pathology student raters. What did 
emerge, which is relevant to discussion here, is that 
scorers' ratings related more to nonsegmental errors 
(repetitions, struggle, syllable segregation, total utterance 
time) than to segmental substitutions, distortions etc. Most
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studies have allocated subjects to different severity 
groupings on the basis of segmental error totals.

There is, however, a possibly more vexing question here. Are 
quantitative differences in severity associated with 
qualitatively different behaviours? Is a group containing 
mildly and severely impaired speakers qualitatively 
homogeneous? It may be that two subjects diagnosed as having 
AS make distortions and substitutions, with one showing a 
clear predominance of distortions, the other the reverse. 
Can one confidently consider these two people to be 
qualitatively the same? Does a greater proportion of 
substitutions indicate a more marked pathology, or does it
signify a different underlying breakdown? This is a matter
that will have to be clarified empirically as well as through 
experimental observation. Evidence related to this issue is 
discussed in Chapters 13-16.

3.2.0. Another area of variability to take into account concerns the
nature of the speech-language corpus used and the methods for 
eliciting and recording this. The literature in this field 
is actually quite large as issues relate to all areas of 
assessment and experimentation in speech-language pathology. 
The following points, however, are restricted to issues 
bearing more directly on the study of AS.

3.2.1. Wide divergence exists in the size and type of corpus used.
Blumstein (1973) used a minimum of two thousand (content) 
words from a clinical interview; Deal et al (1970) used 
thirty real, and thirty nonsense monosyllable words in a 
variety of tasks; Deal et al's (1972) subjects read three one 
hundred word passages, while Trost et al (1974) utilised one 
hundred and thirty monosyllabic words and a few 
polysyllables. Keller (1984) derived a corpus from an 
informal conversation, story telling, automatised sequences, 
naming thirty pictures and repeating a list of real and 
nonsense words. Nespoulous, Joanette, Ska, Kaplan, Lecours* 
(1987) presented three hundred individual words, varying in 
length and phonemic structure, in several conditions. Odell, 
McNeil, Hunter, Rosenbek (1990) based their analyses on
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thirty single and polysyllabic words from Part II of Dabul's 
(1979) apraxia battery.

There are no studies, to my knowledge, investigating the 
influence of corpus size in dyspraxic speech sampling 
comparable to some of the studies carried out in the 
developmental field. However, in view of the considerable 
variations in sample sizes, even in the few studies cited, 
reservations must be maintained about the reliability of 
direct comparability until future research instructs us to 
the better.

This caveat is even more pertinent when one views the 
differences in the type of stimuli used and the scope given 
for sampling a smaller or larger range of phonological 
eventualities and associated effects (segmental versus 
suprasegmental features; isolated vs displacement errors; 
length, frequency, grammatical class, syllabic complexity).

3.2.2. The variety of elicitation methods renders comparisons even 
more problematical. They have included spontaneous 
utterances from general conversation and picture description, 
picture naming, immediate and delayed repetition and reading. 
Some studies have used a single method, others multiple. 
Some of the latter have lumped data indiscriminately from 
several sources, others have analysed them separately.

Intuitively, and certainly when one makes reference to 
various models of speech production (Chapter 7), it would be 
expected that the elicitation procedure would have an 
influence on error totals and types. Naming requires the 
person to retrieve their own phonological details for the 
word (not to mention, where there is concurrent dysphasia, 
possible problems in access to the semantic lexicon), which 
is bypassed in repetition. Repetition, though, requires some 
level of processing of the phonological input before 
outputting it again. Reading permits access to other routes 
in and out of phonology not available in the other modes. In 
as far as claims exist (Johns et al 1970; Monoi, Fukusako, 
Itoh, Sasanuma 1983; Canter, Bums 1985) concerning the
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differential way in which elicitation methods affect 
behaviour in subgroups of pronunciation disordered people, 
contrasting modes of elicitation should be included in an 
assessment. As Miller (1986) discusses, this is a factor 
common to all dyspraxia types, not just speech.

3.3, Transcription method represents a decisively thorny area.
Two interconnected aspects are involved - the reliability of 
'naked ear' perceptual judgements and the diagnostic effect 
of narrow versus broad transcriptions.

Regarding the first aspect, it has long been recognised that 
listeners can be convinced they heard one sound in a 
speaker's utterance despite ample evidence that the speaker 
actually spoke something different. In the listening process 
there exists a strong attraction to categorical perception - 
i.e. the listener disregards large elements of variability in 
and between individual's production of sounds and organises 
what is heard into the broad (phonemic) categories of their 
language's sound system. Sound continua are interpreted 
discretely.

Acquisition of categorical perception commences from an early 
age (around 2-3 years), with children 'learning' to exclude 
from attention acoustic elements having no role in their 
language - as e.g. Simon and Fourcin (1978) demonstrated in 
English versus French children's attention to Fl transition 
cues. Elman, Diehl, Buchwald (1977) illustrated the strength 
of the effect with adult bilingual people interpreting 
identical sounds differently depending on which language they 
were listening in.

Importantly for AS studies the effect interacts with lexical- 
semantic and syntactic variables, too. Ganong (1980) 
administered [g] - [k] continua embedded in gift-kift, giss- 
kiss type pairs. Listeners divided the continua differently 
according to whether a nonsense word would be heard or not. 
Isenberg, Walker, Ryder, Schweikert (1980) inserted [t9 ]
series in clauses such as I like ....joke, I like ....drive. 
The phoneme boundary disfavoured [t] for joke but [ 5 ] for



36

drive. They explained this on the basis of joke more 
frequently occurring as a noun, drive as a verb. Massaro and 
Cohen (1980) gave listeners [li] - [ri] continua placed after 
four different consonants. The categorical boundary shift 
was closely influenced by the phonotactic legality of the 
sequence,

The influence of phonemic false evaluation (Buckingham, Yule 
1987) is easily illustrated from dyspraxia studies. Numerous 
acoustic assessments now attest to the phonetic nature of the 
previously falsely evaluated _+ voice or oral versus nasal 
phonemic substitutions (5,2,2), Keller (1978) maintained 
dyspraxics (Broca’s dysphasics) substitute most vowels as low 
when targets are mid or high. Buckingham (1982) argued the 
conclusion might be mistaken because of interference on vowel 
production of velar incoordination (5.2,2), This 
incoordination would give added nasalisation to some vowels. 
On mid and high vowels this would cause the first formant to 
rise. The auditory correlate of Fl rise in mid and high 
vowels is lowering of that vowel. The actual change in the 
Fl cue is related to asynchrony of muscular control for a
correct target but the perceived lowering could have induced
listeners to think the speaker had selected and substituted a 
wrong phoneme. This is but one example of the complexity of 
inferring from perceptual to physical measures, a recurrent 
theme in coming chapters.

The foregoing provide some explanations to why subphonemic 
derailments tend not to be heard in normal speakers and 
fluent dysphasics even when acoustic analyses show clear 
correlates to other sounds (5.7.5.1). The possible effects 
of phonemic false evaluation and reliance on broad,
essentially "phonemic" transcriptions (applies to the 
majority of studies) also highlight one source of controversy 
in arguments concerning which error types typify which
disorders. These issues are taken up again in Chapter 4.

3.4. The conclusion in the meantime is that the type of corpus,
its mode of elicitation and method of recording act as 
potentially powerful influences on results and are factors to



37

be home in mind when interpreting and comparing studies. It 
is in the light of these observations that a more detailed 
examination takes place of the claimed diagnostic 
characteristics of AS.
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Reliability of Perceptual Diagnostic Criteria

4.1.0. This chapter takes a critical look at the features claimed in
2.3.1 to be characteristic of speech dyspraxia (AS) to see 
whether they warrant inclusion in a differential diagnostic
battery, and if not what provisos or modifications should be
added.

4.1.1. Error Types: The contention is that AS can be divided off
from other disorders by the nature of pronunciation errors 
made. In particular speech dyspraxics are said to 
substitute, omit, add, anticipate, perseverate, transpose and 
distort sounds. Further, it has been claimed that these 
derailments stand in a characteristic rank order. These are 
summarised for a selection of studies in Table 4A.

The first point to strike one is the overall lack of 
agreement with the exception of substitutions being most 
frequent in all but two of the groups. Even here, though, 
results range from substitutions comprising 32% to 74% of 
derailments. Apparently rank order of error types is not a 
reliable indicator, unless skewing factors can be identified, 
which when removed homogenize the data. Four chief points 
would seem to account for the variation. They are, 
transcription method, error definitions and taxonomy, which 
data were taken forward for analysis and corpus basis. These 
elements will be looked at separately.

4.1.2. All but four studies cited used broad "phonemic" 
transcription. Some studies (Blumstein 1973; Niemi, 
Koivuselka-Sallinen, Hanninen 1985) have restricted analyses 
to phonemic errors, excluding phonetic ones or ones ambiguous 
for emic versus etic disturbance. Discussion in Chapter 11 
suggests this has a marked effect on assignment of errors. 
This seems partially confirmed in that Odell et al (1990) who 
employed narrow transcription achieved a clear superiority of 
subphonemic distortion errors. Square et al (1982) also 
using narrow transcription report a similar superiority of 
distortions. The other narrow transcribers (Trost et al
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Study Error Type
Elicitation S 0 Ad D Others

Johns et al 
1970
read and 
repetition

32-1 1-7 9-6 10-5 Repetitions 18-2; 
Schwa 18-2, 
other: 12-4

Blumstein
1973
Conversation

48.8-1 24.7-2 6.6-4 Environment 20-3

Trost et al 
1974
naming and 
repetition

67.1-1 5.7-4 12.6-2 8.8-3 Compound 5.7-4

Klich et al
1979
naming

61—1 4-5 3-7 8-3 Pauses 12-2, self 
correct 8-3 
repetitions 4-6 
prolongation 1-8 
Schwa 1-9

Monoi et al 
1983
a. naming
b. repetition

65.8-1
74.8-1

15.0-3
5.6-3

0.4-4
4.4-4

transpositions
18.8-2
transpositions
15.2-2

Canter et al 
1985
name & repeat
a. C
b. CC

64—1
66—1

7-4
45-2

18-2
3-6

13-3
6—4

transposition 26-3 
Sequence 4-5

Niemi et al 
1985
conversation

55-1 17-3 22-2 transpositions 6-4

Nespoulous 
et al 1987 
repetition

56-1 25-2 16-3 displacements 3-4

Odell et al 
1990
repetition 
C only

13.5-3 28.7-2 11.4-5 54.1-1 distorted substi
tutions 13.5-3

T^le 4A. Summary of Error Types in Selected Studies of AS 
showing "Percentage of Error Tÿpe of all errors and Rank Order 
of that Error Tÿpe in the particular Study. S = Substitution; 
0 = Omission; Ad = Addition; D = Distortion; C = Consonant; CC 
= Cluster.
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1974, Canter et al 1985*) demonstrated primacy of 
substitutions similar to the broad transcribers. These data, 
however, are not directly comparable to Square et al's and 
Odell et al's studies in that, firstly, the formers' speech 
dyspraxics had concomitant (Broca's) dysphasia, and secondly 
certain derailment types that might have been counted as 
distortions were not included. This observation argues that 
the predominance of substitutions over distortions, which has 
been forwarded as a feature distinguishing dysarthria and AS 
is in fact an artefact of the transcription method. The data 
gathered for this dissertation appear to confirm this,

4,1,3, Although all studies have used similar labels in their error 
taxonomy, differences in definitions influence exact 
classification. For example, Johns et al (1970) included 
under substitution (p564) not only 'unequivocal use of one 
phoneme in the matrix to replace another, ' but also 
simplifications such as /w/ for /r/, and ' additive and 
omissive substitutions' such as peat -> /plit/, or pleat -> 
/pit/. The latter are classed as distortions, additions and 
omissions by others. While Johns et al count intrusive schwa 
separately, for others it comes under additions or is 
disregarded, Monoi et al (1983) included a category 
'transposition', This covered errors classed by others as 
anticipations, perseverations, me tatheses and word fragments 
(excluded by others from analysis). Anticipations and 
perseverations are considered by Niemi et al (1985) under 
substitutions,

As is clear in Table 4A not all studies cover all error types 
- in particular distortions. Others contain types not 
counted elsewhere, or which are grouped under another 
heading. The repetitions of Johns et al and the pauses and 
self corrections of Klich, Ireland, Weidner (1979) are not 
totalled by others. Only Odell et al (1990) include 
distorted substitutions.

♦Actually Canter et al (1985) consists of the data from Trost 
et al (1974) and Bums and Canter (1977) with a little 
additional data.
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Canter et al (1985, p 216) admit that some of their
substitutions could in fact be attempts to produce the 
correctly selected phoneme, but were "sufficiently 
misdirected phonetically" to produce a change across the 
perceptual boundary. Monoi et al (1983, p 190) also 
acknowledged that there would be sub-types amongst their 
substitution errors that are in fact phonetic distortions, 
which tend to be perceptually classified as one-feature
substitutions.

Equally seriously, few studies actually detail how they dealt 
with problem errors. Cutler (1988) has noted the knottiness 
of identifying so called 'pure' errors even in normal slips 
of the tongue. Some authors (e.g. Blumstein 1973; Niemi et 
al 1985; Odell et al 1990) have at least addressed ambiguous 
and complex errors. Others ignored them. Only one study 
cited includes compound errors (Trost et al).

For instance is Michael -» / k llksl / a substitution or 
anticipation? A word sequence mouse -> [mavs] ; kite -> 
[kai5], is even less clear whether /t/ -> /s/ should be a 
perseveration, a substitution, or whether given a narrower 
transcription it may turn out to be a distortion of the 
vowel-consonant transition or consonant release. A
derailment of the type water [ ] presents other
problems. Is the [f] element to be counted as integral to 
the [w] and therefore a distortion; is it an addition, and if 
so how would it stand in relation to examples such as cake - 
["^kClk ], tea - [Jti] which could be argued to be quite 
different underlying errors. Discussion of these problems 
broaches serious issues in the relationship between perceived 
segments and acoustic records, segmentation and error 
taxonomy and theoretical accounts of surface error behaviour. 
They are addressed in future sections.

Closely related to what should be regarded as what error are 
questions of what constitutes evidence for an error in the 
first place and what is retained for inclusion in error 
analyses. Studies vary in this respect.
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Blumstein (1973) discarded analysis of systematic
approximations, which Odell et al (1990) and the studies for 
this dissertation suggest are an important aspect of 
dyspraxic speech. Monoi et al (1983) included these 
behaviours because they observed that their conduction and 
Broca’s dysphasics differed in this dimension, but their 
discussion drew no further attention to it. Trost et al
(1974) counted speech dysfluencies, but separately from their 
main error classes. Klich et al (1979) attended to them
under headings of pauses, self-corrections and prolongations.

Jargon and neologisms are commonly excluded from analysis.
On the one hand there is sound reason to do this. On the
other hand, studies of neologisms (Lecours 1982; Buckingham 
1990; Christman 1992) indicate their nature is far from 
random. Assonantal, alliterative (Buckingham, Avakian- 
Whitaker, Whitaker 1978) and perseverative (Buckingham 1985; 
Santo Pietro and Rigrodsky 1986) characteristics show 
elements of a preserved sound system. Importantly, 
neologisms also provide evidence for interactions between 
levels of linguistic analysis. Their exclusion influences 
theoretical arguments concerning the underlying nature of AS 
(see Chapter 7).

4.1.4. It is quite likely also that the corpus base influences error 
types irrespective of the taxonomy employed. Monosyllables 
offer no scope for intersyllable interaction errors. 
Restricted syllabic structure limits scope for intramorphemic 
anticipations, transpositions etc, when compared to 
polysyllabic words and connected speech. An over reliance on 
CVC syllables has a bearing on the number and type of 
omissions and additions possible - a fact borne out in the 
studies examining these differences. Trost et al (1974) 
found 67.1% substitutions, 12.6% additions, 5.7% for 
omissions and compound errors in single consonants, but 31.2% 
omissions, 26.8% compound errors, 18.2% substitutions, 1.9% 
additions in consonant clusters. Nespoulous et al (1987), 
Odell et al (1990) likewise found a steep rise in omissions 
in cluster contexts.
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Overreliance on monosyllables precludes scrutiny of the 
relationship of errors in stressed vs unstressed syllables, 
as well as problems in stress assignment. Both features are 
claimed to be significant in identifying AS.

Word type has been stated to be a significant variable in 
distinguishing AS from other disorders - phonemic paraphasias 
are supposed to occur on content words only, but dyspraxic 
mispronunciations on all word types, Blumstein (1973) used 
spontaneous speech as her corpus basis which would have 
permitted assessment of this dimension, but actually only 
used errors from content words. Other studies which used 
connected speech or reading have not clarified whether 
function words were taken into their error totals.

This brief review of error ranks and types does not confirm 
them as an unequivocal basis for diagnostic decisions. The 
reliability of this criterion must be further tested out in
careful narrow transcription studies such as Odell et al
(1990); Odell, McNeil, Rosenbek, Hunter (1991), by comparing 
results only from studies that utilised identical approaches 
- and here the scope is appreciably reduced due to the 
heterogeneity of methodology and content - or by taking a 
fresh look at other factors that the extant data may 
indicate. For instance, it may not matter that workers have 
found varying error ranks and proportions if it can be 
demonstrated that particular error classes or sub
combinations are unique to AS, or that the way in which error 
likelihood varies in relation to other factors is
pathognomic of AS, The following sections explore this 
possibility,

4,2, Length and Complexity Effect

In AS, the longer the word and the more complex the 
syllable(s), the more prone a speaker is to making errors. 
In contrast dysarthrics are not supposed to show this effect. 
Accordingly assessments have included items such as thick - 
thicker - thickening and lake - flake - flakes to pick out 
this varying susceptibility.
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If one takes consonant clusters as indicative of greater 
syllabic complexity, then the idea that speech dyspraxics 
fail more often on these appears to be supported by a range 
of studies from Shankweiler et al (1966) through Johns et al, 
Trost et al, LaPointe, Johns (1975), to Shewan (1980). Using 
a selection of words from Trost et al (1974) Shewan showed 
results typical of previous work supporting the length 
effect. Dividing the number of error responses by the total 
for adequate ones she arrived at a quotient of 0.44 severity 
for monosyllables, but 4.89 for polysyllables. IMfortunately 
these findings are weakened by three factors 
investigatory, methodological, and clinical.

Firstly, despite clear cut results in the above studies, 
equally sound reports did not find the effect. Martin and 
Rigrodsky's (1974) subjects repeated words from two to six 
phonemes long. Two and six phoneme words had most errors, 
while three, four and five length had least. Nespoulous et
al's (1987) Broca's subjects showed a greater proportion of
errors on monosyllables, and Odell et al (1990) found a group 
(but not individual) complexity (C versus CC) effect, but no 
length effect. Deal et al's (1972) subjects produced a 
length effect in isolated words, but not when words of 
varying length were embedded in a reading passage.

Secondly, the analytical methodology in some studies could 
skew the results. Instead of reporting errors as a 
percentage of total possible for mono- versus polysyllables, 
only absolute scores are compared. As there are more error 
possibilities (especially omissions and displacements) in 
clusters and polysyllables, it is not surprising that more 
misses should be scored. Further, as workers typically use 
fewer poly- than monosyllabic items, even if the absolute 
error totals are equal, when calculated as percentage of
words or segments in error, polysyllables are bound to look
more impaired.

Differing pictures can emerge according to whether all words 
longer than one syllable are lumped together or analysed 
separately. If Nespoulous et al (1987) had counted mono-
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versus all polysyllables, their conclusion regarding the 
length effect would actually have been the reverse. 
Conversely, although it is difficult to state categorically 
(due to lack of data reported where two, three and four 
syllable counts are recorded separately), it is apparent, 
even on group data, let alone an individual basis, that the 
gradient of difficulty from short-simple to long-complex is 
not linear.

Lastly, regarding analysis, it is not clear how far different 
conclusions might result according to whether investigators 
count simply the number of words in error, irrespective of 
how many derailments are in each word, or whether they count 
total segments in error. Lack of data precludes examination 
of this in the published studies, but it is a question the 
current work sought to answer (see Chapters 13, 14, 19).

Thirdly, the exclusivity to AS of the length-complexity 
effect is not upheld by surveys that have included 
contrasting groups. The * phone tic' and 'phonemic' groups of 
Poncet, Degos, Deloche, Lecours (1972) showed equal length 
effects. Mackenzie (1982) found no significant difference 
between her AS (non-fluent) and phonemic paraphasic (fluent) 
groups on C versus CC. They both showed marked increase. 
The Broca's and paraphasic patients of Canter et al (1985) 
and Nespoulous et al (1987) all evidenced the V-C-CC incline. 
Johns et al (1970) established no significant differences 
between their AS and dysarthria groups on accuracy of initial 
phoneme as word length increased.

Despite these conclusions the length effect might 
nevertheless prove useful in distinguishing between disorders 
if a qualitative perspective is adopted. One might postulate 
that subjects across groups all have more difficulty on 
longer or more complex words, but their error types would 
reflect underlying disorders. Thus (spastic) dysarthrics 
would show evidence of increased distortion and omission due 
to increasing difficulty in maintaining articulatory range, 
velocity and respiratory support. Dyspraxics might still 
follow their pattern of distortions, substitutions, and
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additions related to spatial-temporal coordination factors, 
while phonemic paraphasics show increased displacement 
errors•

Limited evidence is available in the literature to examine 
this, since few articles report pertinent facts. Derouesne, 
Beauvois and Ranty (1977) found error types distinguished 
fluent and dysfluent groups, a finding repeated by Guyard, 
Sabouraud and Gagnepain (1981) in separating Broca's and 
Wernicke's dysphasic mispronunciations. Canter et al (1985) 
found omissions and sequencing errors characterised their 
paraphasic groups' polysyllabic performance in contrast to 
their Broca's predominance of transition errors. Nespoulous 
et al (1987) hint at a similar trend, but it is unclear how 
exclusive this is to the length effect.

4.3. Word Position Effect

The contention is that in AS errors cluster around the start 
of the word and phonemic paraphasic errors towards word 
final. The former claim appears to stem from Shankweiler et 
al (1966) and Blumstein (1973). Johns et al (1970) and Trost 
et al (1974) established a trend in favour of this, but it 
did not reach significance. The paraphasic final word 
tendency is strongly supported by Bums et al (1977), while 
Canter et al (1985) (using largely the same data as Trost and 
Bums) found a statistically non-significant trend towards 
final predominance for single consonants, but significant for 
clusters. Studies reporting the parallel contention that 
dysarthrics ' errors are evenly distributed throughout the 
word are not known to me.

Theoretical arguments have been brought to explain this 
position effect, but there seems no point in rehearsing them 
here, as the number of articles reporting a position effect 
is far outweighed by contrary findings. LaPointe et al
(1975) did not find initial position derailments favoured in 
AS, speculating that inclusion of initiation errors had 
biased earlier outcomes. Dunlop and Marquardt (1977) still 
disagreed with the position effect even after consideration
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of this bias, Klich et al (1979) found a significant initial 
versus final effect for substitutions (27% difference), but 
only borderline (7%) when all errors were looked at, Niemi*s 
group of Finnish speakers showed a predilection for word 
internal mispronunciations, Odell et al (1990) also failed 
to establish an influence of position, while Shattuck- 
Hufnagel (1987), examining slips of the tongue in normal 
speakers found proclivity toward word-onset errors varied not 
only with type of error, but also with the shape of the 
grammatical utterance being planned. Experimental
elicitation of weighted word lists produced a final effect, 
while the same words in sentences produced an initial effect. 
In sentences segmental errors arose in all positions, but 
interaction derailments had an affinity for word onset, even 
in polysyllables. This effect disappeared for list 
utterances. Stark and Stark (1990) found their Wernicke's 
dysphasics were more likely to make an error the later the 
syllable occurred in a word, and within syllables nucleus and 
onset were more stable than the coda.

Finally, even though Blumstein (1973) is cited by others in 
support of onset error predominance in Broca's, it must be 
remembered that her findings applied to all dysphasic groups. 
In the Shankweiler et al (1966) investigation one of their 
five patients did not display the effect, Platt, Andrews and 
Howie (1980) reviewed phonemic errors in fifty adult cerebral 
palsy people (32 spastic dysarthrics) and found that word 
final derailments predominated over initial position,

Kohler (1984) and Strathopolous and Weismer (1985) present 
data indicating priority for articulatory precision in word 
initial positions for normal speakers. Linking this to 
Pisoni and Luce's (1986) support for word initial perceptual 
saliency because of lexical access organised by word onsets 
suggests the word-initial bias derives from an interaction 
between failure of AS speakers to achieve the added precision 
required initially and listeners' greater awareness of errors 
in that position, Shriberg and Lof (1991) argue from their 
data that the apparently greater susceptibility to initial 
errors is an artefact of transcriber perception.
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Even though the weight of evidence points against the 
usefulness of the position effect as a differential 
diagnostic criterion, the hint that under certain conditions 
(error class; elicitation mode) it becomes significant 
suggests that it is not an entirely settled issue.

4.4.1. Structural Segmentai Errors

Because speech dyspraxics are believed to experience greater 
difficulty with sounds requiring more complex vocal tract 
settings, it has been hypothesised that AS should be 
distinguishable by its susceptibility to mispronunciation of 
such sounds. Dysarthrics will either show equal difficulty 
with all sounds or their errors directly reflect physical 
disability (e.g. facial hemiparesis). Phonemic paraphasics 
should portray a random segmental picture if their underlying 
disorder really is one of selection and sequencing. At least 
this is the conventional wisdom.

Several studies seem to confirm expectations for AS. 
Shankweiler et al (1966), Johns et al (1970) Deal et al 
(1972), Blumstein (1973) Mackenzie (1982) all suggest a 
general trend of affricates and fricatives being most 
vulnerable, followed by nasals, stops and vowels.

However, there are alternative explanations as to why this 
trend should appear, and doubt as to whether it is exclusive 
to AS. A better fit for correlations between susceptibility 
to error and segment type is gained from frequency analyses. 
With the exception of /w, j, h, f) / this is clearly 
illustrated by Blumstein (1973, p 44), and Trost et al (1974, 
p 67). The less frequent the sound in the language, the more 
prone it is to derailment. Marquardt, Reinhart and Peterson 
(1979) divided their phonemes into sets with three /0, /,
two /z, b, , g/, and one /s, d, p, k/ marked features. 
The substitution errors of their subjects correlated highly 
with markedness complexity - more features, more errors.

Closer inspection discloses that the frequency and complexity 
coupling do not form an immutable rule. Trost and Canter
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show individual phonemes may vary in ease of articulation 
according to their position in a word. Individuals in Dunlop 
et al (1977) came out with different fragility hierarchies. 
Furthermore their severe dyspraxics found everything equally 
difficult, their mild group everything equally easy.

The other negative mark against this criterion as an
identifier of AS, is that the effect is not exclusive to the 
disorder. Johns and Darley could not separate their AS and 
dysarthric people by mere rank ordering of phonemes in error. 
In Platt et al's (1980) survey of phonemic errors in adult 
cerebral palsy sounds proving most difficult reflected AS 
findings. Not only the Broca's dysphasics but also the
conduction and Wernicke's subjects in Blumstein (1973)
produced the frequency effect.

4.4.2. Other researchers have chosen to address the phoneme type 
effect slightly differently and looked at derailments in
terms of features of place and manner. Once more a surface 
glance suggests promising prospects, but attention to detail 
reveals less positive signs.

Trost et al, Blumstein, Martin et al (1974) and Klich et al 
(1979) set the pattern for claims here finding the hierarchy 
of errors to be ones of place, followed by manner, voice, and 
oral-nasal reversals. LaPointe et al (1975) analysed
misarticulations of place. Hardest for their English 
speaking patients was the lingualpalatal position followed by 
dental, velar, labiodental, glottal, alveolar and bilabial. 
Klich et al (1979) observed that the alveolar position was 
the most vulnerable position.

As intimated above, these trends are not universal, and are 
not restricted to AS. Odell et al (1990) obtained
approximately equal error rates across all manner features, 
though derailments slightly favoured liquids, fricatives and 
nasals above stops, affricates and glides. Odell's team did 
find a place effect, but not an exact replication of earlier 
researchers. Dentals suffered most, followed by palatals, 
with alveolars, labiodentals, bilabials and velars less
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vulnerable. Hatfield and Walton (1975) in a single case 
study, tried to write rules to reflect the place and manner 
mistakes of their patient, on which to base therapy. 
Although they were able to construct a series of substitution 
rules the person was so variable across words and contexts 
that they could not predict which type of error he would make 
at any given time. Trost et al (1974) noted that despite the 
hierarchy of place-manner-voice-nasality detected by them, 
neither place nor manner alone could be implicated in 
increased difficulty from one phoneme to another. They felt 
the frequency effect over-rode these.

Few people have looked directly at the place and manner 
errors of dysarthrics and phonemic paraphasics, two groups 
from whom AS is supposed to be divided. Attention has been 
paid more to feature distances and markedness (see below). 
However, some information can be gleaned from related areas. 
Chenery, Ingram and Murdoch (1990) noted articulatory 
inaccuracy in their ataxic dysarthrics, which presumably 
included alterations of place and manner. Darley, Aronson 
and Brown (1975) headed their list of characteristics of 
ataxies with imprecise consonants linked to inaccuracy of 
movement, with irregular articulatory breakdown in third 
place (of ten features). Place and manner mispronunciations 
occurred in Platt et al's (1980) cerebral palsy subjects.

Although Mackenzie (1982) reported a definite order of 
derailments for her nonfluent people, the fluent group made 
the same types of errors, so the groups were not 
distinguishable simply on the presence or not of place, 
manner, voice or nasality misses. Paired patients from the 
two groups could show identical hierarchies due to the more 
random nature of the phonemic paraphasics’ orders. Reliance 
on place or manner frequencies is therefore an unreliable 
criterion for dividing speech disorders.

4.5. Linguistic Errors

Deriving mainly from previous debates on whether AS 
constitutes a language or motor disorder, many studies have
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devoted space to proving or disproving that dyspraxias 
evidence regular rule governed behaviour in their 
articulatory breakdown. Feature analyses, (Lecours, 
Lhermitte 1969; Blumstein 1973 ; Martin et al 1974; Keller 
1984; Nespoulous et al 1987) markedness analysis (Blumstein 
1973; Klich et al 1979; Nespoulous, Joanette, Beland, Caplan, 
Lecours 1984; Wolk 1986) and phonological process analysis 
(Crary and Pokes 1980; Bowman, Hodson, Simpson 1980; Bowman, 
Althoff, Anderson, 1982; Mlcoch and Beach 1983; Parsons, 
Lambier, Miller 1988) have all been applied. The contention 
has been that if there is regularity in the type or hierarchy 
of features that are disturbed, or that markedness is 
consistently influenced in a particular way, or that the 
disparate derailments of sounds can be captured in a series 
of phonological rewrite rules, then AS and/or phonemic 
paraphasia represent linguistic and not motoric disorders.

Proponents of the linguistic disorder hypothesis (Blumstein 
1973; Martin et al 1974; Klich et al 1979; Marquardt et al 
1979; Crary et al 1980; Bowman et al 1980, Bowman et al 1982; 
Wolk 1986, and others) have felt their view justified because 
Broca's dysphasias/speech dyspraxias seem to have a 
predominance of one feature errors, these tend to be in the 
direction of unmarking, and the processes resulting in these 
changes can be reduced to a limited number of phonological 
rules.

The usefulness of these approaches in describing AS has not 
been universally found and several workers have not confirmed 
findings. Also, when it comes to explanatory hypotheses 
regarding the underlying disorders in AS and phonemic 
paraphasia conclusions have been even more equivocal and 
criticisms more forceful. For instance MacNeilage (1981) and 
Nespoulous et al (1984) show results are just as readily 
interpretable on motoric or perceptual grounds - voicing 
being physiologically more difficult during obstruents than 
vowels; effects of slowing; transcription artefacts. Little 
uniformity exists across subjects. Hatfield et al's (1975) 
findings (4.4.2) are relevant here, too.
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Mlcoch et al (1983) carried out a phonological process
analysis of two relatively pure dyspraxics. One lady had 
twenty five different processes, the other fourteen. Only 
two of all these processes met the liberal inclusion criteria 
to go forward for statistical analysis. Mlcoch and Beach 
concluded that while aspects of AS can be described by
phonological and phonetic processes, any one process is 
neither frequently, nor consistently used by AS speakers. 
Bowman et al (1982) actually advocated the descriptive and 
explanatory power of process analysis, but concluded (p 241) 
that 'each subject tended to operate within an individualised 
system in which preferred processes were applied' - i.e. the
processes were not diagnostically significant on a group
basis.

The reasons for these inconclusive or contradictory findings 
are not hard to find. Definition of feature has varied 
across studies, from fully specified feature systems (e.g. 
Chomsky, Halle 1968), partially specified matrices (e.g.
Jakobson, Fant, Halle 1956), to idiosyncratic definitions 
(e.g. Trost et al 1974). Consequently, the substitution for 
instance of [b] -> [g] would be counted as a two feature 
switch following Chomsky and Halle, one feature according to 
Jakobson et al and four features for Trost et al. Simple
feature counts also fail to capture the intrinsic
relationships amongst bundles of phonetic features which 
might label a segment i.e. certain feature changes presuppose 
parallel changes elsewhere, others do not. [+anterior] and 
[+back] are not independent since they occur mutually 
exclusively, yet laryngeal features can be independent of 
features characterising the release nature of a consonant 
such as [+continuant], [+delayed release].

The same heterogeneity applies to definitions of markedness. 
Some are grounded in physiological or perceptual 
investigations, with marked values considered to correlate 
with added complexity in production and for perception. 
Others derive from historical, diachronic studies of
unmarking. Some relate markedness to a segment's frequency 
of occurrence - marked phonemes tend to be less frequent.
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while others treat as unmarked those features that are common 
to more languages (I.e. universalist tendency). Yet another 
approach is to deem earlier acquisitions in child phonology 
unmarked, whilst later ones are marked.

A further source of shortcomings of feature, markedness and 
process analyses stems from their application to acquired 
speech disorders, and especially ones where the surface 
phonetic and phonemic forms may derive from a non- 
phonological (here motor) disorder. Applied phonology has 
built up largely on studies of normal developmental phonology 
and childhood disorders. While obviously not static over 
time, child phonologies tend to be characterised by a degree 
of synchronic stability and predictability which is not a 
property of the acquired dyspraxic/paraphasic pictures. In 
acquired disorders there is no reduced inventory, as 
demonstrated for various acquired dysphasic disorders by 
Milhailescu, Voinescu and Fradis (1967) and Blumstein (1973) 
who found that all her pronunciation disordered groups had a 
full inventory, with overall relative frequency similar to 
normals. Patients exist who are limited in the sounds they 
can produce, extending even to mutism. The process, 
markedness and feature analysis studies cited above show, 
however, that these are not reduced inventories in the sense 
of emergent child phonologies. No study has shown for 
instance, that a given feature is absent across all the 
phonemes in which it normally occurs. Perceptual studies 
(Mlcoch et al 1984; Square-Storer et al 1988) confirm these 
people can recognise and indicate which targets they want to 
aim for, but are unable to realise due to motor constraints.

These phonological analyses can also be criticised as being 
too deeply rooted in linguistic theory to come up with 
anything but linguistic presumed solutions. Where there is 
strong reason to believe a disorder is linguistically 
founded, they have achieved positive results. Regarding AS 
and even phonemic paraphasia, where there are strong 
arguments against a linguistic foundation, they have failed 
to produce unequivocal conclusions. One could equally well 
write process rules for dysarthric speech and illustrate how
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they, too, typically show unmarking and feature reduction. 
No-one argues, though, that dysarthria therefore must be a 
phonological disorder.

Findings are little more help than the generalisations 
reached by substitution, addition, transposition etc 
analysis. The key to capitalising on a potentially useful 
line of enquiry lies in debates over the relationship of 
motor and linguistic features in characterising phonology. 
This is pursued in Chapter 7,

One of the rocks on which linguistic rule writing approaches 
seem to have broken is the inconsistency with which these 
rules are realised by individuals. The next sections examine 
features of AS linked with inconsistency,

4.6.1, Variability

Of all the characteristics of AS inconsistency is the one 
most consistently mentioned. The belief is that a given unit 
will not always be in error, but if it is it will not 
necessarily be in the same fashion, even in precisely the 
same phonetic, phonemic or situational environment. 
Variability is a feature claimed (Johns et al 1970; Lebrun, 
Buyssens, Henneaux 1973) to divide AS from dysarthria, where 
both the locus of errors and the derailments that arise are 
said to be predictable and consistent.

Variable behaviour undoubtedly exists, Johns et al (1970), 
LaPointe and Homer (1976), Mlcoch, Darley, Noll (1982), 
Skenes and Trullinger (1988), McNeil, Weismer, Adams, 
Mulligan (1990) amongst others all found dyspraxic behaviour 
characterised by a high degree of inter- and intrasubject 
variability. The questions are, though, does a separate 
variable 'inconsistency' exist without being secondary to 
other factors; is this phenomenon unique to AS?

4.6.2, The answer is apparently no. The above and other studies 
understand quite different behaviours under the label 
'variability' and it seems linked to other factors. For some
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it is locus and fragility changes (4.5); for others C 
(consonant) vs V (vowel) vs CC (4.2); for others elicitation 
mode effects (3.2.2; Chapter 15, 19). Others mean islands of 
fluency, (e.g. Shankweiler et al 1966; Darley et al 1975) 
whereby speakers have episodes of fluent, normal speech 
interspersed in their effortful, error laden speech. This 
though relates more to severity differences and automacity 
(4.8.1) and is found in phonemic paraphasia and certain 
dysarthrias, too. Still others interpret inconsistency on 
repeated trials (either immediate or delayed) on identical 
items in identical contexts. Only on the last interpretation 
might there be arguments for a specifically AS type 
variability.

Degree and uniqueness of variability are influenced by 
investigatory methods and it is far from specific to AS. 
Poncet et al (1972), Deal (1974), Mlcoch et al (1982) all 
found AS subjects consistent in where errors occurred on 
repeated trials. Mlcoch et al (1982) concluded variability 
related to severity. Darley et al (1975) include irregular 
articulatory breakdown as a main feature of cerebellar 
ataxies. Hirose (1986) provides physiological correlates of 
this. McNeil, Weismer et al (1990) established as much 
variability in their ataxic and conduction dysphasic groups 
as in AS. LaPointe et al (1976) included phonemic 
paraphasics who were as inconsistent as dyspraxics, and 
Nespoulous et al (1987) actually found conduction dysphasics 
more variable.

Newell and Hancock (1984) argue for statistical artefacts as 
sources of apparent variability. Skew (symmetry) and 
kurtosis (peakedness) measures become increasingly unstable 
as sample sizes decrease. This results in large standard 
deviations, which are magnified even more by the variability 
which appears to be inherent in the (cognitive) performance 
of the neurologically impaired. Additionally existing data 
(see Munhall 1989 for summary, on which this paragraph is 
based) suggest that speech movements (and by implication 
derailments) derive from markedly non-Gaussian distribution. 
Rather distributions are typically positively skewed. This



56

means that variance may scale with the mean for statistical 
reasons quite independent of any mean/variance scaling in the 
underlying processes that produce speech.

Finally Story, Alphonso, Munhall (1987) and others (5.3.1) 
have found normal speakers increasingly variable in speech 
parameters at rates slowed to match dyspraxics. Variability 
is a feature inherent to all speech - in fact it is ironic it 
is claimed as pathognomic of AS when so much scholarship has 
pursued the elusive invariance (e.g. Perkell, Klatt 1986).

One more observation is pertinent. Alleged variability is
not confined to speech dyspraxia. It is present in all
dyspraxias (Miller 1986). Neither is it restricted to
pronunciation. Dysphasics may find a word one minute but 
later fail to retrieve the same word in the same conditions. 
This similarly applies (receptively and expressively) to
sentence frames, reading or spelling.

4.6.3. Variability, as conceived in reported studies, contrary to 
popular claims, fails to distinguish AS from others. The
inconsistency in type of variability examined, however, 
leaves the case for variability open. Future research in the 
field needs to be clear about what definition of variability 
on what task is under scrutiny. Also, given the
ubiquitousness of variability, in normal and disordered 
populations, the questions asked should be reformulated from 
'is inconsistency unique to AS' to how might different types 
of variability arise, and how might these be manifested in 
disorder-specific ways.

Regarding definitions it should be clarified whether the 
variable in inconsistency is elicitation mode, a type of 
repeated trials task, single words versus connected speech, 
automatic versus prepositional context, C vs CC, C(C) vs V, 
initial versus final word position, grammatical class, and so 
forth. According to the method used, varied, and 
conflicting, results for groups or individuals can arise.
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The same applies to measures employed. Outcome differs 
according to whether simple error total comparisons are made, 
whether whole words irrespective of behaviour on individual 
segments are observed, whether segment by segment analyses 
are made and whether these attend to broad or narrow 
categories of error (Chapter 19). Warnings by Newell et al 
(1984) and Munhall (1989) suggest a focus on individual 
instead of (or as well as) group performance to avoid
statistical artefact.

Concerning more theoretical aspects, how do different models 
(of speech production; of neurological impairment) predict 
time and place of variability? For instance within an 
interactive activation model how does consistency relate to 
notions of excitation and inhibition and threshold 
attainment. Within a cognitive neuropsychological boxes and 
arrows schema, can (in)consistency be related to faulty 
access, degraded store (Shallice 1987), partial or noisy
transmission? Does variability interact with allocation of 
processing resources and taxing of the speech production 
system by other factors - word frequency and/or semantic 
load, psychomotor complexity of articulatory plan; syntactic 
context; propositionality, etc. How do derailments relate to
posited stages or phases in an emergent utterance? Are there
different manifestations of inconsistency according to the 
stage/phase of interference/breakdown? Are mechanisms and 
processes such as scanners, copiers, and buffers (Buckingham 
1986; Shattuck-Hufnagel 1987) capable of explaining different 
types of inconsistency? How does inconsistency relate to 
concepts such as articulatory short term memory (Baddely and 
Wilson 1985; Rochon, Caplan, Waters 1990). Answers to these 
and other queries will help throw more light onto the nature 
of errors and their variability (see Chapter 19).

Linguistic models of speech production might also be added to 
these considerations. Steps may involve a reformulation of 
the units of analysis. This is considered in Chapters 5, 7 
in connection with the units of phonological analysis and how 
they relate to motor activity. Analysis to date has been 
largely in terms of a static, discrete segment, feature
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analytical view of speech, whereas in fact speech is 
characterised by dynamic, non-discrete overlapping and 
interacting units. Instrumental investigations (Chapter 5) 
indicate a backdrop of intact biomechanics and well 
functioning phonological representation in AS, but only 
recently have workers turned their eyes and ears to 
disruption of the confluence of these intact contributory 
systems.

For instance, Stevens (1989) quantal models of perception- 
production would predict the type of inconsistency shown in 
AS and phonemic paraphasia, especially when combined with 
concepts of movement control, such as coordinated structures. 
The denseness of quantal boundaries in the palatal-alveolar 
region would tie in with the finding that sounds associated 
with these settings are most often perceived as in error, 
while sounds produced labially have a much wider (perceptual 
and spatial temporal) margin of error. Additionally labial 
sounds are not so obviously (from a categorical perceptual 
point of view) affected by neighbouring vowel or other 
lingual perturbations. This supposition is supported by 
Robin, Bean, Folkins (1989) who felt timing between upper and 
lower lips to be less sensitive to disruption than temporal 
co-ordination between other articulatory structures. 
Underlying motor variability and motor equivalence have wider 
scope the greater the spatial-temporal and perceptual space 
within which a ’segment’ operates. This may lead in turn to 
examination of the recruitment and dissolution of 
coordinative structures and the source of variability in 
this.

Conclusions from this section are that variability is not 
pathognomic of AS, but the degree and type of variability may 
be. The watertightness of the features claimed to typify AS 
should be viewed with even more scepticism, since 
inconsistency coupled with small sample sizes renders 
reliability of data unstable. Theoretical approaches to 
error and consistency prediction would suggest that there are 
several sources for inconsistency which may be linked to 
general aspects of brain dysfunction (degraded stores.
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impaired access, equivocalness of excitation and
inhibition ) but which may be manifest in specific
fashions in accordance with the stage/phase of the emergent 
utterance that has been disrupted.

4.7.1. Struggle

Like variability, this is a characteristic regularly cited as 
indicative of AS. It is clearly not unique to AS. Few 
studies have focussed on struggle behaviour, but there is 
coincidental discussion under a variety of headings such as 
initiation difficulties, conduites d'approche, reiteration 
and self correction. There would appear to be four or five 
potential sub-types of struggle.

4.7.2. It is typical of several dysarthria types - the effortful, 
laborious, dragging speech of spastic dysarthria; the slow, 
rigid, speech of hypokinetic dysarthria with initiation 
difficulties; the athetoid writhing of dystonie disorders 
(Darley et al 1975; Hirose 1986).

The second candidate would be the visible and audible groping 
of AS, characterised by effortful attempts to home in on a 
target, typically word or syllable initial. Experimentation 
may contain non-specific sounds and/or severely distorted 
sounds. The remainder of the word, in contrast to spastic 
dysarthria, may be relatively fluent and effortless.

Quantitative studies point up physiological and acoustic 
correlates of this priming behaviour, e.g. Fromm et al (1982) 
reported abnormal EMG activity preparatory to articulatory 
initiation. Kent and Rosenbek (1983) demonstrated struggle 
on a sound spectrogram of an initial sound. The speaker's 
repetitions of the sound were perceptually indistinguishable. 
The spectrogram showed a consistent F1-F2 pattern, but the F3 
frequency could be seen to gradually home in onto the target. 
Hoole, Schroter-Morasch, Ziegler (1990) using simultaneous 
laryngeal transillumination and fibrescopic techniques, 
observed abnormal preparatory vocal cord movement prior to 
voice onset in the form of perturbed transition between
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respiratory and phonatory positions. This appeared as a 
silent pause with nothing visible or audible to the listener.

Kent, Rosenbek (1982) and Kent, McNeil (1987) were able to 
link struggle/initiation events to instances of prolongations 
of transitional or steady state components in continuous 
speech, and syllable segregation. These works actually 
anticipated difficulties which arose in error classification 
for the studies in this dissertation. There is a fuzzy area 
between simple distortions of initial sounds and intact 
realisation preceded by minor struggle. The above studies 
demonstrate that there is in fact a continuum between 
syllable segregation, distortion of sounds and overt 
struggle.

Trost et al (1974, p 76) reported for their subjects that it 
was "in the act of speech initiation that apraxia of speech 
poses its greatest hazard.". Square et al (1982) found trial 
and error groping the most prevalent initiation problem for 
their subcortical speech dyspraxic and in the first three 
most prevalent initiation behaviours of those with parietal 
lesions. Mackenzie (1982) detected a statistically 
significant prevalence of silent posturings in her AS (non 
fluent) group.

The third possible type of struggle has been labelled 
conduites d'approche, phonemic approximation or 
phonologically oriented sequences. It is meant to contrast 
with the previous type in that it is a fluently, effortlessly 
articulated "struggle" more likely involving attempted 
corrections of word fragments or whole words as opposed to 
just word/syllable initial sounds, and it appears to be 
motivated by problems in selection of the correct phone 
rather than fine tuning of an already appropriate segment.

Joanette, Keller, Lecours (1980) and Kohn (1984) both 
established the high incidence of this phenomenon in 
conduction dysphasia compared with other groups. Mackenzie 
(1982) recorded a significant presence for her 'fluent' 
group. Conduction dysphasics not only evidence phonemic
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approximations more often than other groups, but when they do 
they are apt to make more attempts at a particular target 
before arriving there or giving up.

A fourth possibility in a * struggle* taxonomy is straight 
reiteration of a sound, syllable, or word without alteration 
of the utterance - e.g. [l.tcibal jlci.lcitaZ/icibal. -tcxbs/ ]. 
They are to be distinguished from the reiterative behaviour 
of palilalia (Wallesch 1990), recurrent utterance (Blanken 
1991) and perseveratory inertia of response.

This reiterative feature has often been remarked upon in AS 
(e.g. Trost et al, Shewan 1980, Square et al 1982; Mackenzie 
1982). Most studies, alas, have excluded it as coincidental 
to their focus and so its frequency and significance is 
difficult to gauge. Amongst subjects for the present studies 
the behaviour was not generally present, but was a marked 
characteristic of particular individuals (Appendix F7). Some 
of the repetitions can reasonably be expected to be covert 
repairs, but this is a poor explanation for all, especially 
whole word reiterations. One can only venture speculations 
within the framework of one speech production model or 
another - e.g. scanner and/or copier dysfunction; failure to 
disinhibit activations; motor (im)persistence.

The relationship of reiterations to neurogenic stuttering 
(Rosenbek 1985; Lebrun, Leleux, Retif 1987) cannot be 
ignored, especially given the close relationships in findings 
between AS and stuttering in fields such as sequencing and 
timing (MacKay, MacDonald 1985) and temporal programming 
(Kent 1985). Shtremel (1963) even claimed AS and stuttering 
in left parietal lobe syndrome as synonymous.

4.7.3. Struggle, then, is not a unitary phenomenon either 
perceptually or in its underlying determinants. There is 
evidence that sub-types of AS or acquired pronunciation 
difficulties are more susceptible to certain types of 
struggle, - e.g. visible, audible fine tuning, conduites 
d*approche and non-trial and error, time expanded, space 
retracted, invariantly effortful spastic dysarthric speech.
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This represents encouragement for using struggle or sub-types 
thereof as differential diagnostic criteria. Inevitably 
there are caveats, Collins, Cariski, Longstreth, Rosenbek 
(1980) observed their subjects could give the mistaken 
impression of belonging to a particular disorder group 
through the personal strategies (including control of 
struggle) they employed to cope with initiation problems. 
While in theory fine tuning struggle with its prolongations 
and atypical allophones is separable from fluent, 
phono tactically sound phonemic approximation, in clinical 
practice, objective division is problematical perceptually
(and maybe instrumentally - Chapter 5). Judgements are
further complicated in instances of silent struggle, and 
maximally when there is not even this to observe. Locating 
the disruption then between semantic, morphophonological, 
phonemic and phonetic sources becomes impossible.

In passing it should be noted that these struggle
manifestations are not unique to dyspraxia of speech. De 
Renzi, Pieczuro, Vignolo (1966), Kerschensteiner, Poeck 
(1975) and Mateer, Kimura (1977) all noted reiteration, fine 
tuning and repeated approximations in oral dyspraxia.
Lehmkuhl, Poeck, Willmes (1983) and others have recorded them 
in limb dyspraxia and Miller (1986) highlights them as a 
feature of constructional dyspraxia.

4.8.1. Automatic!ty Effect

Central to all definitions of dyspraxia is the claim that 
patients perform normally on automatic, non-volitional tasks, 
but break down when the same, or other, tasks have to be 
carried out with conscious, purposeful intention. For some 
this means dyspraxics count, recite the months of the year or 
premorbidly learned poems and prayers better/faultlessly but 
struggle increasingly, or fail, the less familiar the 
word/context is. Others understand thereby the contrast 
between being unable to say a word when they want 
(volitional) but seconds, minutes later utter it out of the 
blue, in an aside, or as a reflexive response (cf Isaac's 
1987 quote on 2.1.2).



63

They cannot say bloody in 'bloody finger' but produce it 
flawlessly in 'bloody hell'. They cannot say they were in 
ICU (Intensive Care Unit) but utter the almost identical 'I 
see you' when playing peekaboo. They shout reflexively 
'watch out behind you' but cannot say any of those words in 
isolation.

The phenomenon allegedly distinguishes AS from the 
dysarthrias where the automacity-propositionality of the 
utterance does not influence error types or tokens. 
Unsurprisingly investigations paint a mixed picture.

4.8.2. Deal et al (1972) using their weighting system for scoring 
the prepositional load of a word found grammatical class, 
abstractness and sentential position alone exercised minimal 
influence, but in combination increased the likelihood of 
error. This appeared to support a propositionality effect. 
Dunlop et al (1977) looked at dyspraxic misarticulations in 
relation to grammatical class, word abstractness (determined 
by a panel of judges) phoneme difficulty and phoneme 
position. Phoneme difficulty correlated significantly with 
error totals, but phoneme position and word class had 
negligible or no effect. A low (r =.28) correlation emerged 
between error scores and abstractness. Hardison, Marquardt 
and Peterson (1977) carried out similar work. All variables 
produced a significant effect. NPl was more liable to 
derailment than NP2; nonsense and abstract nouns were more in 
error than concrete ones; and active sentences provoked fewer 
errors than passives. Mlcoch et al (1982) were the first to 
explicitly contrast automatic and prepositional speech, in 
pure dyspraxics. The subjects recited the 'pledge of 
allegiance ', read a passage and described a series of 
drawings (high prepositional task). The task type had no 
significant effect on the articulatory characteristics 
measured.

In slightly different vein Panagos (1982) argued against the 
autonomy of phonological disorders in children. Essentially 
what he claimed, however, is that phonological performance is 
negatively influenced the greater the competing prepositional
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(semantic, syntactic) load applied. Data purporting to show 
the same effect in acquired disorders were what led Martin et 
al (1974) to argue that AS is an aphasie, language, and not a 
dyspraxic, motor, disorder.

4,8.3. The reason for the equivocalness of findings and continued 
dispute over the usefulness of this diagnostic criterion 
seems to rest on a simplistic reading of a complex field. 
Two separate but related phenomena seem implicated - an 
automatic-volitional continuum and an implicit-explicit 
processing continuum.

Presumed in many discussions of the automaticity effect in AS 
is that it is an all or nothing affair. The person is error 
free on automatic tasks, error prone in volitional speech. 
Even the brief examples and discussions above indicate there 
are numerous types/aspects of automaticity-volitionalness, 
and that a better description and explanation of clinical 
pictures is gained if one views the extremes as opposite 
poles on a continuum.

This is the solution adopted by those who have seriously 
studied the field rather than quoted uncritically second
hand. Jackson (1874; 1879), Whitaker (1983), Van Lancker
(1987) all outline a progression from (e.g. after Van 
Lancker) reflexive speech-language, consisting of elementary 
vocal gestures and cries; through pause-fillers (um, er); 
expletives and exclamations; lists (days, numbers); formulas 
(e.g. greetings) ; overleamed songs, prayers, proverbs ; 
idioms; conventional speech; cliches; semi productive 
expressions ; and eventually to highly novel, metalinguistic 
manipulation of sentence stems and semantic word play.

Progression along the continuum is not a function of easily 
isolatable variables. There is a complex interaction between 
words and structures and functional communicative setting and 
intent. Speech-language production at any one time is a 
similarly complex interaction and alternation between 
automatic, non-consciously controlled processes and processes 
involving consciously focussed decisions.
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Functions under automatic control have their origin in 
several sources. Some are 'hard-wired' genetically. 
Vegetative breathing may be intact in AS, but the person is 
unable to consciously modify their breathing pattern for 
certain speech tasks. Acquisition of semantic, syntactic and 
phonological 'knowledge' most likely proceeds through an 
interaction of innate predisposition, non-conscious learning, 
semiformal learning and conscious strategies, mnemonic 
practice and routines. Precisely why or how this change from 
exteroceptive to proprioceptive control occurs, however, 
remains a mystery. Salmoni (1989) has reviewed several of 
the theories espoused. The earlier these patterns are laid 
down, the more they have been practised, the more automatic 
they are. The less familiar the routines are, the more they 
have to be recreated when required, the more they tend 
towards the volitional, propositional, novel end of the 
continuum. But, novel or recreated routines may nevertheless 
be constituted from more automatic subroutines (see Keller 
1987; Chapter 7), so the distinction automatic-volitional 
always remains complementary and blurred.

4.8.4. Automatic, implicit processes have particular properties.
They run on their own resources without sharing channel time 
with more conscious functions. They are inflexible, 
impenetrable to a person's attempt to modify them. They are 
not open to introspection. They are impermutable - e.g. one 
may elicit 1-2-3-4-5 in the fish nursery rhyme, but the 
patient cannot sing 1-2-3-5-4. They may be accessed by 
activation of only a fragment, but once activated the 
completion of the routine tends to be inevitable and 
immodifiable.

This starts to give some basis and insight into the 
dissociation of non-conscious, automatic versus conscious, 
volitional behaviours in the dyspraxias. In as far as this 
is not typical of the dysarthrias (though cf features of 
hypokinetic. Parkinsonian motor dysfunction) it is 
diagnostically relevant. However, such dissociations in 
processing are not exclusive to AS.
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4.8.5. Patients with blindsight (Weiskrantz, Sanders, Marshall 1974) 
are apparently unable to perceive stimuli in their impaired 
visual fields yet may react reflexively to certain stimuli 
appearing there showing that cortical damage may produce 
functional, but not complete blindness.

Amnesic patients may show poor explicit recall of recent 
events, but it can be revealed experimentally or 
coincidentally that despite absence of conscious recall, they 
nevertheless have some subconscious recollection.

Luria and Simemitskaya (1977) found dysphasics impaired on 
explicitly learning word lists. When the same words were 
embedded coincidentally into another task, their recall was 
relatively better than when attention had been directly 
focussed. Similar dissociations between explicit and 
implicit learning are identifiable in face recognition (De 
Haan, Young, Newcombe 1991) and other neuropsychological 
functions (Schacter, McAndrews, Moscovitch 1988).

Akin to these observations are the dissociations found 
between aspects of automatic and controlled processing in 
anomia and a- and paragrammatism (Stark 1988). Subjects who 
fail direct comprehension tasks can be demonstrated to still 
have access to the necessary knowledge at some level of 
consciousness, even though they cannot explicitly realize 
this. Disclosure may be in grammaticality or real versus 
nonsense word judgements, detection of spelling errors; 
mismatch between picture and label etc.

These observations hold in common a split between explicit, 
conscious, fractionated control and automatic, unconscious, 
implicit, wholistic access to the same information and 
processes. These phenomena from dyspraxia and other fields 
of brain (dys)function demonstrate that the basic 'knowledge’ 
and processes required for normal operation are not destroyed 
or even damaged. Rather access to them and the ability to 
make use of the information once accessed is what is 
impaired.
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4.8.6, Above observations hint at directions for solutions but do
not solve issues. Automatic-volitional, implicit-explicit 
continua may not be part of dysarthric behaviour, but how far 
are they (aspects of the continua) specific to AS; do 
phonemic paraphasics behave differently; what do dysphasics 
do; is it domain specific or a general sequela of brain
damage? To start to answer this more rigorous assessments
are required. Therein lies a great dilemma, and error of 
earlier approaches to this in dyspraxia.

As Whitaker (1983) predicted and Wray (1992) has argued, in 
the very act of focussing a subject's attention, explicit, 
analytic processing is activated, and access shifted from 
non-focussed, implicit consciousness. Thus, it was no 
surprise Mlcoch et al (1982) found no difference in the 
'pledge of allegiance ', since despite maybe being overleamed 
it was elicited in a conscious way in an untypical context. 
If the patients had been observed in a situation where the 
'pledge' is expected results may have been different.

Assessment of the automatic-volitional effect should then 
seek a) tasks or observations that genuinely divide implicit 
from explicit demands; b) parameters that demonstrably range 
along the continua; and c) measures of parameters of fluency, 
error types and contexts that are sensitive to variations 
across these tasks.

4.9.1. Conclusions

The aim of this chapter was to critically examine features 
claimed to characterise AS, to see whether they warranted 
attention in differential diagnosis, either unchanged from 
their original conception, or with modifications and-or 
provisos.

For each factor analysed support could be found to indicate 
that speech dyspraxics do behave in the predicted way. 
Unfortunately there was little unanimity. Other studies 
arrived at opposite or equivocal conclusions. The
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diagnostic power of features was further weakened given that 
particular behaviours are not specific to AS.

A range of reasons were identified in chapter 3 why such 
diversity of findings exists, and additional drawbacks either 
within individual study designs or in comparing across 
studies were mentioned for specific features. Despite this 
it was not possible to conclusively resolve any issues. As 
they stand no features reliably identify AS. Nevertheless 
some positive indicators can be extracted.

Pronunciation disordered subjects did vary along the chosen 
dimensions - e.g. were susceptible to different types and 
loci of error, prey to different influences on their 
occurrence. Adopting an all-or-nothing attitude (either a 
group shows the effect or not) to dividing groups was 
unsuccessful. But conclusions did not close the door to the 
possibility that these dimensions might prove effective in 
differential diagnosis given certain modifications to data 
collection and management and assumptions concerning how 
diagnostic features behave. What might these be?

4.9.2. Firstly, while features may not distinguish groups in a 
blanket way there were hints that under certain conditions 
(e.g. of elicitation, of interaction with other features, of 
situational context) particular dimensions may be unique to 
given disorders. This applies, for instance, to subtypes of 
struggle, manifestations of the automaticity effort or types 
of variability.

Secondly, while groups may all share a given behaviour, the 
way in which subaspects of the behaviour relate may prove 
significant. As example, all groups substitute, omit, add 
etc, but it was not disproved that either the rank order or 
the relative frequency of these errors might not be 
diagnostically productive. Again, additional information 
might be gained by examining how across groups these 
variables interact in unique ways - e.g. the change in rank 
order of error types between spontaneous naming, repetition 
or between single words and sentences.
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Thirdly, findings suggested that while individual features 
may not separate groups, the cumulative effect of clusters of 
variables might. Recall e.g. Deal et al (1972) additive 
effect of grammatical weights. Other interactions might be 
propositionality, frequency, length, assumed complexity of 
segments and words.

Fourthly, beside perspectives that look at qualitative 
changes in error profiles and interactions as alternatives to 
all-or-nothing analysis, it was suggested that some 
diagnostic dimensions demand consideration along a continuum 
instead of discrete, discontinuous categories. At a broad 
level this applied, for instance, to the automaticity effect. 
At a finer level it may apply to the relationship between 
certain struggle behaviours, distortions and substitutions.

These changes in assumptions about how diagnostic features 
behave also invite changes in data management alongside 
issues of theory thereby raised.

4.9.3. If groups and individuals vary uniquely across elicitation 
modes and according to corpus base (e.g. single word- 
sentence), then the test must include these. If behaviours 
range along a continuum, then error analyses need to be fine 
enough to detect shifts along them and not just presence 
versus absence of features.

Error analysis and corpus base were marked as two areas 
requiring modification, and attainment of certain standards. 
Narrower transcriptions were advocated to maximise potential 
for error taxonomies and detect sub "phonemic" differences 
that may distinguish groups or shifts along continua. 
Subtest and item design must provide possibilities for 
distinctive error types to arise.

It remains debatable what count as errors and within which 
analytical framework they are best couched. Strongly 
(abstract) linguistic features were criticised as potentially 
too removed from causative factors and behavioural 
manifestations of speech motor control breakdown. In the
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following chapters arguments are put for why a more fruitful 
framework might be rooted in descriptions of movement and 
action. With a closer linking of units of analysis with 
sources and effects of breakdown one would hope to better 
address issues such as the segmentation problem and the 
relationship between movement, acoustic properties and
perceptual outcome. A stronger tie between units of
analysis, movement and perceptual outcome also speaks more
clearly to issues of what makes utterances more complex under 
what circumstances. These too are addressed in later
chapters.
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Hiysical Measurements

5.1.0. A criticism of perceptual approaches to describing and 
explaining AS is that data collection and analysis are far 
removed from the motor aspects meant to distinguish the 
disorder. Perception is of sounds that result from 
movements, not the movements themselves, and these sounds, in 
turn, are passed through the perceptual filters of the 
listener.

A step forward seems to be offered by physical techniques 
which can measure acoustic or physiological parameters 
directly - and by implication objectively - bypassing the 
unreliability and linguistic bias of naked eye and naked ear 
judgements. This chapter summarises this knowledge, 
highlights its strengths and weaknesses and considers ways it 
might inform debate on a clinical assessment of AS.

The literature in this field, covering a host of techniques 
and representing diverse theoretical departure points is too 
vast to dissect in detail in a dissertation directed
primarily at perceptual, clinical signs and symptoms. For 
this reason only selected studies and issues are reported 
which are representative of a given approach. The central 
questions posed are:

a. what appears to be happening motorically in AS
b. how this relates to perceptual features
c. how AS contrasts with PP and the dysarthrias on

physical measures
d. what results say about clinical and theoretical issues.

5.1.1. Techniques and Measurements

The main techniques utilised, (singly or in combination) have 
been laryngography, electromyography (EMG), X-ray microbeam 
and videofluoroscopy, fibreoscopy, transglottal illumination, 
electropalatography (EPG), sound spectrography, ultrasound, 
force-transduction and aerodynamic measures, each with its
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advantages and drawbacks - Abberton (1991), Read, Buder, Kent 
(1992).

These procedures have been used to look at acoustic 
parameters (sound pressure level; voice onset and termination 
times; segment duration; speaking rate; formant frequencies, 
transitions and fundamental frequency declination) ; and 
physiological variables (relative spatial and timing 
behaviour between different articulators; range, speed and 
force of movement ; muscle activity prior to and during 
speech; and labial, mandibular, lingual, velar and laryngeal 
kinematics).

Sounds and associated movement have been studied across the 
same gamut of contexts as perceptual investigations - in 
isolation, in real and nonsense words, in spontaneous, read 
and imitated speech; as isolated segments, in a string, as 
co-articulated segments and so on.

The enormity of the task in adequately representing all these 
techniques and all these measurements is fortunately 
lightened by the fact that, with notable exceptions, findings 
all point in the same direction. What would the expected 
findings be for AS?

5.1.2. As a motor speech disorder one would predict breakdowns 
independent of linguistic variables (word class, sentence 
type etc). As a dyspraxia one would expect intact primary 
sensory, motor and biomechanical functioning. That is, in AS 
one expects ability to reach normal range, velocity and force 
values. Breakdown would arise when it comes to coordinating 
multiple subsystems (e.g. laryngeal + velar; intrinsic + 
extrinsic lingual muscles; velocity + force in control of 
range of movement) and difficulty would increase as a 
function of psychomotor complexity.

In seeking correlates for surface pronunciation difficulties, 
one would anticipate a bipartite picture. One set of 
pronunciation difficulties would be linked to expected 
difficulties in coordinating multiple structures or motor
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parameters (e.g. voice onset time; lip rounding). These 
would correlate with distortions, additions, omissions, 
prolongations etc. Another set would not be linked to 
primary sensory-motor dysfunction nor to incoordination of 
systems/parameters, and appear perceptually and 
instrumentally as motorically normally articulated sounds 
(e.g. certain classes of substitutions, anticipations, 
perseverations etc. Chapter 11). The hypothesis would be 
that either these mispronunciations result from phonological 
breakdown, or motor dysfunction at a level not accessed by 
the instrumental techniques concerned. Are these predictions 
borne out?

5.2.1. Primary Motor Functions in AS

A number of studies have examined relevant factors. Itoh and 
Sasanuma (1987) found their Broca’s dysphasics capable of 
speeds within the normal range on diadochokinetic and speech 
tasks. Robin et al (1989) reached identical conclusions for 
their AS subjects, adding that this applied to both their 
perceptually normal and derailed articulations. McNeil, 
Caliguiri, Rosenbek (1990) compared normals' and dyspraxics’ 
labio-mandibular kinematic durations, velocities and 
(dys)metrias. AS subjects were no slower than normals in 
terms of peak velocities achieved. McNeil, Weismer et al 
(1990) illustrate that dyspraxics can achieve absolute force 
exertions comparable to normals.

Based on these reports it is legitimate to claim that 
impaired primary motor function does not belong to the 
symptoms of AS. Rather dyspraxics’ problems mount when these 
primary functions, which in isolation remain intact, need to 
be brought under voluntary control in combination with each 
other. As summarised in the following section this is amply 
illustrated, irrespective of measurement used.

5.2.2. Articulator Discoordination

The classic context in which impairment in AS for combining 
intact primary functions is demonstrated is provided by voice
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onset time (VOT) studies. Speech dyspraxics, except some who 
are initially mute for speech (speculatively, unable to 
coordinate breath control and vocal cord adduction, and/or 
integrate the neuromuscular programming to 'set* the larynx 
for phonation), have no difficulty phonating. Neither do 
they necessarily evidence problems achieving bilabial, 
alveolar etc closure for stop consonant production. They 
commonly, though, show apparent difficulty in upholding 
normal voiced-voiceless distinctions.

Perceptual studies ventured the explanation that this was due 
for instance to false phonemic selection, feature unmarking, 
gesture reduction. VOT studies are compatible with the 
interpretation that +/- voice exchanges and distortions 
derive from discoordination between laryngeal and 
supralaryngeal gestures. Instead of the essentially binary 
relationship of VOT for voiced-voiceless pairs, speech 
dyspraxics show a continuous distribution of VOTs. 
Typically, coordination of VOT is highly variable. Sometimes 
this drift is not sufficient to occasion misperception of the 
target by the listener. Other times deviation is large 
enough to create the impression that a false target has been 
selected. However, examination of underlying VOT continua 
demonstrates this not to be the case.

A string of investigations has confirmed this picture - 
including Blumstein, Cooper, Goodglass, Statlender, Gottlieb 
(1980); Hoit-Dalgaard, Murry, Kopp (1983); Shewan, Leeper, 
Booth (1984); Ziegler and von Cramon (1986 a, b). There have 
been disagreements over how best to measure (inter- and 
intrasubject) VOT - see Walsh (1983), Tuller (1984), Ziegler 
(1984; 1987), Blumstein and Shinn (1984). They do not alter 
the basic finding that there is a group of patients who show 
continuity in the distribution of VOT, and groups where there 
appears (see below) to be distribution of values as in 
normals. The same picture is observed across other 
articulation couplings.

Itoh, Sasanuma, Ushijima (1979) made nasendoscopic recordings 
of velar movements in an AS and a Wernicke’s dysphasic



75

patient. They predicted that when subjects made a 
substitution perceived as oral for nasal or vice versa, if 
there were a linguistic, phonological disorder then they 
would see a pattern of movement/coupling clearly within 
bounds expected for perceived /n/ or /d/. If the apparent 
substitution was due to disrupted motoric phasing between 
velic state and stop release, then they expected movement 
towards the intended /d/ or /n/ gesture but realisation of 
the target too early or too late, and consequently a 
perceptually distorted segment produced.

For the AS patient this is what was found. Identical to the 
continuous range of VOT values in AS, Itoh et al found a 
continuum of velic occlusion times. Sometimes these were 
close enough to normal values not to influence listener 
judgements on +/- oral. Other times deviations resulted in 
equivocal productions or apparent substitutions when the 
categorical boundary was crossed. In contrast the Wernicke's 
subject's substitutions were associated with frank exchanges 
of gestures. Timings here formed two, non-overlapping, 
curves.

Ziegler and von Cramon (1986a) had AS and normals repeat real 
and nonsense words containing /V/nasal/V/ sequences. The 
sound pressure level (SPL) of their utterances was recorded. 
If the transition between oral-nasal segments is correctly 
phased there should be no diminution of SPL. Mis- 
synchronisation would be expected to produce SPL damping.

This was the finding for AS subjects. The time values for 
mis-synchronisation and decibel measures in SPL damping were 
not consistent. They spread continuously across the range of 
values normally linked to the discrete curves for /n/ and 
/d/. Sometimes an apparent frank substitution was perceived. 
Other times when desynchronisation span was less extensive 
the oral cognate of the intended nasal might be heard as an 
appendage - /nd; nt/ /gg; T)k/ etc. Velar mistiming thus 
causes both perceived substitutions and additions. The 
instrumental support illustrates that these are due to



76

motoric temporal dysfunction and not phonological mis- 
selection.

Other workers demonstrate equivalent phenomena with other 
couplings. They include Ziegler et al (1985; 1986 a,b) on 
lip rounding and spreading for +/- rounded vowels, where 
mistiming of rounding onset/offset led to misperceptions of 
vowels; Hardcastle, Morgan, Barry, Clark (1985), Hardcastle 
(1987); Edwards, Miller (1989) for evidence of general 
incoordination of tongue tip, blade and body; Tseng, McNeil, 
Adams, Weismer (1989) and Robin et al (1989) found upper and 
lower lip asynchrony - though the latter question whether 
this is different from normals, and point out that there was 
no systematic relationship between asynchrony and perceived 
inaccuracy. Tuller and Story (1987) made an acoustic 
analysis of co-articulatory effects of upcoming vowels on 
preceding fricatives. Their non-fluent (AS) group displayed 
extreme variability in the onset of co-articulation. Co- 
articulation was not markedly absent - dispelling conclusions 
that their fundamental phonemic or articulatory 
specifications were altered. Rather, the acoustic 
consequences of anticipation could be delayed relative to 
normals (measured relative to friction midpoint). Katz 
(1987) in a similar study, actually found conflicting data, 
but he used fixed 70 msec and 20 msec points from which to 
make his measurements. Ziegler (1989) discusses how these 
methodological issues might be resolved, delivering more 
homogeneous data.

It is not just interarticulator phasing, though, that is 
influenced by this putative underlying motor dysfunction. 
Arguably the same problem lies behind the absolute and 
relative segment duration discrepancies observed in AS.

5.3.1. Segnent Duration

Ignoring for the moment what constitutes a segment and how it 
is extracted from the flow of speech or speech recordings, 
several durational features seem to be general to all AS
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speakers. Despite intact range, velocity, force they are 
universally reported as slower than normals.

Kent et al (1983) reported lengthening of steady states and 
transitions. Significantly they point out that lengthening 
is not linear, smooth, but involves ongoing distortion, /e/ 
is not simply realised as /e:/ but may be a composite vowel 
/e E eie/. Equally // / does not become /J: / but varies in 
SPL and maybe articulatory posture throughout its duration. 
McNeil, Weismer et al (1990) found AS speakers achieved 
normal isometric force but maintained it unstably. Likewise, 
the instability in target approach, maintenance and offset 
correlates highly with the dysme trias of dyspraxic 
performance reported by McNeil, Caliguiri et al (1990).

Other studies on segment duration are not at first glance 
unanimous. Di Simoni and Parley (1977) found /p/ duration in 
their dyspraxic-dysarthric lady shorter than for normals in 
one to three word utterances. Duffy and Gawle's (1984) 
subjects seemed to produce vowels of shorter duration than 
normals in monosyllables. Candour and Dardarananda (1984) 
and Ryalls (1986) found negligible effect of AS on vowel 
length in monosyllables. Recourse to the fine print reveals, 
though, that there was great variability amongst dyspraxics' 
productions and data for longer utterances reveals consistent 
contrasts between AS and normals. Two features emerge.

Firstly mean segmental durations become longer than normals *. 
Di Simoni et al (1977) found this for /p/ production, 
Collins, Rosenbek, Wertz (1983); Ryalls (1987); Strand, 
McNeil (1987a) for vowels. The second feature is that 
linguistic and rhythmic roles of length are preserved.

Normal speakers systematically shorten stressed stem vowels 
in proportion to number of syllables following. Hough, Klich
(1987), Strand et al (1987a); Baum (1990) and others 
demonstrate that despite greater absolute length, relative 
length remains intact in AS. In English, in citation forms 
of single words, vowels preceding final obstruent consonants
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differ in length according to the +/- voice properties of the 
final consonant. Duffy et al (1984) noted that despite 
absolute deviations from normals, this relative length
feature remains.

It can be speculated that listeners perceive voiceless for 
voiced substitutions word finally because of shortened vowel 
length, and voiced for voiceless where vowels tend to be 
prolonged in longer words. Lengthening of, e.g. /I/ or /%/"/ 
in English leads to impressions of vowel distortion but not 
phonemic change to /i/ or /u/. In languages or accents where 
lengthening is not associated with tongue position changes, 
such shortening/lengthening once it reaches a critical 
boundary value will be heard as vowel substitution.
Disordered isometric force maintenance in steady states will 
also lead to impressions of distortions and additions. 
Abnormal durations may also perceptually create the
impression of aberrant stress assignment.

The fact that all the individual dyspraxics are capable of 
uttering the full range of vowel durations and that they keep 
relative durations in the face of mean absolute duration 
variation supports the contention that in AS there is 
(echoing Strand) an impaired precision mechanism in
activating/executing motor plans and not a misapplied rule 
system.

5.3.2. Interval Durations

Not only prolonged segments produce increased overall 
speaking time. Data from Kent et al (1983) point also to 
delayed onset, intersyllable and word pauses and, typical for 
AS, intrasyllable gaps. Other research confirms this.

Strand and McNeil (1987b) looked at what they defined as 
interword intervals in AS and normal speech as a function of 
utterance length in word lists and sentences. Dyspraxics 
were consistently longer than normals in absolute utterance 
and interval times. As expected, normals shortened the 
interword gap as phrase length rose. The dyspraxics showed



79

similar trends, suggesting that underlying targets and 
adjustments are intact. Seemingly dyspraxics simply 
experience more difficulty at actually arriving at the 
target. This bolsters the view that AS grows out of motor 
dysfunction and not misapplication of phonological rules. 
Such an assumption is strengthened when one considers that 
Strand et al*s subjects* performance became more unstable 
and inconsistent on longer utterances. It hints at the 
passing of a critical complexity barrier beyond which 
adjustment to, or compensation for, the disability is harder 
to achieve (see also remarks below concerning rate control).

Kent and McNeil (1987); McNeil, Liss, Tseng, Kent (1990) 
monitored absolute utterance deviations at different rates. 
They found that speech dyspraxics were the only group where 
individuals regularly reached intertoken to token ratios of 
1:1 or greater. Their conduction dysphasics occasionally 
produced such a ratio for an isolated stretch, but not 
regularly throughout all utterances.

A variety of studies suggest possible correlates of prolonged 
durations and abnormal pauses. Fromm et al (1982), and 
Barlow, Cole and Abbs (1983) monitored muscle activity via 
electromyography (EMG). The silences preceding onset of 
speech and during pauses were shown not to be * silent* 
electromyographically. They were filled with what was 
interpreted as abnormal EMG activity compatible with movement 
shutdown or visible struggle. Moore et al (1988) and Forrest 
et al (1990) argue that, while such conclusions may 
ultimately prove wellfounded, we have to suspend final 
judgement until the EMG differences between normal and 
pathological speech are better defined.

Hoole et al (1990) used a glottal transillumination technique 
to study laryngeal behaviour in normals and AS. The 
transition between respiratory and phonatory position proved 
to be a considerable hurdle. Silent laryngeal struggles and 
false starts were associated with delayed phonation onset. 
During utterances thyroarytenoid adduction was unsmooth.
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Sometimes this had no perceptual consequences. Other times 
it resulted in breathy or mouthed, silent consonants.

Hardcastle et al (1985); Hardcastle (1987); Sugishita, Konno, 
Kabe (1987) and Edwards et al (1989) using 
electropalatography (EPG) all confirmed that pre-onset time 
and pauses are full of activity. They appear to correlate 
with silence and visible struggle as the tongue attains 
spatial targets. The tongue is seen to search for the 
'correct' articulatory posture prior to speech initiation, or 
struggles to achieve an even transition between successive 
gestures. Sugishita et al ventured that some omissions of 
initial consonants came from either reaching targets but with 
delay of air flow, or air flow initiated before contact was 
fixed.

Movement during pauses appears to be a continuation of the 
audible struggle heard as prolonged and unstable segments. 
Distortions, especially of (syllable) initial sounds, 
omissions and additions, can all be seen as consequences of 
the silent searching for postures and phasing. Substitutions 
easily occur where phonation begins before the desired 
spatial target is acquired.

5.3.3.. Rate Control

A further area where impaired motor efficiency might show 
itself is in control of speaking rate.Several authors have 
researched dyspraxics' ability to vary rate of speech - e.g. 
Kent et al (1987); Skenes (1987); McNeil, Liss et al (1990). 
Timing dyspraxics on error-free productions at their habitual 
speaking rate, dyspraxics range from speeds similar to 
normals to much slower. Groups diverge when it comes to 
accelerating.

Normals commonly show clearcut differences between habitual 
and speeded tempos. In AS conversely there is either non
significant increase, inconsistent increase, or, in the case 
of some patients, in endeavouring to speed up they actually 
slow down. In slower than habitual tasks, speech dyspraxics
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fare little better. Slowing achieved is generally less in 
comparison to normals. Interestingly, however, the normals 
showed a degree of variability in the slowed condition, which 
made them indistinguishable from some dyspraxics.

Normals, it appears, produce rate difference by manipulating 
length of fricative and vowel segments and time for stop 
closure. Pathological subjects try the same, but with less 
success.

Regarding total errors committed at different rates, 
published work does not report significant differences 
(Shane, Darley 1978). This might sound anomalous, but one 
can speculate that this ties in with AS subjects' small range 
of rate changes. They may be staying within a limited range 
because taxing their motor systems beyond that would bring 
total breakdown. Shane et al actually found the normal speed 
most error free, suggesting that dyspraxics have slowed to an 
optimal rate for their control mechanisms. The available 
data does not yet answer this supposition.

This rate-error phenomenon may also relate to an inability in 
dyspraxia to alter basic modes of control. Research on limb 
as well as speech control (Kirtley, Whittle, Jefferson 1985; 
Kelso 1986; Ostry, Cooke, Munhall 1987) demonstrates 
discontinuities in underlying organisation of action control 
as scalar increases in rate pass certain critical values. 
Speech dyspraxics' restricted rate ranges, even when 
endeavouring to effect change, may derive from an inability 
to switch underlying modes of organisation.

5.4.1. Prosody in Apraxia of Speech

Perceptual studies are undecided as to whether dysprosody in 
AS constitutes a primary disturbance or whether it is 
secondary to segmental and slowed and dysfluent speaking 
rate. Instrumental measurements offer a window on this 
argument not afforded by perceptual analysis.
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Several factors clearly lend an impression of disturbed 
prosody but cannot be considered a primary prosodic breakdown 
- e.g. struggle behaviours and self-corrections; delayed 
initiation and prolonged inter- and atypical intraword 
intervals ; segmental lengthening, and particularly 
variability in duration. Unexpected vowel lengthenings and 
shortenings can produce ear of the listener judgements of 
deviant stress patterning and self-correction behaviour on 
occasions produces atypical stress.

All these influence stress, rhythm and intonation without 
needing to argue that prosody per se is impaired. What light 
do instrumental investigations throw on other aspects of 
prosody?

5.4.2. Fundamental Frequency

Perceptual reports claim a levelling out of intonation 
overall, with intrusion of atypical movement. This seemingly 
conflicting picture is nevertheless reconcilable within 
instrumental findings.

Ryalls (1982) and Cooper, Soares, Nicol, Michelow, Goloskie 
(1984) report restricted ranges of fundamental frequency (FO) 
contour, while Danly and Shapiro (1982) report exaggerated FO 
variation. Their data are derived from different contexts. 
Ryalls and Cooper et al relate to sentences, Danly et al used 
single words.

Kent et al (1982) uncovered two FO patterns in AS. One they 
termed syllable segregation with abnormal intersyliable 
pauses, but where cross-sentence FO declination was 
maintained. In the other, syllable dissociation, there was 
no intersyliable dependency in the FO contour. Each syllable 
seemed to be an utterance in itself, with FO resetting for 
each syllable.

The latter points either to a conscious strategy to maintain 
syllabic and segmental integrity in the face of impairment, 
or a planning- execution system that is so disordered that it
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can only operate in units of syllable size. Either way, 
syllable dissociation leads to abnormal prosody. This 
splitting in declination over a whole phrase can be seen as a 
constant strategy in some speakers, with others it represents 
an intermittently applied strategy. Such variation would 
give rise to the impression of inconsistent disturbed 
prosody.

Observations of Danly et al (1982) and others (Weniger 1984; 
Cooper, Klouda 1987; Snow, Wise 1988) point out additional 
features of FO control in AS, Speech dyspraxics seem to 
start, on average, at a lower FO peak than normals. They 
show a definite terminal fall but not, on the whole, word 
final lengthening as in normals. Further, whilst overall 
declination does occur, many subjects produce local 
continuation rises throughout words and utterances. This may 
point to a compensatory strategy to indicate continued 
communicative intent.

As regards a motor explanation for reduced range of FO, and 
shortened span, two or three forces are probably at work. 
Firstly, in AS fine expiratory control disruption has been 
noted (Keatley, Pike 1976; Marquardt, Nichols 1987), 
Secondly, because of impairment of force, onset and offset, 
tension etc control within the larynx itself, there may be 
reduced FO range. Thirdly, it may also be restricted by 
articulatory look-ahead and forward planning. If these can 
only cope with word or syllable size chunks, FO for longer 
stretches may be influenced in a knock-on fashion.

To conclude, at present, in AS speakers retain both basic FO 
patterns and some ability to manipulate these (e,g, 
continuation rises; exaggerated terminal fall to compensate 
for absent utterance final lengthening), FO can show 
resistance to overall disruption even in the face of 
perturbations from aerodynamic, laryngeal or articulatory 
disturbance. As such, this suggests that even if dyspraxic 
dysprosody is a primary disorder in AS, it is seldom, if at 
all, due to FO breakdown. This preserved capability is.
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however, not readily apparent to the naked ear and easily 
camouflaged by segmental distortions and dysfluency.

5.4.3. Syllable Amplitude

Temporal regularity and amplitude uniformity (perceived as 
syllable timing and equalisation of stress) are alleged 
features of AS. Acoustic measurement has confirmed this. 
Two sources of equalisation may be at play.

Lebrun et al (1973) decided that the illusion of scanning 
speech arose from syllabic prominence and perceived 
isochronism, as well as frequent pronunciation of silent 
'letters*, errors in vowel formation and slowed rate. Kent 
et al (1983) showed neutralisation of intensity across 
syllables. AS speakers still exhibited relatively greater 
intensity on tonic nuclei, but because the general range of 
variation was much smaller compared to normals, the 
prominence was less obvious. Normally unstressed syllables 
were not as markedly reduced. Taken together these two 
retractions from normal extremes gave the impression of 
equalised stress. Syllabic segregation and dissociation lent 
a further air of scanning speech.

A possible compensatory source of equalisation of stress is 
supplied coincidentally by Tonkovich and Marquardt (1977). 
They were primarily studying melodic intonation therapy. One 
task performed involved repetition of the same NPl (noun 
phrase) - verb - NP2 sentence with stress varied between the 
major constituents. Grammatical class and sentence position 
exercised no influence over error probability. Stressed 
elements, however, were consistently more accurately produced 
than unstressed. It is speculated that some dyspraxic 
speakers may give equal prominence to syllables to capitalise 
on this phenomenon.

5.4.4. Is there, then, a primary dysprosody in AS? Clearly some 
disruption to suprasegmental features is secondary to 
problems of segmental initiation, self corrections, changes 
in duration, dysfluency of transitions and loss and addition
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of syllables and syntactic breakdown. Some speakers (Johns 
et al 1970) tread hesitantly to avoid known accident 
blackspots. Other speakers may be subconsciously induced to 
slow due to reduced motoric capacity. In this sense 
dysprosody in AS is a secondary feature. Reduced ability to 
uphold normal amplitude variation in stress assignment, loss 
of utterance final lengthening and narrowing of FO range 
independent of other segmental pronunciation derailments 
(Skenes 1987; Snow et al 1988 based measurements only on 
articulatorily correct tokens) hint at a primary disturbance.

Prosodic sound features all arise out of movement. Movement 
requires central planning and integration. If this is 
disturbed in AS, then it is no surprise that the 
neuropsychological processes underlying target prosodic 
realisations should be disrupted. The fact that they appear 
more immune to breakdown may relate to their closeness to 
automatic, reflexive processes, or because these processes 
act suprasegmentally their disintegration may be compensated 
for more easily (4.8.1).

Finally, of course, it must be remembered that multiple 
features converge to produce prosody. Prosody is not a 
unidimensional parameter. Thus it is possible that different 
contributing features may be disordered to varying degrees; 
dysfunction in one area may be compensated for in another; 
and typical of AS, disruption may arise from the very problem 
of integration/phasing of these subfeatures.

5.5. Underlying Disruption in Apraxia of Speech

The preceding was a very condensed glance at a vast field of 
enquiry, as fraught with controversy as any other area of AS 
study. However, it is hoped that it is representative enough 
to venture statements about questions posed in 5.1.0.

What appears to be happening motorically in AS? While speech 
is slowed compared to normals, slowing is not a consequence 
of primary sensory-motor dysfunction. Speech dyspraxics are 
capable of the full range of primary motor (force, velocity.
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duration) and biomechanical (range) requirements for speech. 
Physical measurements indicate impaired phasing of movements 
underlies AS, Dyspraxics manifest normal performance until 
it comes to integrating parameters across coupled or 
entrained subsystems/structures. However convincing these 
conclusions might ring, they tantalisingly raise more issues 
than they resolve.

To say that AS is a timing problem is as inconclusive as 
saying it is a pronunciation problem. Clearly it is not a 
problem of absolute timing for individual movements since the 
rate of speech changes within and between speakers. There 
are no timing absolutes. It may be relative timing amongst 
movements, but this still does not mean AS has to be a timing 
disorder. Timing is only a measure of relative onset, 
cessation and duration of movements. Movements take place in 
space as well as time, Dyssynchronisa t ion may arise 
secondarily from aberrations of spatial activity.

Shifting the locus of control to spatial parameters 
encounters similar difficulties. There are no absolutes of 
space. There is motor equivalence in speech - the same 
acoustic ends can be reached by a variety of vocal tract 
settings; the vocal tract can operate efficiently despite 
extreme deformation - speaking while smoking, eating, 
clenching on a bite block, standing up, lying down. Besides, 
speech does not occur in conjunction with a chain of static 
spatial coordinates. Movement and sound are dynamic, 
continuous. Even while the spatial target for one sound is 
being approached, spatial adjustments for later sounds are 
already under way. This gives rise to the much debated 
segmentation problem. It is no easier isolating the unique 
features of a given sound from physical records than it is by 
listening.

Movement towards and away from targets is a product of 
opposing muscle forces. The velocity and range of movement 
derive from the initial force applied and the resistance this 
meets from antagonist action. Such conceptualisations seem 
to get nearer to the primitives which might characterise
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movement control. Elaborate theories have been built around 
this, such as mass-spring theories mentioned in 7.5.2.1.

A picture of AS as a disruption to force control (as opposed 
to exertion) ties in well with the findings of McNeil, 
Weismer et al (1990). It further harmonises with findings of 
commonalities between AS and dysarthrias of basal ganglia and 
cerebellum origin - these structures being closely tied to 
initiation of movement and computation of force and balance 
of agonists-antagonists (Thach 1987; Haaland, Harrington 
1990).

The force control picture is still no final answer. There 
are no absolutes of force. These change according to 
segmental environment and affective aspects of speech. If 
the tongue dorsum is already raised for /u/ a different force 
will need to be applied for a following /k/ than if the vowel 
were I o / or /i/. Different forces apply if one is lying 
instead of standing, in casual as opposed to emphatic speech. 
Neither does this perspective immediately solve the problem 
of what is controlled by the force parameters and what are 
their targets. Are they subphonemic segments, phonemes, 
syllables; are they relative configurations of the vocal 
tract, or auditory targets?

Hence development of any theory approach must also consider 
the wider interactional environment and not just internally 
generated forces. This dissertation is not the place for 
resolution of these controversies, though they are mentioned 
again in Chapter 7.

At present the best answer that can be ventured as to what is 
the underlying disturbance in AS, is that it is a disruption 
in the programming and execution of force commands required 
to achieve target vocal tract configurations that will 
produce target sounds. Dysfunction in force computation 
leads to spatial deformations (with consequent sound changes) 
and distortions of relative timing between movements 
(likewise with consequences for perceived sounds). The 
problem arises on individual "segments", but equally acutely.
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if not more, in making the continuous, dynamic, fluent 
adjustments necessary for running speech. What the units and 
targets of control are remains an open question,

5.6.1, Motor-Perceptual Correlates

Without resolution of the above queries physical 
investigations nevertheless illustrate how perceived errors 
can arise without recourse to abstract phonological 
explanations. Some of these were already mentioned - the 
continuum of distortion -> substitution in the breakdown of 
coupling/entrainment between articulatory movements; the 
perceived "addition" of sounds from too early or late onset 
or offset of coordinated movements ; omissions as the other 
side of this coin. Distortions, additions and even
substitutions may be heard due to atypical secondary 
articulation. Silent and audible struggle and delayed 
initiation arise from attempts to overcome or correct 
discoordination,

The abnormal lengthening or shortening of segments may 
mislead the ear to hear a distorted or substituted sound. 
Abnormal formant transitions are associated with phonemic 
false evaluations (3,2,3,), Much of the perceived dysprosody 
in AS can be accounted for on the basis of struggle behaviour 
and altered timing of supralaryngeal as well as laryngeal 
events. In section 5,4, further motor correlates of 
dysprosodic speech were dealt with,

5.6.2, Length-Ccmplexity Effects

Physiological and acoustic studies begin to uncover the 
correlates of the length and complexity (4,2,) effects.

If speech were simply the stringing together of one isolated 
position/set of movements unrelated to the next, there would 
be no length effect. At most susceptibility to derailment 
would relate to complexity of isolated speech gestures. 
Physical records illustrate clearly the dynamic aspects of 
speech. Each component of the vocal tract is in a continuous
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state of flux. At any moment elements of movements to and 
from pre- and succeeding gestures can be detected, often over 
several "segments". The longer the utterance the more inter
component adjustments there will be to make, and the more 
assimilatory and other coarticulatory influences will build 
up. Also, the greater the length, so also the suprasegmental 
demands of stress, rhythm, rate mount.

Breakdown is manifest in the dismantling of coarticulatory 
effects, sometimes to the extent of syllable dissociation 
(Kent et al 1982). The latter may be a (sub)conscious 
strategy for lessening the coarticulatory and length burdens. 
Difficulty in coordinating the continuous multiple 
adjustments can also be presumed to underlie the longer 
reaction times preceding longer words and the decrease in 
rate as utterances lengthen. Stark, Deutsch, Stark, Wytek
(1988) pertinently found that decrease in errors on longer 
and complex words correlated with improvement in 
coarticulatory ability in their Broca's dysphasics.

Within the general flow of speech, certain transitions 
between "segments" demand more control than others. They are 
typically associated with greater struggle behaviour, slower 
transitions and gradual, repeated adjustments as the speakers 
home in on the target. The greater the number of formant 
transition changes required, with concomitant alterations in 
pulmonary aerodynamics, intra-oral breath pressure, velar 
and/or labial port adjustments, tongue position changes, the 
more complex can the transition be assumed to be.

As the greatest number of adjustments are usually linked to 
the transitions between two consonants rather than C -> V or 
V -> C, one can start to study the correlates of the 
complexity effect. It also explains why some CC combinations 
are simpler than others, e.g. /st versus sk/, /bl vs gl/.

Measurements indicate that the length and complexity effects 
are present in all AS subjects. What varies is the degree to 
which the underlying dysfunctions leading to these surface in 
perceived disordered speech, and the threshold at which they
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appear (Baum 1990; Chapter 18). Length and complexity 
effects thus appear to be reliable indicators of the severity 
of AS.

However, acoustic and physiological parameters do not offer 
immediate explanations for certain other derailments, - e.g. 
perseveratory or anticipatory substitutions (teletone, 
telephone); out-of-plan substitutions (11.2.2.5); and 
additions of the type table -> [iJainbal].

5.6.3.. Inconsistency and Variability

Motor considerations suggest why there should be contextual 
variation in the realisation of a unit. The greater the 
other environmental demands, the more likely a target sound 
is to be derailed. Accordingly one might expect target 
realisation of /L / in hole but less likely in holding.

The same underlying notions explain consistency in where 
errors congregate (Deal et al 1972; Mlcoch et al 1982), even 
if a different error arises each time. These are the points 
of maximum strain on coordination of motor control patterns.

The same framework can account for individual segment error 
variability. In AS the underlying problem is not with one 
primary sensory-motor function (hence the lack of consistency 
of error associated with such deficits) but in phasing and 
integrating primary functions. Studies above noted continua 
of perturbation in phasing. According to the degree of 
deformation there might be no perceptual consequence; or 
distortions, substitution, omission or additions may be 
perceived.

Sounds, though, are not controlled segment by segment. 
Control parameters for sequences of sounds are intimately 
entwined. There is not necessarily a one to one relationship 
between motor act and perceived outcome. Hence deformation 
at one point does not necessarily surface as a perceived 
error at that point, but may have a knock-on effect realised 
perceptually in another part of the utterance. In this way
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the same sequence on repeated trials may consistently contain 
errors, because the level of coordination demanded by it 
overtaxes the speaker's capabilities even if the error is not 
identical each time. Because the point at which underlying 
deformations cross boundaries between perceptually different 
sounds may change in the execution as a whole and because the 
compensatory motor adjustments the speaker achieves (cf. 
motor equivalence) and perceptual filter the listener applies 
(cf. nons traightforward relationship movement-acoustic- 
perceived event) vary each time, the type and locus of error 
apparently alter.

This creates the impression of inconsistent errors. Physical 
measurement supports the idea though that the perceived 
variability is more a surface manifestation. The source of 
breakdown is actually very consistent - e.g. the 
disintegration of intact primary functions. The correlates 
of surface inconsistency are the listener's categorical 
boundaries, the success or not of the speaker in compensating 
for motor derailments, and the variability in how motor 
dimensions are distorted relative to each other. The fact 
that listeners hear a different error on separate occasions, 
one can hypothesise, depends on which relative dimensions 
(duration, onset, offset, force etc) are most saliently 
distorted.

For example, in the word soup distortion of formant 
transitions due to motoric interference with tongue movement 
or lip rounding could lead to perceived errors on different 
occasions of [sjup] or [swup]; shortened vocal fold vibration 
or decreased friction may lead to perceived voicing error on 
/s/ -> [zup], or prolonged vowel to voice error on /p/ -> 
[sub]; mistimed or absent lip rounding may lead the listener 
to hear [sip] or [swip]. Too close tongue tip contact may 
cause affricatisation to [tsup]; palatalisation due to 
anticipated dorsum raising may be perceived as [̂ up] or even 
a palatal alveolar substitution of s -> [Jup].
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What one might expect for dyspraxic speakers, then, is either 
a word (for sake of argument) is manageable for them or it is 
not, giving apparent consistency at word level analysis. For 
unmanageable words, however, the surfacing of underlying 
dysfunction varies, giving rise to variability of error at 
subword analysis. Stackhouse, Snowling (1992) found this for 
developmentally dyspraxic children. The issue for adults is 
addressed in Chapters 18, 19.

5.7.1. Differential Diagnosis

Quantitative physical assessments throw light on underlying 
problems in AS. Do they also help resolve some of the 
diagnostic uncertainties of perceptual studies ? Some 
recent investigations directly compare AS with dysphasia and 
dysarthria, but most information has to be gleaned from 
accounts which examine these groups in isolation, frequently 
with different motivating hypotheses

The following does not exhaustively review this literature. 
Representative studies have been selected which complement 
the AS studies cited and aid in highlighting underlying 
disruption and its link to surface pronunciation.

The three dysarthria types generally considered to come close 
to features of AS are spastic (upper motor neurone), 
hypokinetic and ataxic dysarthrias.

5.7.2.1. Spastic Dysarthria. Studies comparing AS and spastic 
dysarthric subjects include Abbs, Hunker, Barlow (1983), 
Hardcastle et al (1985), Ziegler, von Cramon (1985). Other 
studies providing information cross-referable to AS studies 
include Murry (1983), Dworkin and Aronson (1986), Hirose
(1986), Ziegler et al (1986c).

Spastic dysarthrics, perceptually, have a slowed rate, 
monopitch and loudness, imprecise consonants, distorted 
vowels and hypemasality (Darley et al 1975). These features 
appear to arise from functional muscle weakness and 
spasticity. Weakness results in reduced acceleration and
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final velocity, and reduced range of movement. Spasticity 
impairs rapid alternating movements due to poor acceleration 
and deceleration and impairment in rapid synergist-antagonist 
switching. In contrast to AS where all subsystems of the 
vocal tract are to a greater or lesser extent involved, it 
can happen in spastic dysarthria that only one (e.g. tongue; 
larynx) subsystem is affected. Taking the perceptual 
characteristics one by one, they can be directly linked to 
these physiological, mechanical features.

5.7.2.2. Slow rate relates to reduced speed of articulatory movements. 
This stems from weakness and the difficulty in overcoming the 
retarding effect of spastic paresis. Spastic dysarthrics are 
able (in short bursts in severer cases) to compensate for the 
reduced range of movement by increasing effort. This is only 
achieved at the expense of time, and represents a further 
contribution to longer duration. Spasticity impairs 
alternating movements, also decreasing rate. The phenomenon 
is seen spectrographically as prolonged formant transitions.

In contrast to AS, slowness is uniform. Any intersyllabic 
pauses (except for extra breaths required) affect duration no 
more than in normals. Spastic speech is not characterised by 
the hesitations, preparatory and intrasyllabic trial and 
error behaviour and reiterations heard in AS. EMG and EPG 
recordings demonstrate prolonged recruitment times, not 
discoordination and missynchronisation.

5.7.2.3. Monopitch and loudness are attributable to subglottal, 
laryngeal and supralaryngeal factors. Poor breath support 
(reduced inspiratory capability, impaired expiratory control) 
leads to short phrases and lessened SPL contrast across 
syllabic nuclei. Spasticity of laryngeal muscles compromises 
rapid adjustments necessary in pitch control and voice- 
voiceless oppositions. Incomplete supralaryngeal closure for 
stop consonants and/or loss of intra-oral pressure through 
velopharyngeal insufficiency negatively affects aerodynamic 
influences on vocal cord vibration.
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A compensatory tactic used by some speakers in reduced breath 
capacity and force exertion capability is syllabic speech. 
Syllables become dissociated (5,4,2.), Respiratory and force 
resetting after each syllable produces prosody with excess 
and equal stress, providing an added source of perceived 
monopitch and loudness,

5,7,2,4, Imprecise consonants derive primarily from reduced range of 
movements or inability to hold targets. This produces 
undershooting, in turn causing affrication of stops, or in 
extreme cases "substitution" by homorganic fricatives or 
glides. Fricatives are produced with less audible friction, 
and in severer cases become glides or are "heard" as 
omissions, EMG, X-ray, ultrasound and spectrographic 
analyses all indicate though that speakers are attempting but 
not achieving the gesture, even if its consequences are not 
audible. In general targets requiring lesser excursions are 
better preserved than those requiring gross movements (e,g, 
velars).

This draws out some important contrasts with AS, Distortions 
in spastic dysarthria arise from undershooting and slowness, 
not missynchronisation of component movements. Substitutions 
when heard are homorganic consonants. These changes could be 
described by phonological feature or process analysis, but 
their origin lies fully in the biomechanical domain.

There is variability in spastic dysarthric speech. However, 
contrary to dyspraxics ' seeming inability to influence 
variability, spastic dysarthrics can. Variability correlates 
with amount of effort exerted. Typically speakers can 
compensate for undershooting by applying increased force 
(Ansel, McNeil, Hunker, Bless 1983), but this strategy often 
succeeds only for initial syllables and words of an 
utterance.

Likelihood of distortions, substitutions and omissions 
increases the longer the utterance becomes - as predicted in
4,2, Thus while the length of utterance exerts a detrimental 
effect on AS through mounting problems in fine force and
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timing control/phasing, deterioration in spastic dysarthria 
is from fatigue and mounting difficulty in influencing 
agonist-antagonist inertia. Unstressed syllables which 
receive less force input anyway are particularly prone to 
omission.

These dysarthrics' motor difficulties would be expected to 
produce a complexity effect too. Experimentation bears this 
out, but again, in contrast to AS, the source lies in the 
inability of weaker and spastic muscles to effect the rapid 
positional changes required in consonant clusters. Whether 
these differences are detectable perceptually is debatable. 
Increased attention to effort and compensatory slowing are 
capable of abolishing the complexity effect. In AS, on the 
contrary, increased attention to the task may complicate 
matters. This observation needs experimental confirmation. 
Displacement errors appear to be absent in spastic 
dysarthria, as are out-of-plan substitutions, lexically 
induced paraphasias and complex derailments (Chapter 13).

5.7.2.5. Vowel distortions are caused by the same underlying motor 
deficits that produce "imprecise consonants". The common 
picture is of uniform lengthening and tendency to 
centralisation. Impaired lip control for rounding leads to 
perceptual overlap. Laryngeal dysfunction and velopharyngeal 
insufficiency also influence vowel quality. Laxing of tense 
vowels occurs, whilst unstressed vowels are prone to 
omission.

This contrasts with AS where vowel distortion and 
substitution are also heard, but there is no uniform 
lengthening; reduction, if it occurs, is not directly
relatable to functional weakness; laryngeal and
velopharyngeal influences, if present, are inconsistent; 
prolongations are characterised by varying distortion or 
homing-in, resulting from difficulty in synchronising
component movements and holding constant fine isometric 
forces.
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5.7.2.6. Hypemasality. In spastic dysarthria the velum either never 
achieves adequate closure due to permanent undershooting, in 
which case there is constant hypemasality; or, raising lags 
after nasal sounds result in nasal distortion of succeeding 
segments. This contrasts with AS where variability of velar 
missynchronisation leads to a continuum of apparent 
substitutions, additions and distortions from, e.g. /m/ -> 
[b; bm; m̂;bm; m̂ ; mb] etc.

5.7.2.7. In summary spastic dysarthria is a disorder where the 
occurrence of perceived errors and variability appear to be 
shared with AS. Physical assessments and analytic listening 
show this is a false assumption. Their type and patteming 
are different on closer analysis. Instead of underlying 
motor breakdown consisting of misphased gross and fine 
component movements in the presence of intact primary motor 
function, there is a disorder where mispronunciations can be 
directly linked to physical disability. Although errors can 
be classed using the same taxonomy as for AS, underlying 
origins are different.

Three main areas are pointed to for clinically distinguishing 
AS from spastic dysarthria. Firstly oral physical
examination; secondly diadochokinetic tasks (rate, duration); 
thirdly by seeking subgroups of distortions and substitutions 
and pattems of variability that pick out derailments due to 
undershooting as opposed to missynchronisation. These last 
two points are taken up in later chapters.

5.7.3.1. Hypokinetic Dysarthria. Next to no studies directly compare
hypokinetic dysarthria (usually from basal ganglia infarcts
or Parkinson's Disease) and AS. Those that have and others 
reporting measurements comparable to AS studies include Kent 
et al (1982), Abbs et al (1983), Ludlow, Bassich (1984),
Weismer (1984), Weismer and Fennell (1984), Hardcastle et al
(1985), Dworkin et al (1986), Hirose (1986), Caliguiri
(1987), Ludlow, Connor and Bassich (1987), Ziegler et al
(1988).
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Darley et al (1975) report the main perceptual 
characteristics of hypokinetic dysarthria as monopitch, 
reduced stress, monoloudness, all tending towards aprosodia, 
imprecise consonants, and inappropriate silences. Unique 
amongst dysarthrias, hypokinetic speakers are perceived as 
having increased rate. A dysarthrophonia is also present.

5.7.3.2. Studies support the argument that these features trace back 
to muscular rigidity, which in basal ganglia dysfunction 
arises from loss of reciprocal suppression between 
antagonistic muscle pairs/groups. This in turn leads to a 
reduction in amplitude of movements, with consequent 
undershooting. It causes abnormal overlap or dissolution of 
normally segregated or coordinated movement (and therefore 
sound) features. Reduction in use of the extremes of 
movement amplitudes correlates with the monopitch and 
loudness, and loss of distinctions between consonants (e.g. 
frication of stops; hypemasality), between vowels, and in 
extreme cases between consonants and vowels. Phonetically 
the latter has its origin in continuous voicing or stretches 
of laryngeal inactivity associated with shutdown of movement 
due to persisting discharge in both agonist and antagonist 
muscles.

The overlap or dissolution of subcomponents sound reminiscent 
of AS, and frication etc from undershooting sound like
spastic dysarthric symptoms. There are, however, important 
differences. Hypokinetic symptoms stem from inability to 
"switch" components on and off, not in trying to synchronise 
them. Undershooting and reduction in amplitude of
articulatory excursions are associated with movement velocity
largely within normal range (there remains some dissension). 
Mild spastic dysarthrics show little undershooting, but still 
have slowed speech.

5.7.3.3. Perceived acceleration is attributable to the underlying
problems. Objective measures of speech durations - e.g. mean 
syllable, vowel nuclei or segment durations - suggest 
hypokinetic dysarthrics range around normal speakers* rates.
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There appears no significant difference between duration of 
matched split halves of utterances which would be expected if 
speech gradually accelerated in the course of a phrase. 
Perceived increased rate must be due to other acoustic 
correlates of acceleration.

J. Miller (1981) for instance demonstrated that rapid speech 
in normals is associated with articulatory reductions and 
tendency to continuous voicing - precisely the features 
manifested in this dysarthria. The fact that articulatory 
excursions decrease and tendency to continuous voicing 
increases through the course of an utterance presumably 
creates the impression of increasing rate. Parkinsonian 
patients with festinant gait do not walk faster as their 
shuffling steps become shorter. They actually slow and come 
to a halt.

5.7.3.4. The main distinguishing characteristics to inform clinical 
assessment in separating AS from hypokinetic dysarthria 
features would seem to be - AS tends to dysprosody, 
hypokinetic dysarthria to aprosodia; syllable segregation in 
AS tends to longer inter- and intrasyllabic transitions, in 
this dysarthria they are normal or shorter; AS evidences 
struggle, hypokinetic speech does not, except for initiation 
problems (see below). Distortions, substitutions and 
omissions occur in hypokinesia in the context of 
undershooting and centralisation, not mistiming. Analytic 
procedures must address how to separate these. Hypokinetic 
dysarthrics should not make displacement errors, mixed 
phonemic-semantic paraphasias, nor out-of-plan substitutions 
(Chapter 11).

5.7.4.1. Ataxic Dysarthria, associated with lesions of the cerebellum 
and its interconnections, has only in recent years received 
attention in relation to AS, yet has proved the most knotty 
dysarthria to divide from AS. Relevant studies include Kent, 
Netsell, Abbs (1979), Kent et al (1982) Gillmer, van der 
Merwe (1983), Hirose (1986), Adams, McNeil, Weismer (1989), 
McNeil, Caliguiri et al (1990), Tseng, McNeil, Adams, Weismer 
(1989), McNeil, Weismer et al (1990).
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Darley et al's (1975) perceptual features for ataxic 
dysarthria (imprecise consonants; excess and equal stress; 
irregular articulatory breakdown; distorted vowels) seem to 
show little difference between it and AS.

At first sight physical measures appear to offer little extra 
guidance. They show slowed articulation of transitional and 
steady state segments, prolonged intersyllabic setting time, 
errors of direction and range not related to deficits in 
velocity or force (though there is a hypotonic element in 
cerebellar lesions), abnormal timing pattems, tendency to 
equalisation of syllable duration, syllable segregation, 
inconsistency in realisation of targets. Kent et al (1982) 
had difficulty separating the dysprosody of AS from that of 
ataxic dysarthria. Gillmer et al (1983) were equivocal on 
distinguishing VOT pattems. Adams et al (1989), McNeil, 
Caliguiri et al (1989), Tseng et al (1989), and others 
mentioned above found only borderline group differences 
between ataxia and AS on a whole range of physiological and 
kinematic measures. Individuals in the two groups could not 
necessarily be assigned accurately to underlying disorder on 
the basis of measures made.

5.7.4.2. The field is clearly in need of further research.
Disentangling AS and ataxic speech features does not though 
reflect poor study designs as in some other instances. 
Miller (1989) emphasised the fact that any account of 
cortical motor dysfunction must take into account the 
intimate relationship between it and the cerebellum in force, 
timing and motor integration control.

At present the best indicators for dividing ataxic and AS 
features in a clinical assessment would seem to be: the lack 
in ataxia of semantic-lexical effects and displacement 
errors, absence of prolonged trial and error struggle, and no 
out-of-plan substitutions. It remains uncertain whether the 
scanning speech, with even and excess stress, claimed as so 
particular to ataxia, is actually differentiable perceptually 
from the dysprosody of AS.
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5.7.5.1. rhonendc Paraphasia

The relationship between AS and PP has been stormy. There 
are those who claim(ed) (see Messerli 1983, Lebrun 1989 for 
histories) they are one and the same thing, with the 
dysfluent, distortion type behaviour of AS being due to 
dysarthria. Others have insisted on a division, with PP a 
linguistic, phonological disorder without motor involvement 
and AS a motor disability. The relevant theoretical models 
leading to this division are reviewed in Chapter 7.

What do physical measurements say? Pertinent studies include 
in 1984 Itoh and Sasanuma, fuller; in 1987 Blumstein et al, 
Kent et al, fuller et al, Ziegler et al; in 1989 Adams et al, 
Dogil, Edwards et al, Tseng et al, Ziegler, Hoole et al; and 
in 1990 McNeil and Adams; McNeil, Weismer et al.

Traditionally the criteria for separating AS and PP 
perceptually have rested on the fluency of PP utterances 
versus dysfluent in AS; phonotactic conformity (PP) versus 
transgressions (AS); transitional, syntagmatic derailments in 
AS versus paradigmatic selection and ordering errors in PP. 
Because these features could be, it seemed, explained, or at 
least described phonologically and because the fluency and 
intact phonotactics suggested disruption of a stage before 
phonetic (presumed motor) specifications were added, PP was 
assumed to be phonological and non-motoric. If this is true 
investigations should not indicate any motor disruption.

5.7.5.2. Early comparisons apparently bore this out. Itoh et al's 
(1984) PP subjects showed no VOT overlaps, and they argued 
that error patterns, from fibrescopic examination of velar 
movement, were linked to selectional (for them, phonological) 
problems. Blumstein et al (1980); fuller et al (1987); Katz
(1988) likewise seemed to suggest that where PP errors arose, 
the articulatory gesture was the one expected for the 
substituted sound, and not, as in AS, an attempt at the 
target gesture that was distorted to such a degree as to 
acoustically and/or perceptually cross a categorical
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boundary. PP speakers also evidenced normal co-articulation 
and prosodic behaviour.

Against these findings are data claiming motoric deviations 
in PP. Already Blumstein et al (1980) noted that while VOT 
distributions tend to be bimodal in Wernicke's dysphasics, 
and collapsed into a continuum in Broca's dysphasics (their 
dyspraxic speakers), the conduction dysphasics (PP speakers) 
fell not (as would be predicted from a phonological non- 
motoric aetiology) with the normals, but midway between the 
other dysphasic groups.

MacNeilage (1981) and with Hutchinson and Lasater (1981) 
started off expecting clear-cut motoric distinctions between 
fluent and non-fluent dysphasics. They found, however, that 
the trend of substitutions in fluent speakers could be 
equally explained by a difficulty of articulation (therefore 
motoric) dimension. Substitutions not fitting this category 
could be largely attributed to lexical interference factors 
(11.2.4.3).

Shewan et al (1984) found conduction (PP) and Broca's (AS) 
dysphasics committed equal numbers of phonetic (AS type) and 
phonemic (PP type) errors. Tuller (1984) found VOT and pre
final stop vowel duration did not reliably differentiate 
fluent and non-fluent dysphasics, neither did an individual's 
VOT profile predict final syllable vowel duration. She 
concluded (p 556) that "...the traditional alignment of 
fluent aphasies with phonemic errors and non-fluent aphasies 
with phonetic errors is inadequate ...". Ryalls (1986) found 
a similar variability in vowel production spreading across 
fluent and non-fluent groups. Kent et al (1987) compared AS 
and conduction dysphasics (PP) on a range of acoustic 
measures, including duration, VOT, and formant trajectories. 
They found the PP group had more in common with AS than with 
normals,maintaining (p 213) that conduction dysphasia "is not 
a monolithic phonologic-level disturbance" but displays both 
phonemic and phonetic breakdowns.
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Ziegler et al (1989) had listeners judge whether spliced 
samples of Broca's, Wernicke’s dysphasic, ataxic and normal 
speech were tokens of [i] or [I]. Responses were related to 
vowel duration and quality (in terms of first and second 
formant values). The ataxic and normal speech presented no 
problems of identification, but the dysphasics ’ speech did. 
They both operated in a narrowed acoustic space and both 
portrayed poorly identifiable steady states.

McNeil and Adams (1990) found conduction (PP) subjects as 
slow as ataxies and dyspraxics at reaching peak velocity, 
with no group different to normals on actual velocity 
achieved. PP speakers had durations as prolonged as others 
and that was in phonetically correct utterances. The finding 
of PP speakers’ aberrant control of velocity relative to 
amplitude is also difficult to relate to a phonemic selection 
disorder. This does not mean to say each group's increased 
durations were associated with an identical underlying 
disruption, but McNeil et al nevertheless concluded that 
"...the best interpretation for the differences in all three 
pathological groups is one placed squarely in the motor 
programming and perhaps, execution domains...”

Although McNeil, Weismer et al (1990) detected force and 
position control differences between AS and ataxia on the one 
hand and normals on the other, PP data did not, especially 
for position control, match normals' performance, which it 
should if there is no motor deficit in PP. Tseng et al
(1989), in patterns of lip control, found PP speakers to be 
closer to AS than normals.

Dogil (1989) conducted an acoustic analysis of a neologistic 
jargon patient. Such speakers' mispronunciations are thought 
to derive either from a disconnection between semantic and 
phonological lexicons or severely misfunctioning phonology 
(Buckingham 1992; Christman 1992), disruptions considered 
very distant from motor derailments. However, Dogil was able 
to detect microphone tic distortions in the spectrum of CV 
vowel transitions. Stark et al (1988) observed similar 
changes in Broca's dysphasics, suggesting that parallelism in
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the impairment of phonological form and phonetic substance 
may be a general feature of all higher cortical 
mispronunciations.

5.7.5.3. Perceptual features deemed to distinguish AS-PP were on 
closer inspection less than watertight. It should not be 
surprising then that the expected clear-cut motoric versus 
non-motoric basis has considerable grey areas in physical 
assessments, too.

Studies detecting a motoric component in PP are now too 
numerous to put down to chance findings, subject or examiner 
bias. The view of PP as purely phonological, linguistic in 
nature cannot be upheld. Phonetic, articulatory features can 
no longer be seen as an independently generated motor 
component mapped from abstract phonological strings at a 
relatively late stage in speech production.

These trends in opinion have important implications for three 
areas in the understanding of AS taken up in later chapters - 
models of speech motor control (7); linguistic theory (7), 
and assessment (8, 11).

5.7.5.4. Clinical Implications: Lessons for Assessment

Measurements disclose more coiranonalities and overlaps between 
AS-PP than orthodox theory would claim. These are not 
coincidental quirks of perception. But analyses do not say 
they are one and the same disorder. There are still 
qualitative differences. The measures employed were either 
unable to detect variations, or divergent underlying (motor) 
breakdowns produced similar behaviour. Acoustic analyses 
measure relatively superficial features such as rate, 
loudness, or co-articulation. Any of these can be deviant 
for a variety of reasons. Motor acoustic mapping is not a 
simple transform.

In fact, even if there had been no mo tor / phone tic derailments 
detected in PP, it still would not be conclusive evidence 
against a motor argument for PP errors. It would simply have
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meant that existent techniques do not tap the type of motor 
process involved in PP. Electro-encephalograms or positron 
emission tomography may throw more light on these processes, 
as Roland (1987) and colleagues have shown for voluntary limb 
movements.

The measurement results do not preclude the interpretation 
that PP is primarily a problem in selection and ordering and 
AS one of timing, integration, or whatever should underlie 
this. What results do prompt is a reconsideration of what is 
selected and ordered, and how different transitional 
aberrations manifest themselves. Concerning diagnosis PP 
should have a predominance of displacement errors and larger 
concentration of errors involving several linguistic 
features. There should be more susceptibility to lexical- 
semantic influences on sounds. Single segment production 
should be relatively intact, with problems building up as 
more scope for mis-selection and mis-ordering arises.

This is in keeping with conclusions arrived at via other 
routes - e.g. Mateer et al (1977), Guyard et al (1981). In 
AS a predominance of distortions and substitutions that cross 
one constituent feature boundary would be expected. Errors 
will be apparent already on single word production in terms 
of integration of constituent primary motor features. Being 
"further" from initial semantic-sound system integration one 
would expect relatively less potential lexical influence on 
error genesis. If dissociation between AS-PP is only 
proportionate and not absolute, then diagnostic analysis must 
use statistics that can capture such divergences.

The nature of struggle within pauses or run-ups should also 
exhibit different trends. In PP struggle will be towards 
reselection, while in AS it will be towards reintegration. 
Again, evidence gleaned elsewhere (e.g. Joanette et al 1980; 
Kohn 1984) appears to corroborate this.
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3.8.1. Conclusion

Section 5.1.0. asked four questions. Works reported and 
inferences from these have given some answers.

Motorically in AS there appears to be no loss of primary 
sensorimotor functions. Problems multiply for the dyspraxic 
when primary functions have to be coordinated or phased 
correctly in the production of a given movement/sound. 
Irrespective of which coupling or phasing was examined this 
same underlying difficulty emerged. It affects both 
segmental and suprasegmental aspects of speech. The problems 
were placed firmly in the field of motor control. The 
difficulties are manifest on both phonemic and non-phonemic 
aspects of speech. Importantly, measures reveal the 
disruptions even in perceptually acceptable utterances. They 
are independent of language specific phonology.

What is not settled is what is explicitly programmed in motor 
planning and which control parameters are impaired. This 
issue is taken up again in the next two chapters.

How does underlying motor impairment relate to perceived 
sound errors? There is no straightforward mapping between 
physical and perceptual features, but it was argued how a 
large percentage of AS errors can be directly linked to 
phasing aberrations as component movements become 
progressively desynchronised.

Some error types are not accounted for by the physical 
studies - in particular displacements and apparent semantic- 
lexical intrusions.

The underlying interpretation adopted was also able to 
explain length and complexity effects, struggle types and 
sources of consistency of error locus with variability of 
error type.

AS was shown to have some unique and some shared 
characteristics vis a vis other pronunciation disorders.
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These do not necessarily indicate a common aetiology. It was 
explained how multiple underlying disruptions may produce the 
same motor and sound effect - e.g. the several causes of 
slowing or f ricativisation.

It sometimes remains unclear how to separate (by physical 
measurements) aberrations due to disturbance in "programming" 
versus due to faulty instantiation of "programmes". This is 
especially true in ataxia versus AS owing to the intimate 
relationship of cerebral cortex and cerebellum in timing and 
force control, and even, some workers venture, a planning 
role of the cerebellum.

The finding of motor disruption in PP has theoretical 
implications. It prompts a reconsideration of the 
phonological-motor dichotomy previously assumed to underly PP 
versus AS, and challenges linguistic motions of how to divide 
phonemics from phonetics. These questions are approached 
again in the following chapters.

Other theoretical issues involved the segmentation problem, 
the notion of speech as dynamic not static, effects of motor 
equivalence and the relationship of different stages/phases 
in the microgenesis of movement that have implications for 
models of speech motor control.

Finally, there were implications for developing a clinical 
assessment. Some of these were covered in considering the 
correspondence between movement breakdown and perceptual 
outcome. Further implications include confirmation that AS 
is a speech disorder in its own right, is a higher (cortical) 
motor disorder, but that no one feature distinguishes it from 
neighbouring disorders. This implies that a profile of 
behaviours across subtests, items and error types is required 
to separate disorders; one cannot rely on mutually exclusive 
characteristics.

5.8.2. Caveats. To some it is tempting to assume that computer 
printouts of hard instrumental data must be more objective 
than ear of the listener judgements. To a degree this is
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true. However, each instrumental technique has its own 
limitations. None gives complete detail of what is happening 
in speech production. Informed inferences are still 
required. Decisions on what to measure in the first place, 
what to look at to detect it, how to interpret data, all 
involve subjective judgements. Work is open to instrumental, 
theoretical, and eye-of-the-worker filters as much as 
perceptual work is open to ear of the listener filters. The 
experimental populations are open to the same biases 
discussed in Chapter 3. Inspection of results also reveals 
the same conflicting individual versus group tensions that 
dog generalisations from perceptual studies.

These caveats notwithstanding, physical measurements have 
been able to advance our understanding of what AS is and 
enhance our ideas of what should go forward into a clinical 
assessment.
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Parallels to Pronunciation Disorders in Other Areas of Action

6.1. Examination of the traditional tripartite divide between the
dysarthrias, AS and PP, raised several issues about if, where 
and how the division might fall. Conclusions suggested a 
reconsideration of what is actually controlled in speech 
motor production and the relationship between posited 
elements. Greater transparency in these issues is required 
if assessment techniques are to be based on more valid and 
reliable notions.

So far I have confined remarks on possible directions of 
search to the speech motor domain. However, it appears that 
observations from other areas of normal and disordered action 
control may help to address the problems. This chapter looks 
at some of these other areas to see what light they might 
throw on unresolved issues in the characterisation of speech
motor disorders and their underlying causes.

The traditional claim is that the division phonetic-phonemic, 
seen as synonymous with AS versus paraphasia, rests on a 
dichotomy between motor and language functions. However, the 
same movement and derailment characteristics used to 
distinguish the two (AS - PP; motor-language) actually occur 
in all aspects of normal and disordered action. This 
suggests that the dichotomy is but the manifestation in 
speech of something fundamental to all action or movement 
control, and to view the supposed contrast as an argument 
between where motor ends and language begins is a narrow 
parochial perspective which misses important generalisations 
and insights from other fields of study. Some of these other 
areas are now looked at and some conclusions drawn pertinent 
to the relationship between pronunciation disorders 
preparatory to examining motor production models in Chapter 
7.

6.2. As one amongst many dyspraxias, it would not be surprising to
find parallels between speech and other dyspraxias. Mateer 
and Kimura (1977), Kimura (1982), Kimura and Watson (1989) 
and others (Luria 1947/1970, Brown 1977, Watamori, Itoh,
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Fukusako, Sasanuma et al 1981) have reported in oral non
verbal (buccofacial) dyspraxia the existence of two sub- 
types. One they describe as dysfluent with struggles to 
realise isolated postures, and frequently associated with 
tonic perseveration. It contrasts with a fluent disorder 
where individual postures are realised as in normals, though 
there may be apparent frank substitutions. Difficulties here 
are exposed especially on sequential tasks, where 
displacements and parapraxic derailments occur.

In limb dyspraxia, since the papers of Liepmarm (1900 et seq) 
workers have spoken of ideational versus ideomotor dyspraxia 
(e.g. Luria 1947/1970; Pieczuro, Vignolo 1967; Brown 1977; 
DeRenzi, Motti, Nichelli 1980; Poeck, Lehmkuhl 1980; Miller 
1986; DeRenzi and Luchelli 1989 ; Square-Storer et al 1989). 
The former is seen as a fluent performance breakdown where 
major constituents of the action are replaced, misplaced or 
blended, resulting in seemingly bizarre, sometimes *jargon*, 
(i.e. unrecognisable as the target) and parapraxic behaviour. 
The classic example is the person who puts the match in their 
mouth and tries to strike the candle on the matchbox. 
Ideomotor dyspraxics on the other hand preserve the order and 
relationships of the action constituents, but evidence 
difficulty in the coordination necessary to proceed smoothly 
from one posture to another (i.e. transitionalisation 
difficulty), or they execute a recognisable posture, but with 
distortions in the finer detail, unrelated to physical power, 
tone, or coordination difficulties - e.g. hand arm 
orientation.

The same division, and arguments over where the dividing line 
rests, is found for constructional dyspraxia (Warrington 
1969; Hartje, Kerschens teiner, Sturm 1975; Consoli 1979; 
DeRenzi 1982; Miller 1986). A fluent performance with 
addition, omission, substitution and displacement of parts, 
loss of spatial relationships, fragmentation of the whole is 
alleged to contrast with performance where overall Gestalt is 
retained, but execution is non-fluent and effortful, with 
difficulties (re)producing precise angles, simplication and 
schematicisation of the model etc.
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Speech dyspraxia shares more with limb and constructional 
dyspraxias than the contrasts alluded to here. In these 
other dyspraxias one can also observe trial and error 
struggle, islands of fluency, inconsistency of errors, 
variation along the automatic-volitional continuum; and 
elements of length, complexity, familiarity and sense- 
nonsense effects. Furthermore, there are parallels in the 
effects of spontaneous versus imitative performance, 
executing tasks in isolation versus in context and of certain 
types of cueing.

6.3.1. It is not only in brain-damaged individuals that the fluent 
versus non-fluent, overall framework versus local 
transitions, parapraxic versus distorted contrast can be 
observed. It is present in healthy subjects too. Norman 
(1981); Reason, Mycielska (1982); Roy (1982); amongst others 
have noted behaviours similar to dyspraxics in normal slips 
of the hand and tongue (blackbird -> blackblird; bought a new 
cat -> caught a new bat).

Parallels between normal slips of the tongue and phonemic 
paraphasias have been drawn as well as inferences about 
mechanisms and units of control from patterns of slips 
(Buckingham 1986; Shattuck-Hufnagel 1987). Shattuck-Hafnagel 
(1987) showed though (4.3.) that there are influences on 
normal slips that render the relationship to pathological 
speech not so simple as first assumed. Dressier, Tonelli and 
Galdognetto (1990) found differences in patterns of slips and 
repairs across languages, and like Kohn (1989), asymmetries 
between these patterns in paraphasic versus normal speech, 
again stressing the non-straightforwardness of comparisons.

The transitionalisation derailments heard in AS are not 
reported for normals. This must rest heavily on the
influence of categorical perception. Moore et al (1988); 
Bizzi and Mussa-Ivaldi (1989); Forrest et al (1990) attest to 
there being the same kind of underlying motor activity in 
normals that is associated with transitionalisation problems 
in AS.
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6.3.2. The performance of skilled copy typists is closely related to 
speech skills. Bimanual output of approximately five hundred 
key strokes per minute without visual feedback is not unlike 
the goal of imitative speech output in producing several 
hundred segments per minute.

Numerous workers (Shaffer 1978; Centner, Grudin and Conway 
1980; Crudin 1983; Viviani, Terzuolo 1983; Salthouse 1986), 
have looked at how typists execute this highly skilled task, 
what variables of input (amount allowed to read ahead; 
coherent versus random text; real versus nonsense words etc) 
and output affect their performance and what slips of the 
hand arise. Centner et al demonstrated how, as in speech, 
there is look ahead, at around eight-nine characters; for 21% 
of keystrokes movements did not begin in the ultimate order 
of production; it was extremely difficult to isolate the 
onset and offset of individual strokes (finger movement was 
described as ' sea grass weaving in the waves ' ) ; and there is 
motor equivalence - the pattern of movement to hit a 
particular key is not invariant, but the goal is.

Crudin found substitutions, omissions, additions and 
displacements. These arose from selecting a wrong letter, 
wrong finger or finger position, and wrong hand, e.g. correct 
finger but wrong hand; correct finger but oriented to wrong 
row; correct hand but wrong finger. Note, as with the vocal 
tract there is only a finite number of ways in which this 
system can fail. Less skilled typists display the same 
dysfluencies as speech dyspraxics, and the same inability to 
increase speed. Skilled typists working deliberately slowly 
echo the findings of Story et al (1987) in normal slow 
speech. Self-correcting produced the same struggle 
behaviours as in AS and PP.

Furthermore, transcript content influences execution. 
Coherent text is easiest (fewest errors, fastest time), 
random real-word lists are either the same or a little 
slower, but lists of exclusively nonsense words or real and 
nonsense words reduces speed by up to fifty percent. Timing 
and rhythm are also influenced by context - Shaffer (1978)
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observed how the sequence whi was executed differently 
according to whether it was part of the word whig or whim.

MacNeilage (1985) concluded that similar types of error occur 
in typing and speech, but the constraints on occurrence are 
different. In speech the syllable serves as a frame, while 
in typing the word (Viviani et al 1983) or other unit of 
action organisation (Shaffer 1978; Grudin 1983) may be 
involved.

McNeilage's conclusions do not alter the contention that two 
inter-related types of action control appear to be at work. 
One can be described at present for the sake of argument, as 
acting on relatively large chunks of text/action. The other 
operates on a more local basis regulating force and relative 
speed and ironing out local perturbations. When this motor 
task is tapped for the purpose of typing language it is 
influenced by certain linguistic parameters. Though error 
types may reflect some linguistic derailments (misreading of 
a word, switching of subject and object nouns etc), to 
describe (and ultimately explain) slips of the hand the 
grammar of arm, hand and finger action is vital.

6.3.3. Maybe even closer to speech in motor terms is piano playing.
It not only involves highly skilled, fine movements performed 
(by accomplished players) without visual feedback, but 
contains the paralinguis tic variations present in speech - 
such as variations in speed, loudness, emotive expression.

The art and science of the pianist have received attention 
from Shaffer (1981), Sloboda (1983), Johnson-Laird (1987). 
Attention has focussed on bimanual coordination and 
uncoupling, time and force control, effects of the player's 
'knowledge* of the music genre on sight read performance and 
improvisation, and other issues. Of interest to the current 
discussion are the elements or processes of motor control 
derived from such studies and the nature of errors.

The former issues will be taken up again in Chapter 7 with 
only brief mention here. Suffice it to say that all workers
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have postulated that there must be one control aspect that 
organises larger chunks of output (e.g. a musical phrase over 
several bars) within the style and speed of the piece, while 
another aspect involves more local changes such as 
progressing from chord to chord, independent control of the 
fingers etc.

Like typing and like speech there is read-ahead, movements 
for a later note are already being set up in arm, hand and 
finger postures before or while previous ones are being 
played. Skilled performers do not proceed on a note by note 
or chord by chord basis.

Slips of the finger/hand reveal characteristic derailments. 
One type involves playing wrong notes, either adding, 
substituting or omitting. However, harmonic structure and 
rhythm were maintained, i.e. at the level of the phrase 
overall adjustments were made to other note values to 
accommodate the rhythmic change, and added notes did not 
result in discords. These contrasted with errors arising 
from neighbourhood disruption to finger movements, where the 
correct target was being aimed for, but the finger hit a 
neighbouring note or force was inappropriate. These resulted 
in harmonic clashes or out of tone expression. The 
comparison with phonotactically accommodated PP but distorted 
AS is again invited.

6.4. Another source of comparisons for pronunciation breakdown is
people who have grown up with manual signing as their sole 
means of communication and then become * dysphasic* following 
brain damage - dysphasic signers.

If the characteristics of AS are specific to breakdown in 
phonological and phonetic processes, the structure of a 
language*s phonology and movement parameters associated with 
properties of the vocal tract, then one would expect quite 
different types and loci of errors in dyŝ jiasic/dyspraxic 
signers.
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This proves not to be the case. Despite having acquired and 
used language via completely different modalities and 
expression taking place within a spatial and temporal 
framework entirely different from speech, close
correspondences are found between signing errors in
'dysphasic' signers and pronunciation breakdown, Poizner, 
Klima and Bellugi (1987) have studied healthy and
neurologically impaired signers extensively. Findings from 
their studies address the present discussion.

In the same way that there can be dissociation between oral 
non-verbal dyspraxia and AS, so Poizner et al found that the 
presence of non-signing limb dyspraxia did not correlate with 
the presence or degree of communicative signing dyspraxia. 
Of course, as with the apparent oral-speech dissociation this 
begs the question of whether the signing-non-signing 
distinction rests only on the different levels of complexity 
of tasks administered or whether the separation does relate 
to the conceptual framework and goal of the action.

The signing derailments did not relate to breakdown found in 
body-schema disorders, spatial disorientation, and hemi- 
inattention or neglect as one might suspect for movement 
centred on personal space. There were patients with these 
problems, but they were dissociated from their signing 
skills suggesting that the internal representation or active 
instantiation for the two uses of space are basically 
different,

In signing breakdown derailments and errors found were 
closely akin to the picture described in typing, piano 
playing, handwriting, and, AS and PP, Their patient Karen L 
signed fluently and grammatically, but she committed 
'sublexical' errors equivalent to PP in speech. For instance 
she substituted hand configurations, movement patterns (up 
and down for circular; contact for downward brushing etc) and 
place of articulation (e,g, chin for cheek),

Karen L displayed performance reminiscent of conduction 
dysphasics. Her spontaneous signing, though peppered with
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conduites d’approche, circumlocutions and apparent word 
finding difficulty, was largely error free and functionally 
adequate. On repetition of individual signs and sentences 
she coped with short sequences of three or four signs, but as 
stimuli increased in length and complexity, struggle 
behaviour increased and her productions were full of 
transpositions, omissions and additions, which involved sub
elements of signs, not random movements from outside of her 
sign system. The derailments were incorporated fluently into 
her responses.

In contrast Gail D initially evidenced ideational dyspraxia 
in her non-signing lin±> movements (used fork wrong way round 
etc) and was ’mute’ communicatively. As she gradually 
regained her signing it was characterised by effortful trial 
and error groping for correct postures. Syntax was highly 
underspecifled, with omissions of morphological markers, 
derivational affixes, sign order breakdown, all reminiscent 
of agrammatic dysphasics. To compensate for this she 
resorted to non-signing gestures and finger spelling. The 
comparison with Broca’s dysphasics who resort to gesture and 
writing is not unwarranted.

Even more significantly, however, in drawing parallels 
between signing and speaking dysphasic-dyspraxics, Gail D 
showed instances of the inconsistency, automaticity, 
struggle, distortions and comnunicative mode effects common 
to AS. A given sign would be preceded by homing-in struggle, 
and distorted but recognisable sign elements on one occasion, 
but be fluently, effortlessly produced on another. She 
produced a sub-element of a sign correctly in one sign, 
derailed in another. Other times a sub-element, e.g. path 
movement of hand towards body in the sign for accept - would 
be correctly executed, but omitted or distorted when the same 
gesture served as an inflectional morpheme.

More interestingly, in resorting to finger spelling Gail D 
was able to use movements more complex than those required to 
produce the sign she was searching for. Finger spelling 
often cued in her signing, just as speech dyspraxics and
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phonemic paraphasias are able to utilise written spelling as 
a route to achieve better pronunciation. This phenomenon in 
signing is also arguably equivalent to the speech dyspraxia's 
ability to imitate a snake hissing, but not utter a /s/. 
Other parts of Poizner et al's description of this lady echo 
the fluent asides (ICU versus I see you) and out of the blue 
correct performances common in AS.

All these remarks point to a disorder that is independent of 
muscle weakness or incoordination ; independent of non- 
linguistic uses of the same limbs and movements. Performance 
ranges between the fluent, 'phonotactically' accommodated
derailments of Karen L and the effortful, dysfluent 
transitionalisation problems of Gail D. A clear relationship 
exists between the pattern of breakdown in pronunciation
disorders and normal slips of the finger, hand and tongue in 
healthy subjects. Indeed, Newkirk, Klima, Pedersen, Bellugi 
(1980) demonstrated just such slips too in the gestures of 
healthy deaf signers.

6.5. Three points have been emphasised in the preceding sections.
These are: the two aspects of motor production associated 
with higher order (i.e. not due to primary sensory-motor 
deficits) control which cut across all types of normal and 
disordered functioning, and thirdly, that while 'pure' 
elements of these derailments or disorders exist, more
usually features of both co-occur in one individual. A 
fourth point made at least implicitly, is that while
derailments can be described in a common language of 
displacements, substitutions, distortions etc, the actual 
elements which are displaced, substituted etc, are specific 
to the overall organising framework for the domain of action 
concerned - e.g. for signing it is the spatial syntax of 
gestures, for constructional and limb praxis it is the 
coordinates and movement in Euclidean space, for speech the 
organisation of settings of the vocal tract by phonology.

The apparent conclusion is that there are general properties 
in how action systems are constructed and operate, presumably 
constrained by CNS organisation and brain functioning. So in
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one respect it is erroneous to speak of specialised motor 
systems, since the same organisation and operational 
properties underlie all movement. Control is always in terms 
of space and time elements, and microgenesis of action always 
involves a global, large unit component and interrelated 
small, subunit components.

However, without further organisational principles all 
movement would be anarchic, maladaptive, amorphous. We would 
not be able to eat, talk or walk. Movement would be random, 
only by chance repeatable, the sole constraints on occurrence 
being physical ones such as rate and strength of muscle 
contraction, range of movement around a joint and so on. 
Domain (speech, signing etc) specific organising principles 
must be imposed on underlying function to enable control over 
the degrees of freedom. Through interaction with contextual 
(environmental, teleological) constraints, further 
restrictions are shaped, making action both usable, 
repeatable, transmissible, leamable and functional.

What phonology does for the vocal tract, then, is organise, 
or systematise, all the possible movements into a subset of 
actually occurring movements serving a particular end - i.e. 
speech. But phonology is in return constrained in its scope 
by the time, space capabilities and microgenesis of action 
patterns of the basic motor system and by the perceptual 
system of the ear-brain (as emphasised also by e.g. Ladefoged 
1990, Lindblom 1990a). Hence like any other imposed 
organisational matrix it will have to operate within a 
planning and execution frame that involves larger unit 
elements (say, syllable, musical phrase etc), into which 
smaller units are organised. The specifications will be in 
terms of time and space coordinates subserving a perceptual 
goal. The order of presumed control, initiation of these 
commands does not correspond to the organisation of movement 
at the periphery. There are several loci of control in the 
genesis of the action at which movements might be initiated 
and modified. This explains why there can be a mixture of 
error types previously considered to belong to different 
groups, and it gives one account of why perturbations at one
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point can be compensated for at another, (This represents a 
contentious view of motor control. More substantiation for 
the arguments is given in Chapter 7).

In this view the relationship of phonology and speech motor 
control is not one of two disconnected, juxtaposed entities. 
They are inextricably bound up with each other through the 
sensory-motor limits of the CNS and the neuropsychological 
processing patterns of the same. Without phonology sound 
would be amorphous; without movement phonology would be mute.

This has important implications for the understanding of the 
relationship between emic and etic aspects of pronunciation, 
what errors to expect when these aspects break down, and how 
to describe or assess them. Because movement appears to be 
always controlled in terms of large unit/mode chunks and 
embedded, manipulable subnodes/units, breakdown can be 
characterised in terms of what constituents or loci are 
disrupted in the microgenesis of action.

Those who saw the stages as separate, independent components 
were led to claims that disorder A is typified by derailment 
X, disorder B by derailment Y. However, in the same way that 
underlying movement organisation and domain specific 
framework are bound in with each other, so too, it is argued, 
are the phases in action generation. Without the larger 
chunk organising units sub-components would be patternless, 
but without the smaller elements the larger would be without 
substance. Further, while at times superordinate modes may 
override subordinate modes, on other occasions subordinate 
levels/phases of control can assume independence or override 
higher/earlier phase activity. In the derailment of any 
utterance any type of error could thus be expected.

This idea runs counter to the view that sees 'higher' and 
'lower' levels of control as uncoupled, unrelated. It is 
counter to the view that considers AS and PP always 
unequivocally differentiable. It contrasts with the argument 
that explains the co-occurrence of paraphasic and dyspraxic 
errors in the same speaker simply on the basis of lesion
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localisation and extent and neighbourhood anatomical- 
physiological representation. It is parallel to arguments 
which interpret e.g. agranmatism-paragraramatism or deep and 
surface dyslexias as poles on a continuum of dysfunction 
(Dordain, Nespoulous, Louboff 1988; Miceli, Silveri, Romani, 
Caramazza 1989; Glosser, Friedman 1990).

The line of reasoning being advanced is that it is 
detrimental to our conception of acquired pronunciation 
disorders to take AS and PP as separate, unrelated disorders. 
In that they both spring from breakdown in aspects of motor 
control and share all the features of the accepted definition 
of dyspraxia (Chapter 2), they are both dyspraxias. The 
predominant difficulty may tend to one end or other of a 
continuum (or on occasion be a rare case of apparently pure 
AS or PP) and so appear more as one than the other. However, 
there is no more reason to deem them nosologically separate 
than there is to claim ideational dyspraxia is not a 
dyspraxia but ideomotor dyspraxia is. Assessment procedures 
would need to reflect this relationship.

6.6. Drawing parallels between the AS-PP controversy and other
fields of dyspraxia is not entirely new. Commonalities have 
been noted by Buckingham (1983; 1986), Square-Storer et al
(1989). The precise nature in which the argument is being 
forwarded here is, however, novel.

Buckingham supports a distinction between apraxia of language 
and apraxia of speech. The former he equates with breakdown 
in the abstract organisation of phonological units at a level 
of selection and ordering that is prior to articulatory 
implementation of vocal tract shapes. The errors are 
synonymous with PP. Buckingham argues for the label apraxia 
of language since, despite there being (in his view) no 
direct physical connection of phonological units to 
articulatory activity, phonology is at least a stage in motor 
planning.

Buckingham’s views are different to those espoused here in 
that he still maintains the strict delineation of
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qualitatively separate disorders of preallophonic phonemic 
selection and ordering, and articulatory phonetic
implementation.

Square-Storer et al (1989) concentrate on highlighting the 
commonalities in error types across different dyspraxias, 
associated lesion sites and possible shared underlying 
mechanisms. The resemblance of error types suggests to them 
that we are dealing with neuropsychological phenomena that 
are not simply chance coincidences. They, too, draw
attention to the dual dimensions of 1) order-sequence 
disruption and disruptions to spatial positions and/or 
planes, and 2) dysfunction of motor control processes
affording smooth transitionalisation in the sequence of 
production of elements. They further conclude that a 
fruitful perspective in considering mechanisms of control and 
breakdown would be an approach acknowledging both top-down 
and bottom-up influences operating in parallel.

The position of the dysarthrias within the above arguments, 
is discussed in Chapters 2 and 7. The same arguments of 
interacting subsystems apply. The concept of sympathetic or,
limb-kinetic dyspraxias was introduced in 3.1.2.4. Pieczuro 
et al (1967), Haaland, Porch, Delaney (1980), Kimura (1982) 
all report problems in dyspraxics and non-dyspraxics which 
may be lateralised in limb movements and appear linked to 
more primary somatosensory and motor dysfunction than 
discussed above, but are still not exactly paresis, or true 
muscle weakness or loss of sensation. This disorder seems to 
represent a low ’level’, late stage/phase interaction between 
primary and higher sensory-motor function.

6.7. Conclusion

This chapter sought possible parallels between speech 
production and dysfunction and other action domains. A 
constant finding was a sphere of control involving larger 
units of analysis and a sphere affecting subunits within 
these. It was suggested that breakdown in these corresponds 
to what speech clinicians have seen as PP and AS.
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Models of speech production (chapter 7) and linguistic theory 
(chapters 4, 5) have seen fit to separate these two aspects 
of control and view dysfunction in either as independent from 
the other (5.7.5.). Evidence from dyspraxias and normal 
functioning not involving speech was used here to begin to 
argue that these two spheres are not independent, but are 
highly interactive. Further it was suggested here, as in 
chapter 5 findings, that it is erroneous to characterise one 
sphere as divorced from motor considerations, and the other 
divorced from more abstract organisational principles.

Implications for assessment pointed towards adopting 
strategies that permit one to capture the interactive nature 
of 'components' in the microgenesis of action and see the 
locus of breakdown as much in this interaction as in 
putatively isolable units. As such, scales of dysfunction 
reflecting shifts along a continuum were posited to be more 
effective than discontinuous entities.

Such an approach has implications for models of speech 
production and requires justification on theoretical as well 
as empirical grounds. The question of theory and models is 
now turned to.
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Models of Speech Production

7.1. The last chapters spoke of 'components', 'phases', or
'spheres' of control in (speech) motor production in a loose, 
noncommittal way. This is because the question of the 
building blocks of speech production represents a contentious 
field and it was premature to make any firm statements before 
some basic descriptive facts had been established. Beyond 
saying that the lips, larynx etc move because muscles 
contract and relax there is little agreed upon regarding what 
is actually controlled in speech production; how these 
putative units are organised overall and in relation to each 
other; and how what is perceived in pronunciation breakdown 
might relate to this.

This chapter reviews two broad categories of speech 
production models - hierarchical and heterarchical - to see 
what types of disorders and errors they predict, and their 
strengths and weaknesses in accounting for observed 
behaviour. Following this some observations are made 
concerning the possible units of control for speech
production, introducing the concept of coordinative 
structure. Finally, lessons are drawn for the identification 
of different pronunciation disorders and their assessment.

The next section outlines three broad areas of observed
dysfunction which it is felt models have to contend with. 
The motivation for these comes from the two 'components' 
identified across multiple motor domains in the previous 
chapters and another introduced here. The following tries to 
be as non-partisan as possible by minimising inferences about 
the units of, and relationships between, the putative
'components', but the very fact that it starts with these 
three 'spheres' is already contentious. The reasons for this 
and suggested modifications should become clear in the course 
of the chapter.

Arguments exist for considering syntactic and semantic
influences on sound production but to keep things relatively 
uncomplicated discussion will be restricted to the latter.
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commencing with the semantics-sound interface in picture 
naming, and assuming that other aspects of the production 
process all are running smoothly.

7.2.1. First Putative Component

Evidence from several sources (tip of the tongue experiences 
and feeling of knowing: Goodglass, Kaplan, Weintraub,
Ackerman (1976), Kohn, Wingfield, Menn, Goodglass, Gleason, 
Hyde (1987); Priller, Mittenecker (1988); single case studies 
of disordered speech-language Ellis, Miller, Sin (1983), 
Hadar, Jones, Mate-Kole (1987), Kay, Ellis (1987); and 
linguistic theory e.g. Kempen, Huijbers (1983), Butterworth 
(1989), Vermeulen, Bastiaanse, van Wageningen (1989)) 
suggests this first phase in production supplies information 
necessary for the syllabic and rhythmic construction of the 
word and sound content.

Debate continues as to how much information is contained in 
this component and in what form. For instance, does it 
contain down to the last detail all specifications needed for 
final realisation of sounds, or only schematic outlines that 
will lead to retrieval/activation of subsequent 
specifications in other phases of production? Are 
specifications in terms of movement parameters, phonological 
feature matrices, or auditory acoustic targets? These are 
not issues to resolve here, though evidence pointing in one 
direction or another is mentioned below. Suffice it to say 
at present, that if this component is disordered, the 
following derailments might be expected.

The person makes no verbal response, but can indicate that 
they know the word (gesture, writing, circumlocution). 
Syllabic and rhythmic information appears the most robust 
part, and, as in normal tip of the tongue behaviour, they may 
be able to provide a word that matches in syllable number and 
stress assignment. They may supply the first sound. 
Goodglass et al (1976), Kohn et al (1987) have shown, though, 
that dysphasics with this type of breakdown are least able of 
all dysphasics to show positive tip of the tongue pay-off.
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In other cases there may be a verbal response, but utterances 
bear little resemblance to targets. This is classical 
neologistic jargon. Words are fluently uttered and well- 
formed, in that they conform to the phonotactics of the 
speaker's native language and may be incorporated into intact 
(morpho-) syntactic frames. There appears, however, no check 
on output. The speaker has no model against which to monitor 
production, and so derailments pass largely unchecked, with a 
lack of the struggle behaviours observed in other 
pronunciation problems. Because the speaker has reduced or 
absent knowledge of target "sounds" phonemic cues may provide 
little help in these cases. This also means that of all
breakdowns in pronunciation these speakers should show
consistently the greatest number of off-target segments 
(syllables, "phonemes") across items.

The following provides a brief illustration of assumed 
breakdown to this component. It comes from subject 16 of the 
studies reported later.

Picture of mop : gestured wringing out, said [
.. pi ... pist ... flak ... flaep ] (semantic cue given) :
[j£s 'wes-iail] (phonemic cue [m]) [ma. mam ... mag
... macg^ ].

In sunmary the expected error profile of such speakers would 
be:

disagreement in syllable number between target and 
production in the presence of normal fluency, 
non-agreement of stress assignment between target and 
derailment.
high percentage of apparent substitution errors bearing 
little (i.e. not sharing features) resemblance to 
targets; omissions not necessarily related to 
unstressed syllables, nor additions to consonant 
clusters.
speech proceeds unchecked, or reapproaches show no 
progression towards targets.
speakers are not helped by semantic cues and little by 
phonemic cues.
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In milder cases fragments of words (Mono! et al, 1983; Kohn 
1989) may be available. Typically the word is either left as 
a fragment or the remainder of the utterance deviates 
markedly from the target, and cannot be traced back via error 
analysis.

7.2.2. Second Putative Component

The next major component appears to act on the information of 
the primary specification. It seems that features there, 
even if they are tagged for where they will occur in real 
time, are presented in some kind of global fashion. This 
component organises the syllabic framework and fills in the 
’slots' with the 'sounds' specified for the target. The 
component corresponds to the planning aspect of limb 
movements (chapter 6.3) which deals with main constituents.

Because, it is assumed, the basic information to supply or 
activate sound strings is available from the lexical- 
phonological look-up, then certain implications follow.

Syllable number and stress assignment will be largely intact. 
When derailments occur, because an internal model for 
comparison exists, self-monitoring and self-correction 
behaviour should happen. This will lead to conduites 
d'approche. In contrast to neologistic run-ups these should 
bear some resemblance to the target.

As this component organises strings, then derailments will 
reflect the way in which the organisation unfolds. 
Hypotheses regarding this stem from normal slip-of-the-tongue 
studies and are corroborated by slip of the hand parallels.

In particular errors will be of displacement i.e. 
anticipation of upcoming features (telephone -> felefone) ; 
perseveration of past features (telephone -> teletone); 
transposition of elements (telephone -> feletone); omission 
by dissimilation (sticks and stones -> sticks and sones; stop 
skating -> stop kating); addition by reduplication (light 
switch -> slight switch).
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Omissions may also occur : from reduction of consonant
clusters (spark -> sark or park) ; a process which may give 
rise to apparent substitutions or additions as resulting 
phono tactic transgressions are normalised (e.g. screw -> 
potentially [s*m] but may be normalised by schwa insertion 
[sajiu] or (perceived?) adjustment of [u] to [slu].

Another potential error type is a blend (see 11.2.2.6) where 
features of neighbouring "sounds” or two "segments" 
apparently competing for the same slot coalesce to form a 
third, hybrid sound.

There is strong predictability for where sounds migrate to. 
In general syllabic onsets exchange with onsets; syllabic 
nuclei with nuclei, clusters or parts thereof with clusters 
and so on. Hence stain line mat ion is more likely than nain 
line statiom for main line station. There is not, however, 
complete unanimity that these tendencies noted in normal 
slips of the tongue necessarily hold for brain damaged 
speakers (e.g. Kohn 1989; Dressier et al 1990).

There are other trends in pronunciation derailments 
associated with this component. Errors arise predominantly, 
if not exclusively, on content words. Numbers apparently are 
spared. This suggests either that form words and numbers are 
processed differently, or that faulty production can be 
compensated for at alternative points. A combination of 
these factors is argued for below.

On occasions an apparent jargon word may arise. In contrast 
to neologistic jargon these can generally be traced back to 
the target word through straightforward error analysis - e.g. 
one interpretation of flask -> [klsef k̂] is via migration of 
[f] in word initial position to the other fricative slot in 
final cluster-initial position, filling of the vacant word 
initial /f/ slot by anticipation of word final slot and schwa 
epenthesis to normalise an unusual consonant sequence in 
English.
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7.2.3. Third Putative Component

The third major component, as regards higher level 
organisation of speech production, Involves what in 
traditional linguistic parlance has been described as the 
phonetic, allophonic stage. The traditional
conceptualisation is argued against below.

Here, syllable number and stress assignment are essentially 
intact, but may be derailed secondarily to other 
disturbances, e.g. syllable omission especially on unstressed 
syllables; schwa insertion in an attempt to ease complex 
consonantal transitions may create new syllables. Word 
fragments are rare.

The segmentai shape of the target is predominantly accurate, 
assumedly because the overall organisational processes have 
been executed free of trouble prior to movement onset, but 
omissions, additions and substitutions are heard. Immediate 
causes of these were mentioned in 5.2 and 5.5. Displacement 
errors do not constitute a major derailment source.

The chief hurdle for speakers with disruption in this
component is achieving smooth transitions, normal patterns of
coarticulation and allophonic variation, e.g. fan ->
[̂ ■fdCèèô  ], sheep -> [J if'].

w '

7.2.4. This three-way distinction has been identified in so many 
ways and perspectives (speech, oral, limb, normality, 
pathology) that one must concede the overall framework. What 
is far from conclusive is what "information" is contained, 
programmed, or processed in these broad components and 
equally importantly how they relate to each other. These 
questions have received answers from two contrasting classes 
of motor control - viz hierarchical and heterarchical models. 
Although neither of these represents a homogeneous 
perspective, the following character sketches attempt to draw 
out the more core tenets of each and their implications for 
speech disorders.
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7.3.1. Hierarchical Speech Production Models

The simplest hierarchical scheme is represented in Figure 7A. 
The input in 7A is deemed to be a word. The words need 
'sounds' Tdiich are elaborated first as some kind of abstract 
phonological string to which motor commands are added. These 
drive the muscles which make the sounds. Breakdown of 
discrete levels is linked directly to discrete disorders. 
The disturbances are entered next to the level they are 
traditionally assumed to be linked with.

Semantic
lexicon

Speech
output

Phonological
feature
assignment

Motor
specification
translation

Motor
specification
realization

Dysphasia

Apraxia of

Dysarthria

Figure 7A. Schematic of a Section of a Possible Open Loop 
Hierarchical Model, Showing Sû >posed Disorders Arising from 
Damage to Individual Components (after Miller 1989).
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The following are properties of hierarchical models. They 
are organised as a chain of command. Power rests at the head 
of this chain. All subordinate levels depend on levels above 
to receive their orders. Operations are completed at one 
stage before computations start at the next. This is because 
completed operations at one level provide the input for 
following levels. Commands pass in a direct line, top-down, 
one way. All data needed for lower levels are contained in 
some form in the order issued from the central, top 
executive. Lower levels merely instantiate different parts 
of the edict; they do not add anything new.

As all information to effect movement at the periphery is 
coded in the central plan, such models are termed address 
specific. Flow of operations being from top to bottom 
without any possibility of lower levels influencing the 
function of higher levels, the labels linear, unidirectional 
are used. As computations at one level have to be completed 
before the next is commenced, they are called discrete point 
models. Because each level merely decodes instructions from 
higher levels they are labelled translation models,

7,3,2, Figure 7A does not represent the only type of hierarchical 
model. Other schemes have been proposed , The main contrast 
is between so called open and closed loop models.

This refers to whether feedback is incorporated or not. 
Closed loop models incorporate feedback. At its crudest this 
is post event from periphery to centre. More elaborate views 
contain internal feedback loops. Such internal comparators, 
or efference copiers, as they have been called, check, for 
instance, that all the abstract phoneme selections dictated 
by the central programme have been included and slotted into 
their respective positions.
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Comparator

Comparator

Comparator

Sensory
feedback

Input

Motor
effectors

Phonological
lexicon

Speech
Odtput

Motor
specification

Semantic
lexicon

Figure 7B. Schenatic of a Section of a Closed Loop 
Hierarchical Model Incorporating Internal Checks on the 
Output of Each Gomopooent Separately, and Showing Sensory- 
feedback as an Element of Input information (after Miller 
1989).

A schematic view of a closed-loop hierarchical model is given 
in Figure 7B, Perhaps the most sophisticated model along 
these lines comes from Shattuck-Hufnagel (1987), Garrett 
(1984; 1988) and Buckingham (1986). This is described in 
more detail.
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7.3.2.1. Scan-Copier Models

Garrett envisaged a production model divided between message, 
functional, positional and phonetic levels/stages of 
processing (see Figure 7C). In the message level logical 
deductions are made on the basis of input, selecting an 
overall appropriate response. The functional level selects

Message Level 
Rep.

1st L.L.Meaning
Lexicon

Functional 
Level Rep.

Form

2nd L.L
Checkoff I I 
Monitor

Buffer

Rep. Form
Positional 
Level Rep.

Productive Order 
Syllable Slots

Random
Generator

Phonetic Level 
Rep.

Figure 7C. Schematic Representation of Scan-Copier Model of 
Speech Production Incorporating Functional-Positional Model 
of Garrett (1984) and Augnentations by Buddng^iam (1986). LL 
= Lexical Look-n^. Rep Form = Representative Form. The 
Productive Order pliable Slots and Positional level 
correspond largely to the Phonological levels of 7A and 7B; 
the Phonetic Lei^ Representation corresponds roug^y to 
Motor l^ecification. (After BuckLnĝ iam 1986).
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the elements (semantic, morpho-syntactic etc) required to 
realise the message intention. The elements, although they 
may be tagged for where they should ultimately be positioned, 
are still not processed in any particular order. The role of 
the positional level processes is to slot, or copy, elements 
into the positions assigned to them in the abstract frames. 
Thus nouns are directed to noun slots, stressed syllables to 
stressed syllable slots, syllable onset segments to syllable 
onset, and so on. Finally these abstract phonological 
representations are mapped onto phonetic level motor 
specifications which issue commands to the speech muscles.

At each stage, as information is made available by the 
cognitive processes, it is stored in a buffer(s) and then fed 
into the frames characteristic of the stage. At the same 
time a monitor scans the copy to ensure that instructions 
have been copied into their appropriate slots, ready to serve 
as input for succeeding stages. Errors are deemed to arise 
from faults in selection of elements, malfunctioning of 
buffers, misplacement of elements into wrong slots, or 
failure of the monitor to detect derailments.

7.3.2.2. Scan-Copier Error Explanations

Discussion here concentrates on positional and phonetic level 
failures, in particular phonological position. Because 
Garrett considers function words are entered as 
phonologically non-further-analysable wholes and are 
processed separately (even in different levels maybe) the 
phonological positional level operates only on content words.

Each word, following the postulated second, phonological, 
look up, arrives into the buffer with segments (e.g. 
phonemes, linguistic feature bundles) selected to correspond 
with the semantic-lexical look-up. Segments are marked for 
syllable position and carry information necessary for the 
application of subsequent regular phonological processes 
which will yield the necessary allophonic and allomorphic 
specifications for the phonetic level representation.
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Based on deductions from error patterns In normal and 
dysphasia people, it seems that all sounds for a given 
syllable template position (e.g. onset versus peak etc) are 
made available for processing simultaneously. This is 
believed to account for the fact that segments, if 
misordered, migrate to a phonologically identical slot (onset 
to onset; +stress to +stress), and consonants do not switch 
with vowels. The scan-copier mechanism has therefore only 
certain types of dysfunction.

If it scans and selects too far ahead it anticipates an 
element's occurrence - telephone -> felephone. Alternatively 
an element is not checked off as entered and is reinserted 
causing a perseveratory error - telephone -> tele tone. Two 
elements may switch positions, resulting in a metathetic 
transposition - telephone -> feletone.

Apparent additions arise either when displacements occur 
without deletion of the element competing for a given slot - 
e.g. platform flour (4); or, in a potential but vacant slot - 
e.g. umbrella -> bumbrella. Such a tendency may be favoured 
by a pull towards preservation or creation of more ccmmon 
(universal?) CV(C) syllable shapes.

Omissions may stem from failure to copy in a selected 
segment, or deletion of a copied in segment through a 
dissimilation process. Presumably the dysfunctioning monitor 
is tricked into believing an element has already been checked 
off - e.g. sticky stuff - sticky suff.

Some substitutions result from these displacement errors. 
Other substitutions pose problems. Where target and error 
differ by only one or two linguistic features one can argue 
either for a misreading between levels of an originally 
correct selection, or displacement of individual features 
rather than whole bundles. So tiger -> diger, telephone -> 
selefone might be accounted for by mismapping between levels 
or anticipation of +voice and +fricative. Substitutions 
bearing no or only tentative relationship to targets are more 
thorny for such models, as mentioned below (7.3.3.3.).
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7.3.3. Problems with Hierarchical Models

Plausible as these accounts seem, hierarchical models have 
shortcomings which weaken their case and argue for 
adjustments or reforms. This section outlines some of these 
weaknesses before subsequent sections consider alternative 
approaches for (speech) motor control.

7.3.3.1. The Address Specific Problem. Hierarchical functioning
assumes that the central programmer (or homunculus, 
marionette, keyboard player etc - such are some analogies 
used to describe it) issues specific commands, which contain 
all information necessary to effect a movement at the 
periphery. Intervening levels merely unfold the original 
programme. The view is of a one-to-one correspondence 
between centre and periphery. As movement is effected by 
contraction and relaxation of muscles the belief must be that 
the central programmer sends out blueprints for which muscles 
are to contract, to what degree and for how long. This line 
of reasoning exposes a first set of shortcomings.

Chapter 5 showed that speech movement is not a chain of 
static postures but a dynamic flux of variously and variably 
overlapping gestures. To centrally store commands specific 
to each goal in all its possible environments and 
manifestations and still maintain efficiency of speech, would 
pose storage and retrieval problems beyond the capability of 
the CNS.

The computational demands grow even greater when one realises 
that each command, as it reaches its ultimate unfolding, is 
not acting on a static, resting, passive musculature. 
Commands must be adjusted to the current state of tension- 
relaxation of a muscle (group) at the time of instantiation.

Central instructions cannot be of the type 'contract muscle x 
by three units of contraction for n milliseconds'. Such a 
command would have a completely different outcome according 
to whether that muscle starts from rest, is already 
contracting, is relaxing against antagonist action, is moving
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with or counter to gravity, according to which biomechanical 
(inertial, elastic, mass etc) forces to which it were subject 
at that moment, and so on. Thus there can be no central 
absolutes. Hierarchicalists seek solutions through feedback 
devices, but the moment to moment demands of such a system 
would overwhelm CNS capacity and efficiency.

A further puzzle is posed by novel actions. If central 
instructions are goal specific, then theoretically they are 
not able to cope with novel actions without a learning period 
or without altering basic hierarchicalist assumptions.

The weakness of top down, address specific models in 
accounting for speech phenomena is neatly highlighted in 
perturbation studies (e.g. Gracco, Abbs 1987). In these 
experiments subjects produce a given sound, but at some (for 
them) unpredicted point, movement is interrupted (perturbed) 
by arrest, deflection, deceleration etc. Nevertheless 
targets are still reached because of readjustments to 
movements/positioning in unperturbed articulators.

If commands were a specific address to a specific muscle, 
this would not be possible. Adjustment is only possible in a 
system where groups of muscles are controlled as an 
integrated whole and realignment of forces can be achieved by 
more local control parameters than central homunculi.

Readjustments, pointedly, take place only when perturbation 
is applied during an articulator's crucial contribution to 
target aims. For example, if lower lip movement for /pa/ is 
arrested in the closing phase one type of compensation 
results; during the closed phase another type of 
compensation; but if perturbed in the opening phase, no 
adjustment takes place. The use of motor equivalence to 
functional ends is thereby demonstrated.

7.3.3.2. The Mental-Physical Divide. While much debate surrounds the 
problems of how information at one level is translated into 
matter for the succeeding level in schemata such as Figures 
7A-C, the apparently equal transition from phonology to
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phonetics, or abstract plan to motor instantiation actually 
involves a leap ^ich renders such models metatheoretically 
flawed.

Jackson, in his famous footnote of 1870, already advised 
against the view that a mental organ could produce a motor 
act and later (1879) warned against the fallacy of assuming 
physical states in lower centres fined away into psychical 
states in higjher centres. Linear models contravene this 
dictum. Phonemes, phonology, deep structure and the like are 
all mental, abstract allegories of what is actually happening 
in the CNS to produce speech. They cannot be taken as 
precursors of physical, phonetic movement except in two ways.

Either, one must introduce a stage vdiich details the 
translation of mental traces into physical movement. Or, one 
must move to a monist position where the units of command and 
organisation are directly linked to units of action. 
Approaches such as Tatham's (1984; 1990) cognitive phonetics, 
Lindblom's (1990a) H and H theory or action theory (see 
below) have sought to solve this conundrum.

7.3.3.3. Problems of Discrete Point. Classical linear models 
stipulate that computations at one level are completed before 
moving to the next, and that these completed workings serve 
as input for the next stage. Possible contraindications to 
this were already aired in mentioning the perturbation 
paradigm. Further objections are raised on inspection of 
error types.

Discrete point schemes predict that errors and syndromes 
arise solely within one level and are related to breakdowns 
deemed to occur there. Inspection of the data gathered for 
this thesis and literature reports (Harley 1984; 1990)
illustrate that this view is difficult, if not impossible to 
uphold. This applies not just to intrusions across levels in 
the sound component itself, but influences from lexical- 
semantic, morphological and even perceptual components. 
Meringer and Mayer (1895) already detailed the contrast 
between plan internal (i.e. within level), and alternative
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plan errors (Interference from an alternative formulation of 
the intended thought) and competing plan derailments 
(interference from an unintended thought).

Take the example from my own data of a brain damaged 
speaker's response to "What colour is the sky on a clear 
day?"
['blut bjut .... n9"ir ....'blwut....... 'blaxt ....
'wart .... nsv.... bp:'vi:ait .... n@v .... its 'blaiut .... 
n3v, bid .... 'blu]
The subject was able to confirm that competition was first 
between blue and bright. The phonology of bright seems, 
however, to have encouraged another colour label white, which 
he recognised as wrong and was eventually able to correct, 
but not before another tussle between bright and blue.

In this example we have lexical retrieval problems 
influencing sound patterning. However, there are further 
cross-boundary interferences. The struggle to self-correct 
produces a fluent, phonotactically inadmissible sequence [blj 

Fluency is associated with PP, but apparent phono tactic 
contraventions with AS. Further on, in an attempt to correct 
a lexically induced false phoneme selection (in scan copier 
terms) the speaker produces dysfluent distortions ( [bp:x :ai 
t] ; [blaxut]) ostensibly features of AS/phone tic
implementation breakdown.

Blumstein (1973) cited as jargon from her data toothbrush -> 
[supei]. A more plausible interpretation, however, which 
Blums tein in her 1973 hierarchical framework could not have 
admitted, is that this represents a complex derivation 
starting from a semantic paraphasic error toothpaste, then 
via various anticipations and omissions arriving at [supei]. 
See also 7.4.2.2. Discrete point models have flourished
largely ignoring this type of data. Models in which there is 
discontinuous division in the elaboration of detail do not 
account for semantic-phonological blends, phonemic-phonetic 
combinations etc, since their strict order allows no 
derailments to be conditioned simultaneously by two separate 
processing components.
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Alternative approaches which start to handle this kind of 
dilemma, as/ dealing differently with the mentalist- 
physicalist divide and address-specific problems are now 
turned to.

7.4.1. Heterarchical Models

Hierarchical models can be likened to political 
dictatorships. A central, dominant figure issues detailed, 
specific commands which lower levels are obliged to obey, 
each suboffice on the stages out to the furthest flung parts 
of the empire having its allotted and constant role. Orders 
are immutable, revision being restricted to corrections of 
errors picked up by the ’checking clerks’ in the despatch 
departments of each staging post.

Extending this analogy to heterarchical models, one could 
liken them to federal, devolved power states. There is 
overall agreement on policy and goals of action, but this is 
decided on and achieved by concerted working of multiple 
councils distributed throughout the state (read organism) as 
a whole. Councils, or subsystems, are quasi-autonomous, 
being capable of realising aims and making some decisions 
without reference to central government. In practice they 
make their contribution in consultation with other 'centres' 
to ensure that actions are not contrary to general policy.

In contrast to the dominant-nondominant relationship between 
hierarchical offices, consultation takes place in a council 
of equals. Action is the outcome of interactive (bottom-up 
top-down cross-talk) operation of the system overall and not 
the sole decision of an all-knowing cortical keyboard player. 
Prime locus of control, if one can talk of prime amongst a 
council of equals, shifts as needs be to parts of the system 
most suited to achieve current goals. Flow and exchange of 
information takes place simultaneously, in parallel, in all 
directions at all times. This dynamic flux contrasts with 
the fixed linear emergence of hierarchically programmed 
movement. A schematic illustration of a heterarchical 
arrangement is given in Figure 7D.
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Figure 7D. Schematic Representation of a Section of a 
Possible Heterarchical Speech Production Model, idiere 
Networks A, B, C could be e.g. Lexical, Syllable, Segpment 
Networks. The Diagram Shows the Multiple Interactions 
between all Components. It does not Show the Networks of 
Interaction within each of A, B, C.

These claims have fundamental implications for how action 
prograraming is viewed. The concept of control changes from a 
pattern of isolated commands and a simple sum of isolated 
responses or reactions, to one of interaction. This takes 
place not only within the organism (i.e. between the numerous 
'councils' deemed to comprise the action system), but equally 
importantly between the organism and the environment.

A self-contained machine no longer acts on a passive 
environment, rather an ever-changing organism tries to 
maintain equilibrium with similarly unstable external 
surroundings. Because external conditions are infinitely 
variable predetermined movement plans have no place unless 
they can be constantly adjusted. In this way targets of 
'programming' are not an absolute (time, space ...) state or 
progression, but the attainment of a functional action goal.
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Interactive models also bring a different concept to 
afference and efference, output and feedback. Components of 
a heterarchy have an in- and out- flow, not in a cortex- 
periphery-cortex loop, but within numbers of internal mutual 
interactions between components. What might traditionally be 
seen as afference can just as well contribute directly to 
outflow. As Reed (1982) has remarked, within an interactive 
organism, outcome of a descending impulse via the spinal cord 
is significantly affected by the state of activity within the 
cord. This activity itself is a synergistic outcome of both 
cortically and peripherally produced excitation. Hence final 
efferent outcome is as much the product of ’ascending' 
information as descending. This stresses a perceptuo-motor 
perspective on speech d̂iere pragmatics, lexicon, syntax and 
semantics contribute as much as absolute spectral features in 
the listener’s perception of speech. Such views have their 
forebears in Wundtian and Gestaltist psychology, but more 
recently have been espoused by Gibson (1979), Elman, 
McClelland (1984), Fowler, Smith (1986).

The implication for speech motor control is that decoding and 
encoding are not dependent on de- and recomposition of data 
via a rigid serial order processing of each level of 
analysis. Fragments of wholes of each regional council have 
direct access to and from each other council. This alters 
the conception of what is controlled and what breaks down in 
pathological speech. It is not things (phonemes,
allophones, feature matrices etc) but relations - in 
particular, relations between postures. This point is argued 
below, but another analogy, adapted and expanded from Reed 
(1982) serves to alert us to why this is so.

What is the secret of flying (read speech)? A plane’s wings 
play a role in flying, so do its engines. The superstructure 
and mechanical components can be analysed into smaller and 
smaller units and a scheme of their hierarchical relationship 
be made. But none of these contains the secret of flying. 
They are all things; they play a role m  flying, but are not 
components of flying. The secret of flight lies in the 
interlocking relationship of all the parts, and, crucially.
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how these interact with forces external to them. This is the 
essence of heterarchical, interactive systems.

This line of argument illustrates why the search for 
properties of phonemes, allophones etc, failed to uncover the 
nature of speech motor control, and why segregating speech 
from language, speaker from listener has led to sterile 
argument. There are no absolute units characterising a sound 
or word. They only become interpretable in relation to other 
sounds - i.e. in their relative postures. What becomes 
important in understanding pronunciation is relative timing, 
relative position, overall interlocking setting of the whole 
vocal tract. Exactly these (Chapter 5) appear disrupted in 
AS, However, before relating heterarchies to pronunciation 
disorders, it will be helpful to examine some claims on the 
operation of interactive mechanisms and some possible 
organisational units. This is the aim of the next two 
sections,

7,4.2, Interactive Activation Models

There are a variety of heterarchical models, their roots 
reaching back at least to Jackson (e,g, 1869) and his
critique of simplistic localisation doctrines, Luria (e,g, 
1947) with his notion of dynamic functional systems also laid 
the ground, as did Hebb (e,g, 1949) with his work on synaptic 
pattern building and Lashley's (e.g. 1950; 1951) ideas of 
equipotentiality and serial ordering in behaviour. More 
contemporarily, interactive activationist perspectives are 
detectable in the logogen model of Morton (1969), 
McClelland's (1979) cascade principles and in Rumelhart and 
McClelland (1986) and their parallel distributed processing 
group. What operative principles underlie such systems?

7,4,2,1. Interactive Assumptions

Connectionist models provide correlates for the foundations 
of a unified, monist, view of speech production in as far as 
the same modes of functioning underlie all processes in the 
genesis of action. The general framework is a matrix of
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units and links which are analogous to - but not relating in 
any simple way and not yet confirmed as synonymous with - 
(though see Abbs, Welt 1985; Gracco, Abbs 1987) - neurones 
and their interconnections. Units are the system correlates 
of the operating features of the domain in question 
(phonology, visual perception, manual signing etc).

Activation of a unit brings about two things. The unit 
begins to 'fire' at a level above its resting state, which 
immediately activates other units with which it is connected 
throughout the matrix. Some of these will be strong 
associations, in which case activation will be almost as 
strong as in the first mode/unit, while others will be 
weaker. Each activated unit, even if it was not the target 
of the initial activation distributes excitation in turn to 
all its interconnections - some of which of course will be to 
the unit which activated it in the first place.

Interactive activation patterns assume that components are 
not processed serially, but in parallel. For instance, sound 
processing (in perception and production) of a word commences 
before its final selection from the lexicon. Feedback from 
the sound component can actually play a part in lexical 
selection.

At any time numerous competing units in the system are active 
above resting state. A unit becomes 'selected' for output by 
winning out over other units through the degree of activation 
achieved. The more a unit becomes activated, the stronger 
will be its activation of associated units, the stronger will 
be the feedback it receives. By the same token units
receiving little activation gradually return to their resting 
state or do not attain a 'firing' threshold. This process 
has been dubbed 'the rich get richer, the poor get poorer' 
principle.

As talk up, down and across continues, certain maps are 
confirmed as compatible with the functional goal (what this 
might be is a further area of controversy 7.5.1.) and 
increase in strength. As units reach 'firing' strength.
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competing units become inhibited and units that have received 
little activation switch off. Thus products emerge in 
parallel from the system as a whole. Activation in one area 
can commence as soon as excitation spreads from another area, 
without depending on completion of processing at that 
'level'.

The notion of 'level* in a heterarchical, interactive model 
remains an open empirical question. It is a moot point 
whether one can talk of separate subcomponents. Information 
may not be confined to a particular point but is spread 
across interlocking networks of representation, with 
activation being a function of the nature of priming of the 
whole network and not of an isolated subsection. So it is 
unsettled whether 'phonological level' is merely a convenient 
label for part of the system that represents a given body of 
'knowledge' and interacts in particular ways with other 
'levels' or whether it is a truly distinct, extractible 
entity. Either is admissible within this type of model - the 
essential observation remains that empirically, through 
spreading activation, borders are blurred anyway.

7.4.2.2. Derailments in an Interactive Framework

Such 'models' lead to a quite different view of pronunciation 
derailments. The idea is retained that errors might stem 
from malfunctioning within a given area (morphology, lexicon 
....) but an important emphasis is how aberrations arise from 
interactive and knock-on effects between 'components' and 
other noise within the system. Errors which appear to be 
conditioned by multiple levels (in the hierarchical sense) 
are no longer an oddity, or something to be explained away by 
addition of a new box/level or buffer. Rather they are 
direct and legitimate products of the model. How would 
heterarchical models address neologisms, phonemic paraphasia 
and speech dyspraxia? Most 'interactive' studies of speech 
errors have dealt with normal slips, next to none with PP or 
AS. The following is thus largely a personal interpretation.
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Tip-of-the-tongue experiences are reconcilable with 
interactive activation models. The information that can be 
retrieved (syllable number, key sounds etc) is presumably 
fundamental information that requires little activation to 
reach firing threshold.

Susceptibility to different cueing (Kohn et al 1985; Li, 
Canter 1991) techniques also favours an activation 
interpretation. A cue serves to enhance activation of key 
nodes. Within a serial ordering framework subjects should 
respond positively to either semantic or phonemic cuing, but 
not both. Patients exist (subjects of present study and e.g. 
Howard, Orchard-Lisle 1984) where the picture is not so 
clearcut, or phoneme cues actually act to modify the lexicon. 
These are not accommodated in a discrete point model. For 
phonemic cuing to assist semantic access or supplement 
degraded semantic representations, which happens in some 
cases, cross-component talk must be accepted.

In ascribing causality to noise or dysfunction in the 
operation of the model common to all processing components, 
one is describing a quite different view of error genesis to 
hierarchical models. Mechanisms of breakdown are not 
specific to one level (e.g. slot and filler etc) but reflect 
principles underlying all operations - e.g. the pattern of 
activation, accretion, spread and inhibition.

Apparent Rionological Errors

Apparent, because it is unclear whether one can speak of an 
(independent) phonological component, and unclear whether the 
units of activation are related to those abstract categories 
of traditional generative or other phonologies (see below). 
I will deal here with accounts of errors of anticipation, 
perseveration, metathesis, addition, omissions and 
substitutions.

In connectionist terms errors arise when a competing unit is 
more active than the target. Candidate segments may arise 
from competing but unintended words, sounds, slots.
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Competition may stem from currently active nodes, failure of 
post-selection inhibition, and from upcoming material (e.g. 
emerging from the syntactic, semantic, lexical areas). 
Additionally, within the scope of connectionist workings, out 
of plan (11.2.2.5.) derailments can intrude.

So, if in producing canoe /n/ is more active than /k/, it 
will be anticipatorily selected, especially if /n/ is 
receiving increased priming from elsewhere in the context - a 
new canoe. Perseveration is the reverse of this when post
selection inhibition fails to delete the * segment* as a 
contender, or the target has failed to achieve threshold 
before the perseverating sound has been damped.

Metatheses come about when a sound is anticipated (e.g. bath 
-> [0acb]), bringing about inhibition of /B/ after winning 
out in initial slot, but with the b still active enough to 
fill the vacant final position. This, in fact, is a double 
error process and leads to the hypothesis that me ta theses 
should be rarer than other displacements because 
preconditions for their realisation are probabilistically 
less likely. Data reported in Chapter 13 seems to concur.

Additions and omissions develop from several sources. If one 
posits the existence of a word/syllable frame component, then 
if the wrong word/syllable frame wins out additional sounds 
may be inserted, or required ones not find a slot (forking 
example below, p. 147). Persisting activation but not 
sufficient to oust other required * segments * also produces 
additions (a new cnanoe). Failure to reach winning threshold 
or premature inhibition cause omissions.

Familiar frames may be more readily activated, disfavouring 
rarer sequences. This can lead to additions or omissions 
(e.g. microscope -> micocope, closer to a canonical CV 
pattern). If there is a competing, more familiar word, the 
tendency to omit or add may be strong, giving, e.g. batter -> 
battery, or thermometer -> the monitor. The latter come 
close to out of plan additions where intrusions spring from 
competing perceptual excitation - e.g. it's starting to train
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said while standing at the station. The previous multiple 
excitations of /t/ only serve to bolster the train intrusion.

The same mechanisms that account for displacements can 
explain substitutions. They occur when a secondarily 
activated segment wins out over the target. As connections 
spread, not only is the target boosted, but semantically and 
phonologically related and similar items are excited. 
Target sheep activates lamb, cow, field, wool etc, but also 
leap, jeep, heap etc, /J/ in turn sets off /s; t ; d etc/, 
A substitution arises when one of the competing nodes reaches 
threshold before the target, - maybe because of impairment of 
the activation-inhibition process (see 7,4,2,1, for 
principles), or a competitor may be boosted because of 
environmental biases - e,g, knife next to the meat.

Within a connectionist map it is open for nodes in one 
component to override, i,e, correct, faulty feedback/forward 
from other components. Thus, if were about to win out 
for IJI in sheep, the lexical-semantic component may re-boost 
/J / on the basis of requiring a woolly animal. The 
consequences may be a self correction, a conduite d'approche, 
visible and/or audible struggle, followed by the victory of 
///or persisting substitution by /(ÿ. Alternatively this 
represents one source of distortions, when there is equivocal 
correction, still no clear winner,

A heterarchical explanation for some distortions was just 
mentioned in passing, i,e, top-down or bottom-up influences 
on false selections that do not quite succeed. They may also 
result from noise in the activation-inhibition system that 
either renders priming unclear (degraded store; no clearcut 
node superiority). The latter may contribute to shifts along 
various categorial continua producing one feature (+ versus - 
voice; plosive versus affricate) derailments or borderline 
distortion-substitutions. Distortions are dealt with further 
when units of control are discussed (7,6,2,),

Connectionist thinking also offers accounts of other effects 
observed in PP and AS,
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Ehonemic-Semantic Paraphasias

These are the alternative and competing plan errors of 
Meringer et al (1895). Within activation models two main 
sources can be postulated which have as common denominator 
misfunction in the spread of activation-inhibition.

Firstly errors may be conditioned by competing lexical-
semantic elements. Secondly, such equivocation can have a 
knock-on effect on phonological activation, which in turn 
passes back unclear feedback to lexical decision. A further 
possibility is that activation in one sphere ' selects ' a
target unit, but with insufficient level of activation. The 
result is that interacting components operate on suboptimal 
feedforward, giving tangibility to the notion of degraded 
store. Take for instance the blue-white example previously, 
or this one from subject 2 (chapter 12).

He was naming an ordinary knife on a plate next to some meat. 
With some fragmentary struggle omitted the core of his 
attempt was: ['fokin,naif ... 'kv4Dnxn,faif ... 'kvi3nwTn,f&rf 
...'naif ... 'kjC3vin'naif ...]. Amongst units activated is 
knife, but it does not immediately win out over closely
linked fork and carving. Fork is produced with the morpheme
for carving, but even when lexically carving begins to 'get 
richer' (inappropriately for an eating knife) the [o] from 
fork remains. Arguably fork received added activation not 
only from semantic similarity to knife but because it shared 
/k, r/ with target carve as well as closely linked /f - v/, 
/o-a/. The visual stimulus led inappropriate carving to win 
out over other knives. A series of 'segmental' anticipations 
and perseverations are also observable.

Such conditions link more directly to extant data than do 
hierarchical interpretations. Recall the observations of 
Buckingham et al (1978) on assonance and alliteration in 
neologistic jargon; the complex (i.e. multisource) 
neologistic errors reported by O'Connell (1981); the 
perseveratory types analysed by Santo Pietro et al (1986).
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7.4.2.3. Error Pattern Effects

Feature Distance. 4.5 noted that 'feature* distances between 
target -> error tend to be small, though some studies showed 
a trend in PP towards three or four 'feature* gaps. Of 
course it must be remembered that 'features' are abstract, 
theory tied, descriptive entities, not explanatory 
terminology and it is far from clear what is meant in 
processing terms by *x features' away from target. This 
proximity is reconcilable with the proposal that the most 
closely competing candidates for a target are those sharing 
most likenesses (alveolar-alveolar; cluster-cluster; syllable 
onset with onset etc), and one expects these to be most 
susceptible to perceptual false evaluation. Greater 
'feature* distances can 'stem* from displacement errors, out- 
of-plan derailments and lexical influence, (e.g. tiger/lion-> 
liger as above; /m <-> z/ in magazine -> zagamine). If this 
interpretation is correct the near versus distant dichotomy 
is seen to be an artefact of analysis.

Frequency Effect. 4.4 outlined arguments for derailments 
occurring on lower frequency targets and intruding errors 
representing higher frequency units (but see Stemberger 1991 
for explanations of apparent antifrequency biases). This 
phenomenon is explained in interactive terms by the fact that 
more frequent targets have a higher resting level, thus 
reaching activation threshold more easily. Furthermore, they 
have a greater density of interconnections, giving them a 
heads tart in the 'rich get richer* race. It has long been 
noted that error direction tends to favour replacement by 
more familiar words and syllable patterns (whether in CV 
terms, or sonority gradients - Christman 1992). This is 
heard at its starkest in repetition of nonsense words where 
the urge to create real words is strong, and rarer syllable 
frames are 'simplified* to more familiar ones.

This operational feature also predicts that certain 
derailments are more likely than others. More complex 
syllable structure is not liable to replace less complex (but 
see Dressier et al 1990). Derailments that create non-words
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are less likely than those causing alternative real words. 
For example, ^ in pretty girl would be more susceptible to 
perseveratory substitution than in nice girl, because bottom- 
up enrichment of superordinate nodes would happen in the case 
of pearl which would exist in the matrix, but not for *nirl.

The frequency effect is one source of normalisation of 
phonotactic transgressions. Out of language sequences would 
not receive further activation. The same can be observed in 
syntax where non-contextual word substitutions, additions etc 
and displacement errors are accommodated to the syntactic 
environment.

Another recorded phenomenon is worthy of mention here. In PP 
form words and numbers are negligibly affected compared with 
content words. Serial models posit extra levels and/or 
separate stores to explain this apparent dissociation. 
Within a connectionist model a more parsimonious solution is 
found by invoking the familiarity/frequency effect. This 
couples with the fact that form words constitute a closed 
class, so have inherently fewer competitors for their slots 
which are also strongly primed by syntactic-semantic 
activation.

Length and Complexity Effects. Interactionist models account 
for this in two ways. The greater the look-ahead required in 
speech production, the wider the spread of activation, the 
more candidates competing for selection, the more scope there 
will be for derailment. Secondly, more complex syllables 
tend to occur more rarely, have fewer interconnections and 
hence are susceptible to the familiarity effect.

Rate Effects. Speculatively a lesioned system operates more 
slowly than an intact one. Spread and activation are slower; 
feedforward and back are less speedy, less clearcut. It 
takes longer to sort out the consequences of noise in the 
system. The result would be retarded output. Attempts to 
speed up would be thwarted simply because the system is 
incapable of operating more quickly. Acceleration would lead 
to increased errors. Slowing even further would not
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necessarily give added accuracy in an inherently noisy, 
unstable system. At most it might alter the qualitative 
error picture to a predominance of errors arising at
temporally late stages in sound genesis. No evidence exists 
for this supposition in disordered speech, but there are 
hints in normal induced slips that it is true (Dell 1988).

Automaticity-Volitional Effect. Similar to the situation in 
discrete point models, idioms, set phrases and overleamed 
material can be accessed and activated in toto by activation 
of only part of the whole partly because their 'prepackaged' 
nature requires less active processing and can be executed 
from 'downstream' sources of activation. Overleamed 
sequences are further favoured by the familiarity effect.
Connectionist approaches assume that attempts to isolate 
subparts of an idiom or utter sequences in a non-familiar 
order will be more difficult, because sub-parts or revised 
order will have fewer interconnections to access or boost
them.

Contextual facilitation, where a person is more accurate at a 
sound or word in context rather than in isolation (e.g.
McCarthy, Warrington 1984), is also accounted for here. A
facilitating phrase I want a cup of______  increases the
feedforward and back required to raise tea to activation. 
One might expect differential effects according to whether 
the person has a concurrent dysphasia or not.

Another source of the automaticity effect in parallel 
distributed models, is that processing is not bound to 
proceed via a defective component. Access can proceed 
directly from one intact, or less impaired, level to another. 
Because such routes may require new or non-familiar 
interactions, conscious activation may not always/ever 
succeed, so non-conscious connections arise apparently out of 
the blue.

Variability. Apart from that conditioned by context, rate, 
affect etc, interactive systems provide further sources of 
variability. Activation does not spread through a passive or
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donnant hierarchy. Resting and selection levels for nodes 
are not absolute. They fluctuate around a mean. Where 
spreading and accretion are normal and lead to clear winners, 
such noise is inconsequential. However, \diere activation and 
inhibition are impaired and competing networks equivocally 
differentiated, noise assumes selectional importance, and the 
instability leads to variability.

In an interactive framework context is to be understood as 
more than just immediate phonological environment. The state 
of arousal and vigilance of the organism as a whole enters 
consideration. Particular interconnections may receive 
added activation from distant (e.g. visual, auditory) 
sources, or distant lexical-semantic associations. Under 
normal circumstances these would be inhibited (poor get 
poorer principle) and not enter the selection pool, but their 
presence in pathology affects stability.

The same applies in repeated trials tasks (chapter 19; 
Appendix A3). Ordinarily repetition of a sound or word would 
strengthen its network (rich get richer). However, in an 
impaired system unclear activation, inefficient inhibition 
and noise fail to reject competing candidates. According to 
the type (site?) of breakdown in the system intrusions may be 
either or all of alternative whole words, syllable frames, 
movement trajectories, and so on.

7.4.2.4. Conclusion: Apart from interpretations of breakdowns
alternative to hierarchical accounts, connectionist models 
appear to offer insight into derailments discrete point 
models do not cope with. What implications does an 
interactive description have for assessing pronunciation 
disorders?

Existing assessments (Chapter 8) seek all-or-nothing 
instances of neologisms, PP and AS. Errors that do not 
neatly fit supposed characteristics of these disorders are 
dismissed either as statistical noise, lesion size 
consequences, or listener artefacts, but not as challenges to 
the fundamental range of derailments and relationships
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amongst disorders. Motivation for these claims derives from 
hierarchical models of language production and the units 
deemed to be processed at different levels. Mistakes arise 
from misapplication of linguistic rules and are constrained 
by the systematicity of language, (In fact it is not purely 
linguistic rules that are misapplied, but the effect on these 
of dysfunction of certain processing devices or translations 
- e.g. frames, buffers, scanners, mappers).

Reviews in Chapters 4, 5, showed that clinical reality did 
not correspond to theoretical optimism on syndrome 
assignment. Interactive models suggest why this search was 
destined to be fruitless. While errors may be attributed to 
misfunction of a given level/component, the output of that 
component is the product of input and interactions with 
multiple levels/components. Correspondingly, derailments may 
and do reflect this.

The implication is that assessment should shift from 
demarcation of discrete disorders to probabilistic 
descriptions of error trends. Which components tend to be in 
error; which assumed components appear to be misinfluencing 
one another to produce errors which seem to emanate from one 
'level' but are products of interacting input from several; 
which of several 'levels' seem to be interacting to provoke 
multiple/complex error types.

In a distributed interactive system it is questionable where 
one 'level' ends and another starts. Similarly, in such a 
design it will be for empirical settlement whether PP and AS 
are delineable disorders or just convenient labels for 
patients where the cluster of error types leans towards a 
particular constellation. Far from being secondary 
artefacts, a mixed PP-AS could actually be a product of 
underlying (dis )organisation. As such diagnosis would not be 
on an all-or-nothing basis. There would be no unique PP, AS 
profile. Rather each patient would have an individual 
profile. Given sufficient numbers of standardisation 
subjects one could envisage that within the overall pool of 
possible errors particular error types would cluster closer
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together - speculatively corresponding to the three main 
spheres of motor production intimated above (7.2).

Diagnosis then would assign a subject a probabilistic score 
relating their proximity to one of these empirically derived 
categories - categories which would, however, have a 
theoretical underpinning. For clinical and therapeutic 
purposes, however, it would still be the individual’s own 
profile that remained paramount.

This picture argues that the task of developing a 
standardised clinical assessment of pronunciation disorders 
needs to proceed by single case studies to a more global view 
of derailment trends. The growing data available would in 
turn feed back to single cases, enabling a better anchored 
quantification of their disability.

There remain, however, two big theoretical and practical 
issues to resolve: the mental-physical divide and units of 
control. These are addressed in the next sections. A third 
big issue, the relationship between the neural network 
analogy and central nervous system structures and operations 
proper is not tackled here.

7.5.1. Units and Goals of Control

No consensus has emerged concerning the ultimate unit of 
control in speech production, nor the relationship between 
linguistic and neurophysiological descriptive units. The 
phone, allophone, phoneme, syllable and feature have all been 
put forward as candidates.

Problems emerge from several sources. Firstly, there is no a 
priori reason to assume that linguistic units, built up 
largely through descriptive studies (cf essentially segmental 
bias of I PA) have direct analogues in the CNS or speech motor 
control system. Secondly, even if convincing support could 
be mustered for the supremacy of one unit, it does not follow 
that other units have no significance. For instance, in 
scan-copier models (7.3.2.1.) the ’phoneme’ appears as the
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prime candidate, but syllabic frames and ordering are 
implicitly of equal importance; or, in interactionist models, 
control shifts from one centre of control to another 
according to internal and external environmental demands.

Similar inconclusiveness is observed regarding goals of 
organisation. Possibilities have included patterns of muscle 
activity, movement trajectories, vocal tract spatial targets, 
spatiotemporal constraints on movement, constellations of 
movement patterns, intraoral air-pressure, stiffness 
(agonist-antagonist balance) of muscle complexes, orosensory 
goals, and auditory-perceptual targets.

These have spawned a host of production (and perception) 
theories, among them translation type motor programming 
theories; and ones compatible with connectionist approaches, 
such as articulatory phonology, gestural pattern theory. 
Others include the quantal theory of Stevens (1989) and the 
related distinctive regions and modes of Mrayati, Carré, 
Guerin (1988). No theory has yet been decisively rejected 
empirically.

Familiar issues dog all attempts. Even though units are 
functional equivalents of each other, no necessarily direct 
link exists between units of planning/encoding, patterns of 
movement, patterns of sound/visual transmission, perception 
of these by the listener/viewer, linguistic descriptive 
units, nor neurological or neurophysiological processes. 
Further, as intimated earlier, circular definitions of 
possible units have existed. They have not been defined 
independently of the system of which they are part. Lacking 
external validation criteria, they fall into a first order 
isomorphism fallacy, giving the products of description 
causal, explanatory status.

Ladefoged (1990) and Lindblom (1990a), amongst others, have 
addressed this problem. Lindblom rejects the notion that we 
can describe and 'explain’ sound systems simply by collecting 
all 'sounds' of all languages and constructing a taxonomy on
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the basis of features seen to underlie all phonologies. This 
fails to answer the question of why, given the considerable 
range of sounds humans are capable of transmitting and 
receiving, only a finite set seems to be found. The answer 
to this query should point to what are crucial factors in 
sound production and perception and these should provide a 
basis for description and explanation of sounds (units, 
targets etc) which ultimately will be closer to their 
neuropsychological, neurophysiological, anatomical and 
environmental determinants.

Stevens* (1989) quantal theory of speech provides an example 
of trying to start from a position outside of primary 
linguistic observations. He starts by describing how the 
acoustic patterns generated by humans* sound production 
system depend on the production parameters of that system. 
Stevens argues (and this ties in with the arguments of 
Lindblom, 1990a) that languages tend to seek out regions in 
phonetic space that remain relatively stable in the face of 
ubiquitous variability. Thus sound features arise from 
interaction between physical (including neurophysiological) 
constraints and functional conditions ^ich favour the 
stability of sound attributes.

This still leaves open the question of units of control. 
This is not the place for an exhaustive discussion on the 
nature and units of control, but one notion that has gained 
ground for its usefulness at one * level * of description of 
interactive error types and is compatible with several views 
of speech production is the idea of coordinative structure.

7.5.2.1. Coordinative Structures

Also termed functional synergies this notion stems from an 
attempt (initially by Bernstein 1935/1967) to create a 
physics and psychology of movement that at once addressed the 
dynamic, action based quality of motion and the need to 
conduct action in the context of a thinking being in an ever 
changing environment. Coordinative structures are muscle 
systems marshalled or organised in the service of functional



156

ends in groupings or interlinkages, often over several 
joints, and constrained (e.g. by external behavioural goals; 
and/or their interconnections) to act as a single functional 
unit.

Coordinative structures have been likened to mass-spring 
systems. VJhatever deformation or perturbation is introduced 
into the system, it always returns eventually to the same 
resting state - it has the property of equifinality. Because 
all the variables (stiffness, length, weight etc) are 
interdependent, a change in one brings predictable changes in 
all the others. Mass-springs are autonomous, self-contained 
units \diich respond as a whole to environmental change. They 
need no outside programmer to calculate the behaviour of all 
the variables, nor to control moment to moment phasing or 
trajectory. From any starting point to final resting place 
entropie decay predicts all values. Phasing, agonist- 
antagonist balances and the like are all inherent to the 
structural properties of the mass-spring system. Across any 
scalar changes, relative values remain invariant.

The body is not a simple mass-spring system, but ensembles of 
them. These cannot act regardless of each other, the 
person's intentions and the environment. They must present 
some overall cohesion. In this respect moving creatures can 
be classed as limit-cycle oscillators (Kugler, Kelso, Turvey 
1982), that is, series of mutually synchronised functional 
synergies entrained or ennested within one another. The 
effect is that wherever two synergies interact they constrain 
each other's movement, eventually acting as one. The result 
is at once both constraining - the number of possible 
movements becomes restricted - and facilitating, in that with 
minimal control the action system is granted maximum effect. 
The properties of equifinality and limit cycle constraints 
simplify the control of action.

A car driving analogy illustrates the principle of functional 
synergies. The braking, acceleration, fuel, steering systems 
etc are all entrainments of coordinative structures
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constrained to act in a predictable manner. A change in any 
one variable in each system will predict changes in all 
variables throughout the system in interaction with the 
environment. The driver does not have to compute moment by 
moment the amount of petrol combusted, or control separately 
all cylinders, all wheels. Single adjustments at the entry 
points to these ensembles (steering wheel, accelerator, 
brakes) are all that is required.

The evolution of the car and its subcomponents has 
established functionally positive coordinative structures. 
Possible but maladaptive movements, such as the wheels 
turning in opposite directions have been designed out. The 
low-level differential takes care of the different speed of 
left and right wheels on cornering. A translation of 
vertical and diagonal forces to horizontal movement does not 
have to be programmed by some homunculus, as that too is 
inherent in the system. Note, too, that, as with the flying 
analogy (7.4.1), driving or car motion does not reside in any 
one or group of things (radiator, wheels etc). Rather it 
grows out of the way in which internal and external forces 
interact and the way in which action arises from the 
interactions and constraints between things in the action 
system.

This moves the search for variables and parameters of motor 
control away from the study of mechanistic components to 
relational values, to postures and modulations between 
postures. At any moment the organism’s state can be 
characterised as a combination of internes ted postures, and 
movement an adjustment of relative values within subgroups or 
across the superordinate groups.

7.5.2.2. We can interpret the vocal tract in terms of a series of 
entrained and ennested coordinative structures. The larynx, 
pharynx, velopharyngeal port, intrinsic and extrinsic muscles 
of the tongue, lips, mandible are each single or groups of 
ennested coordinative structures. Speech production results 
from integrated entrainment of them all together.
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Relationships between muscles in a coordinative structure are 
described by equations of constraint. These equations 
express the interaction of forces across entrained 
structures. Structural prescriptions define the ratios of 
activity in the muscles or collective constituting a 
coordinative structure that are invariant with regard to 
absolute level of activity (e.g. analogue to length, 
stiffness, weight variables in a mass-spring system). 
Metrical prescriptions define scalar variation in the 
coordinative structure's activity. Structural prescriptions 
form the basis of consistency of realisation (e.g. in terms 
of intrinsic timing of phasing relations amongst ennested or 
entrained movements), while the metrical prescription 
accounts for rate, kinematic etc variation overlying the 
structural invariance.

Together these physiologically mediated biasings, or tunings, 
facilitate or inhibit excitability of certain muscles and 
thereby both alter the relationships among muscles and 
determine the kind of activity they will promote (Fowler, 
Rubin, Remez, Turvey 1980, p387). Thus one might consider 
vowels defined in terms of speech production, by coordinative 
structure specifications that control vocal tract length and 
shape and tongue shape. Consonant coordinative structures 
can be ennested in or entrained with these, through, for 
example, structures governing velar trajectory, circumoral 
action, tongue tip and dorsum behaviour. We can assume that 
vocal tract coordinative structures operate within a broader 
set of functional synergies which steady the thorax, neck, 
and head.

Because they mutually interact, synergies can cope with 
perturbation in the system, compensatory movements in one 
synergy adjusting shortfalls in another - e.g. jaw raising 
and lowering interacting with extrinsic lingual muscles; lip 
protrusion interacting with laryngeal height (see e.g. Wood 
1986). Even within a single coordinative structure motor 
equivalence operates to achieve goals giving the desired 
acoustic outcome - e.g. upper-lower lip, velum-pharyngeal 
wall, tongue tip versus blade interaction.
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Coordinative structures are said to be context sensitive, but 
not context specific. Structures do not have fixed roles, 
they are recruited and assembled according to current 
environmental demands. It remains a matter of debate whether 
any functional synergies are 'hard wired', whether during 
acquisition of a motor skill fixed repertoires are 
established, or whether structures are created anew, dictated 
by given functional goals (see Keller 1987, 1990; Gracco et 
al 1987).

Within these perspectives speech motor strategies are no 
longer organised to reach a series of ordered goals 
determined by abstract phonological units. Speech arises out 
of (inter)action. The mentalist-physicalist divide is 
bridged by extending the notion of physical description and 
control throughout the system. One does not need to 
postulate discrete phonological or phonetic units with points 
in time assigned to each unit. Rather 'units' within such 
models can be defined within the context of coordinative 
structures operation.

One can speculate that it is actually aggregates of these 
structures - or, more accurately their equations of 
constraint etc that are activated in the emergence of sounds 
and words from the matrix of spreading activation. Once a 
coordinative structure, or ensemble thereof has been 
activated, 'central' control demands are minimal, since there 
is no restructuring or translation of information. The 
specifications previously assigned to computations at various 
levels are inherent to the system itself once primed.

Within interactive schemes the idea that control is manifest 
on one 'level' of the system is not considered. Factors 
influencing output act on combinations of activity on same or 
different levels that make a perceptual difference in speech. 
A number of strategies to achieve a goal are presumed to be 
available to speakers.

7.5.2.3. While coordinative structures have in the recent past been 
linked closely to action theory, the notion is actually
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compatible with several approaches to speech production. 
Browman and Goldstein (1986) with their articulatory 
phonology describe the idea of articulatory gestures which 
are autonomous structures that can generate articulatory 
trajectories in time and space without additional 
interpretation or implementation rules. These gestures do 
not bear a one-to-one relationship with phonological segments 
or features. They represent organised patterns of movement 
within and across oral, laryngeal and nasal articulatory 
systems. Relationships amongst gestures play an important 
role in articulatory description similar to the role of 
associations between autosegments in autosegmental phonology 
(Clements 1985; Kaye 1989; Goldsmith 1990). Features 
(gestural relations) that are mutually interdependent are 
represented on different tiers. Independent features are 
organised on the same tier. Phase relations amongst gestures 
are reminiscent of association lines between autosegments on 
different tiers. Gestural relations and autosegmental 
associations share the same property of permitting overlap of 
gestures/associâtions. This is contrary to views that see
phonemes as minimal units of sound structure, and theories 
viewing phonetic features as unrelated (Jakobson et al 1956; 
Chomsky et al 1968), and lexical entries represented solely 
as linear organisation of segments and features (Chomsky et 
al 1968).

Coordinative structures would be compatible with control 
demands in Stevens (1989) quantal theory of speech 
production. One might hypothesize that the critical regions 
and settings across the vocal tract are actually specified in 
terms of metrical and structural equations that plan out 
transgressions of boundaries.

Extreme proponents of action theory who claim that functional 
synergies and their specifications are the beginning and end 
of motor control ('There is no distinction between the 
segments that a speaker knows and those that he speaks and 
hears' - Fowler et al 1980 p 375 - 'Plans constitute a 
physiological description of the act') have been criticised 
(Lindblom and MacNeilage 1986,) for their denial or
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inattention to the role of cognition in production, not only 
in overall goal setting, but in ongoing variation associated 
with degrees of articulatory precision or language specific 
coarticulation. Tatham (1984; 1990) with his cognitive
phonetics, Lindblom (1990b) in his hypo-hyperkinetic speech 
continuum theory and Keating (1990) and her ’window’ theory 
of coarticulation all permit redress of this imbalance. None 
of these approaches, though, is incompatible with concepts of 
coordinative structure. One can envisage a continuum of 
tightness with which structural equations are balanced and 
degrees of freedom controlled. The boundaries of these 
continua would be similar to Keating’s windows, or Stevens’ 
quantal boundaries. Dyspraxic speech would be typified by 
inability to specify or maintain these boundaries.

Another unresolved issue surrounding coordinative structures 
is the relationship between the apparent psychological 
reality of the segment (Ohala 1990, 1992; Clements 1992) and 
the absence of anything approaching this in coordinative 
structure production. The issue harks back to Lindblom’s 
(1990a, 1990b) question of the relationship between the
extremely high number of sounds humans can potentially utter, 
the finite number found and the role of listeners' perception 
in shaping this both from an evolutionary perspective and in 
day-to-day speaker-1istener interaction.

Given these general observations about coordinative 
structures, what more specific relevance might they have for 
pronunciation disorders?

7.6. Implications for Pronunciation Disorders

This section asks a) what general implications ensue for 
speech disorders from the hypothesized workings of 
coordinative structures; b) how might derailments arise 
within this framework; c) what does the field have to say 
regarding other phenomena in disordered pronunciation; and d) 
what are the implications for designing a clinical 
assessment?
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Studies concerning coordinative structures have speculated 
almost exclusively about normal speech. Applications to 
disordered speech are confined mainly to brief sections or 
paragraphs treating it coincidentally in works directed 
elsewhere. Hence, views expressed below reflect a personal 
interpretation of the area, unsupported by experimental 
findings. As the thesis is concerned with assessment, 
remarks are restricted to issues having bearing on this, 
leaving other questions untouched.

7.6.1. General Implications

If one collapses the phonemic-phonetic distinction in 
diagnostic categories and abandons discrete levels, the 
search can no longer be for discrete disorders. Instead 
disorders arise out of a unified, interacting system. The 
same analytic/descriptive language and assumptions should 
apply to PP, AS and the dysarthrias. Ultimately if 
coordinative structures prove to be a viable basis for 
accounts of some aspects of speech production the same 
analytic framework (e.g. equations of constraint, vector 
analysis of articulator phasing) should describe all speech, 
normal and disordered. Disorders should be related to moments 
in the recruitment, assembly and entrainment of coordinative 
structures and factors internal and interdependent to them. 
Eventually one may be able to link disturbances to mis- 
specification, and its consequences, of variables within 
physical equations. An attempt at this would be premature. 
The following speculation on error genesis is restricted to 
biomechanical analogy.

7.6.2. Error Accounts

Distortions could derive from mis-specification for the 
internal architecture/values of a functional synergy. This 
would also have a knock-on effect with neighbouring synergies 
causing a period of distortion as the entrainment self
adjusts for the perturbation. Such effects tie in with the 
tendency to transitionalisation problems associated with 
distortions, prolongations and instability of steady state
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phases of articulation, as well as offer one source of slowed 
rate.

Distortions may also be thought to stem from certain non
local aberrations. For instance, intrinsic lingual muscle 
synergies may be perturbed by extrinsic tongue muscle synergy 
mis-setting or mandibular trajectory deformation. The 
reported predominance of vowel errors in the context of 
consonantal distortions may also be explained by this.

Substitutions. Where intras trueture deformation arising from 
mis-specification of metric and structural parameters 
(7.5.2.2.), knock-on effects from immediately ennested 
synergies' perturbation and misphasing between entrained 
ennestings (e.g. larynx-tongue) are sufficient to push vocal 
tract setting outside e.g. the ’window' for Keating (1990) or 
across into a contrastive perceptual category or a quantal 
boundary (Stevens 1989) substitutions are perceived.

The coordinative structure conception of error genesis 
emphasises the relational, interactive origin of derailments. 
Perception of seat for seed may stem from misentrainment of 
laryngeal and lingual couplings, but equally may derive from 
distortion of vowel length across a critical variable, which 
in turn may have arisen from knock-on effects of nonperceived 
deformation in /s/ production or difficulty in controlling 
suprasegmental patterns across a whole utterance (Baum 1990). 
Support for this interpretation comes in chapters 15, 19 when 
considering the balance between consistency of errors at word 
but not smaller segment level. The tendency for errors to be 
close to targets is in keeping with the neighbourhood 
adjustment and inter synergy missynchronisa t ion views. Other 
’substitutions' derive from activation of alternative targets 
(7.3.3.3.) or displacement errors.

Displacement Errors. Anticipations, perseverations and 
metatheses lead back to activation/threshold derailments 
examined in 7.4.2.2.. Entrainments within the overall target 
(whatever this might be - see issues in 7.5.1; 7.5.3) reach 
’ firing ’ at the wrong moment. Displacements are
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phonotactically incorporated into output because adjustment 
of coordinative structures across an entrainment or ennesting 
is built into the system (like e.g. the differential in car 
wheels or flap systems in aircraft) but with a degree of 
leeway, as in e.g. Lindblom's H and H concept, to account for 
variability, and a degree of cognitive input, as in Tatham's 
cognitive phonetics to accommodate language specific 
coarticulation.

Additions and Omissions. Apart from the activation 
descriptions made in 7.4.2.2, other biomechanical 
observations are possible.

Omissions might occur due to neutralisation of entrainments 
analogous to car wheels steering in the opposite direction. 
Again, neighbourhood (tongue tip versus dorsum competition) 
and inter-entrainment (mandible lowering neutralises tongue 
raising) sources are possible. Additions arise from 
misplaced correcting (begging the issue of feedback and 
cognition in such systems) of entrainments, as well as 
intrusion of extra cycles.

Struggle behaviour is a natural outcome of perturbations in a 
mechanical system, as well as of the activation aberrations 
already covered. It may be a manifestation of top down 
cognitive efforts to right low level deformation, or low 
level response to higher node maladjustments. As 
readjustments in and between functional synergies will be 
both local, global, bottom up and top down, elements of both 
dysfluent and 'fluent' struggle are likely to coexist. One 
would predict that the two types of struggle would be 
difficult to separate perceptually on occasions (see chapter 
17).

7.6.3. Associated Features

Length-Complexity Effect - Bernstein's (1935/1967) original 
question was how does the CNS control all the possible 
degrees of freedom within the biomechanical system and still 
interact constructively with the environment. The number of
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degrees of freedom in a system could act as a measure of 
complexity required to control a given action. In this way 
one would not need to resort to descriptions in terms of 
abstract features but remain within a biomechanical action 
framework.

Syllabification (5.4) reduces the degrees of freedom to be 
controlled. Certain other suprasegmental demands may or may 
not be reduced. Fundamental frequency declination and 
movement associated with different contexts, which rely on 
long term settings of respiratory and laryngeal coordinate 
structures can also be simplified, leading to syllable 
dissociation and tendency to equalisation of stress.

Variability. I have already hypothesized about some 
conceptual and activation (unstable input, degraded store, 
competing activation) determinants for this (7.4.2.3.). In 
addition to these, explanations for variability originating 
from mechanical properties of functional synergies are 
possible.

Earlier, coordinative structures were likened to mass-spring 
systems. Even the simplest sound production, though, 
involves entrainments of multiple structures. Within an 
entrainment individual links no longer operate in isolation, 
but are mutually synchronising - i.e. they influence each 
others behaviour, eventually behaving as one. Perturbation 
in one link induces reorganisation of the whole entrainment 
back to a state of equilibrium/synchronisation. This has 
been demonstrated in speech (7.3.3.1.), bimanual 
coordination, and for gait (e.g. Shik, Orlovski 1965). It 
was invoked as an explanation for phonotactic accommodation.

Returning to speech, if there is disequilibrium in a limit- 
cycle oscillator, variability is a natural consequence. In 
normal functioning disequilibrium is temporary until 
resynchronisaton is achieved. In disordered speech with 
repeated or multiple sources of perturbation in the system, 
equilibrium will be at once harder to reach and less stable 
once achieved. Because the deformation of values affects
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(groups of) synergies as a whole the (perceptual) endpoint of 
the disturbance is not necessarily always the same.

Of course this raises questions on the origins of 
perturbation. Answers will lie in the further study of 
activation dysfunction and its neural correlates - see e.g. 
Abbs, Gracco 1985; Arshavsky, Gelfand, Orlovski 1985; 
Goldman-Rakic 1987; Marsden 1987; Thach 1987; Inhoff, Diener, 
Rafal, Ivry 1989; Sheridan, Flowers 1990. These works 
research the interconnections amongst multiple brain centres 
and their collaboration in activation regulation, switching, 
and consistency of performance in complex movements.

Automatic-Volitional Effect. Coordinative structures may be 
activated or recruited by multiple routes (see Figure 7D). 
This offers one account for out-of-the-blue appearances of 
words or phrases, i.e. activation spreads via intact but non- 
normal routes unavailable to conscious access. Other times a 
subroutine may not be directly accessed, but may be activated 
as part of a more general act (verbal or nonverbal). This is 
one explanation for the ability to produce a sound, word or 
sentence in context the speaker could not utter in isolation. 
The parallel phenomenon in limb dyspraxia is 'pantomimed 
context' (Miller 1986).

In idioms, cliches etc it seems a whole fixed entrainment is 
'fired' for which individual metrical or structural 
specifications are not necessary. The degrees of freedom 
have been planned out (see plane, car examples), Breakdown 
towards the volitional end of the continuum must make more 
demands through greater degrees of freedom to control, more 
novel synergies, or demands on functional reorganisation 
beyond the capability of an impaired system.

7,7.1. Implications for Assessment

Taxonomically, even if the distinction between dysarthrias, 
AS, PP can still be upheld, the basis of their distinction, 
especially perceptually, and more crucially the basis of 
their relationship, takes on a quite different form to a
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classical 'levels' view. Instead of impairment to a stage in 
the translation of centrally coded commands, disturbance is 
linked to anomalies between relations at certain locations 
within a fully integrated biomechanical physical system.

One can hypothesize that spastic dysarthria is linked to 
misbalance of stiffness factors within individual functional 
synergies. Although entrainments are essentially synchronous 
movement is prolonged and restricted (5.7.2.). Ataxic 
dysarthria, speculatively, arises from force and timing 
disequilibrium within and between synergies. Equal arguments 
can be raised for this also being a partial explanation of AS 
characteristics. This is not incompatible with neural 
substrate organisation, it being possible that ataxic speech 
is associated with the cerebellar end of cortical-cerebellar 
circuits and AS with the cortical end. Cortical involvement 
may involve mis-specification of variables in the structural 
and metrical prescriptions, or equations of constraint, 
rather than the misinstantiation of these equations through 
disordered basal ganglia or cerebellum. The cortex is also 
presumed to play a role in integrating inter-coordinative 
structure phasing (Wiesendanger 1990) and this represents a 
further possible source of AS derailments. Mis-selection and 
displacement of parent nodes represents a source of PP type 
errors. In that these interact with lexical decisions, 
overlap with dysfunction in that area can be expected.

One big factor renders this potentially differentiating view 
opaque to perceptual analysis. That is, the system operates 
as a whole, is self regulating, with deformation at one 
juncture compensated for at another; with lack of one to one 
correspondence between prescriptive variables, kinematic 
outcome, acoustic results and listener perception. 
Derailments and compensation derive from top down and bottom 
up knock-on effects and adjustment.

Hence it is no surprise that clinically speakers evidence a 
mixture of what traditionally are described as PP, AS or 
dysarthrias. PP type errors may arise from top down 
selectional derailment, or bottom up attempts to correct
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local perturbations. Dysarthric-like slowing or restricted 
range, indistinguishable perceptually or physically from 
dyspraxic aberration, may stem from degraded top down input, 
or distant re-equilibrium effects within a coordinative 
entrainment. This simultaneously complicates and simplifies 
clinical assessment. Complicates, because of the challenge 
of developing techniques that can directly access the 
production system. Simplifies, in that, whether by 
perceptual or physical evaluation, the task is shifted from 
isolating discrete disorders from the whole to developing 
methodology to characterise the biases of breakdown in an 
individual’s speech.

7.7.2. Compatibility of Hierarchies and Heterarchies

Two broad types of model have been presented as if they are 
mutually exclusive. In actual fact there is complementerity 
between them. There is no logical necessity, should 'levels’ 
exist, that they be arranged serially. No immutable law 
dictates that distributed systems do not have a degree of 
modularity and a less than completely free order of 
activation. All but the hardest line action theorists 
acknowledge a degree of cognitive control, while die-hard 
hierarchicalists are isolated in their strict open and closed 
loop serial packages.

Adversaries have moved on to examine how the approaches can 
be coalesced. Keele, Cohen, Ivry (1990) support a modular, 
hierarchical idea of motor programs tempered by seeing 
’plans’ at one level not dictating action at a lower level, 
but action resulting from converging influences. A similar 
view comes from Kempen and Hoenkamp (1987) and their idea of 
incremental processing. Levels exist but all components can 
operate in parallel, working simultaneously on different 
aspects of a nascent utterance. Processing units are 
triggered by any fragment of characteristic input. This 
principle was already hinted at by Wundt (1900) who felt that 
comprehension and production commenced as soon as any part of 
a total conception was triggered. Mussa-Ivaldi (1988) and 
Wiesendanger (1990) have tried to reconcile hierarchical
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notions in CNS organisation with parallel distributed control 
of action. Dell (1988) borrows hierarchical, modular 
concepts from linguistics, but his connectionist framework 
allows interaction amongst information sources.

If such fusion is accepted, the indications again are that: 
a) dysfunction from or between several levels/components may 
be associated with a derailment, either through interactive 
'errors’ or (partial) correction by one component of 
another's slips; b) discrete disorders will be a rarity, if 
they exist at all; c) assessment will describe weightings 
towards breakdowns emanating from a postulated component; d) 
there will be no simple relationship with 
linguistic/perceptual units such as phonemes or allophones, 
although these will be useful descriptive items sometimes.

7.7,3. Clinical Implications

As superficially similar derailments have several origins, 
analytic approaches must have the scope to maximally 
differentiate sources and not exclude potentially diagnostic 
error types. One might envisage an optimally narrow phonetic 
transcription (11.5.1.) in conjunction with an error taxonomy 
that highlights all significant error types and potentially 
differentiates subtypes of a given category (e.g. 
distortions, substitutions etc), as well as a category for 
complex derailment. Scores should not be biased by having to 
dispose of most errors as unanalysable due to ambiguity.

Previously it was noted how error taxonomies failed to 
differentiate pathological groups, assuming that groups are 
strictly delineable. They reported trends, but not always 
statistical significance. If some form of the interactive 
arguments outlined above is creditable, then one has at once 
a reason for why trends but no absolutes were found, and an 
indicator for analysis and diagnosis. Individuals could be 
located (on the basis of statistical analysis of relationship 
of error types) in an n-dimensional space reflecting their 
position in relation to coordinates theoretically locating a 
given disorder. As the interlocking network is an n-
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dimensional continuum no two patients are likely to be 
identical, but given sufficient patient numbers more 
distinctive clusters may emerge. Later versions of such 
assessments could then class patients according to their 
approximation to the 'centre of gravity’ of established 
clusters.

7.8. Conclusion

The aim of the chapter was to examine what components might 
constitute a speech production model; to see how different 
theoretical perspectives handled the question; and finally to 
seek possible clinical lessons from this.

Two contrasting, but complementary approaches to explanation 
were outlined. Neither in their extreme forms handled data 
totally, but strengths and weaknesses were mentioned. Major 
stumbling blocks requiring resolution were the role of 
cognition, the mental-physical divide, the question of units 
of control, the relationship between descriptive units of 
action and of perception and the closeness of speech 
production analogies to CNS reality. Coordinative structures 
were introduced as a step towards addressing some of these 
issues. This direction had implications for categorising and 
assessing pronunciation disorders - the most significant 
being a shift from searching for discrete mutually exclusive 
entities to one that seeks emerging pictures on a 
probabalistic, relative basis from an interactive vocal 
tract.

The remainder of this work reviews previous tests for 
clinically diagnosing AS before exploring some approaches to 
assessment investigated for this thesis.



171

Approaches to Testing for Speech Dyspraxia

8.1. The overall aim of this dissertation is to work towards a
clinical assessment for speech dyspraxia. The goal of this 
chapter is to review how existing tests have fared in 
achieving objective differential diagnosis, and extract any 
lessons for the aims of this thesis.

8.2.1. Tests of Speech Dyspraxia

Only one published test of acquired speech dyspraxia exists, 
Dabul (1979). All others are tests constructed for specific 
investigations or unpublished procedures used by certain 
centres.

Dabul (1979 pi) aims to "verify the presence of apraxia ... 
and to gain a rough estimate of the severity of the 
disorder." To this end she uses six subtests: 
diadochokinetic rate; increasing word length; limb and oral 
apraxia ; latency and utterance time for polysyllabic words ; 
repeated trials test; checklist inventory of articulation 
characteristics of apraxia.

An eight subtest version (no details available in test 
manual) was used in normative studies on forty male patients 
- sixteen dysphasic without dyspraxia; seventeen dysphasic 
and dyspraxic; seven dysarthric with varying degrees of 
dysphasia (p2). No patient data is supplied.

The diadochokinetic subtest (timed repetition of'p/tA; 'tXka; 
'pAtAkA ) was included to assess "volitional control over 
articulators." However, while the dysphasic only subjects
were reported to manage three or more repetitions in five
seconds, no differences could be established between those 
with dysarthria and dyspraxia. Thus the usefulness of this 
exercise in the format presented appears questionable.

Increasing word length was used to assess "ability to 
sequence the correct number of syllables in the proper 
order". Articulatory inaccuracy is not heavily penalised.
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Performance reports indicate dysphasics and mild dysarthrics 
achieve comparable scores irrespective of word length, while 
severe dysarthrics and dyspraxics deteriorate with increasing 
length. Again, the sensitivity of this task to overall aims 
appears doubtful. It is also debatable whether 'sequencing' 
difficulty is actually a characteristic confined to AS.

The inclusion of limb and oral dyspraxia tests to diagnose AS 
appears suspect, as it is well documented that these 
dyspraxias and AS can occur and vary in severity 
independently of one another (Miller 1986).

The latency and utterance time dimension is included on the 
basis of (often tentative) indications that dyspraxics behave 
differently to other groups. Dabul found dysphasic and 
dyspraxic persons achieved similar latency times (not 
surprising since all her dyspraxics were also dysphasic), but 
dyspraxics evidenced much greater utterance time. 
Dysarthrics' scores were distributed about equally between 
latency and utterance times, but were not statistically 
differentiable from other groups. It appeared that long (12 
secs) utterance time could point to dyspraxic problems. 
However, some dyspraxics, it is well known, rehearse 
silently, giving a long latency and short utterance time. 
Individuals adopting this strategy are likely to be confused 
with purely dysphasic patients.

The repeated trials test was designed to judge whether saying 
a word three times helps or hinders production. Dabul 
reports (without closer details) that dysarthrics and 
dysphasics tended to remain static in their susceptibility to 
errors over trials, while dyspraxics showed greater 
variability (both improvement and deterioration of 
responses).

Her final section was not included in the original study, so 
no details of validity or reliability are available. It 
consists of eliciting a speech sample (picture description; 
reading; counting to 30) and then ticking a (fifteen item) 
checklist of features deemed indicative of AS. The more
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features crossed off, the greater the likelihood of 
dyspraxia. This section shows some serious flaws. Firstly, 
it assumes the features are unique to dyspraxia. Clinical 
experience, studies reported in Chapters 4, 5, and even her 
own data on other subsections contradict many of Dabul's 
characteristics.

For instance, abnormal prosody is found in dysarthria, too; 
parkinsonian patients can have difficulty initiating speech; 
errors increase in dysarthria and PP as sequence length 
increases. Further features are classified by others as 
signs of PP, e.g. anticipatory and perseveratory derailments. 
Recording and transcription methods can easily influence 
other features Dabul lists - e.g. phonemic voicing errors 
(ben for pen) ; phonemic vowel errors (moan for man). Her
examples are as likely to occur in dysarthria and PP.

Equally undermining is the origin of the list. Items come 
either from studies reported in Chapters 3, 4 or from
unconfirmed clinical lore. Difficulties in establishing 
reliable findings and cross-study comparability, shortcomings 
regarding design, subject groups and interpretation of 
results were prominent themes in above chapters. A frequent 
criticism was the absence of independent definition and 
identification criteria. The Apraxia Battery for Adults list 
runs close to stating that AS is what people who study speech 
dyspraxia say it is.

The third weakness is the assumption that the more features 
checked, the more likely the presence and severity of speech 
dyspraxia. Studies reviewed in previous chapters as well as 
data reported later confirm that none of these features is 
obligatory and there are no independent criteria yet for 
establishing a hierarchy of severity according to the
presence or absence of certain behaviours.

8.2.1. Both Dabul (personal communication) and others have expressed 
misgivings about the content and validity of the test. 
Langenhorst (no date) has acted on these criticisms. She 
tested the battery on twenty five normal and twenty five
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dyspraxic subjects (some or all? of whom were also 
dysphasic).

Several of the subtests found dyspraxic subjects within the 
normal range - including on diadochokinetic rates, increasing 
word length, limb and oral dyspraxia assessments, latency and 
utterance time, and repeated trials. The conclusion is that 
no single subsection can be used to differentiate normal and 
dyspraxic speakers. Coupled with indistinctness in
separating dyspraxic from dysphasic and dysarthric 
performance, this suggests the procedure as it stands is a 
poor diagnostic tool.

Langenhorst found the checklist reliably distinguished normal 
and dyspraxic groups. Only one of her normals had anything 
(abnormal prosody) checked. The nearest dyspraxic 
demonstrated five listed behaviours. Severity of dyspraxia 
did not correlate with number of features ticked. She had no 
dysarthric, dysphasic, nor PP comparators.

The most frequently occurring behaviours were visible/audible 
groping; repeated and varied off-target attempts; increase 
in errors according to length of phonemic sequence; fewer 
errors on automatic than volitional tasks; difficulties in 
initiation; and awareness of errors, but inability to 
correct. The least documented feature was schwa insertion. 
It is not clear how far the items describe discrete 
behaviours - e.g. are groping, repeated off-target attempts, 
inability to correct and initiation difficulties totally 
separable?

These observations tally in part with findings reported 
later. They also suggest that such a checklist, if placed on 
a more objective (independently, externally motivated) 
footing, could serve as an aid to diagnosis and severity 
rating.

Further work should involve isolating factors unique to 
speech dyspraxia and disorders from which it is to be 
divided. If this proved fruitless, then establishing
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different rank order patterns between diagnostic groups might 
give a solution. To measure severity it would be necessary 
to establish which features denote qualitative variation, and 
\diich are indicative of severity level. The latter may be by 
including list items known to relate only to severity, or 
through inclusion of scoring systems that capture 
quantitative dimensions. Some mention is made of these 
below.

8.2.3. Babul's battery is not alone in leading to unclear diagnoses.
The one study to actually look at clinicians' uniformity in 
diagnosing AS uncovered wide divergence. Wertz (1984 p 263) 
reported that "change in the diagnosis of apraxia of speech 
was rampant" during the time of the trial which investigated 
response to treatment of patients labelled dyspraxic plus 
dysphasic. Experienced clinicians' reliability in
determining presence of dyspraxia ranged from 0.69 to 0.87 
across evaluation dates, and severity rating reliability 
(seven step equal interval scale) from 0.65 to 0.93.

He surmised that some variation stemmed from over-reliance on 
imitation tasks and dyspraxics' inherent variability. 
Equally, it could stem from the breadth of opinion that 
exists regarding what characterises speech dyspraxia and the 
unreliability of assessment methods in separating dyspraxic 
from other pronunciation derailments.

8.2.4. Other assessments (Barley et al 1975; Rosenbek, Wertz 1976; 
Collins, Cariski, Longstreth, Rosenbek 1980; Wertz et al 
1984) have utilised procedures similar to Babul's (1979) to 
disclose claimed dyspraxic behaviours. Indeed she 
acknowledges her reliance on several of these earlier 
approaches. Bespite the admitted skill of design in these 
tests for provoking errors, they suffer the same drawbacks 
described earlier, failing to neatly divide off dyspraxic 
speech and mixing features that relate to severity with 
differentially diagnostic markers.

This has led to reliance on other performance qualities. 
Wertz et al (1984), having considered all the traditional
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dyspraxic traits (2.3) corne down to four "bedrock" clinical 
characteristics of speech dyspraxia - viz, effortful trial 
and error groping; dysprosody unrelieved by periods of normal 
prosody; error variability on repeated trials; and difficulty 
initiating speech. If these claims prove true, then the
content of assessments can be argued to be largely arbitrary, 
so long as there is sufficient variety of material to enable 
a wide enough sample of speech production, and measurement of 
these features can be placed on an objective footing.

Other clinicians, in attempts to circumvent the same problem, 
have resorted to comparing spontaneous production with 
imitated production; single syllables and words in isolation 
with words in sentences; volitional with automatic speech; 
and spoken expression with written communication and auditory 
comprehension. For instance, Wertz, Rosenbek, Collins (1972) 
found seventy four percent inter judge agreement in
recognising dyspraxia based on the Porch Index of
Communicative Ability (1967). Collins et al (1980) devised a 
similar fourteen-point scale, ostensively for rating 
severity, but also permitting qualitative notation of
initiation, prosodic, groping, self correction and error type 
problems.

Only one group (Roy, Square-Storer, Patla, Mackenzie, 
Charlton 1987; Square-Storer et al 1989) has tried to refine 
differential diagnostic effectiveness by finer movement 
analysis. The suitability of descriptive frameworks such as 
Browman et al (1986) in disambiguating perceptual data has 
also been mentioned (7.5.3.3.). To date no studies report 
use of these techniques in differential diagnosis.

8.3. Severity Ratings. A prevalent assumption is that the more
errors there are in a given category and the greater the 
total of categories involved, the more severe the disorder. 
As with Dabul’s (1979) checklist, this is not necessarily 
reliable.

Firstly, it has not been found (Langenhorst no date; data 
reported in this thesis) that individual speakers with an
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equal number, and even identical profile, of dyspraxic 
characteristics necessarily match each other on severity. 
Secondly no reliable hierarchy has yet been devised that 
ranks behaviours associated only with mild impairment to 
those only with severe impairment. It is feasible that 
severe breakdown in one category would not appreciably affect 
severity, while mild impairment in another would. Notice in 
this respect the findings of Mlcoch, Square, Beach (1984) who 
concluded that raters judged severity of pure speech 
dyspraxia more on nonsegmental determinants (struggle, 
syllable segregation, total reading time etc) than segmental 
(substitutions, distortions etc),

Collins et al (1980) scale ranges from no response, through 
unrecognisable responses, recognisable but containing errors, 
disturbance in prosody or rate only, to normal responses. It 
contains elements relating to neologistic jargon, phonemic 
paraphasia, and speech dyspraxia, as well as features that 
may also typify dysarthrias. While clearly useful, there is 
no evidence available confirming that the points do truly 
correlate with other measures or notions of severity,

Rosenbek and Merson (1971) compared dyspraxic speakers' total 
segmental and nonsegmental breakdowns to their position on a 
seven point overall severity rating scale. Similar to Mlcoch 
et al (1984) they ascertained a +0,76 correlation between 
overall nonsegmental errors and severity rating. Adding 
segmental errors increased correlation to +0,94,

Mlcoch et al (1984) actually found no difference between 
judges' positioning of speakers on a seven point equal 
interval scale and a direct magnitude estimation related to 
the most mildly impaired performance.

8,4, Conclusions

Review of previous assessments reveals little that could be 
carried forward directly to a standardised differential 
diagnostic test. They do teach some lessons.
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Simple reliance on claimed characteristics of AS does not 
reliably distinguish such speakers from others, A 
combination of features may lead to more reliable 
identification. However, the features to choose and their 
evaluation should come from externally validifiable models 
that place predictions and testing on an objective footing 
rather than fall into the circularity of arguments trap that 
undermined earlier approaches.

If speech dyspraxia does share features (length, complexity 
effect, propositionality effect etc) with other disorders, 
then a solution might be to investigate how far and/or in 
what way these qualitative markers rank order differently 
according to underlying disorder. An examination of how 
characteristics might be susceptible to varying changes 
across stimulus conditions according to disorder may also 
prove fruitful. One might envisage, for instance, 
contrasting the influence of spontaneous versus imitation 
naming on proportion of substitutions to distortions, degree 
of initiation difficulty or struggle, or response latency. 
Several studies indicate the importance of nonsegmental 
features in diagnosing speech dyspraxia and its severity. In 
the absence of unequivocal findings for segmental signs, 
these may assume prime position.

To assure the availability of data for making such 
qualitative decisions, lessons from previous assessments 
emphasise the need to adopt data recording and analysis 
techniques that do not exclude the required material. As 
well as employing phonetic transcriptions that retain fine 
distinctions between e.g. subtypes of distortions and are 
sensitive to differences between substitutions, distortions, 
minor additions etc, it appears important to include details 
of false starts, self corrections, struggle, hesitation, 
prolongation and the like. To these ends qualitative scales 
are as necessary as quantitative ratings.

Regarding severity measures, clarifications are necessary. 
If one is rating severity of AS itself decisions should be 
based on features or profiles pathognomic of the disorder.
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how frequently they occur, which ones are associated only 
with perceived mild, which with severe cases, and so on. 
Alternatively if one is judging how far the AS is affecting 
intelligibility severity measures related to general 
intelligibility factors will be more pertinent. A 
combination of these two approaches would ascertain which 
characteristics of dyspraxia influence communication (21.3.2) 
most. Thereby one would hope to achieve a scale which 
simultaneously determines severity of AS and communicative 
impairment. To date no scales successfully do this.

Given the weighting towards nonsegmental signs, and the 
differential diagnostic unreliability of traditional 
dimensions, the previously accepted format of dyspraxia 
assessments may assume less importance. If dysarthrics and 
phonemic paraphasics also show length, propositionality etc 
effects, emphasis shifts from simply looking at whether the 
effect is present or not, to observation of different 
qualitative performance in those fields. As an example, one 
might predict in dysarthria and PP increased error totals the 
longer the word, but in the former manifesting itself as an 
increase in distortions and omissions, whilst in the latter 
there is an accumulation of displacement, anticipation and 
perseveration derailments.

This chapter has given an overview of past approaches to 
quasi-standardised assessment of speech dyspraxia and drawn 
out elements that should help future endeavours avoid earlier 
pitfalls and guide towards a more reliable tool. Several of 
these features were discussed. They receive more detailed 
treatment in the discussions of the studies reported below.
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Intermezzo

9.1. This chapter recapitulates on the overall aims of the thesis
in the light of lessons learned so far and draws fresh 
implications for the rationale and construction of a clinical 
instrument for differentially diagnosing AS.

The original starting point was to design a test linking 
theoretical models of speech-language production to reported 
elements of speech dyspraxia, leading to a standardisable 
tool to differentially diagnose dyspraxia from related 
disorders - in particular phonemic paraphasia and 
dysarthrias. The task transpired not to be at all
straightforward. Several problem areas were identified.

The general definition of dyspraxia as a higher cortical 
disorder of motor programming and execution affecting 
volitional motor control was found wanting. Higher cortical, 
programming, volitional, and motor control are all 
tendentious terms without a settled definition. More 
specific dyspraxic behaviours (2.3) proved to rest on poor 
foundations. A repeated flaw was the circularity of
definitions both of dyspraxia overall (e.g. lack of external 
validating criteria; prejudicing of outcome by biased 
preselection of groups), and of variables examined.

Variables failed to distinguish adequately or consistently 
between pronunciation disordered groups. Qualitative and 
quantitative variables were confounded. No one factor was 
shown as unequivocally pathognomic of AS. Even the ’bedrock’ 
features of Wertz et al (1984) (8.2.4.) appeared tarnished 
under a critical light (chapters 4, 5). Because previous 
tests relied on the reported studies, they, too, must be 
viewed as suspect - a suspicion supported by the few studies 
evaluating such endeavours.

Physical investigations offered further insights into AS but 
failed to solve differential diagnostic queries. They 
underlined problems posed by trying to equate physiological, 
kinematic, acoustic and perceptual parameters. Furthermore,
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they suggested that the allegedly separate disorders of AS-PP 
shared physical characteristics and so did help to 
disentangle the already acknowledged perceptual overlaps.

Recourse to speech production models did not clarify the 
situation. Strict hierarchical approaches had several 
theoretical shortcomings and failed to cope with all 
equivocal data. Alternative heterarchical models offered 
plausible accounts and pointed out fruitful directions for 
solving problems in terms of units of control and equivalence 
across parameters, but scholarship here is still too much in 
its infancy to apply directly to bedside assessments. 
Further, questions of which kinds of models best relate to 
neuropsychological, physiological and clinical findings 
remain unsettled. A combination of hierarchical and 
heterarchical approaches was suggested.

9.2. Despite these negative trends sufficient points can be
derived to provide a positive input to developing a 
differential diagnostic instrument. They were described in 
conclusions to the respective chapters, but are broadly 
summarised here.

Subjects should not be preselected according to criteria to 
be examined, since this leads to circularity of argument and 
biases predictability of outcome. Definitions of behaviours 
for analysis should be explicit not only in their own right, 
but in how they relate to theoretical frameworks and 
hypotheses, and how they connect to and are differentiable 
from related behaviours.

To this end data gathering and analysis procedures should not 
omit or obscure potentially significant variables. For 
example, item design should include multi as well as single 
syllable words; words in sentences as well as isolation; and 
a sufficient range of syllable structures. Transcription 
should be sensitive enough to record vital variations but not 
so narrow as to produce paralysing overdetail. Data 
management must give access to analysis at several ’levels'
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of unit (e.g. greater and smaller than the syllable; prosodic 
and paralinguistic features as well as 'segmental’).

The literature review revealed that all pronunciation 
disordered groups have the same derailments to some degree or 
another. The search then is less for single, group specific 
features, than for unique constellations or rank orders of 
derailment types. Equally importantly group characteristics 
are more likely to appear on contrasting performances across 
conditions rather than comparing groups in a single condition 
(e.g. spontaneous versus imitation elicitation; words in 
isolation versus in sentences).

It emerged that suprasegmental variables may be more reliable 
than 'segmental' errors in separating groups. Particular 
struggle types, latency and utterance times, and variability 
(on repeated trials and along the automatic-volitional 
continuum) were indicated as promising candidates. They beg 
the questions, though, of how to separate quantitative and 
qualitative behaviours, and how non-segmental behaviours 
relate to intelligibility and possible therapeutic goals. 
Work still needs to be completed on how ' segmental ' 
derailment profiles relate to communicative adequacy and 
therapeutic intervention. Thus retention of segmental 
analysis is supported even if this section of a test were not 
effective at dividing groups.

A last major lesson is that groups may not actually be 
divisible in razor sharp terms. Theoretical and physical 
measurement arguments were presented for why this transpires. 
Balancing this was the observation that there nevertheless 
appear to be qualitatively different breakdown patterns 
(Chapter 6; 7.2) occurring across all dyspraxia types. The 
implications for analysis are that groups, and more 
importantly, single cases, would be identifiable either 
within a set of multidimensional continua or-and in terms of 
their proximity to (theoretically based) profiles deemed to 
characterise the notional spheres of impairment.
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The remaining work of this dissertation is to try and apply 
these lessons in looking at pronunciation disordered speakers 
to see in which ways they differ from each other and whether 
group profiles crystalise. It is also to try and establish 
whether the rationale and methodology thus developed provide 
a viable framework for valid and reliable diagnosis of 
acquired pronunciation disorders.

The following chapters describe the rationale and development 
of a provisional test and analytical methods; piloting on 
healthy adults and CVA patients without speech and language 
dysfunction; and results from its application to 
pronunciation disordered people.
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Constructiiig the Test

10,1, To generate data permitting inspection of behaviours that 
speech production models and previous investigations suggest 
are clinically relevant for diagnosing post-CVA speech 
disorders, it was necessary that subtests and subitems bore 
certain characteristics.

Length and complexity determinants were studied through a 
controlled increase in syllable number and within that a 
balance between allegedly simple (as close to CV syllable 
form as possible) and complex (containing consonant clusters) 
words. To permit comparison with other reports, a separate 
section of increasing length and complexity was included.

Single vs multisyllable single words vs sentence tasks 
facilitated evaluation of error trends - viz effect of stress 
pattern of words, intonation in sentences, displacement 
errors and word class differentiation. Parallel spontaneous 
and imitation elicitation enabled comparison between these 
two response modes for single words and sentences.

Subjects' use of cues as differential diagnostic indicators 
was built into the procedures, A semantic cue (sheep: animal 
we get wool from) and then a phonemic cue (first C or in 
multisyllable words CV) was used if the person failed to name 
spontaneously. The hypothesis was that the closer word 
retrieval and production problems are to a language disorder 
the more susceptible a person would be to semantic cues, 
while speech production problems would be more assisted by a 
phonemic cue, Dysarthrics should not need any cues.

Variability of response was suggested as a sensitive 
diagnosis pointer. Test design enabled examination of this 
in several ways: contextual variation; across elicitation 
modes; on a repeated trials task; and in nonsense-syllable 
repetition for the diadochokinetic test. This was included 
to investigate whether speech dyspraxics could be 
differentiated from other groups on purely quantitative terms 
or whether qualitative measures are necessary.
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To test for automatic-propositional (4.8) effects the pilot 
involved various presumed levels of propositionality - viz 
imitating single familiar words with picture present, 
repeating unfamiliar words, producing the same words to 
picture naming, imitating sentences of varying 
predictability, spontaneously producing the same sentences to 
picture stimuli and finally spontaneous free speech. Audible 
and visible struggle (11.2.3.4.) was monitored across all 
stimuli.

Retention of access to as many variables as possible was the 
aim in order to minimise prejudgement of outcome. Further 
safeguards in this direction are covered in Chapter 11 on 
error analysis. The next section describes the initial 
construction of the test battery.

10.2, Test Construction

A pool of 120 words was constructed according to the 
dimensions just described. Words were of one to four 
syllables, each length divided into high and low frequency 
words of simple and complex syllable structure (Coltheart 
1981; Kucera, Francis 1967). As all words were to be 
pictured imageability was not as strictly controllable as 
frequency. A list of 38 phrases reflecting the same 
variables, as well as high versus low predictability was 
composed - e.g. an old lady buying a pound of tomatoes vs. a 
cold baby sewing a bunch of bananas; dog eating rubbish vs. 
bat eating cabbage.

10.2.1. Preliminary Refinement. As the battery was to elicit data to
study pronunciation, it was important to exclude influences 
unassociated with this. To this end black and white line 
drawings of the stimuli, on A5 paper, were shown one at a 
time to 110 consenting people (F n = 55; M n  = 55) in five 
year age bands from 20 to 75 years. The purpose of the task 
was explained. Subjects were monolingual English speakers
with no history of neurological or speech-language pathology.
They were non-medical staff (porters, clerical, technical.
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domestic) of a district hospital, in-patients on cardiology 
and plastic surgery wards, and their relatives.

Where in-patients (n = 20) were used added selection criteria 
excluded those who had received a general anaesthetic or had 
suffered any other impairment of consciousness in the 
previous five days, or who were receiving drugs which 
potentially made them drowsy.

Instructions were to 'tell me what the picture is of or 
'give me a sentence that describes the picture'. Responses 
were recorded verbatim, noting response time and any 
deviation from accepted pronunciation - e.g. [donimsir ] for 
domino. Patterns of elision and assimilation were also 
noted. Stress positioning was recorded, especially for pairs 
such as 'toyshop versus toy 'shop. A reply was considered 
correct if it contained the target word. Thus "a pie, pie 
I'd say, some kind of pie, a fruit pie" were all accepted for 
pie. Synonyms - e.g. tart, crumble, dinner, were not 
accepted, nor singulars for plurals. For phrases only the 
exact target was accepted: "hat and coat, there's a coat and 
hat, coat and hat hanging up" were all unacceptable for coat 
and hat on the assumption that order of occurrence may 
strongly influence derailment types in disordered speakers. 
It was also hoped to retain thereby comparability between 
spontaneous and imitated elicitation.

A hand held stopwatch was used for latency time - i.e. time 
from exposure of picture to start of utterance. As nearly 
all responses were immediate, only those >2 seconds were 
noted. If there was no response after 10 seconds a semantic 
cue was given. No response after a further 10 seconds 
qualified for a phonemic cue. The semantic cues had earlier 
been given to 30 people not in the picture study to ensure 
that they did indeed elicit the desired lexical item.

The aim of this pilot was to exclude misrecognised pictures, 
ones with multiple labels and ones consistently requiring >2 
second latency. Response latency and accuracy between age 
groups and sexes was also examined.
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10.3. Results. There were no significant differences between age 
groups nor sexes on the measures taken. The results are for 
all subjects combined.

No individual took consistently longer to respond and no 
picture required consistently longer to label/describe it. 
Thirteen words achieved 100% agreement, with a further twenty 
seven reaching 98-99% agreement. Agreement >90% was attained 
for sixteen more. Pointing to the feature of the picture to 
be named (adopted after subject 30) brought 99% accuracy for 
stretcher and >90% for ash, flask, open. None of the 
sentences gained >90% agreement on order and/or structure, 
though content agreement was seldom below 98%.

10.4. Discussion and Modifications. While there remained 
sufficient single word items to create some kind of 
elicitation battery, the residue of items failed to 
adequately cover the desired length, complexity, familiarity 
range. Other features not distinguished consistently by the 
normal speakers had to be dropped, e.g. ’blackbird versus 
black ’bird etc. Another casualty, due to poor agreement on 
picture labels, was the subtest dealing with controlled 
increase in length-complexity, e.g. eye - spy - spines; bat - 
batter - battery.

A number of pictures were modified where it was felt 
recognition was a problem and a further thirty words/pictures 
devised to supplement the depleted list. These were shown to 
50 subjects. Words with >90% agreement were retained. This 
gave 17 more items (77 in total). Fifty one (20 one 
syllable; 14 two syllable; 10 three syllable; 7 four syllable 
- appendix Al) formed the single word test in the next pilot. 
Balance between simple-complex and _+ frequent was no longer 
equal. It was decided to compensate for this in later 
statistical analyses.

The subtest spontaneous description for sentences was 
abandoned. Instead a list was gleaned, from the original 
pool, of twelve sentences for elicitation by imitation 
(appendix A2). This comprised six pairs matched as closely
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as possible in phonological structure but differing in 
predictability. The pictures which achieved highest 
agreement in sentence elicitation (appendix A5) were retained 
as a subtest for spontaneous sentence production. Direct 
comparability between spontaneous versus repetition responses 
was thereby sacrificed, but a degree of match between + 
familiar, + predictable was retained.

To keep some separate examination of the leng th-complexi ty 
effect (as opposed to extracting data from the main single 
word list) items showing most agreement from the initial 
pilot were held (appendix A4) but for elicitation by 
imitation only.

For the subsequent pilot version three subtests not 
previously used were added; the repeated trials task 
(appendix A3) utilised words from the >90% agreement list; a 
spontaneous speech sample of at least one hundred words
(appendix A6); repetition of single nonsense syllables 
(appendix A8). A diadochokinetic rates task (appendix A7) 
was given. This is described elsewhere (Miller, in 
preparation b).

10.5. Second Pilot Version

The aim of this pilot was to test out suitability of 
instructions used and gain information on the performance of 
CVA patients with no speech-language pathology, thereby 
gauging which aspects of performance are due to stroke in 
general rather than speech-language pathology in particular 
(e.g. response latency; fatigability). Results were 
scrutinised to decide whether further items or subtests
needed to be discarded or modified.

10.6. Subjects. 30 volunteers (details appendix B2) were selected
from the records of a Stroke-Neurology Unit who met the
criteria of appendix Bl. Most had participated in an arm 
treatment study and had been routinely screened for speech 
and language problems. Where a possible deficit was 
suspected following informal interview prior to speech
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testing, appropriate tests were administered to exclude 
persons who might prove to have some speech-language 
pathology. Anyone not scoring within normal limits on these 
was excluded.

Method. The sub tests detailed in appendix A were 
administered in that order. Tests for oral and limb 
dyspraxia (appendix C) were given between Al-AIB and A6-7.

An original aim of this study, as well as developing a speech 
diagnostic battery, was to develop assessments for limb and 
oral dyspraxia, enabling not only standardised evaluation of 
these disorders, but also comparison between the different 
forms of dyspraxia. Details of this work are not given in 
this thesis, but it is noted that all subjects (with and 
without speech disorders) completed limb and oral assessment 
concurrent with speech testing.

10.7. Results. No subject required a repetition of instructions or 
responded inappropriately on any task. No errors were made 
on any of the repetition tasks. Diadochokinetic performance 
as before is discussed elsevdiere.

The only subtest where performance deviated from normal was 
on spontaneous naming. No individual scored below 90% 
correct for all items. However, certain words posed problems 
beyond the degree experienced by normals.

Sheep (68%), flask (89), canoe (86), lipstick (80), corkscrew 
(83), blackbird (89), conductor (51), microscope (72), 
binoculars (83), rhinoceros (67), helicopter (86), failed to 
reach the 90% agreement level on labels.

While the majority of words were responded to immediately, a 
few words provoked a tendency to longer response latency than 
the 2" cutoff for normals. Fifty one responses (3.3% of 
replies) spread over 27 words took between 3-10 seconds (mean 
5”; median 4**; mode 3"). Twenty two responses are accounted 
for by biscuit, conductor, rhinoceros, helicopter.
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10.8. Discussion. Picture modifications were done for the <90% 
words and contextual cues permitted for sheep, flask and 
lipstick. It was decided not to drop other words from 
further pilots at this stage. Instead longer latency 
intervals were to be permitted before semantic cues were 
given, and the possibility of the alternative labels was 
recorded for purposes of unravelling underlying error 
processes in the analysis of derailments on these words.

Analysis of >2” latencies revealed a predominance of picture 
recognition problems. For ’biscuit' and 'plate' especially 
this related to indistinct drawings. It is hypothesized that 
despite gross screening out of visual perceptual difficulties 
some problems of this nature remained undetected and surfaced 
in the naming test. The population contained right 
hemisphere lesioned subjects where such deficits might be 
expected. The remainder of the longer latencies related to 
the word familiarity issues already mentioned. Again, these 
differences were taken forward for consideration when judging 
communication disordered subjects' responses as normal or 
not.
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Data Management

11.1. The last chapter introduced the data to be elicited, methods
of elicitation, and variables (length, complexity etc)
according to which performance would be monitored. The
targets of analysis chosen for this study are pronunciation
errors as perceived by the listener. Two large issues need
to be addressed if previously mentioned shortcomings of this 
method are to be avoided: What is an error and how does one 
reliably record them? This chapter discusses these questions 
in relation to choice of and definitions within an error 
taxonomy, and options for phonetic transcription of data. 
The error taxonomy, definitions and transcription conventions 
to be used for the proposed studies are described and general 
problems arising pertinent to all studies (chapters 13-20) 
are discussed. More specific points relevant to individual 
studies are covered there.

11.2.1. What is an error?

As a clinical ‘bedside* test not associated with physical 
measurement, error categories here have to be perceptual 
units. Criticisms of this approach are that ear of the 
listener judgement is unreliable, and access to vital 
acoustic and kinematic variables is sacrificed. While this 
is true, the seemingly more objective data of physical 
evaluation are more reliable only in relative sureness of 
certain measurements, and access to some details lost to the 
naked ear. Knowledge and experience in relating variables, 
which can involve subjective judgements, is still required in 
choosing what to look at in the first place; to interpret 
findings; and to relate physiological or acoustic findings to 
perceived behaviour. Classes of perceptual error type are 
suggested from three sources: previous clinical
investigations; comparisons with other dyspraxia types and 
normal slips of the tongue; and theoretical models.

Error types from earlier studies are "distortions, 
substitutions, additions, omissions and displacements" (4.1). 
As concluded in 4.1 much more careful attention to
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definitions is required to avoid previous pitfalls. Reviews 
above suggested the inclusion of rhythmic derailments and 
struggle behaviour.

These error types receive support from investigations of 
other dyspraxias (chapter 6) where the same patterns of 
parapraxic distortions, substitutions, and so on, are 
repeated across all dyspraxias. They too are characterised 
by rhythmic disruptions and struggle.

Inspection of other dyspraxias and normal slips of the hand 
and tongue further pointed to a tripartite division or 
clustering of errors (chapter 6; 7.2.). These correspond to 
broad categories predicted by models : conceptual
organisation; large ’unit' organisation; and smaller 'unit' 
temporal-spatial organisation.

Importantly, the type of model chosen advocates additional 
error types not normally included. Interactive errors (e.g. 
between lexical decision and speech output or out-of-plan 
derailments) must be attended to. Compensatory behaviours 
such as slowing, schwa insertion, intersyllabic pausing etc 
should also be considered. Interactive models also suggest 
not losing sight of speech production in its language 
context. This would be an indication for including semantic 
paraphasic, circumlocutory and similar errors, especially if 
spontaneous and repetition production are compared.

Studies of normal slips of the hand and tongue (chapter 6) 
also support the error types postulated and suggest the 
errors involved concern 'real' units or organisation, at 
least at one level of description.

Importantly neither other dyspraxias, nor normal slips, nor 
models support focus on one 'unit' of description or 
organisation only. This was a drawback of many earlier AS 
investigations. In concentrating on, e.g., only the 
'feature', or the phoneme, conclusions were coloured by the 
reliableness of the theoretical framework and working 
definitions of the particular unit, and by detail lost
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through ignoring other areas and interaction between the 
chosen and other 'units’.

It may transpire that reliable differential diagnosis can be 
achieved based on one unit's behaviour. This has yet to be 
proved. To minimise any biases from this, the pilot studies 
reported later adopted a wide range of units of analysis (see 
below).

Previous error taxonomies were criticised for their non
rigorous definitions. An aim of this thesis is to make 
definitions of perceptible derailments as clear and precise 
as possible. This problem is now addressed.

From the sources above, the following perceptual error types 
are predicted. Definitions are aimed at achieving maximum 
mutual exclusiveness between categories and maximising 
interscorer agreement in identifying instances. Despite 
these intentions problems persist. These are covered after 
introducing the taxonomy. Definitions of 'segment', 
'syllable' etc follow in 11.4, and appendix D. Error types 
are divided into ones concerning 'segments', or clusters 
thereof, suprasegmental variables and language derailments.

11.2.2. Segmental Errors

11.2.2.1. Anticipatory Errors

i) Substitution of a segment (vowel, V; or consonant, C) 
by a non-contiguous (either within or across syllable 
boundaries) upcoming segment - e.g. knife [faif], stamp 
microscope [skaikaaskavp ],

ii) Substitution of a segment by a contiguous segment, i.e. 
immediately upcoming segment in, or across syllable 
boundary) - e.g. jigsaw fdjizsp ].

iii) Non-contiguous anticipatory distortion/addition. Where 
element(s) of target are apparent, but are distorted by 
element (s) that can reasonably be interpreted as
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anticipations of (a) in-syllable non-contiguous, (b) cross 
syllable non-contiguous features - e.g. bath [bidtB ], 
blackbird ['bUackb^d ], microscope ['naa.isk>ias/oirp ].

iv) Anticipatory contiguous distortion: distortion of a 
segment by anticipation of feature(s) of the immediately 
upcoming segment - e.g. tea [yC], fist [fi*st], screw [SKJ.u].

v) Anticipatory assimilation: type of consonant/vowel 
harmony where upcoming feature(s) spread throughout the 
syllable/word - e.g. blackbird [ddtk dd^d ],
binoculars [ Ixl-ob bi], potato [pd'xrtyv'î 'ir],

11.2.2.2. Perseveration

i) Substitution of a segment by a previously occurring 
non-contiguous segment within the utterance, or a preceding 
utterance, - e.g. knife [narn], telephone [tetx 9̂'irn ], 
umbrella [Qm’buervg], stretcher [ble 6 ^  ] where preceding word 
was blackbird.

ii) Contiguous substitution, e.g. jigsaw ['d3 xgko ], 
lipstick [lip~'ptxk], chimney [liJxmiMi ].

iii) Non-contiguous perseveratory distortion/addition. 
Element(s) of the target are preserved, but distorted or 
added to by element (s) reasonably interpre table as
perseveration of feature(s) from non-contiguous elements;
e.g. blackbird [hl'dtkbld̂ d ], telephone [ ] ,
microscope [r^dxkjilJSSk'SVy ], jigsaw ] where
prior word was chimney.

iv) Perseveratory contiguous distortion/addition : target
still apparent, but distorted/added to by element(s) of 
imnediately preceding segment, e.g. binoculars [ hl'oS ,
stamp [S't̂ sewp], toothbrush [tuBvjl/̂ ] ,

v) Inertia of response: (a) recurrent utterance; (b)
spread of element(s) throughout entire utterance or across
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several responses, e.g. for b) eye E, key, bow, eight 
[àlyàl, k̂ il, hii, àii/kàXi]; or television ['televejen ].

vi) Reiteration: repetition of a segment, word or syllable, 
e.g. [t t j Ststservip ]. If changes occur in the
repetitions they are classed as struggle (q.v.).

11.2.2.3. Distortions are noted when the target sound is perceptually 
preserved but where elements in its production are derailed 
creating the impression of:
a) inappropriate phonetic features - e.g. loss/addition of 
aspiration, tea [t'û], sheep [JtpH].
b) not normally occurring phones, - e.g. trilled 
articulation, bath [ bbh ; reversed labiodental bow [bair];

' ' — '  u
pharyngeal plosive, kangaroo 9vLU].
c) sounds only equivocally transcribable due to proximity 
to categorical boundary - e.g. _+ voice, _+ oral, stop vs 
continuant - bath [ bæB/batO/bse^ ] ; plate [ nlert/p iert ] ;

O o  o  V \  I

magazine [ baegPzLn ].

Other variations classed as distortions would be e.g.:-
- length changes, excessively long/short (and not merely 
absence of length) mop [>v’T>p] or [TYirp ] or [ m"Dp: ], i.e. 
prolonged closure before release.
- double or secondary articulation, tea [It ]; 
microscope .
- atypical raising, lowering, advancement, contraction - e.g. 
camel [ ksma) ] ; canoe [kanu/kanw].
- excessive/overlax contact - e.g. plate [ plcri/plext].
- altered airstream activity - e.g. ejectives tea [tY] ; zero 
airstream/mouthing [(f)aen] for fan; ingressives mop [Tvipd.

Vowels pose a particular problem. Many distortions would 
strictly speaking be substitutions - e.g. bac©[be^]. The 
interim solution adopted was that if a change were perceived 
as another English vowel, it was counted as a substitution, 
otherwise changes counted as distortions. Also classed here 
were changes between diphthong and triphthongisation - e.g. 
chips [ijiafs]; plate [plit]; bow [ bi5ir], all atypical for 
the local accent of the subjects.
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Above errors only fall as distortions where the derailment is 
not apparently due to environmental influences, in which case 
they are classed as anticipatory or perseveratory 
distortions.

11.2.2.4. Additions refer to intrusions of additional segments not 
normally within the target string. Two ways in which 
additions arise were already mentioned under anticipation and 
perseveration, where an upcoming sound or an already produced 
sound is pre/re-copied elsewhere in a string without 
(complete) deletion of other sounds.

However, additions arise with no immediately obvious 
environmental cause. Three sources are hypothesized.
i) From minor struggle or self correction - e.g. 
stamp [ft , knife [mn&%^ .
ii) extraneous movements associated/interfering with an 
articulatory gesture - e.g. potato [p̂ tetl̂ iar]; [-fjatnsk] for 
flask.
iii) exaggerated distortions, especially of the types double 
articulation, delayed offset etc where two elements become 
temporally so dissociated as to be perceived as two separate 
sounds. For example, exaggerated delay of tongue tip contact 
in canoe instead of giving a distortion (equivocal 
transcription of alveolar as _+ nasal) may be heard as [kahzu]. 
Likewise if the simultaneously articulated elements in
[mlixkwissk^irp ] or [Î L] become temporally separated the 
listener may hear what is classed here as an addition.

Addition by transposition is a further error type considered. 
This is where a segment migrates from elsewhere in the 
utterance, but does not replace nor switch with another sound 
- e.g. telephone [eliifsvo]; vegetables [vedjxbtlz ].

These derailments are entered in two places on the score 
chart (appendix D2). The gap left by the migration is 
entered on the OT (omission by transposition) line, and the 
addition that results where the transposition migrates to is 
entered on line AT (addition by transposition). The OT 
omission is checked in the error locus column appropriate to
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the position in the word where the omission happens, and the 
addition in the column is where the segment(s) migrate to.

Borderline decisions between additions and some distortions 
can be expected. The guiding principle is that additions are 
perceived as fully realised sounds and not distortions in 
on/offset, a tentative articulation or part of struggle or 
placement problems.

11.2.2.5. Substitutions. Claimed by earlier studies to be the most 
common error category, it is hypothesized that this will not 
hold once other categories are better defined and narrower 
transcriptions used. It is believed that previous studies 
falsely group what were, in fact, anticipations, 
perseverations and distortions together with a small number 
of true substitutions to arrive at the large totals. 
Instrumental studies have home out the inadvisableness of 
such a procedure.

The contention here is that there are only two types of error 
to count as substitutions:
a) distortions that are clearly perceived to have crossed 
the categorial boundary between e.g. voice, _+ nasal, +_ stop 
etc.
b) out of plan substitutions.

Regarding type a) substitutions it is hoped that the 
guidelines for classifying distortions above will have 
removed most doubts. If a segment has definitely crossed a 
categorial boundary and is not transcribable as a modified 
version of the target, then the error is classed as 
substitution. Generally such errors can be expected to 
differ from the target by only one or two place/manner 
features, e.g. bath [pae©]; knife

The term out of plan substitution has been used in the 
literature to cover derailments presumed to be induced by 
(unspoken) competing plans - e.g. he hit him on the [htks] 
(head) said with knowledge of what he was hit with. It is 
used here to also cover substitutions where there is no
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reasonably arguable source within the sound/movement 
environment; where the 'error' is not a badly distorted form 
of the target - e.g. [ j?acn ] for fan could be taken as a 
substitution of [j? ] for ], but within the framework of 
articulatory and acoustic phonetics the close relationship of 
these is discernible and it would not be unreasonable to 
argue for a distortion rather than substitution.

Out of plan substitutions are generally believed to be 
fluently produced and incorporated into the phonological 
environment. Out of plan substitutions should, however, 
still be considered for segments which are produced with 
effort and are not 'pure' samples of the heard sound, e.g. 
sheep [K’tp]; microscope [ .

11.2.2.6. Blends are assimilations of elements of two units such that 
an apparently new unit arises. On the surface this may seem 
like an omission plus substitution, but examination of the 
error process should distinguish whether this is so or 
whether there has been transformation to another sound, for 
example (a) stop -> [kt>p] vs (b) stretcher -> [ ].
(a) would be omission + substitution, (b) a possible blend.

Theoretically blends arise from assimilation of contiguous 
features or from distant out of syllable contamination. In 
parallel with the _+ contiguous source discussed above, the 
distinction will be maintained here.

Non-contiguous: In its pure form this is more a theoretical 
error than real. A 'pure' example might be for example 
star * [sŷ a, ]; telephone *[ tel injair] where the features 
have assumedly migrated from word final to earlier in the 
string. In attaching to an already present segment they have 
changed it to retain features of both original segments.

In practice non-contiguous blends are more likely to be 
classified as non-contiguous anticipatory or perseveratory 
additions/distortions, for example canoe [kaju.], 
thermometer [ 03 jp T) 11?].
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Contiguous: Where a 'new' segment arises out of the
collapsing together of adjacent segments, either within 
syllable or at syllable boundaries, for example, spring 
[ ̂ vLij ]; priest and sheep [ ].

11.2.2.7. Metathesis is transposition of elements, so that their order 
of being heard is reversed from that expected. Again, these 
might be contiguous or non-contiguous, and involve full 
switching or only switching of certain elements - e.g. non
contiguous : pound of sausages [savnd 9/ pvsid̂ iz]; vegetables 
['ied̂ iv9h\z] ; contiguous: flask [fldcks]; lipstick [lisptzk].

The lines MNl, MN2 on the score sheet (appendix D2) refer to 
the two positions which are involved in the switch of non
contiguous elements. The first position/segment is charted 
in line MNl, the second position/segment in line MN2, e.g. 
telephone [ I f 11 f 3vn ] : Errors would be marked in line MNl, 
syllable 1, single C, prevocalic, and in line MN2; syllable 
2, single C, prevocalic.

11.2.2.8. Omissions are noted when a segment has disappeared without 
trace. If remnants occur as part of blends, metatheses, or 
additions, then the error is classified as such. As with all 
error types omission might be of any unit from "segment" to 
syllable or word. Omissions due to transposition were 
discussed under 'addition'.

11.2.2.9. Complex Error. This category is noted if more than one error 
'process' is considered to operate to produce the picture. 
For instance [ lelxfairn] where it is assumed initial /t/ has 
been anticipatorily substituted by /I/ but arguably also has 
nasalisation in anticipation of /n/.

11.2.3. Suprasegmental Errors

11.2.3.1. Stress derailments are assigned when there is:
i) equalisation of stress or tendency towards it, both 
with and without syllabification, e.g. i. [ p9 I tair ] or 
[p3 'tci ’tsv],
ii) wrong stress assignment, e.g. ['ppfeitsir] [ .
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11.2.3.2. Intonation. Obviously it is artificial to divide this from 
stress, but the distinction is used to highlight some 
potential differences amongst subjects. Two phenomena are 
classified here:
i) Syllabification is identified if a multisyllable word 
or string of single syllable words in sentences is uttered 
with definite dissociation of one syllable from the next. 
Kent and Rosenbek (1982) identify two types of 
syllabification (5.4.3.). This distinction is not drawn here 
as the two types are not mutually exclusive and could occur 
together in one word/phrase. They can be difficult to detect 
perceptually.
ii) Atypical intonation either for the current context or 
for any context.

11.2.3.3. Silence is divided into:
i) Latency. That is, silence without visible or audible 
struggle between seeing/hearing stimulus and start of 
response.
ii) Intersyllabic pauses greater than the brief pauses 
associated with abnormal syllabification. This also refers 
to silences between words in phrases. In practice, silences 
of 2” or greater are considered as intersyllabic pauses. If 
the pause is filled with silent struggle, this still counts 
as a derailment here. Pauses of <2" with audible struggle 
even if it takes the person >2” to initiate the final attempt 
at the next syllable, do not count as intersyllable silences.
iii) Tetrasyllable pause. A silence within a syllable, e.g. 
[î _ el - I-f 9irr) ] [ s t  _ ]. Intrasyllabic silences are 
counted even if there is (silent) articulator contact and/or 
visible struggle, but not audible struggle.

11.2.3.4. Struggle refers to any trial and error articulatory 
posturing, whether or not it proves successful in reaching 
the target. Scoring is divided into four categories:
i) Visible: silent struggle seen but not heard.
ii) Audible with or without intercurrent visible struggle. 
Trial and error posturing is heard as well as seen. It is 
distinguished from run-ups in the following way. Audible 
struggle is recorded when the sounds produced are not
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transcribable as fluently, confidently articulated segments 
(whether or not related closely to target sound); when there 
is presence of non specific sounds (blowing, snorting, lip- 
smacking); when there is tentative, hesitant 'sliding' onto 
or near to targets. VJhen co-occurring with confident fluent 
run-ups the behaviour is still classified here. Run-ups are 
reserved only for fluent, confident, normal speed, conduits 
d'approche, e.g. (a) tea [ 2 h r t t i - ] = struggle; b) tea 
[ It ] = run-up; (c) canoe [Q.k.kjts.hs.d̂ .kxrn̂  =
struggle; (d) canoe njzr.̂ Vn̂  =
run-up.
iii) Run-ups: repeated wrong trials at a segment, syllable 
or word fluently, confidently articulated. If a run-up 
contains segments counted as distortions, then the derailment 
is audible struggle. All other derailments within conduits 
d'approche do not disqualify it as a run-up.
iv) Effortful articulation is production deemed to be non- 
normal with loss of fluency and loss of ease of articulation, 
but where there are no conventionally transcribable errors. 
It refers to articulation throughout the word rather than to 
individual segments. In general this category will be used 
for borderline syllabifications, distortions, altered 
intonation and the like. If there are clearcut instances of 
effortful articulation limited to a single syllable or sound 
they may be scored as such. Generally though, these are more 
likely to fall as distortions, syllabification, intersyllable 
pauses or similar.

11.2.3.5. Self-Correction is checked \dien a person produces a unit 
incorrectly but immediately after produces it normally, e.g. 
[ k_ tC  ] ,  [fl9es+.flatsk].

Self-correction is only recorded where only one attempt is 
made and then the correct version. If more than one 
correction is made it is counted as audible struggle or run
up accordingly.

Where attempts at self-correction are made, but the person 
still ends up with an unwanted target, this is scored as both
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self-correction and as whatever errors are in the final 
version, e.g. [Ueldt\ikvf^ = self-correction + substitution.

Occasionally a person says the correct target and immediately 
repeats it, but wrongly, e.g. [ Kî>lx . k"D^i ]. As such 
behaviour is abnormal, it is counted as an error, scoring 
whatever derailments arise in the final production.

Language Errors

11.2.4.1. Semantic Paraphasias are scored wherever the final word 
produced is related to the target word in meaning, 
irrespective of whether there are any articulatory 
derailments, e.g. flask -> hot, picnic; microscope -> 
laboratory, sample, magnifier.

If there are semantic paraphasias and run-ups/audible 
struggle to reach the target, both error categories are 
entered. Segmental errors in semantic paraphasias are not 
marked.

11.2.4.2. Circumlocution is recorded wherever there is talking around 
the word rather than giving the word itself, e.g. you take it 
on a picnic. I've one in the kitchen. Articulatory errors 
are ignored. If the person finishes with a semantic 
paraphasic error, then this is scored as circumlocution + 
semantic paraphasia. Where circumlocution is followed by a 
mispronounced target word, then this is classified as 
circumlocution plus whatever the articulatory derailments 
are, e.g. Yes, when I'm thirsty, drink a it's [tsL ] = 
circumlocution + distortion.

11.2.4.3. Literal-semantic Paraphasias are when the response word is 
plausibly the target word derailed by a competing lexical 
item, for example, (i) blackbird [ bix kdgo ]; (ii) a pound 
of [ip'rvi-DSidjiz. ]; (iii) canoe [ kanja.i®/c] where it seems 
reasonable to interpret the derailed words as blackbird + 
jackdaw or blackboard; tomatoes + sausages; kayak + canoe. 
In these cases the individual segment derailments are not 
further analysed.
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11.2.4.4. Neologistic Jargon is used when production bears no 
discernible resemblance to the target. As a rule of thumb 
this is where more than two-thirds of the target is derailed 
in such a way that the target is not apparent, e.g. ash [if], 
microscope f baaesinuav], tiger [aeskit ].

These would not be jargon; cat [ satp ], as not more than two- 
thirds is derailed; ] for tiger, as although more
than two-thirds is derailed the target is apparent; 
microscope [macnskaâf̂ 'irp ] as although the relationship to 
target is questionable, less than two-thirds derailment is 
present.

11.2.4.5. No Response is no attempt at target,including not just 
silence, but *no*, *I don't know*, *I can't do it', it's

11.2.4.6. Echo is for when a semantic or phonemic cue is given but the
person simply repeats the cue adding nothing further.

11.2.5. Details for noting these errors, abbreviations and fully
worked illustrations are given in appendix D1 to 05.

11.3. Comments and Problems Arising

This taxonomy offers improvements over previous ones (4.1.) 
in the number of categories it involves (both broad 
categories - segmental, suprasegmental, language; and 
subitems - e.g. types of anticipatory error) and the 
consequent minimisation of prejudicial conclusions achieved 
by not excluding vital data; the endeavour to find mutually 
exclusive definitions and maximise intra- and interscorer 
reliability. The possibility of reworking data for 
statistical analysis in multiple ways is also facilitated - 
for instance, to make comparisons with other studies which 
have not distinguished between types of substitution or which 
have lumped anticipations, perseverations and metatheses into 
one group. There are, though, imperfections - some inherent 
to the system, others operational difficulties which became 
apparent in implementing the system. A note was kept of
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their occurrence, but for no subject did they reach more than 
a few percent of total errors.

11.3.1. The ambiguity of certain derailments has already been 
mentioned (4.1). Other derailments arose which did not 
precisely fit present categories. Possibly morphologically 
based errors posed problems. Biscuits -> biscuit, key -> 
keys by strict adherence to error definitions should be 
omission and addition, but this may be a false assumption. 
Similar questions are raised by 'is kicking' -> kicked, 
microscope -> microscopic.

Fragmentary responses (e.g. sausage [st)s]), prevalent in 
some individuals, are not strictly accounted for in the 
taxonomy. On the first classifies tory pass they were 
analysed as omissions, but a second pass should identify 
subtypes and take a broader look at the subject's responses 
to examine if they present with particular overall profiles. 
The same applies to additions from no apparent source found 
in some subjects - e.g. flask -> [flatsknws].

The error notation also appeared to miss a few potentially 
significant variations. A feature of some individuals was to 
clearly gesture or onomatopoeically indicate target words 
(e.g. baa for sheep; siren for stretcher). Some employed 
this as a successful self-cueing strategy, while others found 
no help. For diagnostic and therapeutic purposes this may 
transpire to be relevant. No separate error categories were 
created at this stage of pilot analysis, such behaviour being 
classed with footnotes under semantic paraphasic errors. 
Inspection of current and gathering of further data should 
help clarify the worthwhileness of including these as 
separate 'errors', subsuming them within existing categories, 
or covering them in some supplementary behaviours checklist.

In similar vein a few problems arose in noting latency and 
total response time. The system did not directly permit 
examination of the relationship between preparatory silence, 
struggle and final success. Such behaviour may hold clinical 
significance (see also 8.2; chapter 20).
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11.3.2. Another set of queries arose from error definitions not 
coping with all the perceived errors. Instances occurred of 
some distortion types, additions, and self corrections being 
difficult to objectively differentiate. For example, it is 
inconclusive with current definitions to which category the 
following belong: ash ]; holly ['h-D*" ]; vegetables
[ Vscjj b  ̂  I X  ].

This was a frequent problem, but not so pervasive as to 
undermine results. By strict adherence to definitions intra- 
and interscorer reliability was >90% but it was recognised 
that future refinements may need to address the issue of 
whether such distinctions can legitimately be drawn. The 
problems stem from lack of underlying motor information in 
making perceptual judgements. Note though e.g. Weismer, Liss 
1991b using sound spectrographs found this no easier and even 
had the added problem of classifying initial distortions vs 
struggle for perceptually normal segments. Thus even with 
physical recordings it is doubtful whether ultimate 
adjudication for certain aberrations could be determined.

Similar questions arose in distinguishing audible struggle 
from effortful articulation and run ups. *Pure* forms posed 
no problems, but in practice dividing them off at certain 
stages became subjective. Further, it not infrequently 
happened that tokens of two or all types occurred in the same 
utterance. A stipulation of analysis was that no derailment 
should be counted under more than one label, so where co
occurrence was clear but the derailment types were 
inextricably interwoven, they were classed as audible 
struggle.

Occasionally it became difficult to decide whether a 
perceived production was a derailment or normal variation. 
Normal accentual and dialectal variations, assimilations and 
elisions were not counted as errors. Apart from noting 
unexpected alternatives in the normal subjects (10.2.3) four 
more normal subjects were recorded and transcribed performing 
the test battery, as it has been mooted (Stark et al (1988); 
Hewlet, Shockey 1992) that people may assume a different
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register on such tasks. Any ’test register' behaviours noted 
in the normals were also excluded from error notation. 
Nevertheless a residue of borderline cases remained.

These related almost entirely to degree of aspiration, 2 
released for stops and use of glottal stops. Instances 
include sheep -> [Ji2 ] without lip closure; helicopter -> 
[heüxkophtâ ] with unexpectedly heavy aspiration; or flask -> 
[fl ac ski with no [k] heard but contact seen. The scoring 
convention was that no error was recorded if such behaviour 
could conceivably arise normally in such a position. 
Borderline cases were noted but not tallied with true errors. 
In the above illustrations ’flask' was accepted as normal, 
sheep as borderline, but not counted, and helicopter as a 
distortion.

Subjects’ overall style of response and emerging error 
pattern was also used as a guideline for problem decisions. 
This proved particularly useful in interpretation of schwa 
insertion. In some normals it provided a legitimate 
alternative for some words - / amb3oel9 vs smbaels; vedjtj 
bl vs vedj^tsbsl; bæt^ax vs bae.t-tT /, In some subjects 
schwa insertion seemed a by-product of their slow, deliberate 
speech, While it was sometimes problematical deciding 
between this and non-normal schwa occurrence, the general 
policy of accepting schwa as an error only in positions where 
it would never normally be expected proved workable. Hence, 
/false sk; sksuu; are acceptable but not /flatsak; flxska ; 
helxkopsta^/.

Another problem area identified was error type assignment in 
some perseveration types. In isolation bow -> [ksv], ash ->

], corkscrew -> [kokskaik] would be deemed substitutions 
and addition. However, in the context of preceding key, 
eight and lipstick they could be argued as perseveratory 
substitutions or addition. It was problematical deciding 
whether these derailments be classed as non-contiguous 
perseverations or inertia of response. The latter was the 
favoured interpretation, but such instances were tagged as 
problematical to aid future reviews of error taxonomy.
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11.4. Errors by Position

As well as error types, the context of derailment and the 
structural constituent involved was also recorded. Context 
refers to the position of the derailed constituent in the 
syllable (nuclear, pre- and post- nuclear; singleton vs 
cluster); position of syllable in word (first, second etc; _+ 
stressed); position of word in utterance (for sentences) and 
class of word (content vs function; noun vs verb etc). The 
size of the constituent affected is noted, ranging through 
single segment; consonant cluster; subtotal syllable (more 
than one constituent, but not whole syllable); \diole 
syllable(s); word; part phrase; phrase.

The purpose of this detail is to detect possible patterns 
amongst subgroups of error distribution and/or constituents 
involved. Previous claims state that AS errors cluster at 
the beginning of words, phonemic paraphasias may be towards 
the end; some dysphasic/dyspraxic types show a dissociation 
between content and function words. Previous results were 
equivocal (4.3). Most studies cited, though, used relatively 
crude positional analyses (simply noting initial vs final ; 
and sometimes stressed vs unstressed if instances of these 
were contained in the corpus). This more detailed approach 
is included to allow for the possibility that greater 
attention may disclose clearer trends.

The interactionist perspective favoured predicts that 
relatively 'pure' instances of dissociations may arise, but 
that more typically tendencies only will be apparent. The 
interactionist view argues also that different 'size' 
constituents will be susceptible to derailment, dependent on 
phase of production affected and possibilities for 
interactive restoration of equilibrium. Hence, one might 
predict that phonemic paraphasia, if it is associated with 
relatively early events in emerging speech, will not only 
portray a tendency to errors crossing constituent boundaries, 
but also involve relatively ' large ' elements - whole 
syllables, morphemes, words. Conversely speech dyspraxia, 
and even more so dysarthrias would have larger constituent
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structure intact, in favour of relatively small elements 
affecting each other on an immediate neighbourhood basis.

The layout of the error analysis sheet (appendix D3) seeks to 
give access to information pertaining to such issues. 
Directions for charting error loci are covered in appendices 
D2 and D4.

11.5.1. Transcription

Transcription is an essential tool in clinic and laboratory, 
but as highlighted already the bases of transcriptions and 
their relationship to speech disorders need discussion. That 
is the aim of this section.

As already argued (3.3), a minimum demand for transcriptions 
on which to base error analyses is as narrow and listener- 
unbiased a transcription as possible. It was also argued, 
though, that the very properties that make human auditory 
observations so powerful (e.g. normalisation across speakers, 
elimination of noise) are also the very qualities that 
disadvantage even trained phoneticians in transcribing speech 
when compared to physical measurements. Transcription 
consists essentially of a series of categorical decisions 
about the combination of features perceived at a given 
moment. It does not directly or simply relate to the complex 
overlap of underlying articulator movements and consequent 
acoustic events. As stated at several points already there 
is no isomorphism between articulatory-acoustic events and 
the structure imposed by various phonetic transcriptions, 
including the International Phonetic Alphabet (IPA) and 
modifications (Phonetic Representation of Deviant Speech 
Committee - PRDS - 1983) used in this work.

There would therefore be strong arguments when looking at a 
claimed movement disorder for adopting or adapting an 
alternative notational approach which has sought to 
circumvent these difficulties by using descriptive features 
that are (assumedly) close to units of movement or claim to
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be (more) neutral as regards segment composition, segmental 
boundaries or constituent analysis of 'features'.

Saltzmann and Munhall (1989) developed a perspective on 
speech analysis derived from Browman and Goldstein's (1986) 
articulatory phonology and Saltzmann's (1986) task-dynamic 
approach to gestural patterning.

The primitives of this system are gestures defined with the 
aid of the task-dynamic model of coordinated movement. The 
model defines articulator movement and goals in an abstract 
task space and a tract-variable space. Qualitative aspects 
of an utterance (e.g. discrete vs repetitive motion) are 
represented by dynamical equations (i.e. equations with 
coefficients of stiffness, damping, inertia etc). The tract- 
variable space specifications represent dynamically the time 
course of local changes in the vocal tract - e.g. aperture, 
length. Speech sounds thus become represented as 
spatiotemporal relationships within and between articulators, 
with different levels of abstraction.

Keating (1990) tried to circumvent idealisations regarding 
segmentation and labelling of features by describing 
'segments' with a range of coarticulatory values (e.g. 
spatial, temporal) that characterise their categorical space. 
For her crucial descriptors are the maximum and minimum 
ranges of these values. These 'windows' for extrinsic 
allophones are empirically derived and are given in terms of 
physical rather than phonological features (e.g. for jaw or 
velum position). Closely related or reconcilable solutions 
are seen in Stevens (1989) quantal approach; or Tatham's 
(1990) cognitive phonetics and Lindblom's (1990b) hypo- 
hyper speech theory.

Lindblom (1990a) has also sought to transcend the 
segmentation and circularity of 'feature' specification 
impasses by taking Cat ford's (1977) idea of anthropophonics 
and characterising speech within the expanse of all possible 
speech sounds, balanced by the constraints that restrict all 
possible sounds to a finite set of categories. Such a view
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is tempered by Ladefoged’s (1990) comments on the IPA and his 
conclusions that the pursuit of objectivity in characterising 
speech sound systems and productions will always meet with 
observer bias at some stage. The best that phoneticians 
might venture is descriptions of data that seem appropriate 
to local, language specific, situations.

Following this line, the descriptive units marshalled for 
this study are potentially as useful as any other at present, 
provided their source and organisation is made explicit (e.g. 
in theories, models). In another sense it can be argued that 
the issue of transcriptional unit is, up to a certain level 
of explicitness, secondary to another assumption that is 
being made regarding transcription and data analysis.

This is that irrespective of the analytical framework, the 
way in which breakdown to the system can be summarised will 
be alike for all approaches, that derailments, whatever the 
’ features ’, can be described in terms of the chosen error 
taxonomy. The search for explanations in dyspraxia requires 
that the right analytical framework be developed, but it is 
argued here that for clinical descriptive and diagnostic 
purposes the procedures adopted in the interim furnish a 
viable method.

So, despite supporting the long term fruitfulness of 
alternative approaches mentioned above and while 
acknowledging the limitations of IPA/PRDS, this notation 
system was retained here for several reasons. Systems 
mentioned above as they stand still require a level of 
inference and abstraction by the observer regarding what to 
hear or observe and how to categorise it. Access to fine 
temporal and motion data is severely restricted without 
instrumental support. Comparability with other studies which 
have used IPA or similar systems was required. Use of the 
latter would not necessitate extensive (re)training of co
workers or clinicians. Finally these notational conventions 
at least contained symbols for use with pronunciation 
disordered populations.
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11.5.2. Recording and Trangcrlption Procedure

Eighteen subjects were recorded onto high quality audio-tape 
using a Uher CR160 AV recorder and Uher 518A microphone, the 
other twelve subjects with a Bell-Howell 3196X machine and 
Bell Howell 707754 microphone. Sessions took place in quiet 
but not sound proofed surroundings with the microphone 
positioned approximately 45 centimetres in front of the 
subject’s mouth.

Testing was carried out by two speech-language clinicians 
experienced in observing the disorders concerned and in 
transcribing speech phonetically. They took a ’live’ 
transcription during the testing session, noting also any 
possibly relevant visible behaviour (e.g. visible struggle; 
tentative articulations; excessive lip rounding or 
spreading). All behaviour, including random sounds, 
repetitions, experimentation and comments by the subject, was 
noted. The next item was not started until the transcriber 
had completed writing. Items were not repeated for the sake 
of transcription.

At a variable time (from hours up to two weeks) following 
recording, a second transcription was made from the audio 
tapes, using the same tape recorders, listening through Uher 
W766A dynamic headphones. Items were replayed as many times 
as necessary until the listener was satisfied an as accurate 
as possible transcription had been made. The ’live’ 
transcription was used to complement the audio recordings 
where problems arose or to add non-audible observations. It 
was the transcription from the tapes that was used for the 
error analysis. Eighteen subjects included in the study were 
transcribed by the author, twelve by the other examiner.

11.5.3. Interscorer Reliability

The examiners carried out joint transcriptions of subjects 
unconnected with the study prior to formal testing to check 
agreement on notational conventions and narrowness of 
transcription to aim for. Eight tapes of subjects in the
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study were transcribed a second time by the person who had 
not done the first transcription. The initial transcription 
was not available to them. Two of these people were
subsequently excluded from the population, so figures below 
relate to the six who remained in the study. Each tester 
selected what they considered an easy, a moderate and a 
difficult case to transcribe. Although the entire corpus was 
cross-checked, numbers below are based on single word naming 
and repetition and sentence repetition tasks (appendix A) 
only, which provided the core data for the studies reported.

Disagreements were deemed to exist if transcription 
differences meant a given behaviour was assigned to another 
error category. Using this criterion there was 88.9% 
agreement for all errors over all subjects (range 77.1% - 
97.6%).

However, some notable variations are worth mentioning. There 
were no disagreements on suprasegmental and language errors, 
so variation relates solely to segmental performance. The 
revised agreement figure is then 83% (range 71.4% - 93.6%).

Contrasts emerged between spontaneous and imitated 
performance. Taking all errors agreement was 85.6% for 
spontaneous speech, 93% for imitation. For segmental errors 
only, figures were 74.6% and 90.8% respectively.

Error types involved also showed a particular bias. 8.6% 
disagreements in spontaneous and 57.9% in imitated responses 
concerned distortions - either no error vs distortion, 
distortion vs crossing of categorical boundary to 
substitution, or vestige of a segment recorded as distortion 
vs omission. No trend was apparent in the remainder of 
errors.

To resolve transcription disagreements the procedure for 
phonetic transcription by consensus (Shriberg, Kwiatkowski, 
Hoffman 1984) was applied. Using this method only one error 
failed to reach consensus (total errors examined n = 611; 
segmental n = 400; disagreements n = 68). Note, agreement
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required to be on error category assignment only. On 
occasions there remained non-unanimity on precise 
transcription within the error category.

11.5.4. Discussion. Results indicate that, within the criteria set, 
suprasegmental language errors posed no problems. The 
majority of segmental disagreements centred on distortions. 
If this category is to be reliable in distinguishing groups, 
guidelines for separating normal variation from distortions, 
especially, and these in turn from substitutions need to be 
placed on a clearer, more verifiable footing.

The difference in reliability between spontaneous and 
imitation conditions does not relate to the number of 
segmental errors involved (n = 193 and 207 respectively), nor 
in an obvious way to the total of potentially contentious 
distortions in imitation (n = 111, 53.6% of errors) compared 
to spontaneous (n = 112, 58%). It may relate to an overall 
narrower range of variability of articulation in imitation
e] ev ating equivocal cases. If reduction in struggle 
behaviour (spontaneous errors n = 196 imitation n =® 101) can
be taken as evidence of more confident articulation, the
above may be true.

Direct comparison with agreement levels in other studies is 
not straightforward, partly because not all studies include 
relevant data; different agreement criteria are stipulated 
(e.g. narrower or laxer consensus than demanded here) ; or 
transcription procedures are different - e.g. * live' 
transcription only; using only broad "phonemic" script 
adequate for contrastive units of normal speech; and
exclusion of certain behaviours from transcription etc.

Amorosa, von Benda, Wagner, Keck (1985) achieved 89% and 76% 
agreement for their two children with 'live' transcriptions 
by phoneticians of initial consonants, dropping to mean 56% 
for all items. The same figures for as narrow an auditory 
transcription as possible from tapes of the same task were 
96%, 92% for initial consonants and 73% and 70% for all
items. They excluded voicing and aspiration distortions from
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consideration having found agreement there totally 
unreliable. These were frequent sources of disagreement in 
this dyspraxia study.

Hodson and Paden (1981) recorded a reliability coefficient of 
0.91 between transcribers of their normal children; Shriberg 
and Kwiatkowski (1980) achieved 79% intra- and inter-judge 
agreement for listing childrens’ phonetic inventories; Weiner 
and Wacker (1982) and Leonard (1982) report agreements 
between 84% and 96%.

Within the acquired speech dyspraxia literature Trost et al 
(1974) and Canter et al (1985) calculated 91% inter-rater 
reliability on broad transcription. Odell et al (1990) 
report 77% agreement for narrow transcription of consonants 
and Odell et al (1991) 97% agreement for vowels as right vs 
wrong, with 88% as regards precise transcription. In the 
current study only 7.3% of disagreements fell on vowels.

Odell et al (1991) reached only 68% agreement on prosody for 
their dyspraxic speakers. They used stricter criteria than 
here. Further there was wide variation between their 
disorder groups (for conduction dysphasics 90%, ataxies 80% 
match), a dimension not examined here.

Shriberg and Lof (1991) provide the most detailed review and 
study of transcription issues. They found similar ranges for 
inter- and intrajudge accuracy (mid 60’s% -> high 90’s%) with 
narrow (74%) and broad (93%) averages differing 
significantly. Continuous speech had higher agreement than 
articulation tests, word initial higher than medial or final 
consonants. Agreement tended to deteriorate with subjects’ 
severity of involvement, but no error type correlated highly 
with transcription agreement.

Overall, agreement levels achieved in this study fall within 
the ranges of other experienced transcribers. The literature 
suggests a balance needs to be gained between broad 
transcriptions with high agreement but loss of potentially 
important detail, and narrow transcriptions gaining detail
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but sacrificing agreement. The results of inter judge 
agreement here indicate (with some queries regarding 
distortions) that the narrowness used balanced with the 
leeway provided by assignment to fixed error categories gives 
an acceptable level of agreement.

11.6. Conclusion

Data available following the transcriptions and error 
analyses described above permit the variables mentioned in 
chapters 4, 8, 10 to be addressed, as well as afford
comparisons to other studies on these and other dimensions. 
The remainder of this work details the performance of a group 
of post-CVA pronunciation disordered individuals on the range 
of behaviours identified (12.1) as viable indicators of 
potential group differences.

The only changes from those earlier envisaged concern 
performance on +_ familiar words and diadochokinetic rate. 
Records contained scores in terms of familiar vs unfamiliar 
words, but problems determining what constituted 'familiar’ 
and confounding of semantic and phonological determinants in 
this led to the removal of this dimension. It is the topic 
of a separate study (Miller, in preparation a). Similarly 
diadochokinetic rates have become subject of a separate study 
(Miller, in preparation b) because of the extensiveness of 
methodological and interpretative issues that had to be 
addressed.
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Investigations of Pronunciation Problems Following CVA

12.1. The basic question asked was what tasks /behaviours separate 
speech dyspraxics from other pronunciation disordered groups. 
Literature review conclusions and theoretical questioning 
suggested, despite earlier claims to the contrary, that no 
one task was likely to distinguish groups. Rather, groups' 
were more likely to be separated by their qualitatively 
varying responses. Accordingly investigations looked at a 
range of potentially significant qualitative distinctions. 
They include differences in error profiles - by coarse 
(language vs suprasegmental vs 'segmental') and finer grained 
analysis (error taxonomy); position of errors in utterances 
(e.g. of ' segment ' in word and in part of speech in 
sentences); variation according to length and complexity of 
utterance; consistency of errors in like (repeated trials) 
and varied (spontaneous vs repetition; across different 
words) contexts, and latency and utterance times.

These investigations are reported in subsequent separate 
chapters. As the same subjects served for all studies, 
instead of repeating details in each section the selection 
and characteristics of the population are now described just 
once. For various reasons some subjects were excluded from 
particular analyses. This is detailed where appropriate

12.2.1. The Subjects

Patients who met the following criteria were taken from the 
current (active treatment or on review) caseload of a speech 
and language therapy clinic:

General Health Criteria
a) Single CVA. No previous history of neurological 

involvement.
b) No premorbid history of speech or language problems of

whatever aetiology.
c) No history or indications of dementia.
d) No auditory acuity problems. Hearing was not formally

assessed. It was judged on ability to respond
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appropriately to conversational speech of normal 
loudness in quiet ambient surroundings.

e) No visual acuity problems. This was not assessed 
formally. Appropriate attention to minor picture 
detail and reading of small case typeprint during 
preliminary assessments was taken as acceptable for 
inclusion.

f) No visual perceptual problems. The same screening 
criteria for e) applied.

g) Neurologically stable. Able to cope with a testing 
session lasting about one hour.

h) Not receiving medication likely to cause drowsiness or 
alteration of motor performance.

i) No oral pathology likely to influence pronunciation. 
Adequate dentition or well fitting dentures.

j) Age not older than 75 years
k) Monolingual English speaker.
1) No history of left handedness as judged by the 

Edinburgh Handedness Inventory (Oldfield 1971).
Speech Language Criteria
a) Presence of pronunciation difficulty, of any severity, 

irrespective of diagnostic label assigned.
b) With or without dysphasia, but dysphasia not so severe 

as to preclude comprehension of instructions.
12.2.2. Thirty eight patients (male n = 29, female n = 9) were 

referred to the study. Eight were subsequently excluded, 
because marked perseveratory behaviour led to incomplete data 
(n = 6), no error was made (n = 1) and examiner error (n =
1). Another two subjects (1; 20) had to be excluded from 
some analyses when it was later ascertained from referring 
therapists that they failed inclusion criteria (1: visual 
acuity; 20: possible previous CVAs; wrong age given; and 
indications of dementia). Two subjects (9; 10) who were 
dysphasic but made minimal pronunciation errors were retained 
to offer data on the performance of language impaired 
subjects on the pronunciation tests, but were excluded from 
some of the statistical analyses (see later text). 
Individual details are summarised in Appendix El.
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12.3.1, Diagnostic Group Assignment

Criteria for admission to the studies did not stipulate what 
pronunciation disorder the person should have. Assignment to 
diagnostic groups followed from assessments conducted after 
fulfilment of entry requirements. These included standard 
oral physical, dysarthria and dysphasia examinations.

No dysarthrics (all coincidentally spastic, upper motor 
neurone type) were dysphasic. Two subjects retained (9, 10) 
were dysphasic with minimal pronunciation involvement. A 
number of other subjects were dysphasic, in that they were 
not error free on formal examination, but behaved 
functionally as almost non-dysphasic. A dividing line score 
of 84th percentile on the auditory and reading comprehension 
sections of the Shortened Minnesota Test for Differential 
Diagnosis of Aphasia (Thompson 1979 - SMTDDA) was taken to 
indicate presence or not of dysphasia. This score represents 
+1 standard deviation (SD) above the mean for the dysphasic 
standardisation population on these subsections of the 
SMTDDA. Due to ceiling effects error free performance is 
reached at +1.5 SD (93%-ile for auditory, 90%-ile for reading 
comprehension). However, subtest and scoring quirks of the 
SMTDDA which demand spoken responses and penalise for 
pronunciation errors make it improbable that pronunciation 
disordered subjects, as here, could ever score maximum 
points. This is well illustrated for subject 8 whose low 
auditory comprehension score derives from this factor, and 
who, exceptionally, was therefore included as a non 
(receptive) dysphasic. The corresponding maximum scores for 
spoken and written expression are 93%-ile and 95%-ile 
respectively. Individual scores appear in Appendix E2.

Subjects were also rated on the speech characteristics scales 
of the Boston Diagnostic Aphasia Examination (BDAE; Goodglass 
et al 1983) based on performance on picture description and 
spontaneous expression tasks (making a cup of tea/coffee; 
giving biographical information) of the battery (appendix A). 
The BDAE 'overall severity' scale was modified to a seven 
point scale and worded to include comparability for
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dysarthrics. The 'wordfinding* scale was also modified and 
an ’intelligibility’ scale added. The BDAE repetition and 
comprehension scales were omitted. The revised scales are 
given in Appendix E3.

The first aim was to separate those presenting with 
dysarthria from all others and those with and without 
language dysfunction. In practice the dysarthria and oral 
physical investigations sufficed to differentially diagnose 
dysarthric from non-dysarthric speakers. Some non- 
dysarthrics presented with a degree of right facial weakness, 
but in no instances did this prevent them maintaining lip 
seal for ten seconds while blowing out their cheeks. 
Drooling was absent in all non-dysarthrics.

As divisions between AS-PP were targets of the studies, no 
attempt was made to separate them initially. None of the 
variables to be investigated was used to divide groups. 
Where PP or AS subjects are singled out later, selection 
criteria are given at the relevant point.

12.3.2. On the basis of these assessments three broad groupings 
resulted. Group 1 (n = 6) of dysarthric speakers; Group 2 (n 
= 12) pronunciation disordered speakers who were neither 
dysarthric nor receptively dysphasic and would in traditional 
clinical terms be labelled speech dyspraxic or phonemic 
paraphasic; Group 3 (n = 12) pronunciation disordered
speakers who were non-dysarthric, would traditionally be 
labelled as speech dyspraxic or phonemic paraphasic but were 
dysphasic in that they fell below the SMTDDA 84th percentile 
score on tests of auditory and reading comprehension. These 
are the three main groups referred to in the studies. For 
certain analyses it was necessary to divide those 
traditionally labelled AS and PP. This was done on the basis 
of articulatory agility and paraphasia in running speech 
scales (appendix E3). A paraphasia score of 3 or below

C irticu l«V »nj aglli>y ab rite^designated PP, with AS the reverse. Because the resultant AS 
group was small additional members were included where the 
agility score was >2 points ahead of paraphasia irrespective
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of the <3 >4 cut-off. The influence of these decisions on 
analyses are detailed where appropriate.
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Spontaneous Naming

13.1. This chapter reports performance on the confrontation naming 
test (appendix AlA). In particular it examines the pattern 
of error types (11.2) and the position of these errors in the 
words (11.4) to see if any of the chosen variables reliably 
separate groups of speakers.

13.1.1. Error Types. Linear models of the naming process (7.2-3) 
predict that, from the pronunciation point of view, specific 
naming problems may emerge in: a) accessing the phonological 
specifications for a word (e.g. as in the so-called second 
lexical look-up); b) assigning 'feature' bundles to slots in 
the underlying string; c) adding 'motor* and contextual 
(allophonic) specifications; d) movement of the articulators 
to realise the sound pattern. This would predict in turn, a) 
absence of response, apart from circumlocutions, neologistic 
jargon or possible tip of the tongue phenomena (stress 
pattern, syllable number, assonantal relationship etc), with 
no help from semantic cues, but improvement with sound cue;
b) attempts at target with possible run-ups to correct 
predominantly non-contiguous displacement errors and 
substitutions; c) recognisable attempts at target with a 
predominance of close substitution and distortion errors, 
with visible and audible struggle to self-correct these; d) 
attempt at target with predominance of distortions and 
omissions due to (in spastic dysarthrics) tendency to 
undershoot or not maintain articulatory postures.

Argument in chapters 5, 7 questioned the strict demarcation 
of these categories. It concluded that while there might be 
occasional 'pure' cases, the typical picture for individuals 
would at most be a trend towards falling into one of these 
groups. Parallel and interactive processing leads to a 
surface blurring, with errors arising from interaction 
between components. Hence one might also expect errors such 
as combined semantic-phonemic paraphasias, mixture of near 
and distant substitutions etc.
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This leads to the first set of hypotheses regarding 
individuals’ performance on this task. It is predicted that 
no clear-cut groups will emerge coincident with presumed 
underlying disruptions a-d above. At most clusters of 
subjects will emerge showing trends towards a predominance of 
the error types associated with any of a-d. The lack of 
precise coincidence will arise because all individuals are 
predicted to show error types from two or more putative 
sources. Additionally, errors will arise from interaction
between sources and will not fit neatly into any category a,
b, c or d.

13.1.2. Error Positions. Previous studies (4.3) suggest derailments
cluster at the start of words for dyspraxics, throughout or 
at the ends of words for phonemic paraphasics, with lack of 
information for dysarthrics.

It was argued that this stemmed largely from the bias in 
error types examined and the predominance of single syllable, 
CVC, pattern words. The second hypothesis to be tested here
is that when all errors are considered and multi- and complex
(consonant clusters) syllable words are used, no trend in 
error position will be apparent.

13.2.1. Materials and Methods

The subjects detailed in chapter 12 were administered the 
naming task described in Appendix AlA. Error analyses were 
completed following procedures detailed in appendices D2-D4. 
These served as the raw data for statistical analyses.

13.2.2. Statistical procedures used varied with the type of analysis
sought. Stepwise discriminant analysis, cluster analysis 
(single linkage, nearest neighbour) and analysis of variance 
procedures were employed for comparison between error 
subdivisions. Analyses of variance were also applied in 
examining errors by position.
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Discriminant analysis is suitable where subjects are to be 
classified into groups depending on one or a set of 
variables.

Cluster analysis provides a classification technique for 
forming homogeneous groups within complex data sets from 
initially unclassified populations. 'Nearest neighbour* is 
an agglomerative clustering method which searches a proximity 
matrix to build clusters according to the shortest linkage 
available between an (emergent) cluster and an examined 
variable.

13.3.1. Results

Appendix Fl shows the raw scores for all error types per 
subject. The initial intention had been to conduct a cluster 
analysis using all error types to test for possible 
groupings. Simple perusal of raw data shows many error types 
where totals are too low or absent. Coupled with the fact 
that variation is spread across all subjects, this renders 
such an analysis unreliable and likely to produce spurious 
groups due to uncontrolled artefacts.

Instead errors with sufficient raw totals and apparent 
variation, together with new categories formed by combining 
certain error groups, were taken to use as the basis for more 
objective testing. The following groups were chosen:

1) all anticipatory and perseveratory errors = AP
2) distortions (excluding displacement errors) = D
3) additions = AD
4) omissions = 0
5) substitutions (SB type, 11.2.2.5) = SB
6) complex/ambiguous (including LSP - 11.2.4.3) = CA
7) all language errors (including no responses) = lA

After normalisation of raw scores to relate them to the same 
notional total a nearest neighbour cluster analysis was 
performed. Subject 1 was excluded because he had visual 
acuity problems; 20 because she had multiple infarcts; 9 and
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10 because they were essentially dysphasic but free from 
pronunciation problems.

Means, standard deviations, and smallest and largest z-scores 
per error type, are shown in Table 13A. The number of items 
in clusters and distance/similarity when a cluster is formed 
are shown in Table 13B.

Error
Type Mean SD

Smallest
Z-Score

Case
Mb

Largest
Z-Score

Case
Mb

sap 0.2 0.2 -0.97 1 2.64 15
sd 4.5 4.5 -0.99 19 3.29 4
sad 0.5 0.9 -0.58 1 3.64 9
so 2.0 1.4 -1.42 10 3.35 5
ssb 2.0 1.8 -1.09 7 2.61 13
sea 0.7 1.0 -0.73 1 2.07 9
sla 4.6 5.4 -8.84 1 2.56 24
lap 0.4 0.5 -0.92 1 3.32 22
id 5.5 4.3 -1.28 14 2.34 4
iad 0.6 0.7 -0.90 1 2.44 12
io 2.9 2.3 -1.27 8 3.38 24
isb 2.5 1.9 -1.33 2 2.19 24
ica 0.7 1.10 -0.62 1 3.8 20
ila 0.4 1.0 -0.44 1 3.13 25

Table 13A. Means, Standard Deviations, Smallest and Largiest 
Z-Scores and Cases achieving these based on Cluster Analysis 
of given Error Types (see text for abbreviations). s = 
spontaneous naming, i = words to imitation (chapter 14).
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Error
Type

Other Boundary 
of Cluster

Total Items 
in Cluster

Distance/Similarity 
when Cluster Formed

sap so 14 35
sd lap 6 45
sad ila 5 46
so sap 14 35
ssb sap 2 61
sea sad 2 53
sla io 2 55
lap sap 8 43
id sd 2 76
lad ila 3 49
io sd 4 54
isb sd 5 46
lea ila 2 60
lia sap 13 42

Table 13B. Items in Clusters and Distance/Similarities idien 
cluster formed (expressed as correlations xlOO). s = 
spontaneous; i = imitation. Error Abbreviations in Text.

Clusters are produced, but in no way coincident with clinical 
groupings assumed a priori to be in the population. There is 
no group of subjects showing a particular error profile, nor 
indeed any particular error profile. Most groups contain but 
a few members. Table 13C illustrates this. It represents 
linkages amongst the 26 subjects based on error type 
distances for the seven error categories above and the same 
categories in the imitation condition (chapter 14).
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Table 13C. Linkages between Subjects (Clinical Group Number 
given) by Nearest Neighbour Cluster Analysis Based on 
Distances (Amalgamated Z-Scores) for 7 Error Categories in 
Spontaneous and Imitative Naming.

13.3.2. A stepwise discriminant analysis using the most frequent 
error types: distortion, substitution, addition and omission, 
was made to ascertain if any of these singly or jointly 
accounted for group differences.

As only pronunciation derailments were being examined and not 
language errors, all subjects were entered. The population 
was divided into a dysarthric group (Group 1 n = 6), no 
dysarthric pronunciation problem without dysphasia (Group 2 n 
= 12) and with dysphasia (Group 3 n = 12). Table 13D shows
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group means, standard deviations (SD) and coefficients of 
variation.

Group D SB AD 0

1 Mean 28.2 7.5 0.0 11.5
SD 18.2 10.9 0.0 15.5
CV 0.6 1.3 0.0 1.3

2 Mean 13.9 3.9 1.4 3.25
SD 8.4 4.0 2.1 1.8
CV 0.6 1.0 1.3 0.5

3 Mean 2.8 2.2 0.7 2.4
SD 4.3 2.4 0.7 1.6
CV 1.5 1.0 1.1 0.6

All Mean 15.0 4.5 0.7 5.7
Groups SD 9.9 5.6 1.4 6.8

CV 0.8 1.3 1.6 1.4

Table 13D. Means, Standard Deviations, Coefficients of 
Variation for Selected Error Tÿpes and Groups on Spontaneous 
Naming Task.

Despite significant looking group differences, the large SDs 
render these non-significant. Only distortions at 12.46 
reach the F-to-enter level (4.0) with SB = 2.10; AD = 2.52; 0 
= 3.63 (Degrees of Freedom, DF = 2,27). With D removed, 
other errors still fail to reach F-to-enter - SB = 0.13; AD = 
3.10; 0 = 0.13 (DF = 2,26).

A resultant jackknifed classification indicated nine cases 
not matching the assumed clinical grouping. Four involved 
confusions between groups 2-3 which is not so serious since 
they are divided on + dysphasia, not + dysarthria. Of more 
concern are three dysarthrics misclassified in non-dysarthric 
group 2 and two misclassified vice versa, from group 2 to 1. 
This is illustrated in the histogram table 13E.
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332 332 12 12 13 2 2

.2.45.350. 3.15 3.85-1.05 -.350 ,1.05 1.75
1.40.700 2.10 2.80-.700 0.00 3.50

Table 13E. Histogram Representing Distribution of Subjects 
in Groups 1,2,3 Classified Selected Error Tÿpes, 
Spontaneous Naming.

The same procedures with homogenisation of variances produced 
slightly different results. Distortions continued to divide 
on a group basis, but additions now just attained 
significance (DF 2,26; f = 4.01).

On the jackknifed classification ten cases were still classed 
out of expected groups - one Group 1 to Group 2; four Group 2 
to Group 1 and less seriously two to Group 3 with three Group 
3 to Group 2. Only five are the same as those previously 
mis-assigned, suggesting individual variation is as great, if 
not greater than group differences.

13.3.3. Rank Order computations were carried out to see if error 
types despite being present in all clinically diagnosed 
groups, nevertheless varied in the rank order in which they 
occur.

Table 13F shows rank orders (7 = highest, most frequent) for 
each error type per individual (subjects 1, 9, 10 and 20 were 
again excluded), per group, for:
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1: all distortions, including anticipatory, perseveratory 
(DAP)
2: all substitution, except SO (SAP)
3: additions (AD)
4; omissions (O)
5: complex/ambiguous (CA)
6; language (SmP; Circ; NJ) (L)
7: no responses (NR)

Subjects Errors 
DAP SAP AD 0 CA L NR

Group 1
5 7 6 2.5 5 2.5 2.5 2.511 7 4 2 6 2 5 213 7 5 2.5 6 2.5 2.5 2.514 7 4 2 6 2 5 219 6 4.5 2 7 4.5 2 2

Group 2
27 5 6 1.5 4 1.5 3 729 6 3 1.5 7 1.5 4 54 5 2 1 7 4 3 67 5 1 6 3 4 2 78 5 4 2 2 2 6 717 7 3 1.5 4 1.5 5 618 5 3 1.5 1.5 4 6.5 6.522 5 7 3 6 4 2 130 1 3 2 6 5 4 724 7 6 5 4 3 1.5 1.512 5 2 1 3 4 6 76 6 2 3 4 1 7 5

Group 3
25 2 4 2 5 2 6 72 2 3 4 1 5 7 63 3 4 1.5 5 1.5 6 715 3 2 1 5 4 6 716 3 3 3 3 3 6 723 2 3 4 5 1 6 726 6 2 1 5 3 4 728 2 4.5 3 4.5 1 6 721 2 4 5 6 2 7 2

Table 1 ^ . Rank Order (normalised data) per subject of 
Selected Error Tÿpes, Spontaneous Namiixg. 7 = most frequent.
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Table 13G gives group means and SD*s for the rank order of 
each error category. Differences exist, but only for 
distortions, language and no response do they approach 
significance, even for this group data. Large standard 
deviations render divisions unreliable on an individual 
basis. Distortions divide Groups 1 and 2 from 3, a point 
considered in discussion later. Group 3 stands out on 
language errors. As this is the basis of their division from 
others the fact is unsurprising.

Group
Error DAP SAP AD 0 CA L NR

Group 1 Mean
SD

6.8
0.4

4.7
0.8

2.2
0.2

6.0
0.7

2.7
1.0

3.4
1.4

2.2
0.2

Groiq> 2 Mean
SD

5.2
1.5

3.4
1.9

2.3
1.6

4.2
1.6

2.8
1.3

4.1
1.8

5.5
2.1

Group 3 Mean
SD

2.7
1.3

3.2
0.9

2.7
1.4

4.3
1.4

2.5
1.3

6.0
0.8

6.3
1.6

Table I3G. Mean Rank Order and SD of Error Tÿpes Per Group, 
Spontaneous Naming.

An alternative consideration was that even if rank order did 
not vary, maybe ratio of one error type to another did. 
Totals for the four most frequent error categories were taken 
with data normalised across Groups and errors. The results 
are summarised in Table 13H. Differences not apparent by 
straightforward rank ordering are highlighted. Possible 
implications are discussed in 13.4.1.4.



231

Group D AD 0 SB

1 49.6 0 30.3 20.0

2 51.7 8.3 18.1 21.8

3 26.5 9.8 33.1 30.7

PP 44.2 15.8 18.9 21.1

2-PP 55.4 3.1 19.1 22.4

Table 13H. Selected Error Tÿpes as Percentage of Total 
Errors (Normalised Figqres) for these Tÿpes. FP = Phonemic 
Paraphasics (subjects 7, 16, 18, 21, 24, 30). 2-PP = Group 2 
minus PP subjects. Subjects 9, 10, 20 omitted from Group 3.

Suprasegnental errors were also analysed, 
subject of a separate chapter (17).

These are the

13.3.4. Errors by Position

Raw scores and details of total errors possible for the 
positions described in 11.4 are available in Appendix F2. 
The following error dimensions were examined - word initial 
versus subsequent positions; pre- versus postvocalic 
position; consonant singletons versus clusters, and versus 
vowels; occurrence of errors in stressed versus unstressed 
syllables.

13.3.4.1. Word-Initial-Medial-Final. Previous studies were not always 
clear what they considered as initial, medial, final. Three 
analyses of variance were made here; i) error totals in 
syllable one vs two vs three vs four; ii) in syllable one vs 
all others; iii) and errors in syllable one prevocalic 
position vs all other slots.
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Means, SD’s and significance levels across the four syllables 
are shown in Table 131. Group 2 alone approaches (but does 
not attain) significance due to low totals for fourth 
syllable errors.

Group 1 2 3

Syll 1
Mean .165 .098 .038
SD .142 .033 .037

Syll 2
Mean .195 .084 .025
SD .197 .056 .022

Syll 3
Mean .103 .087 .020
SD .106 .068 .029

Syll 4
Mean .101 .043 .014
SD .065 .049 .028

f (3,20) (3,44) (3,44)
1.04 2.45 1.47

P .395 .076 .235

Table 131. Means, SD*s, per Groiq> for Errors Occurring in 
First, Second, Ihird, Fburth Syllables (normalised figures) 
Spontaneous Naming, with Force and Prol^ility Results for 
Differences between syllables.

Table 13J indicates that all groups show a tendency to have 
more derailments in the first rather than subsequent 
syllables, but no differences reach significance.
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Group 1 2 3

Syll 1
Mean ,165 ,098 ,038
SD ,142 ,033 ,037

Syll
2+3+4 ,133 ,071 ,020

,090 ,046 ,022

f (1,10) (1,22) (1,22)
0,22 2,76 2,30

P ,652 ,111 ,144

Table 13J. Means, SD*s per Groiq> for Errors Occurring in 
First vs All Other pliables (normalised figures). 
Spontaneous Naming, with Force and Probability Results for 
Differences Between Contexts. Subjects 9, 10 omitted from 
Group 3.

Another picture emerges if word initial C- and CC- context 
(regardless of stress) is compared to all others, as 
illustrated in Table 13K. Again the trend for greater
susceptibility to error in initial position appears for all 
Groups. This time significant variance exists for Group 2 
and Group 3 with dysphasic subjects 9, 10 excluded (p = 0,055 
with them included).
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Group 1 2 3

C-, GC-
Msan .250 .151 .064
SD .217 .082 .050

All Other
Slots
Mean .116 .062 .024
SD .080 .034 .021

f (1,10) (1,22) (1,18)
1.98 11.82 5.48

P .189 .002 .031

Table 13K. Msans, SD per Group for Errors Occurring In Word 
Initial C-, OC- Position vs A U  Other Positions, Spontaneous 
Niaming (normalised figures) vith Force and Probability 
Results for Differences Between Contezts.

Next this phenomenon was examined to see if it was restricted 
only to the word initial positions or whether it applied to 
all syllables irrespective of stress and their place in the 
word.

Errors in all prevocalic C- and CC- segments were weighed 
against all postvocalic -C, -CC derailments. Table 13L 
contains the results. Once more the bias favours more errors 
prevocalically, but only for Group 2 does this become 
statistically significant.
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Group 1 2 3

C-, CC-
Mean .248 .129 .040
SD .185 .068 .037

-C, -CC
Mean .125 .078 .024
SD .113 .037 .024

f (1,10) (1,22) (1,22)
1.92 5.11 1.51

P .196 .034 .232

Table 1 ^ . Means, SD per Group for Errors Occurrli^ Pre- vs 
PostvocaTlcally, All syllables combined (normalised figures), 
with Force and Probability Results for Differences Between 
Contexts,

Group 1 2 3

Consonants
Mean 19.49 11.27 3.51
SD 14.39 4.87 3.68

Vowels
Mean 8.02 4.95 2.28
SD 6.39 3.62 2.82

f (1,10) (1,22) (1,18)
3.18 12.99 0.84

P .105 .002 .369

Table 13M. Means, SD per Group for Errors in All Consonants 
vs M l  %wels (normalised figures). Spontaneous Naming, with 
Force and Probability Results for Differences Between 
Contexts.
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13.3.4.2. Consonants Compared to Vowels. The first computation, 
summarised in Table 13M, examined consonant errors, 
(irrespective of occurrence in singleton consonants or 
consonants in clusters), with vowel errors. All groups lean 
towards more consonant errors, but Group 2 is the sole Group 
to show statistically significant variance.

Concentrating on singleton consonants alone versus vowels 
produced similar degrees of significance, still in favour of 
more consonant derailments. Group 1, F (1,10) 2.97, p = 
<0.115; Group 2 F (1,22) 9.01, p = <0.007; Group 3 F (1,22) 
0.92, p = <0.348.

Subject c CC C4CC V

1 58.5 27.2 49.1 16.9
5 16.3 20.0 17.4 17.0
11 7.8 3.6 6.5 0.9
13 11.7 5.4 9.8 3.7
14 25.0 36.3 28.4 8.4
19 14.0 12.7 13.6 3.7

27 7.8 12.7 9.2 5.6
29 6.2 7.2 6.5 8.4
4 7.0 14.5 9.2 0.9
7 12.5 16.3 13.6 1.8
8 1.5 5.4 2.7 0.0

17 14.8 10.9 13.6 5.6
18 8.5 16.4 10.9 9.4
22 14.0 18.1 15.3 5.6
30 10.1 5.4 8.7 6.6
24 25.0 20.0 23.4 4.7
12 8.5 12.7 9.8 0.0
6 12.5 7.2 10.9 8.4

25 1.5 3.6 2.1 1.8
20 3.1 1.8 2.7 0.0
10 1.5 0.0 1.0 0.0
9 0.0 0.0 0.0 0.0
2 3.9 0.0 2.7 4.7
3 5.4 0.0 3.8 5.7

15 8.5 9.0 8.7 1.8
16 0.7 0.0 0.5 0.0
23 1.5 1.8 1.6 0.0
26 6.2 18.1 9.8 7.5
28 7.8 3.6 6.5 7.5
21 1.5 1.8 1.6 1.8

Consonants and Vowels, Spontaneous Naming.
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A closer look at error totals in consonants occurring singly 
versus those in clusters revealed no significant group 
differences (Group 1 F (1,10) 0.29, p * <0.599; Group 2 F 
(1,22) 0.13, p = <0.721; Group 3 F (1,22) 0.02, p = <0.885). 
Table 13M illustrates, though, that groups are far from 
homogeneous.

13.3.4.3. Stressed-Unstressed Syllables. Counting all possible errors 
in each syllable no significant Group differences emerged in 
susceptibility to errors falling in stressed or unstressed 
syllables. The normalised raw scores in Table 130 show why 
this is so. Individuals within each Group contravene any 
Group trend which might be discerned.

Subject + -

1 135.29 92.72
5 43.13 27.21
11 5.88 20.00
13 27.45 18.18
14 49.02 65.45
19 31.37 21.81

27 27.45 16.36
29 23.52 18.18
4 31.37 9.09
7 33.33 32.72
8 7.84 1.81
17 31.37 29.09
18 46.25 43.13
22 35.29 30.90
30 15.68 30.90
24 37.25 61.81
12 27.45 3.63
6 25.49 29.09

20 5.88 3.63
10 0.00 1.81
9 * *
2 17.64 9.09
3 7.84 16.95
15 17.64 16.36
16 7.84 0.00
23 3.92 5.45
26 33.33 23.63
28 19.60 20.00
21 5.88 3.63

Table 130. Normalised Raw Scores per Subject for Errors in
Stressed (+) and Unstressed (-) Syllables, Spontaneous 
Namiqg.
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The picture does not change when one tallies syllables simply 
by whether they contained any error or not, irrespective of 
how many derailments might arise in the given syllable. 
Table 151 gives normalised raw scores for this calculation. 
Once more the intragroup variation points against deriving 
any significant intergroup differences on this measure.

13.4.1.1. Discussion

Countless points obviously raise themselves here. However, 
discussion is restricted to matters relevant to the stated 
hypotheses and development of standardised measures of 
dyspraxic speech.

The hypothesis that groups will not be distinguished in 
absolute terms by their error profile is confirmed. There is 
no single or set of error types made by all of one group and 
no one in the other two. This is contrary to those (4.1) who 
claim that certain error types are always and only associated 
with discrete pronunciation disorders. It also runs against 
strict predictions from hierarchical linear models of speech 
production that predict error types unique to particular 
levels or directions of processing represented by boxes or 
arrows in flow charts (e.g. Figure 7A).

The prediction that all groups would show all error types was 
not justified. There were some error types not evidenced in 
the dysarthric subjects (e.g. displacement errors). In the 
narrower sense that all non-dysarthric groups (either as 
labelled here, or subgroups within or across them that might 
be identified) might make all error types, the hypothesis is 
correct.

However, the hypothesis that groups will emerge according to 
predominance of particular error clusters was not confirmed. 
No combination of error types reliably distinguished groups. 
Certainly individuals could be described reliably and set off 
from others in this way, but it did not apply to any coherent 
group. This must lead to thoughts on the composition of the 
groups used in the study, and-or the clinical criteria used
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to divide them and more generally the nature and complexity 
of post-CVA pronunciation disorders.

13.4.1.2. A big difference between groups used here and in other 
studies, is that the latter have tended to preselect groups 
on the basis of pronunciation profiles. Thus it should not 
be surprising if they conclude that divisions can be made 
solely on the basis of a small selection of broad error 
categories. Even when one looks at individuals in the 
present groups, though, who might be identified as speech 
dyspraxic or phonemic paraphasic by traditional criteria, 
problems arise. Firstly, it proves problematical selecting 
persons who unequivocally fit criteria, and, secondly, those 
identified do not present any uniform profile.

Compare, e.g. subjects 7, 16, 18, 21, 24, 30 who would come 
closest to traditional ideas of PP. They do not form a well- 
defined group in terms of error profiles. Neither are they 
individually distinguishable from non-PP subjects.

13.4.1.3. Nevertheless some significant points arose from inspection of 
error types. The presence or not of anticipatory and-or 
perseveratory derailments did not separate AS fran PP nor 
subjects with or without dysphasia. Insofar as no dysarthric 
speakers made these slips, the presence of such errors 
indicates a non(spastic)-dysarthric component, but the 
absence of them does not exclude AS-PP. The same applies to 
additions, as defined here, out of plan substitutions, 
complex errors and literal-semantic paraphasias. If picture 
recognition errors are excluded (subject 1), then presence of 
language errors falls in this list.

There was not, however, a predominance or even exclusiveness 
of out of plan substitutions amongst ' fluent ' PP type 
speakers (13.4.1.2.). Neither were language (SmP, Circ, NR) 
derailments confined to the dysphasic group. This may stem 
partly because the decision on the presence of dysphasia 
followed an arbitrary cut-off on an unrefined screening test 
(12.3.1.). However, it also supports notions of interactive 
sources to derailments. Bub, Black, Howell, Kertesz (1987),
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Caramazza and Hillis (1990) and Caramazza and Miceli (1990) 
have all speculated how phonological errors can derive from 
semantic deficits, and, conversely, phonological problems can 
produce apparent semantic paraphasias. Scrutiny of 
neologisms also lends support to those who speculate that one 
source of these is from the phonology of competing lexical 
items (7.4.2.2).

Some error types had only minimal or zero instances - 
anticipatory harmony, perseveratory contiguous substitution, 
addition-omission by transposition and me ta the tic
displacements. The latter two are surprising given the 
emphasis on these in other studies. Non-contiguous blends 
remained only theoretically possible.

As to whether some error types occurred that were not 
analysed separately but could be, three main candidates 
arose. Subtypes of distortion were mentioned elsewhere 
(11.3.2). It is speculated that contrasting perceptually 
frank substitutions and distorted substitutions may throw 
more light on subgroupings especially within the non- 
dysarthric groups. It would be hoped thereby to refine the 
distinction between substitutions that are instances of 
errors which are perceived as substitutions but which more 
logically are exaggerated scalar phonetic changes where a 
categorical boundary has been crossed, and those that 
represent a true phonemic category change.

Thirdly, the context and subtype of addition may enhance 
distinctions between additions that are arguably a) minor 
self-corrections, struggle behaviour or intrusion of 
unsupressed simultaneous articulation; b) results of syllable 
simplification strategies, initial consonant clusters 
especially being prone to epenthetic schwas; and c) vowel 
epenthesis that can be interpreted as associated with failure 
in syllabification processes. Béland (1990) has discussed 
how the place and time of vowel insertion is phonologically 
highly predictable and that the number of specifications of 
the feature matrices that are needed to derive the epenthetic
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vowel are rela table to stages in unfolding of 
representational levels.

13.4.1.4. Rank order of error types revealed no significant group 
trends except the expected predominance of language 
derailments in Group 3. The low rank order of distortions in 
Group 3 appears at first sight an artefact of this - reduced 
opportunity for segmental errors due to high whole word 
errors meant restricted scope for segmental distortions. 
However, when language errors are removed from the 
calculations (see Table 13H) the difference remains. That it 
is not (immediately) linked to the language errors is further 
supported by equivalent calculations for imitation 
performance (Tables 14C, E), where language derailments are 
minimal.

An alternative direction of search suggests the low 
distortion proportion relates to higher omission and 
substitution ratios. Speech production deficits with 
concurrent dysphasia may be characterised by greater lack of 
access (omissions) to targets, more tendency to select wrong 
targets (substitutions), but relatively accurate (low 
distortions) production of units once selected.

Table 13H shows though that whatever the influence of 
dysphasia it is separate from the pattern of derailments in 
PP speakers. Their profiles do not match the dysphasic 
Group's picture, which speaks against those (5.7.5) who 
equate PP with a non-motor, non-dyspraxic, dysphasic 
phonological disorder. The PP speakers differ from the 
others (higher cortical speech disordered) in their high 
proportion of additions, and substitution ratio similar to 
dysarthrics.

This may link to problems in manipulating syllable frames 
(e.g. non-suppression of competing activation for one slot; 
insertion of units to restructure syllable complexity etc) - 
see predictions at 7.2.2, 7.4.2.2. However, it could also 
relate to the transcription and error taxonomy used.
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Earlier, (11.3.2) difficulties in separating certain classes 
of distortions and additions were mentioned. The resultant 
differences between _+ PP speakers may stem from less 
tentative attempts at target and immediate self corrections 
in PP being interpreted as additions, rather than the more 
equivocal self-corrections and onsets perceived as 
distortions and substitutions in non-PP speakers.

Again, refinement of the error taxonomy suggested above may 
highlight subtypes of addition and substitution in particular 
which help clarify this matter. Inspection of the equivalent 
table (14C; 17.3.5) for imitation performance supports the 
notion that a large number of apparent additions in the PP 
group may be self-corrections or distortions. The added 
information available on repetition helps them to a more 
definite attempt at the target, but the indecisiveness is now 
manifest as greater distortion ratio than additions.

Contrarily, as with other dimensions the ultimate 
fruitfulness of this path is tempered by the observation that 
despite possible Group trends there remain in every Group 
individuals who counter the picture.

13.4.2.1. Predictions regarding error positions, i.e. that no clear 
trends would emerge, are mixed. Trends did emerge but 
attained significance levels only on three measures. More 
questions were raised than answered.

It does appear that at group level Groups 2 and 3 displayed 
greater susceptibility to derailments on syllable initial C- 
and CC- slots. For Group 2 this held for all syllables 
irrespective of position in word, but for Group 3 it applied 
to word initial only. Thus it leaves unanswered whether the 
phenomenon derives from issues in the production of words or 
syllables or both, but separately.

This is perhaps a non-issue, though, when it comes to 
consideration of finer group details. The data relates to 
group trends, but individuals within any one group run 
counter to this. If subgroups do exist they do not readily
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correspond to clinically "intuitive" subgroups such as AS or 
PP, nor to degree of severity or presence or absence of 
dysphasia.

The third measure attaining significance concerned proportion 
of errors on C(C) versus V. All groups betrayed a trend in 
favour of consonant derailments, but only Group 2 produced a 
significant difference.

One is tempted to assume this overall trend may be an 
artefact of a purely perceptual analysis, of transcription 
difficulties and the lack of a simple relation between 
physical measures and perceptual appraisal. While this point 
is conceded, a more sophisticated account is required if the 
wide intersubject variation is to be explained. Such 
accounts may consider the relative robustness of motor and 
perceptual characteristics of vowels, differential effects of 
compensatory strategies, as well as lesion site data or 
closer examination of the types and contexts where vowels are 
correct or in error.

In all groups some subjects - e.g. 5, 17, 28- show an almost 
equal balance between C(C) versus V errors, while others - 
e.g. 11, 7, 15 - display a strong tendency to C(C) errors. 
Others evidence an opposite trend, with V in ascendancy - 
e.g. 2, 18, 29 - thougjh none dramatically so. These trends 
override any perceptual bias and strengthen arguments for 
looking at differential diagnosis on a single case basis.

The same applies to relative error frequency between C and CC 
contexts for consonant errors (Table 13N). No group 
differences emerged. However, wide individual variation is 
apparent, with some subjects - e.g. 4, 5, 26 - clearly more 
troubled by clusters, while others - e.g. 11, 28, 30 - seem 
to find singleton C's more difficult. This seems to run 
counter to work (4.4) suggesting that pronunciation 
disordered subjects find clusters more difficult, and 
conflicts with findings elsewhere in this study (chapter 18) 
that words containing clusters are more liable to derailment. 
It is not an inconsistent finding, though, if one accepts (as
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e.g. Archambault, Bergeron 1990; Stackhouse, Snowling 1992) 
that added difficulty need not manifest itself in the 
‘problem* cluster. Rather the extra attention to achieve 
accuracy on the cluster may have a knock-on effect elsewhere 
in the word. The contrasting results here and in chapter 15, 
which look at the overall context and not just the isolated 
cluster, are reconciled by this argument.

Further analysis of the context of vowel errors may draw 
sharper lines between those showing (primary) vowel 
production problems or not. One might postulate a set of 
vowel errors that occur only as a consequence of 
neighbourhood consonant derailments, and as such are not 
primary vowel derailments, versus vowel errors that appear 
independently of local consonantal perturbation. Of course 
this still does not exclude the possibility of perceptually 
silent effort to arrive at correct consonant production that 
has a knock-on effect on the vowel. There exists also the 
possibility of searching for subgroups of distortions of 
vowels, as e.g. Odell et al (1991) have done (prolongations 
and inappropriate tongue raising, lowering, fronting, backing 
in their AS speakers, and sound source aberrations for the 
ataxic speakers).

Such examination of individual behaviours and literature 
findings invite more specific considerations than were 
reported here. Valdois (1990) illustrated how different 
cluster types (e.g. fricative + stop versus stop + liquid 
versus fricative + liquid versus stop + stop etc) show 
different patterns of disruption (e.g. which member tends to 
be affected, susceptibility to omissions, blends etc). These 
variations are lost on the overall counts reported here, but 
apparent in individual transcriptions. Béland (1990), Stark 
et al (1990) record clear differences in the predictability 
and types of errors that arise at particular junctures, and 
Shattuck-Hufnagel (1986, 1987) points out the complex
interaction between vowel stress position and the frequency 
of word onset errors in normal speakers. It remains to be 
established whether pathological groups perform differently 
in these dimensions, but for individual case descriptions and
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planning of therapy they have already proved viable 
variables.

13.3.1. Conclusions

Despite greater attention to transcriptions, error class and 
error position analyses than in most comparable studies the 
overriding impression here is the paucity and patchiness of 
individual or combined variables that reliably separate 
groups - either as divided here, or subgroups spread across 
these divides. The other forceful finding running across all 
measures is the within-group variation which transcends 
inter-group variation. So even for measures producing 
significant group differences, individuals arise with 
profiles contrary to the group picture.

Such findings are at variance with clinical studies and 
theoretical stances that see a (near) all-or-nothing division 
between groups. They echo other studies which have produced 
equivocal group findings and wide individual variation, and 
offer support to interactive perspectives on speech 
production and perception.

While the outlook for group assignment based solely on the 
analyses here seems bleak, the approach nevertheless showed 
some advantages. Certain suggested refinements and possible 
points arising from future research could reinforce these 
advantages. The positive aspects are that the analysis 
procedures are sensitive to qualitative and quantitative 
differences. These descriptions of types and loci of errors 
can be directly linked to other communication dysfunction 
measures (e.g. intelligibility). They offer thereby a firm 
link to therapeutic targets and content by identifying 
reasons for the person's (speech) communicative breakdown. 
The refinement of the error taxonomy and closer attention to 
loci characteristics mentioned should produce an even more 
sensitive instrument. To incorporate such changes would 
naturally require restructuring of the test, a matter 
approached in 21.3.1.
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Finally, insofar as current findings are compatible with 
interactive models of speech production, the interpretation 
of errors and motivation for therapy can be placed on a 
theoretical footing and not just a functional basis.

There now follows an exposition and discussion of results 
from the repetition task corresponding to the confrontation 
naming task just reported.



247

Lnitation of Words

14.1. This section discusses results on the single word repetition
task (Appendix AlB). The two main reasons for incorporating 
this subtest were to see whether performance differentiated 
subjects more efficiently, or differently (3.2.2.) than the 
spontaneous naming task, and to provide data for comparing 
the two elicitation methods. The latter is reported in 
Chapter 15. The hypotheses to be tested were the same as for 
spontaneous naming (13.1.1; 13.1.2).

14.2. Methods and Materials

The test was administered as described in Appendix AlB. Data
summarisation followed exactly the same procedures as in the 
naming condition (see Appendices D2-D5). The same 
statistical analyses were conducted (see 13.2.2.).

14.3. Results

Raw scores on which computations are based are given in 
Appendix F3. Some error types did not occur in the imitation 
condition, so the range of errors is reduced.

14.3.1. Cluster Analysis. Means, standard deviations, maximum and
minimum z-scores are shown in Table 13A (error types prefixed 
with i). Cluster sizes, boundaries and distances are given 
in Table 13B. Table 13C illustrates the cluster connections. 
As in the spontaneous condition it was clear from perusal of 
raw scores that only certain error types were potential 
candidates for statistical significance. Hence the cluster 
analysis is based on examination of the same error 
types/groups detailed in 13.3.1. As for spontaneous naming, 
no correspondence exists between derived clusters and any 
group that would appear clinically or theoretically 
intuitively significant. Only isolated intercorrelations of 
error types exceed r = 0.50 as can be seen in Table 14A.
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Error

sap

ssb

sd

id

sla

io

isb

iap

sad

sea

iad

ica

ila

so

— I

60/ 1 20 15 21 20 43/42 36 20 10 20/ 4/
/ / II

/ / II
/13 16 28 12 32 6/22 12 7 1 4/19/

/ II
76/53 22/19/21/13 11 12 30 12/20/
/ / / / / /

/ I I I  II
/29 12/ 9/23/ 6 3 21 13 15/13/

/ / / II
 / II II
55/24/37/11 14 13 31 11/35/
/ / / / /
I I I  II
/46/33/ 4 16 17 5 1/ 9/

/ / II
II II
/45/15 38 9 34 2/14/

/ / / 
/ / /
/32 38 0 31 6/10/

/ / / /
53/18 12 16/ 3/
/ / / 

/ / /
/30 46 24/32/

/ /
25 48/21/

/ /
 / /
59/10/
/ / 

/ /
/II/

/
/

/

Tàble 14A. Correlation Matrix and Tree of Error Tÿpes from 
Clustering by Minimum Distance Method. To derive correlation 
number, prefix digits by decimal point, e.g. 53 is r = 0.53

14.3.2. Discriminant Analysis. This was conducted using as 
independent variables the error types distortion (D), cross
boundary substitutions (SB), additions (AD) and omissions 
(0). No subjects were excluded. Table 14B details group 
means, standard deviations and coefficients of variation.
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(Group 1 = dysarthrics; 2 = *dyspraxlcs* without and 3 with 
dysphasia) •

Group Error: D SB AD 0

1 Mean 33.0 8.0 1.0 9.2
SD 21.3 12.0 0.9 9.8

2 Mean 14.1 4.4 1.3 3.3
SD 10.0 3.4 1.7 2.4

3 Mean 11.0 4.6 1.0 5.7
SD 11.0 3.6 1.0 5.6

Table 14B. Group Means, Standard Deviations for Selected 
Error Types, Imitation Naming. (Subjects 9, 10, 20 not 
included) •

Only distortions (f (2,24) * 5.42) reached a level of 
significance (SB, p = .502; AD, p = .88; 0, p = .15). With 
distortions removed the other errors still failed to reach 
significance.

Jackknifed and unjackknifed classification on the basis of 
this discriminant analysis resulted in eight 
misclassifications. Three Group 2 subjects went into Group 3 
and one subject vice versa. More seriously two dysarthrics 
were classed in Groups 2, 3 respectively and one each from 
Groups 2, 3 into the dysarthric Group 1.

14.3.3. Rank Order. While cluster and discriminant analyses 
suggested no errors were singly reliable in separating 
clinical groups, the possibility remained open that rank 
order of error types might prove a reliable indicator.

Table 14C provides the rank orders per error per subject, 
while Table 14D shows the groups means and standard 
deviations for rank order. Subjects 1, 9, 10 and 25 were 
omitted from calculations to achieve comparability with 
spontaneous naming results.
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Subject DAP SAP AD 0 CA L NR

Groiq> 1
5 7 5 2.5 6 2.5 2.5 2.5
11 7 5 3 6 3 3 3.0
13 6 5 2.5 7 2.5 2.5 2.5
14 7 4 5 6 2 2 2.0
19 6 4 5 7 2 2 2.0

Groiç 2 
27 7 6 4.5 4.5 2 2 2
29 6 5 2.5 7 2.5 2.5 2.5
4 6 7 4 2 5 2 2
7 6 5 4 7 2 2 2
8 4 5 2 7 2 6 2
17 7 4 5.5 5.5 2 2 2
18 5.5 3 5.5 1 4 2 7
22 6 7 3.5 5 3.5 1.5 1.5
30 3 6 4 7 5 1.5 1.5
24 7 5 3.5 6 3.5 1.5 1.5
16 7 3 3 6 3 3 3
6 7 2.5 2.5 6 5 2.5 2.5

Groqp 3 
20 4 6 2 7 5 2 2
2 2 3.5 5 3.5 7 6 1
3 7 5 2.5 6 2.5 4 1
15 7 6 2 4.5 4.5 2 2
16 2 3 6 7.0 5 4 1
23 5 6 2 7 4 2 2
26 5 2 1 6 3 4 7
28 6 5 3.5 7 3.5 2 1
21 5 4 2 7 2 6 2

Table l y . Words to Imitation. Rank Order (7 = most 
frequent)”per Subject, per Error Type (see 13.3.3.). DAP = 
all distortions; SAP = all substitutions. L = Language - see
13.3.3.
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DAP SAP AD 0 CA LA NR

Group 1 
Mean 6.6 4.6 3.6 6.4 2.4 2.4 2.4
SD 0.5 0.5 1.2 0.5 0.4 0.4 0.4

Group 2 
Mean 6.0 4.9 3.7 5.3 3.2 2.2 2.4
SD 1.2 1.4 1.0 1.7 1.2 1.2 1.4

Group 3 
Mean 4.5 4.4 2.8 6.2 3.9 3.4 2.1
SD 1.6 1.4 1.9 1.3 1.6 1.6 1.8

Table 14D. Means, Standard Deviations for Rank Orders per 
Error per Group, Imitation Condition

While there are clear differences between individuals, no 
error category stands out as significant for whole Groups. 
Promising looking divergences are nullified by the large 
variance. The tendency for language type errors (L, NR) to 
predominate in group 3, as they did in spontaneous naming 
(Table 13F), is neutralised in the imitation mode.

Group D AD 0 SB

1 54.3 2.5 23.0 20.1

2 50.6 6.8 18.3 24.2

3 38.1 5.3 30.5 25.2

PP 45.4 10.9 20.0 23.7

2-PP 52.3 4.0 18.1 25.6

Table 14E. Error Types as Percentage of D*AB404-SB
(normalised data) by Groiç, Imitation Naming. Subjects 9, 
10, 20 excluded from 3. FP = Phonemic Paraphasic Speakers 
(subjects 7, 16, 18, 21, 24, 30) 2 - FP = Group 2 minus PP 
Speakers.
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A slightly different picture arises if the most frequent 
error types are looked at in proportion to each other. Table 
14E shows rank orders are almost identical, but differences 
in proportions do exist. These are discussed later.

14.3.4. Errors by Position

Raw scores for loci of errors per person are shown in 
Appendix F4. ANOVA's using normalised data tested for
differences between groups in three broad areas.

Errors were examined irrespective of stress for i) occurrence 
in first vs second vs third vs fourth syllable; ii) in first 
vs all other syllables; iii) in word initial C(C) slots vs 
all other positions, and iv) in all pre- vs all postvocalic 
consonants.

The proportion of derailments falling on C's versus Vs was 
also looked at, and whether singleton C’s were more
susceptible to error than C's in clusters.

Thirdly occurrence of errors in stressed versus unstressed 
syllables was considered.

Inspection of errors in first versus second versus third 
versus fourth syllable revealed no significant differences 
within groups despite a gradient of proportionately most to
least errors over first to last syllables for Groups 2, 3.
F scores and probabilities were: Group 1 f (3,20) = 0.27, p = 
0.849; Group 2 f (3,44) = 2.63, p = 0.062; Group 3 f (3,44) = 
0.88, p = 0.459, f (3,28) = 0.90, p = 0.454 for Group 3 with 
subjects 9, 10, 20, 25 omitted .

For errors in syllable one vs all other syllables Group 2 (f
(1,22) = 3.78, p = 0.065) was nearest to reaching
significance, but did not attain it. Group 1 showed 
difference at p = 0.83, and Group 3 p = 0.43.

For word initial C(C)- versus all other positions Groups 1 
and 3 showed a weak trend to more word initial errors - Group
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1 f (1,10) 0.53, p = 0.48; Gkoup 3 f (1,22) 1.94, p = 0.17.
Only Group 2 had significant variation f (1,22) 6.80, p = 
0.016. There was a suspicion this may relate to Group 2's 
vowel error totals (below). A further computation excluding 
vowels produced almost equal probability of errors in C(C) vs 
all other C(C) positions for Group f (1,10) = 0.00, p = 0.96. 
Group 3 showed an insignificant trend to more word initial 
errors - f (1,22) = 0.64, p = 0.43. Group 2 had a similar 
trend, but this time not attaining significance - f (1,22) = 
2.35, p = 0.13.

An examination of vowels alone, either comparing those in 
first syllable versus all others, or in each syllable
separately produced no significant findings.

For proportion of errors in pre- versus postvocalic position 
the tendency in all groups was for more errors 
prevocalically, but this never reached significance - Group 1 
f (1,10) 0.21, p = 0.657; Gkoup 2 f (1,22) 0.80, p = 0.38; 
Group 3 f (1,22) 1.20, p = 0.28.

Comparing all consonants versus all vowels indicated
significantly fewer vowel errors in the non-dysarthric 
groups. Group 1 did have wide variations between means for 
consonants and vowels (23.4 versus 7.4), but large SD's (C = 
22.07, V = 6.01) rendered them insignificant (p = 0.117). 
Group 2 showed complete separation of 95% confidence 
intervals, giving f (1,22) = 17.3, p = 0.000. Group 3 had 
some overlap of 95% confidence intervals but still attained f
(1,22) = 5.27, p = 0.032.

Taking just singleton C's versus V gave slightly less strong 
variation, with Group 3 slipping into statistical
nonsignificance, viz: Group 1 f (1,10) = 2.28, p = 0.162;
Group 2 f (1,22) = 12.54, p = 0.002; Group 3 f (1,22) = 4.2,
p = 0.053.

Dividing singleton consonants from clusters showed no 
difference in likelihood of error. Group 1 f (1,10) = 0.06,
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p = 0.816; Group 2 f (1,22) = 2.06, p = 0.16; Group 3 f
(1,22) = 0.49, p = 0.49.

As to whether errors fell more on stressed or unstressed 
syllables, tallying all possible errors ANOVA’s indicated 
almost equal probability for Group 3 without subjects 9, 10, 
20, 25 (p = 0.99), and p = 0.86 when including them; Group 2 
p = 0.22; Group 1 p = 0.93. Phonemic paraphasias showed no 
group trend towards + or - stressed syllables being less 
error-free. Figures (see Table 151) for simply whether a 
syllable was in error or not irrespective of the total errors 
per syllable revealed no clearer trends.

14.4.1. Discussion; Error Types

The hypothesis that all groups will show all error types is 
not confirmed. There are error types not in evidence in 
certain groups. Apart from an isolated token Group 1 
speakers made no anticipatory or perseveratory errors, nor 
complex, nor language errors or no responses. For each of 
these categories, however, there are individuals in Groups 2, 
3 who make no slips. So while they may have some potential 
for group differentiation, no individual can be reliably 
consigned to a group on the basis of absence of the error and 
this is reflected in the reported results of cluster and 
discriminant analysis. However, presence of such slips does 
indicate the likelihood of AS/PP speech.

The hypothesis is confirmed that groups are indistinguishable 
in absolute scores for error types they share. That groups 
will emerge characterised by particular error clusters is not 
confirmed by the analyses conducted here. Rank order between 
error types does not separate groups either, contrary to 
predictions.

Table 14E promises some insights. With minor variations 
groups display comparable rank orders, but variation between 
ratios does exist. Group 3 is conspicuous by its lower 
distortions and raised omissions totals. Inspection of their 
omissions suggests the figure is raised because of a larger
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proportion of what might be interpreted as morphological or 
syllable based errors, as opposed to vowel elision and 
cluster reduction in other groups. E.g. biscuits -> biscuit; 
conductor -> conduct; microscope -> [maiskavp].

Apart from one subject (23) the range of scores is within the 
range for other groups, as it is for distortions. The 
divergence in ratios is therefore probably artefactual. This 
view is supported below when examining individual cases, and 
leads to speculation whether identifying subtypes of 
distortion and omission might not assist in group assignment.

The other suggested group difference appears in the contrast 
between PP subjects (7, 16, 18, 21, 24, 30) and Group 2 minus 
its PP speakers (7, 18, 24, 30) for distortions and
additions. It seems as if PP speakers commit more addition 
slips but fewer distortions. Note, that contrary to claimed 
(4.1; 5.7.5) clinical tenets they are far from presenting 
with predominance of substitutions over distortions, and are 
indistinguishable on displacement errors. It may well be 
that use of narrow transcription removed the (perceptual) 
impression of prominent substitution.

Again, the effect is more apparent than real, since intra- 
and inter group variation are equally strong. Further 
research with larger groups and possibly refined error 
categories is required to establish whether these potential 
group differences could serve as 'templates' (21.2.3) for 
statistical predictions in e.g. maximum likelihood 
estimation.

Turning to individuals, certain stand out as strongly 
contrary to the group trends of Table 14E - e.g. 8, 30, 20, 
16, 23 (see Appendix F3). These speakers do not belong to 
any one group, representing a range of AS, PP, mildly and 
severely affected speakers, with and without dysphasia. The 
possibility exists that these people form another subgroup 
not recognised by traditional differential diagnostic 
criteria or the profile reflects a particular kind of 
compensatory tactic. Within theoretical models one might
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clearly postulate vhy specific speakers might show a 
predominance of omissions and relatively few distortions.

Meanwhile until larger data corpora can be gathered and 
analysis procedures refined, the argument for case by case 
approach to diagnosis is strengthened, especially if clinical 
pictures can be related in one direction to indicators of 
functional breakdown and in the other to theoretical models 
of speech production.

14.4.2. Some brief remarks about other error types (Appendix F3) can 
be made. Me ta theses, addition-omission by transposition and 
non-contiguous blends as before proved elusive or extremely 
rare. Contiguous blends were almost all of the type nasal 
consonant + vowel -> nasal vowel. Tonic perseveration (PI) 
scarcely occurred, while reiterative responses (PR) appeared 
interesting in an individual context (subjects 4, 16), but 
had no group differential value. Finally, the loss of 
(compared to spontaneous naming) language type errors in 
Groups 2, 3 is striking, but this is discussed in the next 
chapter.

14.4.3.1. Error Position

The hypothesis that there would be no trends in loci of 
errors seems not confirmed, because some significant 
differences did arise. However, the interpretation of the 
figures leaves many uncertainties.

Group 2 appears to manifest a predilection for word initial 
C(C)- derailments when these are compared with all other C 
and V loci. This seems to confirm previous findings (4.3), 
but two points temper the optimism.

Firstly when initial versus all other consonants are 
compared, the effect disappears, and is not present when only 
V s  are examined. Neither is there a clear gradient if 
syllables are studied independently - although Group 2 came 
far closer (p = .202 vs .803, .987 for Groups 1, 3) than 
others to significance. The effect also disappears if C(C)V-
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contexts are compared to all others (Group 1 p = .65; 2 p = 
.28; 3 p = .63). The strongest difference found, however,
was between C(C)’s and V’s. It could be, then, that the
apparent word initial effect derives from this variation and 
not position. The second tempering factor concerns the 
observation that dogs all group figures - i.e. that intra
group variation is as great and greater than inter-group 
differences.

As Groups 2, 3 contain individuals who might be described by 
others as phonemic paraphasics as well as speech dyspraxics, 
it could be that divisions lie along this line rather than 
groups used here. This does not prove to be so. Individual 
PP speakers show contrary pictures, and there are non-PP 
speakers who behave similarly to them.

This leaves the division C(C) versus V as the only measure 
that separates dysarthrics from other speakers. Those with 
concurrent dysphasia fall marginally outside statistical 
significance if only C versus V is considered. Again, 
though, caution is expressed at extrapolating from group to 
individual predictions, since even amongst dysarthrics are
subjects who look like others if one takes their scores on
this dimension alone.

14.4.3.2. No other computations reached significance. Apart from 
conflicting with studies that have established a positional
effect (see 4.3; 13.4.2.1 for discussion of why this might be
so) a further point warrants mention.

Groups 2, 3 differ supposedly only on the presence or absence 
of dysphasia. Nevertheless, subjects 9, 10, 20, 25
notwithstanding, who even when removed made little
difference. Group 3 behaves differently to Group 2 on
positional scores. This suggests language breakdown can 
influence pronunciation behaviour.

One might envisage arguments, for instance, for less stable 
excitation of input to the speech production process across 
the board due to degraded stores (7.4.2.2) lack of added
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activation from lexical excitation etc, even in this 
imitation mode. This may tend to produce equivocal certainty 
for all positions. Group 2 members, on the other hand, show 
behaviour closer to difficulties that might be predicted from 
studies indicating greater precision problems in priming the 
articulatory tract at syllable/word onset (Shattuck-Hufnagel 
1987).

However, the groups are not matched precisely, and individual 
profiles point away from group homogeneity, so firmer 
statements await more controlled work in the area. Group 1 
arguably tend to uniformity on positional measures because of 
their relatively invariable neuromuscular dysfunction.

14.5. Conclusions

No measures, either of error type or position, were 
outstanding in separating unequivocally the groups as they 
stand, nor subgroups within or across them. Indicators, even 
when appearing to offer guidelines, raised more questions 
than answers. Findings were, however, not without pointers 
towards more reliable dimensions to use in either 
differentiating groups and-or capturing individual variation.

Certain error types seemed worth pursuing, and their 
usefulness might be enhanced by searching for subtypes, 
especially if their then relative frequency is examined. 
Likewise analysing error positions suggested further 
consideration of word initial versus other positions and C 
versus V errors may uncover a relatively stable index of 
individual differences. The relationship between dysphasia 
and pronunciation profiles requires further clarification. 
The thread running through all variables supported an 
individual case approach as currently more reliable in 
characterising a single subject's breakdown. Initial Group 
assignment, as defined here, predicts little about 
individuals. This is a matter pursued more below.

The last two chapters viewed the spontaneous and imitation 
modes as independent tests. There is reason to believe (3.2; 
4.6) that differences between performance on these tasks may 
be as informative as scores within them. This question is 
now turned to.
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Spontaneous Versus Imitated Performance

15.1. This chapter compares performance of individuals and groups 
on specific variables between spontaneous (Sp) and imitated 
(Im) elicitation methods to see if patterns of similarity or 
change might prove diagnostically significant.

Previous claims about differences were reviewed in 3.2.2. 
Briefly reiterated, they suggested that dysarthrics (Group 1) 
show a similar quantitative and qualitative performance 
across conditions; speech dyspraxics, as traditionally 
defined (2.3), may improve, while phonemic paraphasics 
(particularly conduction dysgjiasics) deteriorate.

Such findings have been confirmed for individuals and for 
tightly preselected groups (3.2.2). It is unclear whether 
single cases reported fall into recognisable groupings, and 
unclear whether similar results could be obtained for more 
broadly defined groups as used here. The purpose of this 
chapter, then, is to test whether the hypotheses regarding 
same/improved/deteriorating scores do indeed hold; to extend 
previous work by seeing if the predicted trends emerge with 
relatively unpreselected patients ; to examine if any findings 
offer differential diagnostic relevance; and extend previous 
work by analysing possible qualitative changes as well as 
quantitative ones.

15.2. Methods and Materials

The raw data are those used in the last two chapters. Scores 
were compared using ANOVA, chisquare and rank order 
statistics.

15.3.1.1. Results

These are reported firstly for error types, quantitatively 
then qualitatively, followed by error positions.
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Subject X s Sp % s Im X w Sp X w Im

1 61.5 50.7 90.0 96.0
5 16.9 15.5 51.0 62.7
11 8.1 11.6 30.4 33.3
13 9.0 10.1 39.2 35.3
14 20.2 19.5 57.4 54.9
19 10.5 7.9 42.9 31.4

27 10.0 9.0 28.3 43.1
29 8.3 9.0 27.5 29.4
4 6.0 6.1 25.0 19.6
7 13.8 14.1 39.5 41.2
8 1.8 2.2 9.8 14.3
17 15.0 9.7 52.4 41.2
18 16.6 18.0 58.1 53.3
22 18.9 14.1 64.6 43.1
30 8.9 8.2 35.5 30.6
24 19.9 21.3 51.0 64.7
12 10.6 7.9 42.9 45.0
6 11.3 10.1 39.0 43.1

25 3.4 3.6 13.9 17.6
20 10.3 15.9 30.8 39.2
10 0.0 0.7 0.0 3.9
9 1.1 0.4 4.3 2.0
2 8.1 12.0 22.2 35.9
3 9.4 12.5 39.1 36.0
15 17.8 27.8 54.2 74.5
16 0.0 3.0 0.0 14.2
23 14.7 23.9 44.4 60.0
26 17.6 19.0 60.0 52.3
28 11.0 7.9 53.1 35.3
21 1.9 3.6 14.8 15.7 ■

Table 15A. Sound Production Errors as Percentage of Total 
Possible Segpients (s) and Words (w) that could be in Error in 
Spontaneous and Imitation Naming*

Table 15A supplies percentages of segments and words 
mispronounced in Sp versus Im as percentages of total 
possible derailments. This eliminates the bias introduced by 
no responses etc. in Sp, especially for Group 3. The 
relationship between conditions was expressed by division of 
the Sp score by the Im result. The consequent figures were 
used to carry out ANOVA's between groups.
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Neither percentage segments nor words produced any group 
differences, as shown in Table 15B.

Group Segs Words

1 (n 6)
Mean 1.04 1.03
SD 0.22 0.18

2 (n 12)
Mean 1.09 1.01
SD 0.21 0.26

3 (n 10)
Mean 0.98 0.83
SD 0.66 0.38

f (2,25) 0.16 1.21

P 0.86 0.32

Table 15B. Variance Between Groups for Segments and Words in 
Error, as Percentage of Total Possible Errors, Spontaneous vs 
Imitation Score.

The change in total of segments in error, number of words 
scorable for sound derailments and total words containing a 
pronunciation error showed no differences between conditions 
when comparing Groups 1, 2 but did when they were compared to 
Group 3 (Segments: f (2,27) 8.68, p = .001; scorable words f 
(2,27) 11.32, p = .000; words containing a pronunciation 
error f (2,27) 9.59, p = .001).

This variance relates strongly to the high number of whole 
word emrors in Sp naming for Group 3, not to changes in 
pronunciation behaviour. Hence the lack of difference in the 
results in Table 15B.

ANOVA’s to examine within-group variance between conditions 
produced no significant difference for segments or words in 
error as percentage of scorable tokens. Results (with
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subjects 9, 10, 20, 25 removed from Group 3) appear in Table 
15C.

Groiç
S%s 

Sp Im f P
Words 
Sp Im f P

1 (n 6) 
Mean
SD

21.03
20.39

19.22
15.96

1,10
0.03

0.87
51.5
21.1

51.8
25.0

1,10
0.00

0.98

2 (n 12) 
Mean
SD

11.75
5.3

10.8
5.2

1,22
0.19

0.66
39.1
15.6

38.7
13.9

1,22
0.00

0.95

3 (n 8) 
Mean
SD

10.06
6.6

13.71
9.1

1,14
0.83

0.37
36.6
17.7

40.3
19.1

1,16
0.19

0.66

Table 15C. Segpents and Words in Error per Group as 
Percentage of Total Possible Tokens, Spontaneous versus 
Imitation Conditions.

15.3.1.2. Next, individual error types were scrutinised. In view of
low raw scores rendering many potential comparisons
unreliable, four categories with larger sums were chosen - 
distortions, substitutions, omissions and *other*, a
composite of all other segmental errors.

ANOVA* s, based on the percentage share each error type had of 
all errors, showed no category came near significance for any 
group, even with subjects 9, 10, 20, 25 removed. Figures are 
illustrated in Table 15D. Mann-Whitney Confidence Interval 
Tests on the same figures brought similar results.
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Error/Group Mean %
Sp Im

SD
Sp Im

f P<

D 1 56.2 58.8 24.8 20,0 (1,10) 0.04 .84
2 50.6 48.9 20.4 26.7 (1,22) 0.03 .86
3 22.4 32.8 19.8 14.7 (1,13) 1.36 .26

SB 1 17.7 16.3 9.0 12.1 (1,10) 0.05 .82
2 23.8 25.1 19.0 18.8 (1,22) 0.03 .86
3 31.3 27.7 13.7 11.0 (1,13) 0.32 .58

0 1 25.0 23.9 18.1 10.7 (1,10) 0.02 .90
2 21.1 22.0 14.2 21.3 (1,22) 0.02 .90
3 40.3 33.0 21.0 14.4 (1,13) 0.62 .44

0th 1 1.1 1.0 1.0 0.7 (1,10) 0.05 .82
2 4.6 4.0 3.0 2.6 (1,22) 0.29 .60
3 6.0 6.4 3.4 5.6 (1,13) 0.03 .86

%ble 15D, Significance Levels per Error Tÿpe, per Groi^ for 
Changes Between Spontaneous and Imitation Modes. Figures for 
Error lypes are Expressed as a Percentage of all Errors.

15.3.2. To address more the single subject variance which clearly 
existed in group means, chisquare analyses of selected 
individuals* relative raw scores (Appendices FI, F3) between 
Sp-Im were conducted for the error types D, SB, 0, * other* as 
above.

Results are reported in Table 15E. Some computations may be 
somewhat unreliable due to presence of scores below 5. This 
applied especially to Group 3 people, who had had low Sp 
scores. Subjects excluded had either clearly equal raw 
numbers or scores too low for reliability. Only subjects 1, 
7 and 15 emerged with significant variation, and only 
subjects 3, 4, 8, 23 approached it.
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Group-Subject X2 (df3) P<

1 1 7.688 0.05
14 1.394 c 0.73
19 1.430 0.70

2 27 1.310 c 0.74
29 4.886 c 0.18
4 7.446 c 0.08
7 9.491 c 0.02
8 6.514 c 0.08
17 5.125 c 0.15
18 2.225 c 0.55
24 5.391 c 0.15
12 5.611 c.0.12

3 25 3.100 c 0.40
20 1.816 c 0.60
2 2.352 c 0.50
3 7.183 c 0.07
15 8.233 c 0.03
16 1.925 c 0.55
23 0.038 c 0.9
26 2.088 c 0.53
28 4.233 c 0.23

Table L5E. Chisquares for Selected Subjects, Variation in 
Error for Profiles Spontaneous versus Imitation Namiqg. 
Critical Value for df3 = 7.815 c = Approximate p value.

15.3.3. Regarding position of errors, three features were looked at: 
changes in the ratio of C(C): V errors; in the ratio of 
errors in stressed and unstressed syllables; and in the 
difference between errors in C(C)- position, and all other 
loci.

Table 15F shows a comparison of consonant and vowel errors in 
Sp versus Im. No significant group differences arose. 
Individuals* profiles are discussed below.
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Subject
Sp

C(c) V
Imc(c) V

1 42.9 16.9 66.1 14.1
5 17.4 17.0 20.1 11.3
11 5.7 0.9 12.0 2.8
13 8.5 3.7 12.0 3.7
14 30.6 8.4 27.8 0.9
19 13.3 3.7 7.1 7.5

27 10.2 5.6 10.9 4.729 6.7 8.4 8.7 5.64 10.7 0.9 6.0 4.7
7 14.4 1.8 13.1 1.8
8 3.5 0.0 4.3 0.017 12.8 5.6 8.7 6.618 10.9 9.4 14.7 10.4
22 16.1 5.6 14.7 5.630 7.8 6.6 8.1 2.8
24 22.5 4.7 27.3 1.812 10.6 0.0 12.5 1.86 9.8 8.4 10.3 6.6

2 1.9 4.7 6.5 6.6
3 3.8 1.9 13.0 1.915 8.8 1.8 30.6 10.316 0.3 0.0 4.9 0.923 1.6 0.0 20.7 4.726 12.2 7.5 13.6 8.428 5.7 7.5 4.9 8.4
21 1.6 1.8 3.8 0.9

Table 15F. Consonant versus Vowel Errors, Spontaneous versus 
Imitation Conditions, as Percentage of Total Errors Possible.

The same applies to errors in word initial C(C)- context 
versus all other C(C) positions. Comparative results for 
these appear in Table 15G.
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Subject
Sp

C(C)- Other C's
Im

c(c)- Other c's

1 0.64 0.66 0.42 0.65
5 0.24 0.14 0.22 0.19
11 0.03 0.09 0.07 0.13
13 0.12 0.12 0.08 0.11
14 0.33 0.27 0.26 0.27
19 0.16 0.11 0.12 0.05

27 0.12 0.20 0.07 0.06
29 0.11 0.14 0.04 0.06
4 0.18 0.03 0.05 0.06
7 0.24 0.24 0.09 0.08
8 0.01 0.01 0.03 0.05
17 0.20 0.12 0.10 0.06
18 0.07 0.12 0.09 0.16
22 0.18 0.18 0.13 0.13
30 0.01 0.01 0.11 0.10
24 0.20 0.31 0.24 0.25
12 0.27 0.29 0.02 0.05
6 0.16 0.12 0.08 0.09

25 0.03 0.00 0.01 0.13
20 0.03 0.24 0.02 0.10
10 0.00 0.03 0.01 0.00
9 0.00 0.00 0.00 0.00
2 0.03 0.09 0.02 0.05
3 0.07 0.08 0.12 0.13
15 0.12 0.44 0.06 0.24
16 0.01 0.03 0.00 0.05
23 0.03 0.31 0.00 0.16
26 0.16 0.20 0.06 0.10
28 0.09 0.07 0.05 0.03
21 0.01 0.01 0.01 0.04

Table 15G. Errors per Subject (normalised data) in Word 
Initial C(C)- Position and all oth^ Consonants, Spontaneous 
versus Imitation Mode.

A discriminant analysis for interactions between groups (1, 
2, 3) X Sp X Im X stressed x unstressed syllable errors 
showed no main effects for stress. It indicated Group 3 were 
significantly different to others in the Sp condition (p = 
.013) but not in Im. It indicated a significant change in 
the number of tokens between Sp and Im for Group 3 (p = 
.007). Group figures are sunmarised in Table 15H. 
Individual cases are discussed below.
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1 2 3

^stress Sp
Mean 31 28 14
SD 17 10 9

-stress Sp
Mean 32 23 10
SD 18 16 8

+stress Im
Mean 33 29 30
SD 16 14 23

-stress Im
Mean 34 23 29
SD 10 10 16

Table 15H. Means, Standard Deviations of Normalised Scores 
for Discriminant Analysis of Errors in Stressed/Unstressed 
Syllables x Mode (Sp vs Im) x Group (1, 2, 3).

The above calculations rest on the totals for all errors 
occurring in any one syllable. In taking only idiether a 
syllable contained an error or not regardless of total error 
tokens changes are again apparent, but intragroup divergences 
override between-group differences. Contrasts between Sp and 
Im elicitation was examined in one more fashion, viz the 
consistency of error loci/types between conditions. These 
results are reported in chapter 19.
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Subject +St. Sp. -St. Sp. +St. Im. —St. Im.

1 95 91 74 84
5 59 31 59 11
11 8 4 0 5
13 55 35 50 26
14 41 36 39 29
19 14 6 6 15

27 67 33 48 47
29 21 39 10 27
4 17 19 10 22
7 20 15 13 24
8 17 20 10 20
17 44 14 29 13
18 29 26 47 22
22 8 5 0 0
30 7 6 16 11
24 36 42 13 35
12 24 26 23 15
6 21 29 16 20

25 50 53 74 51
20 18 25 33 29
10 26 31 35 27
9 23 9 6 9
2 25 27 26 25
3 6 18 19 29
15 22 26 14 35
16 37 43 35 47
23 34 11 22 29
26 0 0 0 11
28 32 27 43 24
21 0 4 6 0

Table 151. Stressed (+) - Unstressed (-) Syllables
Gontainiqg an Error, Normalised Figures, Spontaneous (Sp) and 
Imitation (Ln) Conditions.

15.4.1. Discussion

Results on these measures do not confirm hypotheses that 
dysarthrics remain the same, speech dyspraxics improve and PP 
speakers deteriorate on imitation compared to spontaneous 
naming. All groups, both as constituted here (1, 2, 3) as 
well as groups crossing these boundaries (e.g. PP speakers) 
contained members who evidenced improvement, no change and 
deterioration. Such variability appears to be an individual
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rather than group trait, although Group 1 does have smaller 
SD's.

An observation pertinent to designing a diagnostic tool, and 
to reconciling conflicting findings in others* work was that 
one person may show varying trends depending on the measure 
taken or behaviour described. For instance. Table 15A 
indicates that subjects 5, 27 showed a minor improvement of 
percentage (and raw) segments in error, but deterioration in 
percentage (and raw) words containing a mispronunciation. 
Subject 4 had equal raw segmental totals, but distributed 
differently in his scorable words across tasks, giving an 
improved percentage words in error score.

Neither did a look at specific error types reflect 
hypothesized directions. Individual differences again 
outweighed group characteristics. Furthermore, it was clear 
from analysing overall error patterns that misleading 
impressions can be created by viewing error types singly, 
since they do not necessarily behave independently of each 
other. A decrease in substitutions may be offset by an 
arguably related rise in distortions (e.g. subject 24). An 
alleviation in omissions may only open more susceptibility to 
substitutions (e.g. subject 4). The same applies to Group 
3*s shift in distortions possibly due to decrease in whole 
word errors.

Just as for overall segmental/word scores, different pictures 
may form according to whether one views error ranks or 
relative percentage. Tables 13F, 13H can be compared with 
Tables 14C, 14E to see this. Ihe implication for
standardised assessment, if variation between Sp and Im 
elicitation is used as a diagnostic criterion, is that 
statistical interpretation capturing degrees and significance 
of change across profiles is necessary, not separate analysis 
of error types singly, nor only rank order alterations.

It is noted that whole word (neologisms, semantic paraphasias 
etc) and no response errors are not confined to the dysphasic 
group. This supports the notion of interactive origins of
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certain error types. While some individuals show a dramatic 
improvement when the word is supplied to them, others (e.g. 
subjects 8, 18, 25, 28, 21 Tables 13F-14C) remain with whole 
word errors. A point also worth mention here is that the 
current approach to assessment does not permit definitive
statements on the origins of neologisms, semantic
paraphasias, word fragments and no responses. It is quite
feasible that a sizable proportion of these derive from 
*phonological* difficulties. Their omission from analyses of 
stressed-unstressed or C(C) vs V ratios, segmental error 
types etc must have some influence on the interpretation of 
the nature and severity of the problem. Again the
oversimplicity of dividing people into AS versus PP or 
pronunciation problems with or without dysphasia is 
demonstrated. As predicted from theoretical models many more 
sub-types of problem are shown. Currently a single case 
approach, including dimensions described here, typifies 
patients more effectively than assignment to primary or 
secondary umbrella groups identified here.

15.4.2. Similar conclusions are derived from Sp versus Im scores on
loci of errors. Variation in individual patients tested here
supersedes group behaviour.

Tables 15F, 15G illustrate uniformity across conditions in 
some people, changes for others. Sometimes alteration in C 
versus V loci appears related - i.e. one goes down the other 
increases (e.g. 15F subjects 19, 4) other times they vary 
apparently independently. The invitation again is to view 
subjects singly and rather than state simply x improves y
deteriorates between modes, to examine the sub-patterns of
variation.

15.5.1. Conclusions

Groups and subgroups examined here did not behave as 
predicted in 'traditional* diagnostic claims. Results showed 
them to be an oversimplification. The workings of 
individuals * speech production processes is better described 
by attention to the interrelation of contributory variables.
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be they quantitative or qualitative, error type or error 
place. Such considerations are likely to give closer access 
to the nature of persons* difficulties, and ultimately to the 
nature of a taxonomy of pronunciation problems. The 
contrasting results pictures possible according to which 
variables are viewed go some way to explaining the 
contradictory findings of others. They also go some way 
towards capturing objectively the subjective impression one 
feels of variability between modes. However, they do not 
supply the full story and future chapters detail stronger Sp 
versus Im variations on which impressions must rest.
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Sentences to Imitation

16.1, Sentences were introduced to study possible error differences 
between single words and connected speech. They also enable 
an examination of the effects of syntactic and semantic 
complexity on pronunciation, as well as an added perspective 
on the length - 'phonological* complexity question. The 
original Intention was also to compare spontaneous sentences 
with those to Imitation, as well as analyse each separately. 
As the content and structures of the spontaneous sentences 
differed too widely (10.4) from the Imitation sentences to 
afford reliable comparisons, only the latter are discussed 
here. Several hypotheses were addressed.

As regards quantitative differences It was predicted that 
Groups would not be separable according to overall number of 
errors made. Regarding qualitative variation It was 
predicted that the taxonomy of segmental errors would be the 
same as for single words, that Groups would not be
distinguishable on the basis of Isolated error types, but 
would be according to rank order and ratio of errors to one 
another.

Concerning loci of errors Group 1 were expected to show a 
tendency to syllable final errors; Group 2 to syllable
Initial errors ; and Group 3 no positional trend. Group 1 
would show equality of consonant (C) vs vowel (V) errors, 
while for all others C derailments would predominate. More 
errors would occur In unpredictable sentences and
phonologlcally complex words for Groups 2 and 3 but not for
Group 1.

- PP speakers would show a dissociation between presence of 
segmental errors on content words and absence for form words.
- Only Group 3 would evidence language type errors.

16.2.1. Methods and Materials

The same subjects as earlier reported were asked to repeat 
the sentences In Appendix A2 according to Instructions given
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there. Recording and transcription followed the conventions 
previously detailed.

The sentences consist of two groups of six, matched 
phonotactically as closely as possible. One set have high
probability succession of words, the other lower probability. 
Within each group three have predominantly CV syllables 
(deemed phonotactically simple) and three a greater
proportion of intra- and intersyllabic consonant clusters or 
sequences (deemed phonotactically complex).

Error analysis for segments was identical to single word 
procedures with the exception that all lengths of word were 
classed together.

Several features additional to the single word analysis 
procedures were designed to gather data pertinent to the 
questions posed. Errors are classified as occurring in 
either form or content words. Elements greater than 
segment/syllable size (i.e. part and whole phrase) are 
included to cope with derailments (e.g. omissions,
transpositions) that involve these units. Errors are also 
classified as to whether they fall in high or ]ow
probability, phonotactically simple or complex phrases. An 
extra error type - recency/primacy effect - was added to 
reflect apparent retention derailments. Working definitions 
for these added categories are supplied in Appendix D2.X

16.3.1. Results

Errors were analysed and reported according to type and locus 
of error. Raw scores are given in ^pendices F5 and F6.

16.3.2. Position of errors in syllables was analysed by comparing 
whether derailments occurred in prevocalic C(C)-, vocalic 
(-V-) or post-vocalic -C(C) positions.

An analysis of variance using the above five error positions 
and the three putative groups indicated there were no 
significant differences. Table 16A details the mean scores
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and SD's per error position per group. On group means 
tendencies can be discerned, but large SD's point to wide 
individual variation which renders group differences 
unreliable.

Error Position Group 1 
n = 5

Group 2 
n = 12

Group 3 
n = 9

c- Mean 6.53 9.35 10.88
SD 5.84 5.18 12.24

OC- Mean 5.45 7.19 8.08
SD 4.97 7.62 6.33

—V~ Mean 4.10 4.80 4.13
SD 5.76 3.98 2.85

-c Mean 11.99 10.23 9.84
SD 8.66 4.78 6.40

-oc Mean 14.28 8.33 13.49
SD 12.37 10.91 19.70

Table 16A, Grotqp Means and Standard Deviations for Positions 
of Errors in Words in Sentences to Imitation.

P scores from the ANOVA confirm there are indeed significant 
differences between means (p = .000), but without group 
interaction (p = .88). Similarly there are significant
differences across error positions (p = .000), but again 
failing to show a group interaction (p = .79). The
interpretation is that while individuals do vary in this 
dimension, there is no uniformity within groups.

16.3.3. Regarding stressed versus unstressed syllables an ANOVA (with
subjects 1, 9, 10, 20 excluded) between groups on percentage 
of errors falling in stressed and unstressed syllables did 
not reveal any significant group (p = .92), nor stress (p = 
.55), nor group versus stress (p = .28) interactions. Means 
and SD's of totals are given in Table 16B.
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Error Locus Group 1 
n = 5

Group 2 
n = 12

Group 3 
n = 9

+ Stress Mean 9.80 7.50 7.11
SD 7.85 3.77 5.44

- Stress Mean 5.66 8.80 7.54
SD 2.66 7.12 5.89

Tàble 16B. Means, Standard Deviations of Groiqs for Errors 
Occurring in Stressed (+) versus Unstressed (-) Syllables, 
Sentences to Imitation.

16.3.4. An ANOVA was performed contrasting subjects/groups and 
percentage of errors falling on form versus content words. 
Subjects 1, 9, 10 and 20 were excluded for reasons as before.

Using untransformed data all groups displayed a tendency 
towards greater totals on form words (p = .077), but the 
large SD's indicated wide intersubject variation and pointed 
against a characteristic trend for all individuals in any 
group. This ANOVA was repeated using transformed data 
(square roots of means) which has the effect of pulling in 
wide SD’s and corresponding outliers.

Corresponding means and SD's are shown in Table 160. There 
is a significant difference between group means (p = .04) 
showing groups had different total errors.

Group 1 
n = 5

Group 2 
n = 12

Group 3 
n = 9

Content Mean 0.33 1.48 2.81
SD 0.75 2.02 1.78

Form Mean 0.80 2.71 3.46
SD 1.09 2.40 1.72

Tàble 16C. Means, Standard Deviations for Tbtal Errors in 
Form versus Content Words in Sentences to Imitation. 
Transformed Data.
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Using transformed data the word effect also attains 
significance, showing greater than chance variation for 
errors on form versus content words (p = .03). The variation 
does not, however, show an interaction with groups (p = .60).

16.3.5. A further ANOVA examined the interaction between groups x 
simple predictable x unpredictable sentences x complex 
predictable x unpredictable contexts.

Using untransformed data no significant differences were 
disclosed. Apparent differences amongst group means were 
neutralised by wide individual SD’s. Using data transformed 
to square roots of means to homogenise variances, slightly 
different results emerge. These are detailed in Tables 16D, 
16E.

Groip 1 
n = 5

Group 2 
n = 12

Group 3 
n = 9

Simple Mean 1.64 2.43 3.07
Predictable SD 1.79 1.61 1.58

Complex Mean 2.77 3.20 3.51
Predictable SD 0.67 0.87 0.89

Simple Mean 2.34 2.72 3.15
Unpredictable SD 1.72 1.00 1.89

Complex Mean 2.71 3.25 3.20
Unpredictable SD 0.92 0.77 1.65

Table 16D. Means, Standard Deviations per Group on 
Occurrence of Errors in Simple versus Complex Syllable 
Predictable Sentences, and Simple versus Complex Syllable 
Unpredictable Sentences to Imitation. Transformed Data.

There is no predictability effect, but the complexity effect 
now reaches significance - i.e. phonologically complex 
phrases prove to be proportionately more in error than simple 
ones. There is, however, no group interaction - i.e. all 
groups are susceptible to this effect.
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Mean
Square P

Group 1 x 2 x 3 4.84 0.30

Predictable x 
unpredictable 0.36 0.62

Predictable x 
group 0.35 0.79

Conplex X sinple 6.88 0.01

Complex X group 0.57 0.59

Complex X 
predictable 1.21 0.14

Complex X 
predictable x 
group 0.12 0.78

TablelôE. Probability Scores from Analysis of Variance of 
Interactions of Errors by Groiq> versus Sing)le I^Uable versus 
Complex Syllable versus Predictable Sentences versus 
Unpredictable Sentences to Imitation, Transformed Data.

16.3.6. Three analyses were undertaken to examine whether individual 
error types or profiles distinguished people. Raw error 
scores and maximum possible errors per type are summarised in 
Appendix F5. Error types addition and omission by 
transformation, contiguous metathesis, noncontiguous blends 
and anticipatory harmonisation were screened for in 
transcriptions, but none occurred in this corpus. Their 
columns are omitted from the table. Out of plan 
substitutions, perseveratory contiguous distortions and 
substitutions, and noncontiguous metatheses arose only once. 
They are included in Appendix F5 but were not considered for 
analysis. Subjects 1, 9, 10 and 20 were again excluded.
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An ANOVA using raw scores transformed to logarithms to 
homogenise variance yielded means and SD's per error type 
shown in Table 16F. Main effects exist for groups (p = .02) 
and error (p = .005) but no interaction of error with group, 
i.e. there are no error types significantly linked with 
specific groups.

Error Tÿpe Group 1 
n = 5

(^oup 2 
n = 12

Group 3 
n = 9

D Mean 0.26 0.42 0.09
SD 0.34 0.43 0.85

AD Mean -1.27 -0.58 -0.79
SD 0.99 1.07 0.90

0 Mean -0.21 -0.12 0.53
SD 1.02 0.96 0.34

SB Mean 0.10 -0.37 0.25
SD 0.40 0.79 0.27

Cocrol Mean -1.65 -1.16 -0.63
SD 0.77 1.05 1.07

Ambig Mean -2.00 -1.36 -1.55
SD 0.00 0.95 0.89

SmP Mean -2.00 -1.09 -1.18
SD 0.00 1.35 1.22

Cir Mean -2.00 -1.13 -2.00
SD 0.00 1.28 0.00

NJ Mean -2.00 -1.54 -0.70
SD 0.00 1.08 1.54

Rec Mean -2.00 -2.00 -0.93
SD 0.00 0.00 1.60

M Mean -2.00 -2.00 -0.66
SD 0.00 0.00 1.58

Table 16F. Means, Standard Deviations per Group for Error 
Types in Sentences to limitation. Transformed Data.
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A repeat of this ANOVA collapsing groups two and three (see 
Table 16G for means and SD’s per error) again produced main 
effects for error (p = .000) and group (p = .02), but failed 
to disclose significant interactions (p = .88). The
implication again is that errors and groups differ 
quantitatively within themselves, but do not interact to 
produce qualitative differences. Only absence of semantic 
paraphasias reliably distinguish dysarthrias from the other 
groups, and presence of recency and no responses the 
’dysphasics’ from others.

Error Tÿpe Group 1 
n = 5

Croup 2 + 3 
n = 21

D Mean 0.26 0.28
SD 0.34 0.64

AD Mean -1.27 -0.67
SD 0.99 0.98

0 Mean -0.21 0.15
SD 1.02 0.81

SB Mean 0.10 -0.10
SD 0.40 0.69

Conpl Mean -1.65 -0.93
SD 0.77 1.07

Ambig Mean -2.00 -1.44
SD 0.00 0.90

SmP Mean -2.00 -1.12
SD 0.00 1.26

Cir Mean -2.00 -1.50
SD 0.00 1.05

NJ Mean -2.00 -1.18
SD 0.00 1.33

Rec Mean -2.00 -1.54
SD 0.00 1.14

NR Mean -2.00 -1.42
SD 0.00 1.20

Table 16G. Means, Standard Deviations per Groiq) for Error 
Types in Sentences to Imitation. Disiqg Transformed Data. 
Groups 2 and 3 Collapsed Together.
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16.3,7. While no one segmental error distinguished groups, the 
possibility remained that error profiles might. Table 16H 
gives proportional scores (percentages) for selected error 
types (ones also used in naming tasks 13.3.3, 14.3.3). 
Analysis of variance of rank orders of group means pointed to 
significant differences: viz for distortions between Group 1 
versus 3 (p = .05); between Groups 2 and 3 for additions (p = 
.001); for omission between Group 2 and others (p = .02); 
Group 2 and others for complex errors (F (2,23) = 17.51, p = 
.000); Group 3 and others for whole word errors (p = .01). 
Despite undoubted variance, individual differences still 
outweigh group ones.

Subject D's S's AD 0 CA L NR

1 43.6 6.5 0.0 49.7 0.0 0.0 0.0
5 64.2 24.5 0.1 11.3 0.0 0.0 0.0
11 70.0 29.9 0.0 0.0 0.0 0.0 0.0
13 14.1 37.8 9.5 38.3 0.0 0.0 0.0
14 74.4 8.8 0.0 16.7 0.0 0.0 0.0
19 35.8 9.5 0.0 54.5 0.0 0.0 0.0

27 40.8 9.6 36.8 9.2 3.4 0.0 0.0
29 18.0 2.5 24.4 44.0 3.6 7.2 0.0
4 66.1 7.0 0.0 26.8 0.0 0.0 0.0
7 6.6 4.0 3.8 49.8 12.7 22.8 0.0
8 49.4 13.2 0.0 0.0 0.0 37.2 0.0
17 61.6 7.9 30.3 0.0 0.0 0.0 0.0
18 • 9.7 9.7 8.0 24.1 6.5 41.9 0.0
22 25.5 4.9 0.0 65.9 3.4 0.0 0.0
30 11.9 15.9 12.0 24.1 0.0 35.9 0.0
24 67.4 3.6 7.0 14.0 7.8 0.0 0.0
12 32.6 22.2 24.1 12.0 8.9 0.0 0.0
6 80.1 11.2 0.0 8.5 0.0 0.0 0.0

25 30.3 8.0 15.3 46.1 0.0 0.0 0.0
20 2.0 32.7 8.3 41.5 15.3 0.0 0.0
10 6.5 14.0 0.0 0.0 0.0 79.3 0.0
9 0.0 12.0 0.0 45.6 8.4 33.9 0.0
2 3.3 15.6 4.5 18.3 3.4 54.5 0.0
3 15.0 3.7 2.3 11.6 3.7 3.4 60.2
15 21.2 15.9 0.0 48.9 13.8 0.0 0.0
16 9.8 13.1 0.0 10.0 1.8 0.0 65.0
23 5.9 11.6 4.0 8.0 0.0 17.9 52.3
26 18.1 9.6 0.0 24.4 3.4 4.5 39.7
28 7.6 9.2 3.8 66.1 1.4 11.5 0.0
21 3.6 11.7 0.0 7.4 0.0 77.2 0.0

Table 1 ^ . Selected Error Tÿpes as Percentage Portion 
(normaliŝ ed scores) of all Etaors, Sentences to Imitation.
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For comparison with single word tasks Group mean percentages 
for most frequently occurring segmental error types were

U AD 0 SB

1 58.2 0.6 25.3 15.9

2 52.2 >1.5 25.3 11.0

3 32.0 3.4 40.1 24.5

PP 40.5 7.1 33.3 19.0

2-PP 59.1 15.6 18.2 V.9

Table 161. Group Mean Percentages for Selected Segmentai 
Error ^^pes. Sentences to Imitation. FP = Phonemic
Paraphasic Speakers; 2-PP = Group 2 minus PP Speakers.

calculated (see Table 161). Clear differences exist, both 
for main Groups 1, 2, 3 and for subgroups (phonemic
paraphasic speakers - subjects 7, 16, 18, 21, 24, 30 - and 
Group 2 minus these subjects). The wide SD's apparent in 
Table 16H undermine strong conclusions that might be drawn 
from these figures, but discussion follows below.

16.3.8. To examine for changes in error profile between imitation 
naming and sentences chisquares for individual subjects were 
calculated. A restricted range of errors (distortions, 
substitutions, omissions, all other segmental errors) was 
used to avoid as far as possible unreliability due to scores 
<5. Despite this some subjects* calculations remain 
unreliable. Table 16J supplies results. No group trends 
arise but individuals do vary. These are discussed below.
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Subject X2 P Subject X2 P

Group 1
1 16.5 .001 24 1.0* *
5 25.9 .001 12 18.6 .001
11 * * 6 8.3 c .04
13 5.6* .15*
14 * * Group 3
19 * * 25 1.6 .6

20 16.5 .001
Grcxq) 2 10 * *
27 8.1 c .045 9 * *
29 7.2 c .06 2 2.8* .4*
4 5.7 c .15 3 0.2 .9
7 17.8 .001 15 18.7 .001
8 10.9 .001 16 2.2* .6*
17 4.7* .18* 23 2.6* .4*
18 12.2* .008* 26 1.3 c .7
22 13.2 .008* 28 6.3* c .08*
30 7.4* .08* 21 * *

Table 16J. Chisquares for Errors in Imitation Naming versus 
Sentence Repetition. df = 3. * = X2 Unreliable or
Incalculable due to Scores <3. c = approximate value.

Discussion

Regarding the hypotheses made there are mixed results. Some 
errors (e.g. more substitutions, fewer omissions) differ 
quantitatively between words vs sentences to imitation. But 
no homogeneous trend is apparent for main groups or 
subgroups. Segmental error types do not vary qualitatively 
in as far as no new error types are required beyond those 
that described pronunciation on the naming tasks.

However, as shown in the rank order, ratio and chisquare 
analyses, profiles change qualitatively across tasks. This 
variation appears not to come from any group-specific 
characteristics. The differences across tasks extend to 
subjects in all groups. Profiles within task likewise have 
no recognisable trend. Rather, between task variability 
seems to stem from differing task demands, separate 
strategies at coping with this and clear individual 
differences relating, arguably, to subject-specific 
underlying deficits which are not captured by group labels.
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This contributes towards an explanation for divergent 
conclusions in other studies - task demands may influence the 
proportion of error types to each other, though not the range 
of errors. Because the consequent profile changes relate 
more to individual deficits and compensations, for 
standardised assessments it points away from relying on (the 
possibility of) blanket assignment to predetermined groups as 
a firm basis for diagnosis and its pathological and 
therapeutic implications,

Looking at individual error categories no diagnostic pointers 
were established. Displacement errors continued to divide 
Group 1 versus 2 and 3, but there was no rise in this class 
over single word proportions. Other classes that might have 
been expected to increase - e.g. complex errors, neologisms - 
did not, except on an individual subject basis.

Group 2 evidenced whole word, language, type errors. Their 
presence, not predictable from a strict hierarchical model is 
nevertheless compatible with interactionist ones. However, 
here too, it was a matter of individual susceptibility and 
not group homogeneity. Group 3 with accompanying dysphasia 
were not marked out by more whole word errors. The same 
applies to presence of possible morphological and syntactic 
derailments. Contrary to expectations they occurred in both 
Groups 2 and 3, but not uniformly. Without further testing 
the question remained open how far these derived from 
(possible) dysphasia, how far from morpho-phonological 
interactions and to what extent they reflected local 
motor/phonetic perturbation.

16.4.2. Concerning loci of errors group and person to person 
contrasts were established, but once more without reliable 
consequences for standardised assessment. The favouring of 
word or syllable onset errors, present in Group 2 for naming, 
was not repeated. Judgement is reserved though, as errors 
were not analysed in a way to isolate sentence and word 
initial derailments. Pertinent points arise, however, in 
chapters 19 and 20.



284

Contrasting C versus V showed the dominant trend favoured 
consonant derailments. Nevertheless Groups 1, 2 contained 
notable exceptions, with either equivocal or contrary 
balance. The repeated implication is that individual factors 
are more potent in shaping profiles than group behaviour (at 
least as far as the thirty subjects here are concerned). 
Inroads into finer differentiation may be possible through 
establishing subtypes of errors, closer attention to 
variation according to context (see Beland 1990, Dressier et 
al 1990, Valdois 1990), and-or support from some physical 
measures. Similar observations apply to study of differences 
between C's as singletons or in clusters.

Subjects reported in the literature (e.g. Goodglass et al 
1983, Buckingham 1986), who show a dissociation between 
derailed content words and intact form words were not 
apparent in this sample, despite the presence of patients who 
otherwise share characteristics with reported cases. This 
applied irrespective of \diether errors on segments or entire 
words were examined. The possible reasons for variation 
between this and other studies are several. Despite 
commonalities on certain features (syntax, lesion site etc) 
it does not follow that all characteristics must be shared, 
and so maybe this sample did not contain such individuals. 
It is not disputed that the content-form dissociation exists, 
but such patients may represent extreme ends of a continuum 
and members of the current population approach but do not 
reach the extreme.

Alternatively the content and structure of the sentences may 
have militated against highlighting the dissociation. The 
range of form words and structures is restricted, and 
interpretation of error trends is easily confounded by 
syllable/word stress factors, form words being typically 
unstressed. The nature of an imitation task could also 
influence outcome, with the effect maybe more marked in 
spontaneous speech. Inspection of the spontaneous sentences 
(unreported here) does not give an immediate clear answer to 
this.
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Whatever the explanation, the conclusion on the basis of 
current data is that looking for a complete form-content 
dissociation is unproductive for standardised group 
diagnostic purposes.

16.4.3. The other unconfirmed expectation regarding loci of errors 
concerned the absence of negative effects of word 
predictability. There was not agreement with those (4.1.4, 
4.8) who have observed more segmental derailments in less 
frequent and less predictable sequences. This may rest on 
the insufficient extremes of word frequency and-or a 
levelling effect of imitation. Further, the limited range of 
structures and use of pictures may have contrived to erase 
the potential interaction. Comparison, in as far as is 
possible, with the spontaneous sentences suggests the 
elicitation procedure exercised the strongest influence.

Conclusions from this data, without added speculation, 
suggest that the addition of unpredictable sentences does not 
enhance differential diagnostic power. This statement 
remains tentative until future research enlightens us on the 
unanswered issues. Further relevant discussion comes in 
chapter 20 on length-complexity variables.

16.4.4. Whole cluster, part and whole syllable and phrase and whole 
word 'level' errors were not analysed separately here. At 
syllable and subsyllable level dysarthrics (at least Subject 
1 \dio had all but one of the errors in this group) produced 
predominantly elisions in unstressed syllables. For other 
groups there was the added interpretation that omissions in 
particular may be morpho-syntactically derived - e.g. kicking 
-> kick.

Part and whole phrase derailments were found not only in 
Group 3 but also in Group 2 subjects - but not in all. The 
primacy-recency effect was only found in Group 3, but was a 
feature of one individual, not the group.
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16.5. Conclusions

No variables studied here unequivocally separated groups as 
constituted (1, 2, 3) nor possible subgroups (AS, PP) within 
them. Some variables (e.g. displacement errors, phrase 
errors) were restricted to certain groups, but people existed 
within those groups who did not manifest them. However, 
individual differences were apparent that were not a simple 
consequence of e.g. severity, or time since onset. Rather, 
they suggest specific breakdowns relatable to points of 
dysfunction described by certain models of speech production, 
and as such give insights into pathology which can be 
therapeutically exploited.

Whether the sentence task offers more than single word tasks 
remains unanswered. It was no better - or worse - at 
dividing groups. It still highlighted variation, but in a 
different way (cf rank order, ratios, chisquare results). 
Possible insights that might be gained from contrasts across 
tasks require closer scrutiny of individual behaviours.

Sentences clearly make different demands, but some of the 
expected effects were not observed here. The task needs 
modification (e.g. greater separation of 2 complex, _+ 
predictable; better separation and more scope for +_ content) 
and application to a wider population before its worth in a 
test battery is disproved. The question of constructing a 
parallel spontaneous exercise is supported from the 
preliminary findings here. If conclusions from spontaneous- 
imitation differences in single words hold for sentences, 
too, this would be worthwhile.

Not all aspects of performance have been analysed so far. 
Concentration to now has been on 'segments' and broad 
divisions of "sound” versus "language" derailments. Some of 
these other features are now turned to in the next chapters.
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Suprasegaantal Features

17.1.1. One area of derailments has been ignored so far - rhythmical, 
temporal aspects of subjects’ responses. These too were 
analysed for their potential effectiveness at highlighting 
group and individual differences. This chapter reports the 
results.

Numerous claims have been made regarding the differential 
diagnostic strength of such features as rate, linguistic 
stress, intonation, fluency (Feyereisen, Pillon, De Partz 
1991). Claims that (spastic) dysarthrics show a flattening 
of intonation and equalisation of stress (tendency to 
monotone, monopitch); AS atypical stress placement and 
intonation contours; and PP normal patterns of these, were 
shown to be a gross oversimplification, if not a fallacy 
(chapter 5). This applied equally to rate variations. Past 
fluency measures were criticised as often neglecting the 
multiple causation of dysfluency.

Nevertheless certain features reviewed did show some
potential as (differential) descriptors of disordered speech. 
In particular it was felt that certain aspects of a so-called 
’fluency’ feature might be analysable according to particular 
underlying causes or sub-features that could point to
different determining disorders. Accordingly a number of 
these features or modifications thereof were screened for 
when transcribing responses.

17.1.2. These included word stress, intonation, pauses, initiation 
derailments, and tonic (in the neurological sense) and clonic 
(iterative) perseveration. Related timing (latency, 
utterance times) issues are reported in Chapter 20. Working 
definitions of labels are given in 11.2.

Because fine grained differentiation of stress and intonation 
has proved problematical even with the aid of physical
measurements and given poor performance of clinicians in 
recognising secondary perceptual features (Zyski, Weisiger
1987; Kearns, Simmons 1988), for this perceptual analysis a
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coarse separation was attempted into a) normal, b) equalised, 
and c) atypical stress and intonation.

Three surface manifestations of (dys) fluency were chosen - 
viz latency and response times (see chapter 20), initiation 
difficulties and inter- and intra-syllable pauses. 
Initiation problems were subdivided into struggle types 
(visible; audible; run ups; effortful articulation 11.2.3.) 
and self-corrections. A related phenomenon, whereby
subjects struggle to overcome perseveration of a prior 
response, was also counted (under PI)

Several hypotheses were made. Firstly, that dysarthrics 
would be characterised by a predominance of monostress, 
mono/equal stress and monopitch (intonation); AS by atypical 
stress and pitch; and PP subjects show as normal here. 
Secondly, dysarthrics would have a predominance of effortful 
articulation (Sg E), AS speakers of visible and audible 
struggle (Sg V, Sg A) and PP speakers fluent conduiĵ s 
d’approche (Sg R). Thirdly, only speech dyspraxics would 
evidence tonic and reiterative perseveration.

17.2.1. Methods

The same words, sentences, subjects and transcriptions served 
as previously. Error analysis was according to the 
categories listed and defined in 11.2.3. Statistical 
procedures were as before.

17.3.1. Results

Problems arose in transcriptions maintaining an agreed divide 
between instances of normal vs mono-stress or intonation vs 
atypical stress or intonation, even by the coarse 
distinctions chosen here. Large grey areas existed and the 
remaining clear instances did not provide sufficient data to 
conduct group comparisons. The incidence of perseverations 
was not high or widespread enough to enable reliable 
computations. Consequently the above error types had to be 
excluded from statistical analysis, although individuals
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warranting comment are discussed later. Only self
corrections and struggle occurred with a frequency to permit 
examination. However, difficulties in dividing struggle 
types (11.3.2) led to them being considered under one count. 
The self-correction and overall struggle scores are therefore 
the only results reported and subjected to statistical 
analysis here. Appendix F7 provides raw scores for self
corrections, overall struggle tokens and pooled stress and 
intonation deraiIment s.

17.3.2. Differences between groups on ANOVA's for self-corrections in 
spontaneous naming were non-significant (Group 1 versus 2 p = 
0.57; 1 versus 3 p = 0.36; 2 versus 3 p = 0.37), but 
comparisons in the imitation condition showed Group 1 
significantly less prone than 2 and 3 (Group 1 versus 2 p = 
0.008; 1 versus 3 p = 0.001; 2 versus 3 p = 0.83).

As regards self-corrections during sentence repetition, 
subjects with low or zero scores fell in all Groups. Only 
Groups 2 and 3 showed particularly susceptible individuals. 
On ANOVA differences between Groups 1 and 2 and between 1 and 
3 were borderline significant (p = 0.053; p = 0.054), but 
non-significant for Group 2 versus 3 (p = 0.96).

17.3.3. ANOVA for struggle behaviour in spontaneous naming indicated 
significant variance between Group 1 and 2 and 1 and 3 (in 
turn p = 0.009, and p = 0.011). Despite widely varying means 
(13.25; 20.0) Groups 2 and 3 were not reliably separated (p = 
0.266) due to large SD’s (10.55, 15.85), even though subjects 
9, 10, 20, 25 were removed (for reasons previously stated).

In the imitation condition Group 2 showed a higher mean 
(2.91) than Group 1 (mean 0.16), but wide SD’s (Group 1, 0.4; 
Group 2, 4.4) rendered variance non-significant (p = 0.15). 
Group differences between Groups 1 versus 3 and Groups 2 
versus 3 were significant at p = 0.028 and p = 0.034 
respectively, though there was overlap of individuals.

On sentence repetition dysarthrics had no struggle, while 
individuals in other groups ranged between no and
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considerable struggle. Group difference between dysarthrics 
and Group 2 was non-significant (p = 0.2), whereas it was 
significant between Groups 1 and 3 (p = 0.01). Group 2 and 3 
did not vary significantly (p = 0.47).

17.3.4. Combination of struggle and self-correction scores (see 
discussion for justification) gave the following results. 
For spontaneous naming Group 1 versus 2, and 1 versus 3 
produced significant variation (p = 0.006; p = 0.004 
respectively), while Groups 2 and 3 did not vary 
significantly (p = 0.15).

In the imitation mode Group 1 again varied significantly from 
2 and 3 (in turn p = 0.029; p = 0.012), while the latter 
groups showed too much overlap to render differences 
significant (p = 0.07).

When repeating sentences Groups 1 and 2 showed similarities 
(p = 0.11), and 2 and 3 also (p = 0.67) but Group 3 performed 
significantly differently to Group 1 (p = 0.014).

17.3.5. Comparisons within groups examined changes in their struggle 
and self-correction behaviour across conditions.

Dysarthrics were uniformly little prone to struggle 
derailments across all conditions, with a minor but non
significant (p = 0.34) trend towards improvement (means: 
Spontaneous 0.33; Imitation 0.16; Sentences 0.00).

AS/PP without dysphasia (Group 2) showed strong variation 
between spontaneous and imitation production of single words 
(p = 0.005) and between spontaneous naming and sentence 
repetition (p = 0.012), but not between single word
repetition and sentence repetition (p = 0.79).

Group 3 showed a trend towards improvement across conditions, 
with spontaneous naming and sentence repetition significantly 
divided (p = 0.025). Neither spontaneous and imitation 
naming (p = 0.161), nor word and sentence imitation (p = 
0.21) were significantly separated, though.
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17.3.6, For self-corrections Group 1 scores were uniformly low with 
no significant variance across conditions (p = 0.103). Group 
2 produced more self-corrections on the imitation tasks, but 
it failed to reach significance (p = 0.24). Group 3 had 
uniformly raised scores, with no significant variation (p = 
0.97).

17.3.7. Within-group comparisons of struggle plus self-correction 
scores across conditions brought the following figures. 
Dysarthrics displayed non-significant variance (p = 0.10). 
Group 3 variation failed to reach significance (p = 0.06) 
despite a trend towards gradual improvement. Group 2 
displayed a significant variation between spontaneous and 
imitated naming (p = 0.023), but not between either of these 
and sentence repetition.

17.4.1. Discussion

In as far as speakers were not separable perceptually 
regarding normal- mono/equal- and atypical stress and 
intonation, this hypothesis was not confirmed. However, it 
was not disproved, with inconclusiveness lying as much at the 
door of analytical methods and categorical perception as that 
of pathological features.

Clear instances of equalisation of stress, levelling of 
intonation and atypical stress and intonation did occur, but 
not solely in one group. Rather unequivocal instances 
appeared restricted to certain individuals. It seems they 
were strategies adopted by them to achieve better 
performance.

Factors supporting this hypothesis would be that the 
behaviours tend to be uniform across conditions, being a 
strategy that can be used irrespective of elicitation method. 
Furthermore, for given individuals, the tactic seems to come 
into play only after a certain threshold of difficulty has 
been reached, suggesting that equalisation of stress and 
syllabification, as perceptually analysed here, are secondary 
to other primary pronunciation difficulties and not part of
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the primary problem (5.3, 5.4). To detect finer aberrations 
and especially for atypical stress or intonation,
straightforward instrumental assessments such as 
laryngography or computerised sound spectrography may prove 
crucial.

The hypothesis regarding perseverations was not confirmed 
either. It was restricted neither to AS speakers, nor any 
other group, nor any condition (Sp, Im, sentences) in those 
individuals \dio evidenced it. The direct link of this 
behaviour to the speech disorders examined here is therefore 
questionable. This does not exclude its possible relevance 
in characterising other types of speech disorder - e.g. 
parkinsonian dysarthria and palilalia - and it does not 
exclude that the types of perseveration and degree of 
analysis used here may have been wrong. Weismer et al 
(1991b) found perceptually ’silent' perseveration a prominent 
feature in their sound spectrographic analyses of AS.

17.4.2. The one area yielding results was self-correction and 
struggle, but the hypothesis that types of struggle would 
distinguish groups was not confirmed. This did not rest 
purely on perceptual bias and transcriptional conventions. 
Obvious instances of all types of struggle arising in one 
utterance occurred in all groups. Attempts with selected 
patients to see whether audible and run-up type struggle 
could be proportionately divided met with poor success, not 
simply because proportions were not clearly separate,but 
because of the high incidence of tokens \diich could not be 
confidently assigned to struggle types relying on present 
criteria. The temptation to concentrate on the fluency/non
fluency of error free passages instead would not seem a 
fruitful quest given the controversies surrounding the 
identification and implications of this dimension (e.g. Poeck 
1989). Nevertheless, when pooling struggle types results 
significantly dividing groups were obtainable.

This concords with others (4.7) who have found or claimed 
trial and error struggle to be typical of dyspraxia. It also 
ties in with the findings of Mlcoch et al (1984) who found
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that subjective rating of suprasegmental disruption (which 
included struggle) was one of the most salient features used 
by clinicians to recognise AS and gauge its severity.

Although divergence of terminology makes direct comparison 
problematical, these results relate to those who have found 
AS characterised by so-called initiation difficulties (4.1,
4.3, 4.7). If self-corrections and struggle are added to 
other AS errors on initial ’segments', then the picture lends 
support to those who see the predominance of first 
’syllable'/’segment' errors as distinctive of AS (4.3). 
Findings here indicated, though, that the characteristic is 
as common with PP and mixed AS/PP speakers. It is only from 
(spastic) dysarthrics that AS would be distinguished by the 
early-in-word predilection. The difficulty in dividing 
audible from run-up struggle may have a bearing on this.

17.4.2, Differences between groups, however, are not consistent 
across all measures. Only between Groups 1 and 3 do all 
computations reach significance. The pattern of changing 
significance may be instructive both in uncovering underlying 
problems in AS, PP and in differentially diagnosing these 
from (spastic) dysarthria.

Noteworthy here, for instance, is the significant variation 
in Group 2 between spontaneous and imitative naming. In 
spontaneous naming they are significantly different in 
struggle but not in self-corrections compared to Group 1, and 
not significantly different to Group 3. On single word 
imitation, however, they are similar to Group 1 on struggle, 
but now significantly different to them on self-corrections 
and also significantly at variance with Group 3 on struggle.

A plausible explanation for this is that struggle arises when 
’information’ required for speech production is unavailable 
or degraded for whatever reason, but the person is able to 
monitor the fact that productions do not match the target. 
Imitation supplies (some of) this ’information’ or permits 
other routes to its access for production to be utilised. 
Hence the fewer struggles in the AS/PP non-dysphasic group.
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Absent or degraded access to semantic information is 
presumably an added hurdle for the AS/PP with dysphasia group 
(3), hence their imitative naming does not show a 
corresponding decrease in struggle or self-correction. Only 
when a meaning context is added in the sentence condition, 
which can be argued to support semantic production, do Group
3 perform akin to Group 2.

The improvement in struggle scores but deterioration in self
corrections between spontaneous and imitation elicitation 
indicates a possible link between them. On imitation Group 2 
subjects show a lessening but not disappearance of 
derailments, vis a vis spontaneous naming. From 
transcription evidence it is arguable that self-corrections 
are in fact mild forms of struggle.

This is well in agreement with measurements from instrumental 
studies (e.g. Edwards et al 1989; Weismer et al 1991) that
show dyspraxics and phonemic paraphasics are far from
inactive articulatorily during preparatory ’silence', and 
that even in apparent absence of trial and error struggle 
ongoing articulatory fine tuning can produce what are 
perceived as self-corrections. By the same token even milder 
self-corrections may form a subclass of additions and 
distortions distinct from distortions due to undershooting, 
failure to hold an articulatory posture or the like. This 
argument has been aired elsewhere (11.3.2, 13.4.1.3).

The implications for assessment are that struggle and/or 
struggle plus self-correction behaviour can differentiate 
with and without dysarthria groups on spontaneous tasks. 
Comparison between and within groups of their spontaneous 
versus imitation scores gives a reliable cross check 
especially when relative scores of struggle versus self 
correction are inspected. Comparison across modes could also 
provide an index of how far a dysphasic rather than motor 
element may be contributing to the struggle behaviour.

A precautionary note of course has to be appended. These 
were small groups, only one type of dysarthria was examined
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and the dysphasics with minimal or allegedly no speech 
problems (subjects 9, 10, 20, 25) who were omitted from 
computations were not entirely error free. Their inclusion 
did not alter any of the p values significantly except the 
Group 2 versus 3 comparison on imitation of words.

17.4.3. The main analyses were made dividing groups according to + 
dysarthric and + dysphasic. The variable which it was 
believed might separate so-called AS from PP speakers was 
effortful struggle versus fluent conduites d'approche. It 
has already been explained how in practice it was not 
possible to neatly divide these types of struggle. Examining 
scores of those operationally defined as PP (12.3.2) revealed 
no clearcut trends. They showed the same range of scores as 
non-PP speakers and same range of patterns of changes across 
conditions.

17.4.5. Inspection of individual scores showed that there were 
definitely sub-types of profile across conditions. Ihe 
general pattern was improvement from spontaneous to imitation 
naming and from this to sentence repetition.

Some subjects (e.g. 16, 22, 30), though, showed dramatic 
improvements compared to others (2, 15, 21, 26) between the 
naming conditions. Reasons for improvement were already 
speculated on above (chapter 15). Those failing to improve 
so much were all also dysphasic, so one might conjecture that 
elements of the dysphasic (semantic) impairment were not 
influenced by the stimulus mode. The implications are that 
analyses such as those conducted can inform both clinical and 
theoretical (model) issues. Given a battery of language and 
speech-motor tests individual difficulties can be pinpointed.

Certain subjects (e.g. 3, 8, 16, 18; less so 22, 30)
performed proportionately less well on sentence than word 
repetition. Not all were dysphasic, nor were all dysphasics 
so affected. Resolution of the question again points to the 
need to consider individual case histories rather than rely 
on group profiles. Possible reasons for this picture include 
the leng th-complexi ty effect; an a-/paragrammatic component
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(which may account for subjects* 8, 18 performance; the
syntactic element may not have been picked out by the 
relatively crude SMTDDA, 12.3.1); or interaction between the 
two, and ways in which subjects might be differentially 
assisted or disadvantaged by the occurrence of words or 
sounds in context (McCarthy, Warrington 1984).

Analysis of struggle by position - especially if coupled with 
analysis of latency (chapter 20) and other syntactic and 
semantic tests (e.g. Kay, Lesser, Coltheart in press) should 
assist in separating language and motor reasons for struggle 
and silence. Comparing, for instance, subjects 16 (AS/PP + 
dysphasia), 18 (AS/PP and ostensibly non-dysphasic) who both 
deteriorate on sentences, reveals within-word level versus 
idiole word (predominantly content words) and phrase level, 
struggle and self-correction behaviour.

17.5. Conclusions

This chapter has suggested that analysis of self-correction 
and struggle behaviour within and across conditions is an 
important way of differentiating underlying (spastic) 
dysarthria from AS and PP. Several indications for 
refinement of the method were apparent.

Ways need to be sought to objectively recognise and quantify 
the proportion of different struggle types before the 
differentiating value of these variables can be judged. 
Similarly more reliable descriptive dimensions are required 
for noting (perceptually or together with physical 
measurements) stress and intonation variation. Arguments 
were put for considering self-correct ions as a type of 
struggle, and searching for ways of identifying sub-types of 
distortion and addition which may count as mild struggle.

Patterns of variation across and within conditions also 
emphasised the wisdom of examining individuals * profiles 
rather than losing important observations for assessment and 
therapy in any group trends. To this end the need to 
supplement suprasegmental analyses with information from 
other tests was underlined: in particular, syntactic,
semantic abilities and occurrence of silence (chapter 20).
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18.1. Length and Complexity Effect

Section 4.2 detailed arguments and findings to date 
concerning the effects of length and complexity of 
syllables/words on error totals. Briefly reiterated, 
clinical practice has accepted that dysarthrics are immune to 
the effect and dyspraxics are susceptible. Closer 
examination of some studies containing data relevant to the 
issue suggests that the matter is not as clearcut as some 
authors would lead one to believe.

Within the present battery the main source of information 
relating to this question is the list of 51 words comprising 
20 single syllable, 14 two, 10 three and 7 four syllable 
words (comprising 63, 72, 71, 66 'phonemes* respectively). 
This is supplemented with data from the sentence (chapter 16) 
and diadochokinetic tasks (Appendix A7). Within the one to 
three syllable words and sentences there is a further 
subdivision into words considered articulatorily simple (CV, 
VC or CVC syllables) and others deemed complex (i.e. contain 
intra- and intersyllabic clusters). Comparison of
performance on these words with * simple * structured ones is 
used to investigate the complexity effect. A supplementary
source of data comes from the section repeating words of 
increasing length and complexity (Appendix A4).

The hypothesis to be tested is that dysarthrics show neither 
quantitative nor qualitative distinction between short and/or 
simple structure words and longer and/or complex words, while 
those with so-called higher cortical pronunciation disorders 
do. A further sub-issue relates to the hypothesis that as 
length/complexity increase dyspraxics show only a
quantitative difference in derailments, while phonemic
paraphasics evidence a disproportionate increase in 
displacement errors.

18.2. Methods and Materials

Subjects* recordings, transcriptions and error analyses from 
the spontaneous naming and imitation tasks served as input
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for the analyses. Derailments were summarised to give error 
totals in simple versus complex syllables and according to 
the length of word (in syllables) in which the derailment 
arose. Errors were examined as raw scores, as percentage of 
total possible segmental errors, and according to whether a 
given word contained any error. Because the division between 
simple and complex within four syllable words was not so 
clearly drawn, only words of syllable length one to three 
were used in analysing the complexity effect and when 
comparing it to the length effect. Subjects 1, 9, 10, 20 
were excluded from the analyses for reasons previously given 
(12.2.2, 13.3.1).

18.3.1. Results

Appendix F8 compares the number of segments in error as a 
percentage of total segments uttered for one versus two 
versus three simple and complex syllable words in the 51 word 
list spontaneous naming task. Appendix F9 tabulates the same 
details for the imitation condition. Appendix FIO and Fll 
give the total words in error as a percentage of recognisable 
attempts at target words in the spontaneous and imitation 
modes respectively. Again columns separate simple versus 
complex words and different syllable lengths. These are the 
data on which analyses are based.

18.3.2.1. Using percent segments in error in spontaneous naming the 
group means and standard deviations (SD's) in Table 18A 
resulted.

The ANOVA indicated a complexity effect (p = 0.0018), but no 
interaction with group (p = 0.38) - i.e. the effect is common 
to all groups. There was no length (number of syllables) 
effect (p = 0.39). When length and complexity were combined 
(i.e. complex one versus two syllable word etc) there was a 
significant difference (p = 0.025), but it showed no group 
interaction (p = 0.36).
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Group 1 Group 2 Groiq) 3

IS
Mean 13.54 10.49 9.00
SD 7.42 6.86 8.83

2S
Mean 10.56 5.38 5.30
SD 5.49 4.55 9.30

3S
Mean 18.54 9.23 8.79
SD 6.24 8.97 7.44

1C
Mean 12.8 9.49 7.37
SD 8.66 5.74 9.64

2C
Mean 14.82 15.05 20.09
SD 4.78 7.62 14.73

3C
Mean 10.86 16.43 6.63
SD 17.05 8.50 10.78

Table 18A. Means, SDs per Group for Segmental Error 
Percentages, Spontaneous Naming in Simple (S) versus Complex 
(C) Words of Length 1, 2 and 3 Syllables.

18.3.2,2. Using percentage of whole words in spontaneous naming with a 
phonological error, irrespective of how many segmental errors 
there might be in each word, stronger effects were found. 
Table 18B gives group means and SD's. The ANOVA comparing 
group X syllable length x complexity interactions showed 
complex syllables to be appreciably more susceptible to error 
than simple ones (F (1, 2) = 25.39, p = 0.000). Furthermore, 
group differences in susceptibility arose (p = 0.0147).
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Group 1 Group 2 Group 3

IS
Mean 28.3 23.08 20.10
SD 13.72 15.99 18.73

2S
Mean 37.96 24.43 22.95
SD 21.69 20.40 36.66

3S
Mean 78.66 43.33 40.73
SD 24.08 23.92 40.70

1C
Mean 43.45 35.28 22.67
SD 25.37 19.27 31.73

2C
Mean 64.02 62.23 58.06
SD 28.12 21.68 43.20

3C
Mean 63.2 70.42 31.84
SD 26.44 32.01 44.31

Table 18B. Means, SDs per Group. Percent Words with 
Phonological Error, Spontaneous Naming in Simple (S) versus 
Complex (C) Words of Lertgth 1-3 Syllables (1, 2, 3).

A main effect for length also existed (p = 0.0002), and a 
length-complexity interaction (p = .0006). Neither showed a 
group interaction, though groups show differing 
susceptibility to the effect as illustrated in Table 18C and 
as is clear from comparison of gradients of means in 18A and 
18B.
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By % Segpments in Error Group 1 Grocp 2 Group 3

Simple Syllable 14.21 8.36 7.69

Complex Syllable 12.82 13.65 11.36

Difference in Means -1.38 5.29 3.67

By % Words in Error

Simple Syllable 48.3 30.3 27.9

Complex Syllable 56.9 56.0 37.4

Difference in Means 8.6 25.7 9.5

Table 18C. Mean Percentage of Segments and Words in Error in 
Spontaneous Naming Comparing Groups and Simple versus Complex 
Syllables to Illustrate Different Group Susc^tibility to the 
Effect.

18,3.3.1. In the imitation condition, relating the variables by 
percentage segments in error produced the group means and 
SD's seen in Table 18D.

The ANOVA results showed only a complexity effect (F = 36.26, 
p = 0.000) with no other variables or interactions
approaching significance (complexity-group p = 0.96; length- 
group p = 0.71; length-complexity p = 0.25; complexity- 
length-group p = 0.35).
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Group 1 Group 2 Group 3

IS
Mean 10.0 9.24 11.09
SD 9.30 7.66 11.16

2S
Mean 8.08 6.14 9.04
SD 8.83 5.34 12.43

3S
Mean 17.86 9.73 10.02
SD 7.12 7.01 11.32

10
Mean 17.42 15.39 13.08
SD 7.73 8.66 9.83

20
Mean 13.96 12.33 16.82
SD 7.75 8.33 12.13

30
Mean 14.12 12.91 16.69
SD 3.97 6.24 10.33

Table 18D. Means, SDs per Group for Segp^ntal Error 
Percentages, Imitation Naming in Simple (S) versus Complex 
(C) Words of Length 1-3 Syllables (1, 2, 3).

18.3.3.2. Employing percentage of words with phonological errors in the 
imitation mode as the basis for analysis produced stronger 
effects, as previously seen in the spontaneous condition when 
contrasting segments with words. Means and SD's are 
illustrated in Table 18E.

Main effects of complexity (F = 123.16, p = 0.000) and length 
(F = 15.76, p = 0.000) emerge strongly, but neither interacts 
with groups (p = .23 and .75 respectively). That is, 
proportionately more errors arise in both longer and more 
complex words, but the effect does not efficiently separate 
clinical groups. This is illustrated for differences in 
means in Table 18F.
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Group 1 Group 2 Group 3

IS
Mean 18.35 19.85 20.78
SD 18.08 23.19 30.55

2S
Mean 27.34 22.21 31.50
SD 32.47 16.08 30.55

3S
Mean 72.66 50.27 38.89
SD 17.89 35.63 40.06

1C
Mean 60.00 43.75 45.74
SD 25.00 22.93 27.68

2C
Mean 57.5 45.83 51.19
SD 24.04 27.24 26.54

3C
Mean 74.00 59.99 72.77
SD 16.73 21.67 25.34

Table 18E, Means, SDs per Group for Word Error Percentages, 
Imitaticn Naming in Simple (S) versus Complex (C) Words of 
Length 1-3 Syllables (1, 2, 3).
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By % S^gnents in Error Groiq> 1 Group 2 Group 3

Simple Syllable 11.98 8.37 10.05

Complex Syllable 15.16 13.54 15.53

Differences in Means 3.2 5.17 5.48

By % Words in Error

Simple Syllable 39.4 30.8 30.4

Complex Syllable 63.8 49.9 56.6

Differences in Means 24.4 19.1 26.2

Table 18F. Mean Percentage of Segpents and Words in Error in 
Imitation Naming Comparing Groups and Simple versus Complex 
Syllables to Illustrate Group Susceptibility to the Effect 
(cf Table 18C).

18.3.4. The subtest ‘increasing length and complexity* (Appendix A4) 
also served as a possible source of information on this 
effect. Raw scores (segmental) are given in Appendix F12. 
They are rendered somewhat unreliable by the high incidence 
of error free performance, the skewing effect of no response 
and semantic paraphasic errors in Group three and the low 
number of items.

18.3.4.1. Using normalised data to conduct ANOVA*s Groups 1 and 2 
demonstrated no length effect: for Group 1 p = 0.8; Group 2 
p = 0.3. Group 3 were the only group to show a significant 
difference in error totals across lengths - p = 0.009, with 
no subjects omitted. Despite this, inter-group comparison 
showed no significant variance - p = 0.47.

No group showed a significant complexity effect. For Group 1 
variance was at p = 0.84; Group 2 p = 0.3; Group 3 p = 0.71.
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18.3.5. The complexity effect was also examined in * Sentences to 
Imitation*. For full data and discussion see section 16.3.5. 
It is noted here that, as in the single words to imitation 
condition, a complexity effect existed, but no significance 
in group susceptibility emerged.

18.3.6. The length effect is also inferable in the diadochokinetic 
rates tests (Appendix A7; Miller in preparation b). All 
groups showed proportionately poorer performance on two and 
three CV syllable repetitions, but on quantitative scores 
alone (i.e. total repetitions in a given time) significant 
group variation did not result if only successful responses 
were considered. When qualitative scores and failed 
responses were counted, then Group Two, and even more so. 
Group Three were seen to be significantly more susceptible to 
the length in syllables effect than Group One.

18.3.7.1. Another way of investigating possible qualitative variation 
that may hide behind indifferent quantitative variance in the 
length-complexity dimensions, was to see if groups differed 
in error types across length and complexity. The hypothesis 
was that PP speakers would evidence a disproportionate 
increase in displacement/noncontiguous errors as syllable 
length increased. Appendix F13 summarises displacement
errors per word length as a fraction of total errors on that 
word length in spontaneous and imitation conditions.

A significant variation exists between Group One and the 
others at Group level because no dysarthric made a 
displacement error (cf Appendix FI, F3). Their presence or 
not does not distinguish speakers at individual level, since 
several AS/PP subjects produce no or nearly no displacement 
errors.

Regarding the question of whether PP speakers have more 
displacement errors ̂ the longer the word, the answer is 
inconclusive. The presence of so many zero values made 
chisquare testing unreliable. Likewise^ for producing any 
other confident results.
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ANOVA showed a trend towards more displacements the longer 
the word, in imitation, for Group Two, without achieving 
significance (p = 0.205). No trend showed for the
spontaneous condition nor for either mode for Group Three, 
nor for Two and Three combined.

Groups Two and Three both contain those describable as PP 
speakers. Taking those with paraphasia in running speech 
score three or less and articulatory agility four or more as 
PP speakers (i.e. subjects 7, 16, 18, 20, 21, 24, 30) it is 
clear they do not form a natural group based on displacement 
errors. Some produce no such derailments, and some non-PP 
speakers have more displacements than the PP group.

18.3.7.2. A second qualitative investigation examined whether groups 
differed on proportion of distortion or omission errors as a 
function of word length. Appendix F14 shows raw scores for 
this.

The low totals and large number of zero cells made chisquare 
computation unreliable. That notwithstanding, chisquare 
analyses comparing proportion of distortions and omissions in 
increasing word length gave expected counts in descending 
magnitude from one to four syllables, even when adjusted to 
reflect the slight differences in probability of occurrence 
in varying word length.

No group betrayed any significant differences across word 
lengths on ANOVAs for omissions or distortions (see Table 
18G) except that Group Two displayed a significant difference 
in distortions (p = .03) between one and four syllable words 
(means 5.08, 1.97; SD's 2.7, 2.5 respectively).
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P

Group 1
D Sp 0.69
D Im 0.46
0 Sp I  0.94
0 Im I 0.84

Group 2
D Sp 0.03
D Im 0.13
0 Sp 0.10
0 Im 0.59

Group 3
D Sp 0.70
D Im 0.37
0 Sp 0.11
0 Im 0.67

18.4.1.

Table I8G. Probability Scores for ANOVAs Between Word Leqgth 
and Distortions (D), Omissions (O) in Spontaneous (Sp) and 
Imitation (im) Conditions.
Discussion

The hypothesis that AS/PP speakers but not dysarthrics show 
length and complexity effects is not supported. The only 
measure to achieve group interaction was on simple versus 
complex words in error in spontaneous naming (Tables 18D, E). 
All groups showed the complexity effect regardless of the 
variable examined. The length effect was less consistent in 
its manifestation but was nevertheless apparent across 
groups. Results varied, however, according to how they were 
arrived at and viewed. Counting percentage of words rather 
than segments in error produced stronger effects 
anticipating findings in chapter 19.

In 19.4.1.3 arguments are presented for why whole word counts 
may prove a more reliable diagnostic indicator. Some other 
factors may account here, though, for the difference between 
'word* and 'segmental* results. The dysarthric group tended 
to commit more segmental errors without necessarily impairing 
intelligibility. AS/PP speakers with multiple derailments on
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one word tended to produce neologisms, which were classed as 
whole word errors, not segmental. Thus segmental counts may 
obscure potential differences, or skew figures in a 
particular way, thereby accounting for the weaker 
interactions with segmental analysis. Whole word counts may 
also produce stronger differences by neutralising the greater 
spread of error frequency and drawing in larger SD's.

The contrast between spontaneous and imitation scores is 
indicated as a differential diagnostic factor to pursue 
further. Comparing group means for whole words (Tables 18E-
H) Group Two had a statistically significant difference 
between scores for simple and complex items on spontaneous 
naming (Table 18C) in relation to the other groups. This 
trend is neutralised, or even reversed in the imitation mode, 
due to the statistically significant leap in differences 
between simple-complex scores shown by Groups One and Three 
when comparing their spontaneous versus imitation results. 
The reliability of this diagnostic feature requires 
confirmation with individual subjects.

18.4.2. Also requiring additional investigation and speculation is 
the trend suggested in Tables 18A, 18F that simple two
syllable words are less error prone than single syllable 
words.

This may derive from a priming effect with single syllable 
words acting as a 'warm up'. Two syllable words may be more 
amenable to compensatory tactics (e.g. stress, rhythm, 
manipulation). The larger potential error count coupled with 
this may mask or bias the error percentages. There may be a 
subgroup of single syllable simple words (e.g. those starting 
with a vowel) that are not as simple as assumed. It may 
relate to word frequency effects despite having tried to 
control for this.

This finding is not isolated to this study. Stark and Stark 
(1990) found similar non-linear increases in their Wernicke's 
dysphasia speakers. They related it to morpheme structure 
(e.g. canoe - writer - toothbrush) and rhythmical pattern of
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targets, as well as * strategies* adopted by speakers. For 
instance, one speaker might struggle on a particular syllable 
structure and in failing produce a neologism, while another 
speaker simplifies the structure by altering the rhythmical 
pattern and succeeds.

The fact that it occurs across all groups (though not all 
individuals) negates it as a differential diagnostic factor, 
but it may be pertinent when considering modifications to 
test items, or understanding why some individuals follow this 
pattern while others do not. The effect only shows for 
segment, not word level.

18.4.3. While the above measures point to some group differences, 
perusal of raw scores (Appendices F8 to 11), even without 
details of wide SD*s, demonstrates that there are significant 
individual deviations from expected behaviour. Not everyone 
shows the length and/or complexity effect. Some do not 
portray a smooth line of increasing derailments across 
variables (e.g. subjects 27, 24, 15) evidencing more a zigzag 
profile. Others fall opposite to the expected trend (e.g.
subjects 6, 26). Still others show no or negligible length
or complexity effect until the three syllable words (e.g. 
subject 4). Subjects performing contrary to group trends do 
not form any clearly definable subclass of patients.

Any group differential diagnostic validity there may have 
been to these sub tests is invalidated by this individual 
variability. This does not automatically signal that the 
analyses are unimportant in interpreting individuals *
specific profiles, but further work is needed to ascertain,
for instance, how severity and coping strategies relate to
these.

It is speculated here that at certain levels of severity 
patients cope with single syllables. With modification of 
performance (e.g. syllabification, altering stress) they may 
still cope with two syllables; but beyond a certain level of 
length/complexity the task becomes too severe and
compensatory tactics break down.
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Conversely some subjects may instigate compensatory efforts 
only after failing on single syllables, or when they meet the 
added challenge of longer/more complex items. It is well 
known that in certain dysarthrias increased effort can 
improve speech (Darley et al 1975). It is less clear whether 
dyspraxics/paraphasics can improve in similar fashion or 
whether they need to resort to other coping methods. 
Chapters 17 and 20 on suprasegmental behaviour and utterance 
times partially address these hypotheses.

18.4.4. The results here failed to support the idea of changing error 
patterns across different syllable lengths. Admittedly only 
three error classes were scrutinised. However, there was 
reason to suspect (chapters 13, 14) these might be the ones 
to afford variation, besides which they were the only 
derailments occurring in sufficient number to permit at least 
partially reliable computations.

Displacements were known to distinguish speakers with/without 
dysarthria (chapter 13) and strong evidence from others 
(Mateer et al 1977, Guyard et al 1981, Kimura 1982) suggested 
PP may be preferentially susceptible to them. The paucity of 
such errors may have precluded firmer conclusions. 
Alternatively the data could be interpreted as supporting an 
interactive perspective on speech production where a strict 
demarcation between scan-copier type errors and fine spatial- 
temporal aberrations would not be expected (7.4.2.2).

Omissions and distortions were examined to see if dysarthrics 
were more prone to these in longer/more complex words as 
their ability to maintain articulatory rate and excursion 
deteriorated under added load. If anything the trend was 
towards fewer such errors (especially for distortions) as 
assumed difficulty increased. This may relate to the effort 
effect speculated on above.

It may have been correct to assume that dysarthrics might be 
differentially prone to omissions and distortions for the 
reasons given. However, AS/PP speakers may produce similar 
patterns for separate underlying reasons. For example, one
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might invoke notions of planning load, articulatory buffer
capacity, increased excitation to threshold of more
candidates. This purely perceptual study cannot answer these 
questions. Combining quantitative and qualitative (error 
types) perceptual analyses with physical recordings and 
analyses may advance knowledge in this sphere.

18.4.5. Of both theoretical and clinical interest is the confirmation 
from the data that consonant clusters do constitute a more 
complex articulatory task than CV(C) syllables. That the 
complexity effect is not simply a secondary length effect 
(i.e. more complex syllables have more * units* than
corresponding simple syllables) is supported by the fact that 
with few exceptions single complex syllables are more liable 
to derailment than simple two syllable words with equivalent 
*unit* totals. Of course, this is not the full story, but is 
mentioned here as a not uninteresting by-product of the 
analyses.

Given this observation, one might devise fresh items where 
the contrast simple-complex is accentuated, the hope being 
that latent differences might be highlighted more
unequivocally. Such speculation would require confirmation
through further work.

The subtest * Increasing Length and Complexity* (Appendix A4) 
proved too short to deliver unequivocal conclusions. From 
present data it did not appear to add information that was
not available in the 51 word list. In so far as it was not
contrasted with a matched spontaneous naming task, it lost 
the diagnostic potential possible elsewhere.

18.4.6. Conclusions

Length and complexity measures alone do not assign
individuals reliably to groups. Performance analysed by 
whole words appears a stronger indicator of these effects 
than segmental analysis. Regarding group assignment 
comparison of spontaneous and imitation relative scores 
appears the most promising channel to pursue. Regarding
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individual performance length-complexity parameters point out 
variation in success, but do not offer immediate solutions to 
why the variability exists. Some speculations for further 
research on this question, or combining of extant data were 
made. Finally, although the subtest devoted solely to 
length-complexity was too short to offer firm conclusions, it 
appears that a separate subtest of this type would not be 
necessary in a clinical battery. Provided items in single 
word lists and sentence items are carefully selected for 
length-complexity, they can deliver raw data to study this 
effect.



313

Variability

19.1.1. In dictionaries, textbooks and journals the most consistent 
claim about AS is inconsistency. Dyspraxic speakers are said 
to be inconsistent in the realisation of a sound from one 
occasion to another. The topic of variability was reviewed 
in 4.6. It was noted that different authors consider 
different phenomena under the label of variability.

Some mean the variation between spontaneous and imitative 
performance; others intend the variation from one 
phonological context to another; others relate it to the so- 
called islands of fluency. A fourth meaning concerns 
inconsistency of sound realisation in identical contexts in 
identical elicitation modes in immediately succeeding 
attempts at a target - so-called repeated trials tasks.

Whichever the interpretation the contention is that 
dysarthrics show no variability in sound realisation, while 
dyspraxics show varying realisations for a given sound. The 
literature is unclear about what is claimed for paraphasic 
speech. The implication is that it is consistent, but no 
studies exist where these speakers have been clearly singled 
out.

This chapter takes three perspectives on variability: a) the 
(in)consistency of error types and loci between spontaneous 
and imitation naming tasks; b) variability in the realisation 
of given sounds across phonologically different contexts; c) 
variability on a repeated trials task (Appendix A3).

In all cases the hypothesis is the same - viz that dyspraxics 
show variability of errors for a given sound in and/or across 
contexts, while dysarthrics show consistency of error type. 
If PP and AS are separate disorders and variability really is 
pathognomic of AS, then claimed PP speakers should also show 
consistency of errors.
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19.2. Methods and Materials

The raw data was provided by the same recordings, 
transcriptions and error analyses previously detailed.

19.2.1. Error Class Variation. Scorable identical words were
compared between spontaneous (Sp) and imitation (Im) 
conditions. Scorable was understood as where one of the pair 
contained a mispronunciation but the other was correct, or 
where both were mispronounced. Where both were correct or 
one or both words were language (SmP, Circ, NJ, NR) errors 
they were not included in this particular study. Two 
analyses were made, one word, the other segment based.

Words pairs were counted as consistent or inconsistent on the 
following basis:
1) If error(s) arose in identical positions in Sp vs Im, 
regardless of whether this involved the same error type 
tokens were considered consistent. For example: [daigy- ] - 
[sargy- ]; [lacsk] - [lacsk]; [ta*lu] - [da*l u], but not 
[*daig3̂ ] - [*daida*]; [1% sk] - [fafsk].
2) If errors fell at different loci, even if the error
type was the same, word pairs were deemed inconsistent. For 
example [mDp ] - [ prp ], [taidy^ ] - [kaidy- ], [bued?] - 
[ambuied?], [daigy- ] - [taidê ].
3) Word correct in Sp, wrong in Im.
4) Word wrong in Sp, right in Im.
These latter two categories were considered as examples of 
inconsistency for some computations, but excluded from others 
in order to maintain comparability with other studies and 
enable right/wrong variation to be studied separately.

At segmental level identical segments in scorable items were 
compared across conditions, e.g. in mop m with m, p with p, p 
with £. Consistency was decided on the following basis:
5) If the same segment was derailed in the same error
category in Sp and Im it counted as consistent - e.g. [desk] 
- [desk]; [desk] - [dê k], i.e. both distortions, even if 
perceptually different.
6) If a segment's derailment was classed as a different
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error type between conditions, it counted as inconsistent - 
e.g. [defk] - [desk], [nif] - [nnif]. [t-ac m] - [ft’gcm] 
would count as one consistent, one inconsistent token.
7) Segment correct in Sp, wrong in Im.
8) Segment wrong in Sp, right in Im.
As with words, 7 and 8 were included with ‘inconsistent* 
totals for some calculations, excluded from others.

Totals for both word and segment level analyses entered 
calculations as percentage proportions of total inconsistency 
+ consistency scores. Certain subjects who had low overall 
totals which would render proportions unreliable had to be
excluded from some analyses. These are detailed below.

19.2.2. Targeted Sounds. To examine variability in the realisation
of a target sound across different contexts three sounds were 
chosen - /i/, /b/, /k/. The words in each subtest (except 
picture description, *tea making * conversation and the
repeated trials task) containing the sound were listed, and
each subject*s realisation of the sound in each word charted.

Three scores were derived per sound per person. Tokens 
correct; tokens in error; number of different error types. 
The ratio of the latter two was used to study variability. 
Those with low variability would have greatest difference 
between error totals and error types. Those with high 
variability would have ratios approaching or at 1:1.

19.2.3. Repeated Trials. The five words in Appendix A3 were elicited
in the manner described there. An error-consistency measure 
was created for the five productions of each word. Each
segment was monitored across the five words. Where its
status changed from correct to incorrect, incorrect to
correct, or error type one to error type two (e.g. 
[bav->j3av]; [t-iajgâ  -> taigy ], [klac.sk -> plae.sk] an 
inconsistency point was scored. Where a segment was derailed 
in the same way (same error category) on successive tries, a 
consistency point was allotted.
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A single consistency score was derived by expressing the 
total of consistent errors as a percentage of all errors. 
This figure was used as the basis for statistical analyses.

19.3.1. Results:

Error Class Variation

Raw scores per subject for counts 1-4 (19.2.1.) appear in 
Appendix F15 and for counts 5-8 in Appendix F16. A series of 
ANOVA*s compared Groups on the different counts.

Word Level. Tables 19A -> 19D show Group comparisons for:
a) words with errors in identical positions (count 1) in Sp 
and Im expressed as a percentage of counts 1 + 2  (19A);
b) count 1 as a percentage of counts 1 + 2 + 3 + 4 (19B).
c) Table 19C is calculated on the difference between counts 1 
and 2 expressed as percentages of 1 + 2.
d) Table 19D results are based on the difference between 
count 1 and counts 2 + 3 + 4 expressed as percentages of the 
sum of counts 1 to 4.

Group
Mean
SD

Groiq)
Mean
SD

f
df P

1 2
51.0 35.9 5.1 .040
6.7 15.5 1,15
1 3

51.0 18.6 10.3 .008
6.7 23.9 1,11
1 2+3

51.0 29.2 6.5 .019
6.7 20.4 1,22
2 3

35.9 18.6 3.5 .079
15.5 23.9 1,16

Table 19A. Degrees of Significance of Variance between 
Paired Groups, Based on Total Words with Errors in Identical 
Positions in Spontaneous and Imitation Conditions Expressed 
as Percentage of Sum of Words with Identical + Non-identical 
Error Positions.
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Group
Mean
SD

Group
Mean
SD

f
df P

I 2
33.3 13.5 16.5 .001
13.4 7.6 1,16
1 3

33.3 6.6 20.1 .000
13.4 10.8 1,15
1 2+3

33.3 10.2 23.15 .000
13.4 9.7 1,27
2 3

13.5 6.6 3.2 .089
7.6 10.8 1,21

Table 19B, Degrees of Significance between Paired Groig)S, 
Based oET Total Words with Identical Error Positions in 
Spontaneous and Imitation Conditions Expressed as Percentage 
of Sun of Words with Identical + Non-identical + Right 
Wrong/Wrong Right Patterns.

Group
Mean
SD

Group
Mean
SD

f
df P

1 2
8.7 37.3 13.6 .002
9.7 17.4 1,15
1 3
8.7 72.0 28.6 .000
9.7 27.4 1,11
1 2+3
8.7 50.8 13.6 .001
9.7 27.3 1,22
2 3

37.3 72.0 10.9 .005
17.4 27.4 1,16

Table 19C. Groiq> Comparisons at Word Level Based on the 
Differences in Percentage between Consistent and Inconsistent 
Error Scores
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Groiq>
Mean
SD

Group
Mean
SD

f
df P

1 2
39.4 70.8 17.8 .001
14.0 15.3 1,16
1 3

39.4 86.2 23.3 .000
14.0 21.2 1,15
1 2+3

39.4 78.2 20.6 .000
14.0 19.6 1,27
2 3

70.8 86.2 4.0 .058
15.3 21.2 1,21

Table I9D. Groiq> Comparisons Based on Word Level Differences 
in Percentages between Inconsistent and Consistent + Right 
Wrong/Wrong Right Scores.

In Tables 19A, 190 Subject 8 was omitted from Group 2 because 
of absence of errors. Subjects 2, 3, 9, 10, 16, 20, 21, 23, 
25 were omitted from Group 3 because of absent or unreliably 
low scores. In Tables 19B, 19D only Subject 16 was excluded.

Except between Groups 2 and 3 all variance is significant at 
Group level. There are some notable individual deviations 
from norms discussed below.

Segmental Level. An equivalent series of comparisons were 
made based on counts 5-8.

Calculation e) (Table 19E) compared Groups on the percentage 
of identical errors in identical positions (consistent) 
between Sp and Im expressed as a percentage of counts 5 
(consistent) + 6 (inconsistent).

Analysis f) used the same error score expressed as a 
percentage of the sum of counts 5 -> 8 (includes right -> 
wrong, wrong -> right).
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Comparison g) contrasts Groups based on the differences 
between counts 5 (consistent errors) and 6 (inconsistent 
errors) expressed as a percentage of their sum.

Comparison h) looks at counts 5 and 6 + 7 + 8  expressed as 
the difference between them as a percentage of their sum.

Groups
Compared

p for Comparison:
e f g h

1 - 2 .76 .09 .80 .08
1 - 3 .54 .01 .98 .01
1 - 2+3 .62 .01 .92 .01
2 - 3 .66 .21 .80 .21

Table 19E. Levels of Significance (p) between Pairs of 
Groups for ANOVA on Consistency Measures e - h (see text).

Subjects 8, 16 were again excluded due to absence of errors 
for computations e) and f). Subjects 9, 10 were omitted from 
all analyses for this reason.

Only two comparisons are significant - those between Group 1 
and 3 and 1 and 2 + 3  for identical errors as a percentage of 
all errors (Table 19E measure f) and the measure 
interdependent with this of the difference between consistent 
(count 5) and inconsistent (counts 6, 7, 8) errors (Table 19E 
column h). These and individual scores of note are discussed 
later.

Both Groups 2 and 3 contain AS and PP speakers. ANOVA's 
revealed no significant differences between them (Table 19F) 
on proportion of variable errors.
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Count 1 or 5 % 
Count 1 + 2 or 5 + 6 Mean SD P

PP (n * 7) 78.3 21.0
Words .137

non-PP (n = 8) 54.7 25.9

PP 32.6 18.3
Segments .246

non-PP 43.3 13.1
Table 19F. Differences between PP and non-PP, non-Dysartfaric 
Speakers’" on Variable Errors as Proportion of Total Errors 
made, Word and Sequent Level Analysis (Excludes J x x y). 
Subject 20 was included in these calculations. Her exclusion 
did not alter significance levels.

If only right to wrong ( /-)x) variability in words is 
scrutinised a different picture emerges. With subject 21 
removed, who had minimal comparable words, PP speakers show 
higher means on normalised data than the others (51.5 vs 
36.9), but wide SD's (PP 29.6; non-PP 16.5) render Group 
differences insignificant (p = .255).

When segments are compared for proportion of >/-) x versus 
x->y, the differences reach significance. PP speakers (mean 
51.9; SD 4.4) show proportionately more y  -> x changes than 
the non-PP Group (mean 39.1; SD 6.4) which is significant at 
p *= .001. However, the comparisons do not extend to the 
dysarthric group, who showed no differences from either the 
PP (p = .32) or non-PP (p = .34) speakers.

19.3.2. Targeted Sounds

Raw scores are detailed in Appendix F17. Only /k/ produced 
sufficient scores to attempt any calculation, and even this 
was rendered unreliable by the large proportion of low and 
zero scores.

A Mann-Whitney test using Group 1 (n = 4) versus Groups 2 + 3  
(n = 7) for subjects with three or more errors produced 
medians of 4.6 and 1.2 indicating group difference
significant at p = < 0.01.
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Results of ANOVA (means and SD's Group 1 = 4,8, 1.7; Groups 2 
+ 3 = 1.5, 0.6)gave an F ratio of 21.2 (df 1,9) denoting 
significant variance (p = <0.01).

19.3.3. Repeated Trials. Appendix FIB shows raw scores and 
percentage consistent errors. Analysis was conducted on 
twenty-two cases. Of the original thirty, three made no 
errors (subjects 9, 10, 25) two (20, 21) produced only no 
responses or semantic paraphasias, and three (2, 15, 26) had 
a mixture of pronunciation and language errors. All excluded 
cases came from Group 3 with accompanying dysphasia.

Using Mann-Whitney U tests dysarthrics were shown as 
significantly different from AS speakers (articulatory 
agility 3 or less paraphasia in running speech >4 Appendix 
E2) at p = 0.038 and phonemic paraphasic speakers
(articulatory agility > 4, paraphasia in running speech < 3) 
at p = 0.022. No significant difference existed between AS 
and PP speakers (medians 36, 40; p = 0.765).

Group 1 (dysarthrics) emerged as significantly different from 
both Group 2 - AS/PP no dysphasia - (p = 0.001) and Group 3 - 
AS/PP with dysphasia - (p = 0.016). No difference beyond 
chance existed for Group 2 versus Group 3 (p = 0.232). The 
similarities and differences are illustrated in Tables 19G 
(dysarthrics vs PP vs AS) and 19H (Group 1 vs 2 vs 3).

N MEAN 
Dysarth 6 74.9 
PP 5 35.9 
AS 3 39.0

cn

19.8
17.6
11.4

(— 1— )
(— *— )

(------ *------ )

POOLED SD =17.74 25 50 75 100

Table 19G. Means, Standard Deviations and 95% Confidence 
Intervalŝ  for Mean Based on Pooled SD of Consistency Score 
Dysarthrics vs Speech Dyspraxics vs Phonemic Paraphasics, 
Repeated Trials Task.
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N MEAN cnou ——
6 74.9 19.8 (-- - )
10 22.4 17.0 (-— *---)
6 35.2 18.6 (---- ---)

POOLS) SD =18.17 25 50 75 100

Table 19H. Means, Standard Deviations and 95% Confidence 
Intervals” for Means Based on Pooled SD of Consistency Scores 
for Groups 1 vs 2 vs 3, Repeated Trials Task.

Finally, there were no significant differences between groups 
according to other common parameters for group separation, 
such as age, severity, time since onset and fluent versus 
dysfluent speech. Dividing the eight most consistent non- 
dysarthrics from the eight least consistent non-dysarthrics 
did not produce any correlations with recognisable single 
factors.

Discussion

19.4.1. Error Class Variation. The hypothesis that dysarthrics and 
PP speakers would show only consistent, AS speakers only 
inconsistent errors was not upheld. With the exception of 
Subject 8 who had neither (except if one takes the broader 
definition of inconsistent to include right -> wrong and vice 
versa) and some subjects of Group 3 with zero scores 
associated with low maximum possible totals, all individuals 
portray both consistent and inconsistent errors in word and 
segfnent level analyses. Despite this Group and individual 
variations exist. Significantly there is a contrast between 
word and segment level perspectives. These are discussed 
separately before relating the respective results.

At Group level while dysarthrics and non-dysarthrics show 
both error trends for words, the non-dysarthric Groups have a
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significantly (Tables I9A, C) greater proportion of 
inconsistent errors, \Aich is accentuated even more (Tables 
19B, D) when right -> wrong and wrong -> right totals are 
included.

Groups 2 and 3 are not distinguished by proportions of 
consistent errors. Their consistent-inconsistent (Tables 
19C, D) scores appear significantly divided. However, closer 
inspection reveals this to be an artefact of the skewing 
introduced by the depletion of Group 3 members and the 
unreliability of remaining scores due to disproportionate 
effects on percentages of their low raw scores.

Typically there are individual profiles running counter to 
group trends, thereby weakening any differential diagnostic 
strength this dimension may have. Perusal of individual 
transcriptions indicates that some modification to error 
classification may clarify these nonconformities, e.g. by 
separating consistency due to 'locking in* (19.4.3) to a 
perceptually incorrect but functionally nevertheless adequate 
realisation (a strategy adopted by some AS speakers) and 
inconsistency linked with effort to avoid a previous omission 
or severe distortion at one point leading to loss of 
articulatory adequacy elsewhere in the utterance.

A further point arising concerns what is actually being 
counted here. Strictly speaking the word level analysis 
examines changes in error loci, not error type (cf. 19.2.1.). 
Mlcoch et al (1982) speak of consistency to denote regularity 
of the locus in which errors arise and variability to denote 
the irregularity of error type occurring there. He, like 
Johns et al (1970) and Deal et al (1972), found AS 
characterised by consistency of locus but variability of 
error type on the measures they used. Results here disagree, 
indicating that dysarthric speech is not wholly consistent as 
previously claimed, and AS (and PP) gives a significant 
degree of locus inconsistency.

The discrepancies between studies may derive partly from the 
different ways of examining the phenomenon. Earlier studies
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used reading tasks; focused only on initial sounds in C(C)VC 
syllables with VC held constant; or used a modified repeated 
trials task (see below). They had also preselected AS 
speakers with one criterion being the consistency-variability 
dimension and had different dysarthric comparators.

Coincidentally the word level count here addresses a question 
asked in chapter 15, whether, as alleged, PP speakers perform 
differentially worse on Im compared to Sp. No Group here 
stood out (Table 19F). However, the count wrong -> wrong in 
a different way hides instances of where a word may contain 
one error in Sp, but several in Im. These data would be 
required to fully address the *worse on Im* question in this 
context. They are accessible in the segment level 
inves tigations.

19.4.1.2. The picture for segment level analysis is at variance with 
the word level measures. With the exception of measures 
contrasting Groups 1 with 3 when right -> wrong and wrong -> 
right counts are included, (cols f, h Table 19E) the picture 
is of uniformity. Both dysarthric and non-dysarthric 
subjects evidence variable and non-variable realisation of 
given sounds. The greater trend in fact is towards non
variability across Groups (with error categories used here), 
a direction contravened by few individuals (1, 7, 15).

The apparent reverse trend for Group 3 is less easily 
dismissed this time as an artefact of their low scorable 
items, and may point to a genuine difference. The fact that 
Group 2 scores are not far from significance compared to 
Group 1 lends support to this. However, a full clarification 
should await re-analysis with possible modifications to error 
categories (19.4.1.1.).

With access to all right -> wrong segments the results 
concerning the claim of a greater number of right -> wrong 
changes in PP appears upheld. The significant difference 
from the AS group points to a genuine effect (though not as 
claimed by others a complete dissociation - subjects 8, 11, 
29 with a similar trend were not PP speakers). The fact that
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dysarthrics can also fall within the range of AS and PP 
speakers detracts from the strength of the feature as an 
unequivocal diagnostic feature, but it also raises further 
questions. For instance, are there separate causative 
factors bringing about the effect in PP versus dysarthria?

19.4.1.3. Neither word nor segment level analyses, as already noted, 
confirm previous findings. The degree of locus inconsistency 
here seems to rest primarily on looking at all positions in 
the word separately and not just word initial position, 
clusters as a whole or whole words. Groups here were not 
preselected in the same manner either.

The more equivocal balance between variability and non
variability may stem from the same sources. Further, some 
earlier studies confounded loci and type errors, [taidâ ] -> 
[daiga^ ], [taidy- ] -> [daid^ ] would have been counted as 
variable errors, whereas here they would be one right -> 
wrong and one wrong -> right in example one and right -> 
wrong, wrong -> same wrong (invariable) in example two. 
Hence results are closer to other works when right -> wrong 
changes are included under variable errors.

The use of more error categories in this study may have 
influenced the impression of greater segmental variability 
amongst dysarthrics, but it does not explain the degree of 
error invariability in other Groups. This may relate to not 
deselecting subjects who showed invariability and favouring 
those With high variability.

The counts adopted here and their contrasting outcomes may, 
however, be highlighting another phenomenon that was lost to 
earlier coarser analyses. AS and PP speakers, according to 
their level of impairment, find a word difficult for whatever 
reason, or not. Because their problem lies in overall 
planning and execution and given that this takes place for 
words/phrases as a whole and not segment by segment the 
underlying difficulty may surface in any part of the word, 
and on various occasions in various fashions. Hence the 
degree of inconsistency in word level analysis and the (near)
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significant levels when examining segments with wrong -> 
right included. A similar finding was observed in children 
with developmental dyspraxia by Stackhouse et al (1992).

Dysarthrics are not immune from this effect in as far as 
attempts to realise a 'difficult* segment correctly may be at 
the expense of neighbouring segments, or, where breath 
capacity iS impaired, to the cost of word final segments. 
This is a possible source of variability in dysarthrics which 
was omitted by others' counting systems. The error analysis 
methods used here, however, do not permit this to be observed 
directly. The statement thus remains speculative until 
modified error analysis methods are adopted or further 
studies are completed with physical measurement back-up.

As regards differential diagnosis the measures here offer 
potential, in particular the word level picture. They could 
not be introduced without further work which might involve 
e.g. larger and more varied groups (e.g. with ataxia); the 
correlation of (in)consistency with other indicators of AS 
and PP; examination of the influence of time since onset and 
communication strategies on (in)consistency; and 
modifications of error categories.

19.4.2. Targeted Sounds. The low raw scores lead any interpretation 
of results to be made with caution. Much more extensive data 
needs to be used.

At face value the results do not confirm that variability, as 
defined here, is pathognomic of dyspraxia. Dysarthrics 13 
and 19 showed variability of error similar to several non- 
dysarthrics, although these all relate to low scorers.

However, a closer look at the dysarthrics' derailments points 
to arguments for consistency, in that their errors could be 
seen as closely related on a continuum, while others' errors 
were not directly related. That is, for /k/ dysarthrics' 
errors reflect a difficulty reaching target contacts, 
presumably because of weakness/slowness/limits of excursions.
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Thus [k] -> [k, k, x] or was omitted or apparently replaced 
by [h].

AS and PP speakers conversely tended to produce derailments 
arguably much more influenced by neighbouring or distant 
context - e.g. [k] in flask might -> [t], in screw be omitted 
and -> [c] or [t/] in chicken, seemingly supporting the idea 
of a * planning* difficulty where the unit of 'planning* is a 
whole word.

This suggested a targeted sounds approach to variability 
coupled with a qualitative error analysis may prove fruitful. 
It also suggests the equivocal results when examining error 
types in spontaneous/imitation naming might be disambiguated 
if sounds/derailments were compared more closely for context 
of occurrence.

A side issue relates to the choice of /i, b, k/ which was not 
only for their larger and comparable number of appearances, 
but also because they might produce additional differential 
diagnostic information. If PP and AS allegedly affect higher 
cortical levels of planning all sounds should be equally 
prone to *selectional* or * integratory * derailment, or a 
consistent gradient of fragility observed. Dysarthrics, 
contrarily, might show differential deficit in one sound 
corresponding to the power/tone deficit in a specific 
articulator (here lips - anterior tongue body - tongue 
dorsum). In actual fact /k/ transpired to produce most 
errors in all groups.

Thus either the choice of dysarthrics unwittingly over
included individuals with hypoglossal nerve involvement - 
velar sounds are typically more difficult for them to produce 
because of the greater excursions necessary (compared e.g. to 
that for alveolar contact). Or, dysarthrics compensate 
better for bilabial and tongue tip deficits. Alternatively 
the error picture may be an artefact of transcribers * 
categorical perception. Finally, the assumption above may be 
simply wrong, or the data not extensive enough or
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sufficiently balanced (frequency; length-complexity etc) to 
produce differences.

19.4.3. Repeated Trials

At first sight, the findings confirm traditional tenets that 
speech dyspraxics are inconsistent in their errors, 
dysarthrics consistent. They do not confirm the hypothesis 
that dyspraxic speech differs from phonemic paraphasic speech 
in inconsistency. The presence or not of dysphasia did not 
have any effect on articulatory consistency.

However, several provisos must be mentioned. Dysarthrics 
versus all others are not divisible on the basis of total 
absence or presence of error variability. All speakers show 
elements of both. Indeed some speakers produce a trend 
opposite to group behaviour.

Subject 7 of Group 2 made 58.3% errors which were consistent 
across repetitions. This was within the range for dysarthric 
patients. His case history was reviewed, but he was 
undoubtedly non-dysarthric with errors showing *dyspraxic* 
type substitutions, additions and struggle. His high 
consistency score derived from * locking in* to one particular 
error pattern. This man was 15 months post CVA and from his 
other communicative behaviour it seemed he had developed this 
as a strategy to control his output so long as his utterances 
were functionally adequate. Subjects 23, 15, 30, also
dyspraxic and paraphasic speakers, evidenced a similar 
adaptation tendency, accounting in one way for their 
equivocal consistency-inconsistency balance. This alerts one 
to consider the influence of strategies in chronic speech 
dyspraxics, and highlights the importance of differentiating 
between central disorder behaviours and adaptation behaviours 
(Kolk and Heeschen, 1990).

The same is not true of dysarthric subject 11. He was mildly 
impaired and his inconsistent errors represent instances of 
self correction and deterioration due to fatigue. It is 
speculated that closer analysis of error types (e.g. as with
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/k/ in targeted sounds) alongside the consistency measure may 
enable better differentiation in this type of case.

Two of the people excluded from the overall results because 
of their semantic paraphasic errors fell well within the 
dyspraxic-phonemic paraphasic rankings, if only their 
pronunciation errors were counted (25% and 17.2% consistency 
respectively).

The last person to warrant particular reference is dysarthric 
subject 13 who only just reached (52%) a predominance of 
consistent errors. Review of his case confirmed that he is 
dysarthric, but rather than being a clearcut case of spastic 
dysarthria, presents with elements of what has been described 
(3.1.2.4) under the label of aphemia. The patient’s 
consistency profile reflects the theoretical and neuro-
anatomical classification of aphemia as midway between speech 
dyspraxia and spastic dysarthria. It corresponds to 
Liepmann’s (1908) kinetic dyspraxia in his original 
classificatory scheme for limb dyspraxias.

The measures used here need to be repeated with larger
subject groups and a greater range of stimulus items. The
dysarthric group consisted only of spastic dysarthrics, but 
other research suggests this is the disorder most easily
separated from speech dyspraxia. Much more problematic will 
be hypokinetic and ataxic speakers, where variability is 
allegedly more rife.

No qualitative breakdown of speech derailment was carried out 
on this section. From other parts of the battery, there are 
suggestions that a qualitative analysis of dysarthric right 
to wrong and wrong to right variability may be instructive. 
Spastic dysarthrics, at least, have some capacity to overcome 
or correct their errors by increased effort. At the same 
time, if this capacity is not exploited (or is unable to be, 
due to level of severity) their performance over a series of 
repetitions evidences a mounting number of right to wrong or 
distorted to more distorted, or even distortion to omission 
or substitution derailments. Dyspraxics* variability, one
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surmises, would show a mixture of right to wrong and vice 
versa productions throughout the series. Cases of unexpected 
consistency may also be clarified by reference to error 
types; spastic dysarthrics, for instance, are not prone to 
'locking in* to anticipatory or metathetic derailments.

Preliminary perusal of data suggests this is a possibility, 
but a greater corpus of error patterns needs to be gathered. 
Related observations by LaPointe et al (1976) and Skenes et 
al (1988) with their equivocal scores by dyspraxics on first 
five versus second five repetitions or first versus last 
repetitions, argue that such a quest may be fruitful. 
However, these workers did not include dysarthric, and 
especially not ataxic dysarthric comparators.

19.5. Conclusions

When discussing variability it is essential to clarify which 
use of the term is intended. The three perspectives examined 
gave different pictures. Error changes at word and segment 
level showed different pictures; targeted sounds brought out 
contrasts, but not uniformly across targets; while repeated 
trials seemed to highlight performances closest to expected 
lines. None unequivocally supported the notion that AS is 
unique in showing error variability. Targeted sounds hinted 
word level (in)consistency and repeated trials strongly 
suggested that AS might be distinguished by degree of 
variability. No conclusive differences emerged between AS 
and PP.

Suggestions were made for ways in which the consistency 
measure could be made more sensitive. The speculation was 
that qualitatively different types of (in)consistency might 
underlie surface similarities. This optimism was tempered by 
the recognition that the dysarthric group contained no 
hypokinetic nor ataxic dysarthrics, traditionally seen as 
more variable in their performance than spastic dysarthrics.
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That notwithstanding these tasks appear to offer a relatively 
reliable method of distinguishing (spastic) dysarthric from 
dyspraxic and paraphasic speech, and would warrant more 
extensive trials with greater item choice and larger and 
additional groups of speakers.
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Latency and Utterance Times

20.1.0. The response or reaction time paradigm has been and is a 
widely used method for dividing groups of subjects and making 
inferences about underlying differences in task demands. It 
has been used in speech-language pathology to divide speakers 
with and without brain damage and/or language impairment, and 
subgroups within the communicatively impaired population 
(Kreindler, Fradis 1971; Marshall, Neuburger, Sakellaris 
1982; Noll, White 1982; Marshall, Neuburger, Golper, Philips 
1984; Dunn, Russell, Drummond 1989). Deal et al (1972) and 
Dabul (1979) included latency and utterance time data in 
their assessment of speech dyspraxia. Latency is used here 
to denote time from exposure of stimulus to start of 
response, and utterance time the period from start to finish 
of verbal response.

Briefly stated, the contentions are that on average brain 
damaged subjects take longer to respond to stimuli than 
normals, dysphasics longer to respond to verbal material than 
non-dysphasic brain damaged, and within the speech-language 
impaired population there may be different patterns according 
to the dysphasic syndrome. In particular semantic problems 
are reported to give a tendency to long latencies but (near) 
normal utterance times, while word production impairments 
permit short latencies but produce longer utterance times.

A variety of stimulus variables also influence latency. 
Amongst the more relevant for consideration here are, e.g. 
length and ‘complexity* of expected response, familiarity of 
target word, certainty of lexical label of picture.

Latency and utterance times were examined here to judge how 
far previous workers * predictions were reflected in the 
performance of the present groups, and to confirm (or not) 
and supplement Dabul*s (1979) results.

She found no statistically significant differences between 
her dysarthric group and others on total response time 
(latency and utterance time). All non dysarthrics were also
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dysphasic, so it is problematical from her figures to filter 
out the influence of dyspraxia versus dysphasia on responses. 
Her main conclusion was that dysphasics with dyspraxia all 
took longer in total to utter the words than the slowest 
dysphasic without speech dyspraxia. She did not separate 
speech dyspraxia and phonemic paraphasia and had no 
dyspraxics without dysphasia. Also she used only ten 
polysyllabic words.

The differences that it was hypothesized would emerge in the 
present study were;

1) Dysarthrics and dyspraxics without dysphasia would show
latency times approaching normal, but dysphasics would 
evidence extended latency.
2) Those with dysphasia only or minimal pronunciation
difficulty would show shortest utterance times.
3) Dysarthrics and dyspraxics would be indistinguishable
on absolute times, but the latter would be characterised by 
their variability.
4) On sentence repetition dysphasics would be prone to
longest latencies, but utterance time be related to dyspraxic 
severity. Dysarthrics would be characterised by their non
variability of latency and utterance times across sentences.

20.2.1. Methods and Materials

The sections from the battery used were spontaneous naming, 
sentence repetition, and repeated trials tasks. Imitation 
naming was excluded for reasons explained below.

Three measures were intended: a) latency, the time from 
exposure of the stimulus to onset of any kind of verbal 
response; b) struggle behaviour prior to final response; c) 
utterance time for final target attempt.

Separating b) - c) proved problematical. Not infrequently 
subjects made several stabs at target but gave up without a 
final full attempt. Others uttered the target correctly 
within their audible struggle but went on to produce further



334

fragments or incorrect responses. Other times it was unclear 
vÆien the struggle ended and final attempt at target 
commenced.

Consequently the measures were modified to cover: a) latency; 
b) audible struggle unrecognisable as part of the target 
(e.g. [f .. pf ... th ..g..m...] for ash); c) utterance time 
till completion of response. If *unrecognisable* struggle 
occurred subsequently in the response it was counted as 
utterance time.

Where responses were complete silence (other than *no*, *I 
don't know*, *hmm* etc), circumlocutions, semantic 
paraphasias, or incomplete sentences, these were treated as 
data unavailable. Neologisms were timed. It proved 
impractical to divide visible struggle from other articulator 
movement during silence, so struggle timing relates to 
audible behaviour only.

Timing took place with a hand-held stopwatch with split 
timing facility showing 100ths of a second. For subjects who 
made seemingly irrmediate responses examiner reaction time and 
varying intersubject habitual response rates rendered 
readings unreliable. 'Immediate* responses were recorded as 
O.I sec. An original intention had been to compare 
spontaneous and imitative naming, but the reliability of 
readings for imitation was questionable, with a hand-held 
stopwatch, for the very short reaction times and fine 
differences in utterance time. For this reason the analysis 
was omitted.

To avoid distortion of figures through outliers (some 
subjects had latencies and/or utterance times in excess of 20 
secs) latencies, struggle and utterance times >10 sec were 
all entered as 10 sec. This practice was adopted from Dabul 
(1979).

For the repeated trials task in addition to initial latency, 
the interword pauses were timed as well as utterance time for 
each word. For sentences initial latency was recorded but no
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interword pauses (though the presence of these was entered on 
the error analysis sheets).

20.3.1. Results : Latency

Mean, median, maximum and minimum times for spontaneous 
naming per subject for all scorable responses are given in 
Appendix F19. Table 20A represents this graphically.

Subject

1 (  )
5 ( - * — )

11 (  — iRr— )
13 (~ T S f— * )

14 (-*— )
19

27 (-*— )
29 ( — * - )
4 ( — ^ ——)
7 ( — tS T" )
8 ( — * - )

17 ( . • - • tS ? " )

18
22
30 ( ) ■-

24 —tSt— • )

12 ( “ <Sf~ )
6 (~ V if-» *“ )

25 ( —  «Rf—)
20 ( )
10 ( — )
9
2 ( - * -- )
3 (  —■“Vf——— )

15 (~Vr—)
16 ( - * —)
23 (  — —Vf——— )
26 (—Vf——)
28 ( ——Vf—)
21 ( — Vf——)

Time: G 2.50 5.00 7.50 secs

Table 20A. Individual Means and 95% Confidence Intervals, 
Based on Pooled Standard Deviation for All Subjects, Latency 
Time (secs) in Spontaneous Naming.
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ANOVA by Groups indicates differences between dysarthrics and 
all others - F (2,10) 47.25, p = < 0.000 - but not between 
Groups 2 and 3. Appendix F19 shows only one dysarthric 
(Subject 11) within the mean range for other groups, and only 
he and Subject 1 with SD*s in the non-dysarthric range.

On the repeated trials task (Table 20B) large mean latencies 
and SB's are restricted to Groups 2, 3, but wide intra-group 
variation renders group differences non-significant.

Subject No/Group Mean SD

1 .56 .40
5 .86 .95
11 .64 .35
13 .28 .10
14 .10 .00
19 .04 .05

27 .76 .35
29 1.10 .93
4 .56 .65
7 .64 .49
8 .20 .23
17 .50 .41
18 2.64 2.90
22 .88 .30
30 1.26 .99
24 .80 .24
12 1.10 .76
6 .64 .26

25 .60 .28
20 .77 .51
10 .68 .17
9 .52 .68
2 .40 .24
3 .38 .38
15 .84 .16
16 .60 .28
23 .56 .21
26 3.76 3.71
28 .68 .76
21 1.53 2.15

Table 20B. Mean and SD for Initial Latency Times 
(seconds) for the Five Items R^)eated Trials 
Task.
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Table 20C gives total mean times and SD for inter-word 
latencies for all words in the repeated trials task. Again 
large means and SD*s are restricted to Groups 2, 3, but these 
at the same time lead to loss of significance in variance 
between groups (p = 0.83).

Total
Subject Time Mean SD

Group 1 
1 12.05 .62 .28
5 18.08 .94 .27
11 10.02 .51 .22
13 1.01 .05 .05
14 2.00 .10 .07
19 .80 .04 .05

Group 2 
27 9.10 .45 .34
29 6.40 .32 .27
4 6.00 .30 .24
7 1.30 .06 .05
8 2.30 .11 .14
17 17.70 .88 2.26
18 2.10 .10 .30
22 28.60 1.43 2.12
30 8.40 .42 .42
24 10.70 .53 .36
12 .80 .04 .05
6 19.90 .99 .25

Group 3 
25 9.90 .49 .14
20 * .62 1.19
10 1.40 .07 .12
9 3.70 .18 .49
2 17.40 .87 .78
3 7.20 .36 1.56
15 * 1.04 1.18
16 6.30 .31 .43
23 13.60 .68 .65
26 * 3.70 3.87
28 21.20 1.06 .48
21 'k * *

Table 20C. Total Interword Time (seconds) Means 
and SD*s for All Interword Latencies (n = 20) 
Repeated Trials Task. * = All Repetitions Not 
Completed.
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For sentences all dysarthrics gave immediate responses (see 
Table 20D). Mann Whitney tests between Groups 1 and 2 and 1 
and 3 based on mean times for scorable items showed zero 
overlap, indicating Group 1 had latencies strongly 
significantly smaller than the non-dysarthrics (although in 
both Groups 2 and 3 subjects had latencies in the range of 
Group 1 subjects for individual items). Mann-Whitney test 
separation of Groups 2-3 based on their medians produced a 
weakly significant variation (p = .03), but when an ANOVA was 
performed, which better reflects the SD*s, variance was no 
longer significant (p = .09).

Siibject/Group Total Time Mean SD

1 1.2 0.1 0.00
5 1.2 0.1 0.00
11 1.2 0.1 0.00
13 1.2 0.1 0.00
14 1.2 0.1 0.00
19 1.2 0.1 0.00

27 7.8 .65 .73
29 45.2 3.76 1.20
4 4.3 .35 .26
7 7.7 .64 .46
8 2.0 .17 .12
17 3.4 .28 .57
18 26.2 2.18 1.40
22 9.9 .82 .17
30 12.0 1.00 .30
24 5.1 .42 .18
12 3.1 .26 .25
6 2.0 .16 .15

25 6.1 .51 1.44
20 9.6 .78 .92
10 14.5 (11) 1.31 1.16
9 5.3 .44 .62
2 18.0 (11) 1.5 1.44
3 48.4 4.03 3.95
15 12.2 1.01 .55
16 3.4 .28 .47
23 15.3 (7) 2.2 3.09
26 35.8 (11) 3.25 3.78
28 21.9 1.8 1.47
21 49.2 4.1 3.16

Table 20D. Total Latency Time (seconds) All Sentences, with 
Means, SD's, per Subject. Nunber in () = Scorable Items if <12.
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20.3.2. Results : Audible Struggle

Only for spontaneous naming was reliable data possible. One 
dysarthric was recorded with two instances (.4 sec, .6 sec) 
of audible struggle as defined for this section, otherwise it 
occurred only in Groups 2, 3. Even there individuals with no 
struggle existed, so that intragroup was as great as for 
intergroup variation. Means and SD's per subject are shown 
in Appendix F20.

20.3.3. Results : Utterance Times

Figures here relate to time to complete a response (subject 
to 10 sec timing ceiling) exclusive of initial latency and 
audible struggle. Appendix F21 has means, medians, SD's, 
maximums and minimums of scorable words on spontaneous 
naming. Mann-Whitney tests for rank orders of means showed 
significant differences between Group 1 versus 2, 1 versus 3, 
2 versus 3 with subjects 9, 10, 20, 25 removed. These latter 
subjects did not differ significantly from Group 1 and 2 
means, but did so from Group 3.

G2 p = <0.0218

D p = <0.9151 p = <0.1631

G3 p = <0.0024 p = <0.0279 p = <0.0338

G1 G2 D

Table 20E. Significance Levels Between Groups (Mann-Whitney 
Tests) for Mean Utterance Times per Word, Spontaneous Naming. 
G = Group, D = Subjects 9, 10, 20, 25.

On the repeated trials task there were no significant group 
differences, despite a tendency for decreasing time across 
Groups 1, 2, 3. This applied especially to means and SD's, 
but the wide SD's of Groups 2 and 3 neutralised any overall
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significance. Appendix F22 has total utterance times for all 
items and the mean and SD time per repeated trial task.

No single item (bow, tiger etc) showed any significant group 
differences for completed tasks (p = <0.29; <0.85; <0.77; 
<0.60; <0.42 for the five items). Group 3 was marked by the 
number of individuals failing to complete tasks.

For sentence repetition Appendix F23 shows total times for 
those who completed all sentences and means and SD's for 
completed responses. ANOVA based on total utterance time for 
Groups was unreliable due to the small number of Group 3 
subjects completing all items (n = 3). Group 2 showed mean 
total time 58.65 sec compared to Group 1 mean 31.47 sec. 
However, large SD's (Group 1 - 10.43 sec; Group 2 - 31.88 
sec) nullify any significance in variation.

Group differences based on analysis of means of total
completed sentences discloses no variance (F (2,27) = 1.8, p
= 0.18). High means and SD's occur only amongst Group 2, 3 
members. Some individuals, however, perform within the same 
range as dysarthrics, so again no significant group
differences emerge (p = 0.09).

20.3.4. Results : Total Response Time

This measure refers to the time from exposure of the stimulus 
to completion of the response (i.e. latency + struggle + 
final attempt). Data for spontaneous naming appear in
Appendix F24 with related individual means and 95 percent 
confidence intervals based on pooled SD's in Table 20F.
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Subject
No/Group Individual 95 Percent Confidence Intervals

1 (— *-)
5 (-*— )
11 ( - * - )
13 (“*““)
14 (— *—)
19 (— *— )

27 ( - - * - )
29 ( - - * - )
4 ( - - * - )
7 (-*— )
8 (-*— )
17 (— *— )
18 (—*— )
22 (— *— )
30 ( — )
24 ( — )
12 (— *-)
6

2
3
15 ( — iRr——  )
16
23
26
28 ( — )
21 1

--------
Time: 3.00

(— *-) 
(-*— )

(— * — )

6.00 9.00 secs
Pooled SD = 26.8

Table 20F. Total Response Times (sec) 95 percent Confidence 
Intervals Based on Pooled Standard Deviation, Omitting 
Subjects 9, 10, 20, 25.

Mann-Whitney Confidence Interval Tests based on mean total 
response time produced significant intergroup differences - 
(Group 1 vs 2 p = .006; Group 1 vs 3 p = .0009; Group 2 vs 3 
p = .01). Only subject 11 (Group 1 -> 2) and subject 8 
(Group 2 -> 1) were misplaced in comparing Groups 1-2, though 
marked intragroup variation resulted in more crossovers 
between Groups 2-3 (11 crossovers from 24 subjects). ANOVA*s 
gave weaker, but still significant variance between Groups
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(Groups 1 - 2 p = .005; Groups 1 - 3 p = .005; Groups 2 - 3 p 
= .02).

Examination of total response times (Appendix F25) for all 
repetitions of all words on the repeated trials task brought 
no significance, neither for total response times, nor when 
calculated on means or SD's. Results are shown in Table 20G.

Group 
and n Mean SD F P

Total
Response
Time

1-6
2-12
3-8

32.43
37.44 
32.70

12.60
11.71
8.29

(2,23)
0.63

<0.541

Means of Response 
Times

1-6
2-12
3-11

6.48
7.48 
8.90

2.52
2.34
7.49

(2,26)
0.5

<0.614

SD's of Total
Response
Times

1-6
2-12
3-11

1.18
3.05
3.32

.97
2.28
3.93

(2,26)
1.16

<0.329

Table 20G. Group Variation, Total Response Time (sec) for 
Repeated Trials Task.

For sentence repetition individual total response times are 
given in Table 20H. ANOVA's show comparisons between Groups 
1 and 2 to be just inside (p = .049), between Groups 1 and 3 
just outside (p =* .06) significance. Groups 2 - 3  were not 
significantly separated (p = .79).
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Subjects,
Groups Total

Scorable
Items Mean

1 43.9 12 3.6
5 45.6 12 3.8
11 32.1 12 2.7
13 26.4 12 2.2
14 29.0 12 2.4
19 18.8 12 1.6

27 48.6 12 4.1
29 115.5 12 9.6
4 40.2 12 3.6
7 66.9 12 5.6
8 39.7 12 3.3
17 39.7 12 3.3
18 168.8 12 14.1
22 94.8 12 7.9
30 89.4 12 7.5
24 51.3 12 4.3
12 43.7 12 3.6
6 33.6 12 2.8

25 32.6 11 2.9
20 32.1 11 2.9
10 44.6 10 4.5
9 26.5 12 2.2
2 17.1 5 3.4
3 22.6 5 4.5
15 57.2 12 4.8
16 56.3 11 5.1
23 7.3 2 3.7
26 58.7 7 8.4
28 107.1 9 11.9
21 128.0 12 10.7

Table 20H. Total and Mean Response Times (seconds) for 
Completed Sentences to Repetition.

20.4.1. Discussion

Whether predictions are confirmed or not depends on which 
measures are scrutinised. The different tasks produced 
different results. In general elicitation by imitation 
tended, despite underlying trends remaining apparent, to 
neutralise differences between groups, and it was only on
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spontaneous naming that significant group variation arose. 
This was not always in the direction predicted.

Dysarthrics and dyspraxic only speakers showed significantly 
different latency time, not similar ones as predicted. The 
presence of dysphasia did not produce significantly longer 
latency times. Indeed some speakers with dysphasia had 
shorter latencies than those matched in articulatory severity 
who had no dysphasia. No purely dysphasic group was included 
here, so findings for the effect of dysphasia are not 
strictly comparable to Dabul's (1979).

Over the whole fifty-one words groups showed significant 
variation on utterance time. Again, the absence of a 
dysphasic only group precluded answering directly the 
question of whether they would have utterance times within 
the normal range. Here the presence of dysphasia appeared to 
compound speakers* difficulties. And this is when successful 
responses only are counted. Group 3 was conspicuous in 
having the greatest number of unrecordable data due to 
fragmentary or no response.

Contrary to expectations Groups 1 and 2 were not equal on 
total response times. Group 2 was significantly slower. This 
could have arisen because individuals * mean times were not 
strictly comparable due to the varying lengths of scorable 
words. For instance, two subjects with forty five scorable 
words may have actually uttered different syllable totals if 
one failed on six one-syllable, the other six four-syllable 
words. Taking sample individuals matched for total syllables 
uttered, or on matched items, produced no clearer outcome.

For Dabul total response time divided approximately equally 
between latency and utterance time for dysarthrics. This was 
not the case here. They displayed latencies shorter than 
utterance times. Group 2 speakers showed short latencies and 
long utterance times only if struggle behaviour was counted 
as part of utterance time.
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20.4.2. As regards hypothesized larger standard deviations amongst 
non-dysarthric speakers, this was confirmed in as far as only 
amongst these groups did individuals with marked SD's occur. 
Only amongst the same groups was there prominent intragroup 
variation leading to large SD's in that way. On the basis of 
the limited data here it was not possible to fix cut-off 
points for SD levels beyond which presence of AS/PP could be 
guaranteed. This is a feasible exercise for future 
investigation. To capture the variability that lies behind 
the raised SD's it may be beneficial to examine other 
correlates of this such as difference between first and third 
quartile times, or total latencies and/or utterance times 
lying one or two SD's outside the mean.

20.4.3. Contrary to predictions, no simple relationship existed 
between severity and latency-utterance times. This stems 
partly from problems in establishing reliable severity 
comparisons in such a heterogeneous population. 
Intelligibility (one possible measure) did not relate to 
total pronunciation errors (another candidate), and the 
dysphasic subjects portrayed a variety of dysphasic pictures.

Different tasks appeared to make varying demands, such that a 
candidate may have, e.g. low latency on naming, high latency 
on repeated trials, and medium on sentences (e.g. subject 5). 
Those receiving low 'word finding' ratings (Appendix E) did 
indeed predominate amongst the longest naming latencies, but 
on repeated trials the longest latencies occurred amongst 
people with low phonemic paraphasia and articulatory agility 
scores. Not all subjects with low scores in these areas 
presented with extended times.

Further, some candidates who did not score low on the 
severity ratings - e.g. subject 21 - nevertheless featured 
amongst the slowest on all latency times and sentence 
utterance time. Conversely others - e.g. subject 15 - rated 
consistently low across severity measures, but only on 
repeated trials did she feature amongst the bottom five on 
latency and utterance times.
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The relationship between severity and latency and utterance 
times then is in need of more research. The clearcut results 
in Dabul (1979) may well relate to circularity in her 
definitions. Long total response times were part of her 
definition of severity.

20.4.4. A point worthy of discussion is the effect of imitation 
elicitation on timings. It was noted earlier that the 
original intention to compare groups on spontaneous versus 
imitation tasks was abandoned as hand-held stopwatch 
recording was not reliably accurate enough to follow fine 
differences in times that existed between speakers.

Using the unreliable data the subjective finding was that 
dysarthric speakers differed little between conditions. 
Contrarily, especially Group 2, but also most of Group 3, 
members improved in the imitation condition to be 
indistinguishable overall from the dysarthrics. This echoes 
changes in struggle behaviour (chapter 17) and decrease in 
semantic paraphasias, neologisms and no responses previously 
noted (chapter 15), seemingly indicating amelioration of 
*access* and *organisation* problems.

20.4.5. A strong indication for differential diagnosis from the above 
results is again that a single case strategy will provide 
data more pertinent to an individual *s speech picture than 
trying to fit them into assumed diagnostic bands. Some group 
differences emerged and these threw light on some of the 
influences that bore on individuals * responses, but in almost 
every instance single cases existed who ran counter to 
assumed group predictions, and intragroup proved as strong as 
intergroup variation (Table 20A).

Subject 11 is a case in point. Absence of dysphasia and 
failure on standard dysarthria tests put him in Group 1. His 
latency and utterance times place him there, too - but 
uneasily. His mean latency and utterance times make him look 
like a severe (slow) dysarthric or an AS speaker, neither of 
which is true. Other individuals * strategies worked against 
neatly fitting them into groups. Latency measures were made
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unreliable by some speakers preferring to launch directly 
into any attempt at target (giving short latency long 
utterance time) while others were clearly ‘silently* 
experimenting before a relatively sure try (giving an 
opposite latency-utterance time balance)• Some speakers 
appeared concerned to achieve an optimal reply, prolonging 
their utterance times by compensatory slowing, 
syllabification and minor self-corrections, whereas others 
made no such adjustments, being content with functionally 
adequate responses in as short a time as possible.

20.5.1. Conclusions

Findings suggest that comparisons of latency and utterance 
times provide a fruitful means for separating out individual 
differences. Group trends emerged but it was cautioned
against establishing group absolutes in favour of identifying 
individuals * behaviour in the context of possible group 
profiles. It was mooted that examination of, e.g., standard 
deviations, quartile differences, or maximum versus minimum 
times for comparable variables (length, complexity etc), were 
more worthwhile pursuing for differential diagnosis than 
absolute or mean times - especially in the face of skewing 
factors which are difficult to quantify or control. These 
measures seemed to capture more the variability in item to 
item times which better characterised particular disorders 
and which was lost in summed or mean times.

Measures on spontaneous versus imitation tasks emerged as a 
further strong diagnostic indicator. Future research must 
ascertain whether the added bother of taking timings for 
spontaneous-imitation comparisons is warranted, or whether 
more easily recorded data (e.g. struggle) covers the same 
ground.

Several other issues were pinpointed as needing resolution or 
improvement. These included what is actually to be counted 
as latency and utterance time (status of visible struggle, 
filled pauses, circumlocutions, self cuing by semantic 
description, gesture etc), and how timing is to be done.



348

Hand-held live timing is difficult, use of voice activated 
microphones and instrumental readings have their own 
drawbacks despite obvious advantages. Does a 10 sec cut-off 
point in timing unduly influence outcome? What is the effect 
of timing only words containing errors? The present findings 
and conclusions are made with the same provisos applied in 
other chapters. These were small groups; other dysarthria 
types need to be examined as well as language impaired 
subjects without pronunciation problems.

Finally, any ultimate decision on items for inclusion in a 
standardised test must be made with reference to variability 
emanating from the words themselves. Influence of 
familiarity and picture or label uncertainty has been 
mentioned. Despite including pictures with total or near 
total agreement amongst normals, it was clear when analysing 
data relating to individual items, that factors were at play 
which appeared to override length, complexity, familiarity 
variables. The data is not reported here and discussion must 
be postponed to future work (Miller, in preparation a).
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Towards a Clinical Assessment of Acquired Speech Dyspraxia

21.1.1. In 1.1 the aims outlined were *to establish the principles,
content and procedures that would lead to ... successful 
development* of a test, even though the current goal could 
not be to arrive at a final perfected version. Section 21.1 
briefly reviews the questions surrounding principles, 
procedures and content, how they were dealt with and 
conclusions arising. This leads to a section on issues still 
to be addressed with conjecture concerning how a final 
assessment might look and the steps still required to reach 
it.

21.1.2. Principles. Previous approaches were criticised for the
circularity of their definitions of AS and the laxness in 
definitional and diagnostic criteria intended to distinguish 
disordered groups. AS was what people who studied AS said it 
was, and syndrome characteristics were drawn up with little 
regard to whether, either singly or as constellations, they 
were genuinely pathognomic of AS.

Three main directions to attempt to overcome these 
difficulties in this work were a) to consider speech 
production models and their predictions for what
differentiable disorders might arise and what these might 
look/sound like (chapter 7); b) to examine evidence for
general principles of organisation and breakdown in all human
motor /action control (chapters 6, 7); and c) to review the 
literature to establish which claimed diagnostic features had 
received support from clinical or physical studies (chapters 
4, 5).

It was suggested that there are indeed commonalities in 
stages or phases in motor production and breakdown across 
varying modalities/tasks, despite differences in overall task 
organisation (manual signing, phonology, keyboards ..). The 
phases/stages identified could give independent justification 
to subtypes of pronunciation disorder. Models of speech 
production were also able to give justification for divisions 
(7.2), but heterarchical perspectives on production argued
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that surface manifestations of these would not be immediately 
delineable perceptually.

This was one reason for the failure of perceptual, acoustic 
and physiological studies to identify unequivocal markers of 
AS, PP and dysarthrias. (Other reasons included circular 
definitions, biased preselection of populations and issues 
surrounding analytic features - chapter 4 - as well as 
difficulties inherent in trying to gather homogeneous post- 
CVA populations - chapter 3; 21.2.4.) Further factors drawn 
out from studies of models were the bias introduced by 
studying ’things* instead of relations (7.4.1), and the lack 
of isomorphism between elements of CNS organisation, 
physiology (movements, kinematics), acoustics and listener 
perception.

The outcome of these observations regarding principles to 
underpin a clinical assessment was that separate disorders 
could be delineated in terms of breakdown to stages/phases in 
motor control, but that the nature of this control (*units* 
of description and relationship between ’units*) meant that 
surface analysis of speech cannot or should not search for 
absolute markers, but relative tendencies, not clearcut 
answers on the basis of one behaviour but clues from how 
targeted behaviours varied across conditions. These pointers 
were carried forwards into the organisation of procedures.

21.1.3. Procedures. Under this rubric were understood issues of 
selection of subjects and groups; speech-language corpus 
basis; transcription; error taxonomy; and error and 
statistical analysis procedures.

To avoid previous pitfalls subjects were not assigned to 
groups according to criteria to be tested later. 
Transcription was narrow enough to include aspects of speech 
that had been shown to be potentially instructive for 
diagnostic outcome but was tempered in its potentially 
paralysing narrowness to the degree necessary to isolate 
error types. These, similarly, were selected to reflect the 
full range of errors predicted from motor model and
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organisational principles to occur in pronunciation breakdown 
with definitions based on these principles and aiming to be 
mutually exclusive, without prejudicing conclusions by 
discarding particular types. An adjunct to this was to 
ensure that the nature of the data to be collected and 
methods of elicitation did not preclude occurrence of 
possible key behaviours. Statistical procedures were used 
that compared error types in terms of normalised not absolute 
frequency, and which sought to identify groups within the 
data rather than data in groups already divided along error 
taxonomy lines. Finally, errors were studied in relation to 
one another and across conditions (spontaneous vs imitation; 
isolation vs sentences, etc) rather than isolated 'things*.

21.1.4. Content. This reflected points of principle and procedure. 
Subtests covered a range of linguistic contexts in terms of 
syllable structure, word length, phrase/sentence structure, 
and word frequency. The aim of phonetically balanced item 
sets was sacrificed (10.4) because of normal subject 
responses and picturability demands, but since range of 
phonetic types and phonological syllable and word contexts 
were sampled and as focus was on error genesis and types 
rather than individuals* phonological systems this should not 
have had negative influences on results.

21.1.5. Based on these principles, procedures and content it was 
hypothesized that groups of speech disordered people would be 
discernible in the clusters of error types shown on either or 
both of spontaneous and imitated naming and in the different 
ways in which these clusters behaved dependent on variables, 
such as position of errors (locus of sound in syllable; of 
syllable in word; of word in sentence). Additional features 
claimed to distinguish groups were monitored for their 
diagnostic power - including variability, struggle types and 
latency and utterance times. The precise hypotheses are 
given in the pertinent chapters.

The majority of the hypotheses were not upheld, or only with 
strong provisos. Some variables did hint at diagnostic
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significance, but none strongly enough to be taken unaltered 
into a test battery.

This leaves a number of questions to answer and issues to 
resolve before the next step in clinical battery construction 
could be completed. Why should earlier studies and the 
studies conducted here, which hoped to avoid some earlier 
drawbacks, have failed to establish firm perceptual 
indicators for differential diagnosis despite arguments from 
motor control in general and speech production models in 
particular, as well as subjective clinical impressions, that 
such a venture was feasible? A number of factors have 
already received attention in the relevant sections, but some 
issues remain applicable to all sections. These are now 
mentioned under the headings of the nature of the vocal 
tract, models of speech production, taxonomies of speech 
disorders, group vs individual characteristics and 
statistics.

21.2.1. Vocal Tract Functioning. Earlier error taxonomies and 
descriptions of pronunciation breakdown implicitly if not 
explicitly tended to the assumption that assessment and 
disorders could be approached via a fractionated view of 
vocal tract functioning - i.e. one that sees the lips, tongue 
tip and dorsum, velum etc operating independently of each 
other. This was no doubt bolstered by address specific ideas 
in motor control and linguistic feature analyses that focused 
on discrete bundles of features without regard to their 
interdependency or detailed or knowledgeable reference to 
their physiological correlates.

However, indications both from hierarchical and heterarchical 
control perspectives (e.g. Stevens 1989; Gracco 1990), and 
others (Browman et al 1986; Kaye 1989; Keating 1990), see the 
entire vocal tract as the basic functional unit of 
organisation of speech. Assessment and pathology might label 
one component (lips etc) as deficient. This never has 
effects in isolation though. Consequences always implicated 
the entire tract. Hence the difficulty, if not
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impossibility, of pinpointing underlying disruption by 
attention to isolated features.

In this view speech is not the property of any one dimension, 
but an emergent property of the entire vocal tract in 
internal interaction and interaction of its product (the 
speech signal) with the external environment (cf. Lindblom's 
H and H theory 1990b, Tatham's 1990 cognitive phonetics. 
Stark et als* 1988 sociophonology). No one perspective or 
‘thing* (perceptual, acoustic, physiological ...) therefore 
comes inherently closer to revealing the secret of speech 
(breakdown), any more than reducing analysis down to the nuts 
and bolts of the plane unlocked the secret of flying (7.4.1). 
Hence the lack of success of isolated physical studies in 
clearly differentiating subtypes of pronunciation disorder.

Even though different disorders could be seen as isolable 
from the nature of underlying neurological/neuropsychological 
dysfunction, their surface manifestation is blurred by the 
finite number of ways in which the vocal tract can 
misfunction - given its finite set of components and finite 
set of relationships between them and the integrated rather 
than fractionated fashion in which these interact with each 
other. Hence the occurrence of nearly all physiological, 
acoustic, perceptual features across claimed clinical 
disorders of pronunciation, problems in separating primary 
from secondary features (e.g. prosody; slowing), core 
behaviours from adaptation effects (cf. Kolk et al 1990) 
quantitative from qualitative variables, and even features of 
normal rate from slowed speech (5.3).

These challenges are not confined to AS. Zyski and Weisiger 
(1987), for instance, found only 1455 per cent accuracy 
amongst experienced clinicians for identification of 
dysarthria types by Darley et als (1975) perceptual features. 
In 6.5 mention was made of difficulties in separating, by 
surface manifestations, supposedly contrasting behaviours 
such as deep and surface dyslexia, a- and dysgrammatism, or 
'classical* dysphasia types (Broca's, Conduction, Wernicke's 
... ).
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A solution to these dilemmas seems to be the abandonment of 
the reductionist fallacy in syndrome recognition that states 
that one ’level* of analysis is describable and ultimately 
explainable in terms of the units of the next, finer, somehow 
more ’basic* level. Listener perception is not neatly 
predictable in a direct linear fashion from the acoustic wave 
form, nor this in turn directly from vocal tract movement 
characteristics. Units of analysis do not necessarily 
represent variables ’controlled’ in the vocal tract just 
because they can be measured (cf. e.g. arguments over 
intrinsic vs extrinsic timing) and physical units, as Jackson 
(1874) so long ago stated, do not fine away into mental 
states. Rather the speech signal, memories, targets, are an 
emergent function of the interaction of phenomena (movement, 
acoustic wave form, speaker-listener ...) which have their 
own identity, and because of this cannot be reduced to 
description or explanation in terms of other ’levels’.

This shifts the search for diagnostic variables from 
quantitative (Fo, isometric force, mandibular excursion ...) 
to qualitative dimensions, from ’things’ to relations. This 
speaks in favour of the validity of a perceptual approach to 
assessment as used in this thesis, since in a non
reductionist perspective all ’levels’ are equally valid 
statements about an action. No view is inherently nearer the 
truth about speech production, nor inherently more objective 
or ’scientific*.

The present work sought to circumvent these flaws by moving 
away from defining discrete disorders with unique 
characteristics, away from relying on single dimensions to 
distinguish speakers. Instead it was expected to find groups 
divided by the relative occurrence of aggregates of features 
(here error types) and secondary characteristics (here e.g. 
struggle, variability, length-complexity effects) which were 
not considered primitives of a chosen ’level’, but, it was 
hoped, reflected derived features characteristic of the 
emergent behaviours from interaction between systems.
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The results did not dramatically confirm this by revealing 
unequivocal group difference by error profiles on examined
tasks, and only some of the composite dimensions (e.g.
struggle) began to reveal robuster differentiators. There 
were stronger pointers when other approaches and derived 
measures were examined - e.g. spontaneous vs imitation, 
variability, automatic vs volitional. Individuals were 
distinguishable in their performance. Accordingly the 
revised concentration on relations not things is not proved 
outrightly wrong. As argued below, the perspective has basic 
soundness, but factors in group selection, subtest
construction, error taxonomy and statistics (see below) did 
not permit potential to be realised. The issues of subject 
selection and statistics are turned to next.

21.2.2.1. Group vs Single Case Studies

A strong tradition exists in studies of ‘normal* behaviour 
that assumes the majority of subjects will cluster around a 
central mean, with a symmetrical diminution of cases 
occurring as one moves away from the * ideal* average - i.e. 
the assumption of the normal or Gaussian distribution. While 
this may have proved satisfactory for characterising physical 
features such as size or weight, the applicability of the
underlying assumptions of measurability and distribution to 
cognitive and affective behaviours is controversial even for 
healthy populations. When it comes to inferences about 
behaviour of brain-injured populations the claims become even 
more controversial.

The weakness of large group studies is the premise that each 
individual in the group is describable in relation to the 
group mean, and even if individuals deviate from the mean 
this does not indicate any qualitative variance from the 
‘average* profile. As regards pathological populations - 
here post-CVA - it has proved notoriously difficult selecting 
homogeneous groups. The influence of age, sex, localisation 
and extent of lesion, time since onset, pre-morbid health and 
personality, presence of associated and non-associated 
behavioural and physical pathologies and many more variables
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have rendered groups far from homogeneous, and it has been 
argued that (e.g. Munhall 1989) such populations derive from 
decidedly non-Gaussian distributions.

Consequently results of studies using these populations 
(including pronunciation disordered speakers) have suffered 
from drawbacks inherent to the approach. Individuals have 
been present whose behaviour is clearly not predicted by 
alleged group trends. Sizable minority populations have been 
hidden in the group means, simultaneously skewing the 
majority profile and precluding addressing important 
questions of why they are different. This in turn has led to 
poor generalisability of findings from a group to its 
members and poor replication of studies owing to the near 
impossibility of establishing identical and homogeneous 
groups.

It is no surprise that disagreement has reigned regarding the 
characteristics of claimed clinical groups. On the one hand 
groups have emerged (e.g. traditional Broca's vs Conduction 
vs Wernicke's dysphasia; or dysarthria vs dyspraxia vs 
paraphasia) that are so broad, or loose in their descriptive 
net that completely different individuals can be subsumed 
within them, or defining categories have been so tight as to 
produce such a proliferation of disorder labels that they are 
diagnostically unilluminating. This is illustrated in the 
dysphasia field where even those with a firm commitment to or 
critical appraisal of large group inferential divisions (e.g. 
Prins, Snow, Wagenaar 1978; Albert, Goodglass, Helm, Rubens, 
Alexander 1981; Reinvang 1985; Crary, Wertz, Deal 1992) have 
found that fewer than half the patients fitted neatly into 
specific dysphasia syndromes. Similar findings have led many 
(Miceli et al 1989; Caramazza, McCloskey 1988) to call for 
the complete abandonment of such misleading practices and 
classification. Reviews in chapters three to five suggest 
the same should apply to pronunciation disorders.

One solution to the problems posed by group studies has been 
a revival of the case study approach (e.g. Caramazza 1986; 
Caramazza et al 1988). The advantages are that one gains an
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exact picture of an individual’s performance on tasks and the 
interaction between tasks uncontaminated by elusive or 
misleading norms. Individual performance far from or 
contrary to group trends is not blurred or lost, but directly 
available to address questions of diagnosis and remediation.

21.2.2.2. Transferring the above observations to the population for the 
current studies the following criticisms may account for some 
of the inconclusiveness of the findings. While each group 
contains a spread of age, severity, time since onset, and 
therapy given or not, the size of the populations is too 
small and not sufficiently matched on these factors to 
exclude them as confounding variables in pronunciation 
outcome. The main aim was to neutralise such effects as far 
as possible by division of groups along relatively clearcut 
lines (+ dysarthria; + dysphasia) and define further groups a 
posteriori through statistical analyses not along a priori 
defined pronunciation lines. The smallness of the groups 
compared to the range of behaviours to be sampled may again 
have militated against sharply focussed findings on the 
cluster analyses.

Another negative influence hidden here may be the nature of 
group divisions. Spastic dysarthria is a recognised clinical 
label, but recent research suggests that spastic (whatever 
this might mean - e.g. Aten 1988; Katz, Rymer 1989; Hartman, 
Abbs 1992) dysarthria is not a unitary disorder. Hence the 
dysarthric group may have had a complex of underlying 
behaviours that do not necessarily obligatorily co-occur.

The SMTDDA (12.3.1), used to separate dysphasic-nondysphasic 
subjects, is not designed to assign subjects to alleged 
dysphasic categories. The cutoff scores between normal and 
disordered performance as well as the previously mentioned 
flaws that mix receptive-expressive demands in one subsection 
mean that the presumed receptively nondysphasic group may 
have been contaminated by dysphasic difficulties. Further, 
the rating scales (appendix E3), with their provenance in 
Wemicke-Lichtheim taxonomic research (Goodglass et al 1983), 
used to identify subgroups are criticisable for their
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tendency to subsume under one dimension a multiplicity of 
potentially contributing behaviours.

An attempt was made to bypass this pitfall by utilising 
relatively unitary and contrasting measures such as 
articulatory agility and phonemic paraphasia in running 
speech. This was in keeping with past theoretical assertions 
that these represent in turn motor and language aetiologies 
to mispronunciation. However, it did not fully avoid the 
fact that the dimensions do have disparate causes (cf 
Caramazza, Basili, Roller, Bemdt 1981; Caramazza, Hillis 
1990; Feyereisen, Pillon, De Partz 1991; Square-S torer, 
Apeldoom 1991 for articulatory agility and the several 
sources in semantics, in short-term memory and claimed 
phonological coding or transmission for phonemic paraphasia). 
So while agility and paraphasia may represent discontinuous 
groupings, the speakers within them may not have constituted 
a homogeneous sample.

In the face of this ubiquitous heterogeneity the single case 
approach to diagnosis of the current study subjects would 
provide closer details about the precise nature of their 
individual speech-language picture, and in turn inform more 
clearly both theoretical and clinical issues.

Even using the existing data without results from the more 
varied, controlled, and extensive testing that is possible 
with single cases, the advantages of the perspective can be 
illustrated.

21.2.2.3. Subjects 2, 3, 16 all come from group 3 (dysphasic and 
pronunciation disordered). Despite superficial similarities 
there are differences between them from almost every angle. 
These are submerged in the inconclusiveness of group 
profiles, which predict little about their specific 
performances.

They all make, unsurprisingly for dysphasics, a fair number 
of whole word errors on spontaneous naming, (32%, 56%, 88% 
respectively) but these analyse down quite differently. Of
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these whole word errors 68% are neologisms 25% semantic 
paraphasias for subject 2; 70% no responses 23% semantic 
paraphasias for 16; while subject 3 has 43% semantic 
paraphasias, 57% no responses. On imitation naming the 
language errors are all but banished except 2 still produces 
14% of responses as neologisms.

Their responses to semantic and phonological cues are 
different. 2 is little helped by either (2 from 15 semantic, 
2 from 11 phonological cues producing scorable responses); 3 
appears preferentially aided by phonological cues (19 from 24 
give scorable responses with semantic cues only 1 from 25); 
likewise 16, but not so dramatically (2/49 semantic; 17/47 
phonological).

2 and 16 both evidence frequent struggle behaviour commonly 
crossing the 10 second cutoff point; for 3 struggle is 
relatively rare. Struggle disappears for 3 in imitation; is 
markedly reduced for 16 (45 to 8); but remains relatively 
high for 3 (32 to 22). Qualitatively 16*s struggle consists 
of a high proportion of amorphous tentative articulations 
with little relationship to targets, while 2*s attempts are 
more characteristic of conduites d*approche and assonantal 
approximations to targets.

2 shows no outstanding length or complexity effect in 
spontaneous naming (although one may wish to investigate why 
two syllable words appear easier than one or three syllable 
words, and why the length effect diminishes in simple 
syllable words but increases in complex ones). Contrarily 3 
shows a strong complexity effect compared to length effect; 
while 16 displays borderline difference between the two 
effects.

Regarding segmental errors and positions single case 
examination and analysis would ask what significance the 
relatively frequent occurrence of complex and combined 
literal-semantic paraphasic errors had for subject 2 compared 
to 3 and 16 and what interplay there might be between his 
decreased neologisms but increased complex errors between
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spontaneous and imitation modes. Likewise the relative 
frequency of additions, omissions and out of plan 
substitutions.

These are but a sprinkling of the dimensions that could be 
scrutinised for a single case to fix the position(s) of 
functional lesions in proposed production models that 
describe (ultimately explain) subjects* performances and 
ascertain which aspects of performance are best candidates in 
rehabilitation.

Merely on the evidence presented here one might (in terms of 
the predictions in 7.2) describe subject 16 as having a 
functional disconnection between semantic and 'phonological* 
lexicons, but little trouble with sound production once the 
sounds are accessed. Subject 2 has major problems with large 
unit (6.5; 7.2) sound manipulation (complex errors, out of 
plan substitutions, displacements, low on distortions) which 
is complicated by and complicates semantic processes (the 
carving knife example 7.4.2.2 comes from and is typical of 
him). Subject 3 can be argued to have some semantic problem 
influence on spontaneous output, but (and further single case 
specific tests to disclose this would be necessary) the 
complexity effect, susceptibility to phonological cues, 
relatively higher incidence of distortions point to a greater 
articulatory component to his disorder than for the others.

21.2.3. Statistical Analyses

This represents another area of influence on results obtained 
in the studies here and an area for further consideration in 
revisions for a standardised test procedure.

Mention was already made of the unsuitability of parametric 
statistics for the population size and type used here and in 
other studies. Nonparametric tests were more appropriate to 
subject totals used, but still potentially misleading by 
their attention to means and standard deviations when group 
distribution was possibly uneven and non-symmetrical. 
Frequently cells contained totals too low to give reliable
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results. The arguments over a priori and posteriori 
identification of groups and variables has already been 
mentioned.

Another factor, not yet addressed, concerns the assumption 
for statistical analysis and interpretation purposes of a 
linear relationship between task demands and patients * 
scores. As several workers have indicated (e.g. Shallice 
1988; Willmes 1990; Bates, MacDonald, MacWhinney, Appelbaum 
1991) the shapes of underlying score distributions may be 
nonlinear - typically a sharp rise from baseline followed by 
slow approach to asymptote (or vice versa) or an S-shaped 
profile with slow-sharp-slow gradients. These may be a 
function of different task demands as well as reflective of 
individual performance variations.

For instance in the length and complexity tasks (chapter 18) 
scores did not deteriorate in a linear fashion. Rather 
subjects appeared to cope relatively well (slow rise) until a 
given threshold of difficulty elicited a sharp rise in 
breakdowns, succeeded by a slower rise towards complete 
breakdown. A criticism of Babul’s (1979) checklist (8.2) was 
that no attention was paid to whether items were all equally 
suggestive of AS, whether, for example, five occurrences of 
one behaviour were equal qualitatively and quantitatively to 
five occurrences of another item listed.

The S-profile appears to be a common curve in brain damaged 
performance, where the impaired system copes, through 
residual or reorganised processes, up to a given level, 
beyond which it is unable to sustain performance. The same 
occurs in normal speakers, except that unless specifically 
designed (e.g. to provoke artificial slips or qualitative 
reorganisation of motor couplings) tasks do not tax them to 
the point of sharp rise and so distributions appear, 
erroneously, linear.

Thus, in a test battery, before scores can be reliably 
interpreted and compared across tasks within single subjects 
and across subjects, it will be necessary to establish the
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nature of underlying distributions and the relationship of 
variables (e.g. severity, alleged disorder type) to their 
shape and sensitivity. In this way single case studies and 
group studies (of normal and CVA populations) complement each 
other - as advocated by Newcombe and Marshall 1988 - rather 
than act as mutually exclusive. Ascertainment of 
distributions, ceiling and baselines is especially important 
where differential diagnosis seeks (double) dissociations 
across subjects on a given task or within one subject between 
contrasting tasks or variables (e.g. presence or not of 
displacement errors; ratio of substitutions to distortions; 
(dis)improvement between spontaneous and imitated naming).

This presents further problems of statistics if evaluation is 
needed of the pattern of main effects and interactions for 
each individual and a comparison of this with patterns 
displayed by other patients and controls. Bates et al (1991) 
detail one possible solution to within subject evaluation 
balanced against group evaluation in their maximum 
likelihood estimation procedure. This is a type of goodness- 
of-fit statistic that copes with complex designs (e.g. 
interaction of length-complexity x error-type x error- 
position) to give a ready reading of the degree to which a 
single case or group *deviates from a complex pattern of 
interactions that has been determined independently on 
theoretical and/or empirical grounds* (Bates et al p. 245).

Thus one can not only examine the pattern of dissociations 
and relationships on multiple dimensions for a single 
subject, one can also describe and quantify the similarities 
and differences between two subjects, between a subject and a 
predetermined group or model, or between two groups.

In proceeding case by case this method can build up emerging 
group profiles, adjusting them as more data from more cases 
become available. Or, individuals can be assigned 
probabalis tically to predetermined groups on the match of 
their profile with superordinate profiles. As will be seen 
below these might stem from empirical or theoretical sources. 
The two approaches can complement each other in that the top-
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down classification, from whatever source, can be gradually 
modified to gain a greater fit with patient data as more and 
more becomes available.

Such informing and learning is similar to many neural net 
procedures, e.g. Code, Rowley, Kertesz (1992) for assessment 
refinement and predicting recovery, and similar to systems 
used in standardisation and single case studies for the 
Aachen Aphasia Test (Willmes, Ratajczak 1987; Willmes, 
Soriano-Lopez, Huber 1992). Some consideration needs to be 
given, however, to exactly where these predetermined groups 
come from.

21.2.4. Models and Pure Cases

A temptation would be to analyse 'pure' cases of disorders to 
be differentiated and then classify subsequent subjects 
according to their approximation to one or other 'pure' 
profile. However, a finding of chapters 3-5 was that it is 
far from clear who counts as a 'pure' case on empirical 
grounds. There is scant agreement on which diagnostic 
features are primary, exclusive; which are shared but 
proportionately different; and which are secondary adaptive 
or associated features, but not necessarily obligatory 
appearances. A germane weakness was the circular definition 
trap where pure cases were what authors stated they were 
without independent justification of categories. Thus even 
if large numbers of such instances could be gathered there is 
no guarantee beyond the single author's prejudices or 
intuitions that subjects would form a coherent, independent 
group.

An alternative would be to take unselected series of single 
cases, feeding results into programmes such as Willmes et al 
(1987), Bates et al (1991), Code et al (1992) and observing 
emerging profiles. Large numbers would be required and it is 
not certain (cf. - cluster analysis chapters 13, 14) whether 
groups would necessarily be clinically informative (cf. 
comments above regarding wide but too heterogeneous 
populations versus stricter demarcation with proliferation of
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subgroups, or Miceli et al's 1989 dismissal of the category 
agrammatism versus Bates, Appelbaum, Allard 1991 criticism of 
this because of the poor analysis of dissociations and 
influences on performance covered in 21.2.3 and chapter 3). 
A way to guide such searches would be to predict from models 
of speech production idiich variables should be analysed and 
how *pure* cases should look. Computer simulations could be 
functionally lesioned to provide profiles of breakdown at 
critical localisations.

The problem of which model to use then arises. Chapter 7 
outlined arguments in this area. Even if one accepts the 
conclusion (7.7.2) that a combination of hierarchical and 
heterarchical principles provides a path forward, the field 
is currently open as to which model provides a best account 
of normal, never mind pathological speech. There are 
different hierarchical schemata, connectionist approaches 
differ in the kinds of nodes they posit, the nature of
excitatory and inhibitory connections between them, the time
characteristics of spreading activation, nodes* output 
functions, control of timing and order, and so on. The 
problem also remains that posited underlying disruptions do
not necessarily manifest themselves on the surface in an
immediately differentiable fashion and just because a feature 
can be described or measured does not mean it has a 
transparent relationship to underlying causes (proximal or 
distal), nor to therapeutic aims.

A procedure needs to be adopted whereby groups can be 
initially identified on the basis of theoretically motivated 
variables that remain relatively distinct in their surface 
form. Further procedures would permit identification and 
quantification of qualitative features across individuals 
that may mark off subgroups and which are instrumental in 
determining their speech picture, and therefore shaping 
therapy.

Tentatively this may take form from the three major 
* components * in speech production postulated in chapter 6 and
7.2. How these actually relate and operate (address
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specific, spreading activation..,) need not influence things 
at this stage. Firstly tests and analytic procedures would 
be utilised that highlight the dissociations between group 
performances posited in 7.2 - e.g. neologism presence in 
spontaneous vs imitated naming; susceptibility to cue types ; 
number of syllables; displacement vs transitionalisation 
errors ; struggle presence and types; variability, etc.

Secondly, though, single case analyses would feed back to the 
predictions of the model and modify it where necessary in the 
light of empirical findings - making the predictions of the 
model stronger and groups more coherent. The model and large 
population would act as a constraint on possible 
interpretations of individual behaviour and consequent 
modifications to the model and avoid e.g. Seidenberg*s (1988) 
criticism of cognitive neuropsychological approaches to model 
building which run the risk of ad hoc additions of processes 
and pathways simply to accommodate the idiosyncrasies of one 
case.

Thirdly, however, because progress is single case based 
individuals can still be viewed in their own right, since it 
is their specific profiles within the overall scheme that 
determines their speech picture and in turn any intervention. 
In this way minority cases are not lost; salient features of 
individuals* performance are not lost; and because of this 
further investigations and therapy can be driven by factors 
derived directly from the person rather than one or more 
steps removed in group abstractions.

Emergent groups may or may not correspond to what has 
previously been claimed as PP, AS or dysarthria. What one 
would hope for would be that strong syndromes of neuromotor 
disorder would be revealed - strong in the sense used by 
Rosenbek and McNeil (1991 p. 293) in which ‘abnormalities are 
identified in predictable distribution across functional 
components and are related to a pattern of perceptual speech 
abnormalities with sufficient frequency to suggest a causal 
relationship. * If the pattern is unique the syndrome is 
stronger yet. In a non-reductionist perspective on aetiology
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and taxonomy any 'level* of focus (physiological, acoustic 
etc) provides a valid basis for description of syndromes. 
But, because variables produced from the symbiosis of theory 
model and individual clinical cases are liable to be more 
valid variables than the profiles derived from isolated 
preconceived features 'cleansed* by parametric statistics, 
these data driven emerging properties should provide 
hypotheses on causality and the relationship between 
descriptive domains more pertinent to the phenomenology of 
(disordered) speech production. Weismer et al (1991 a, b) 
and Rosenbek et al (1991) coming from physiological and 
heuristic lines of argument have arrived at like conclusions. 
Ihe taxonomy of acquired pronunciation disorders is un-, even 
counterproductive as it stands. Differences, if they exist, 
need to be drawn along different lines, and the primary data 
for this need to be individual qualitative analyses in 
interaction with a theory of neurogenic speech disorders that 
acknowledges the interplay of cognitive, linguistic and motor 
systems.

21.3.1. Content of a Revised Test

Sections 21.1, 21.2 dealt with revisions of principles and 
procedures in the light of findings. This section covers 
implications of these for test content and administration.

The behaviours in 7.2 according to which individuals are 
considered to vary are potentially identifiable within the 
framework of the test as it stands. However, certain changes 
are recommendable that will sharpen diagnostic sensitivity 
through e.g. increased ability to elicit target behaviours, 
and provision of clearer cutoff points between patients who 
are susceptible to a dimension and those vdio are not, or who 
show it at chance level only.

For example, to accentuate semantic versus phonological 
sources of errors one might envisage emphasising the spread 
of word frequency and familiarity, especially if the range of 
severity covered is to be extended. For those more 
susceptible to semantic derailments one would expect to show
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a strong frequency effect above others (latency, utterance 
time differences; raised semantic paraphasias; abstruse 
neologisms etc). More attention to word structure effect 
(vdiich seemed suggested by some individuals* results on words 
corkscrew, toothbrush etc vs biscuit, chimney, and is 
supported from other work, e.g. Dressier and Denes 1988) to 
cover morphological variations (e.g. corkscrew; player; 
holly) also needs to be researched.

If the length (segments, syllables) and structure (syllabic, 
stress) of neologisms is to be used as a diagnostic marker, 
either these have to be analysed separately or categories of 
error type added to cover this.

The semantic and phonemic cue data gathered for the studies 
was not reported due to patchy and variable occurrence. Work 
by Li and Williams 1989, Li et al 1991 argues for 
incorporating these tasks more systematically into the 
battery.

To focus more on displacement errors and subtypes of 
additions and omissions, techniques for heightening their 
likelihood of occurrence might be employed, such as those 
already demonstrated in laboratory studies of normal 
speakers. If AS speakers truly show a difficulty in 
integration/coupling of subsystems, differential 
susceptibility to associated derailments might be provoked by 
juxtaposition of words or sounds that tax this component - 
e.g. may - pay - bay for voice onset and oral-nasal 
distinctions, beat - boot - bat for tongue settings, and lip 
rounding; Pete - feet - sheet for place and manner contrasts. 
These tactics may also highlight better the different 
perseveratory tendencies of nondysarthric pronunciation 
disordered speakers displayed in physical studies (Weismer et 
al 1991b) and obvious clinically, which were not captured by 
the current battery.

A better graded spread of increasing length and increasing 
complexity is required both to better quantify individual 
performance and to bring out subgroup differences as items
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become more taxing (different error types, subtypes of 
distortion - 11,3,1.2). By altered design of items added 
focus can be gained on the interaction of errors and locus of 
hurdles in words (Beland 1990, Valdois 1990) - e.g. sea - ski 
- screen vs ass - axe - axed.

For sentence production, sensitivity to form vs content words 
needs to be increased if it is used as a diagnostic factor 
(5.7.5). Greater comparability with single word performance 
could be gained by closer use of items from the single word 
inventory. Consideration is needed of whether changes in 
assumed syntactic and/or semantic complexity are a main 
variable for this subtest, or whether prime interest is in 
syllable structures in isolation vs in connected speech. If 
the latter is the case, then a (small number of) carrier 
phrase(s) could be used, e.g. I want a kip vs I want a skip. 
If this were repeated with the picture description task, the 
originally envisaged comparison between spontaneous vs 
imitated sentences could be restored. Alternatively, or 
adjunctively, phrases might be used attuned to provoking 
differential error types (copper coffee pot; Swiss wristwatch 
strap) as suggested for single word lists (naturally tested 
for cut-off scores from normal and non speech language 
disordered brain damaged speakers).

Reliability of elicitation and analysis of suprasegmental 
features also needs to be increased. This could be 
accomplished partly through improved definitions for 
transcribers, but more judicious choice of words and 
sentences could, perhaps in context or short discourse, raise 
discriminability.

The above offers some directions for revising the battery 
along existing lines. Further issues and findings arising 
from analyses suggest additional subtests or dimensions of 
analysis may improve validity and reliability.

Literature review (5.3) and results of diadochokinetic tasks 
(Miller, in preparation a) indicate that groups may not be 
unequivocally separable quantitively on speeded, slowed and
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habitual rate performance, but when the quantitative scale is 
combined with qualitative pointers differences emerge. Thus 
either diadochokinetic tasks could be included with rate and 
quality scales, or existing real word items repeated at 
accelerated and slowed rate.

Reading tasks were avoided in the present battery because 
their inclusion would have lent a degree of complexity and 
added work beyond the bounds possible for these studies. 
However, again, literature reports (e.g. Nespoulous et al 
1987), model predictions and performance of present subjects 
on unreported reading tasks point to the value of contrasting 
reading with spontaneous and imitated production for subgroup 
identification and further data to inform therapy.

The same applies to introducing nonsense words. In attempts 
to tease out better cognitive, language and action influences 
on derailments they provide an extra set of coordinates for 
locating the site(s) of functional lesions. Nonsense words 
were omitted from the main subtests of the present battery 
for the same reasons as reading, but the diadochokinetic 
tasks coincidentally covered nonsense syllables.

Some dimensions did not lend themselves to direct elicitation 
and analysis. In agreement with Wray (1992) the very act of 
formal focus on them negated their usefulness. This included 
the automatic-volitional (4.8) continuum and islands of 
fluency. Alternative strategies for eliciting, describing 
and quantifying such behaviours require consideration.

A relatively simple option would be observational analysis - 
is the subject heard/reported to utter words, phrases out of 
the blue (chapter 2; 4.8) they are otherwise unable to 
produce? Observations could be marked on a continuum 
reflexive-propositional such as in 4.8. Dissociations 
between predominant position of utterances on the scale 
versus occurrence of isolates should be not only
diagnostically significant but also provide indications of 
severity and, over time, improvement.
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An alternative way to test for this dissociation would be to 
incorporate words, previously tested directly, in a task 
where focus on them is only coincidental, similar to the 
implicit-explicit tasks reported in 4.8. However, if the 
observational method proved viable it should give a more 
reliable and accessible approach than devising extra 
subtests.

The question of islands of fluency is more problematical as a 
diagnostic indicator. In chapters 5, 17 it was explained how 
dysfluency has a variety of causes not all necessarily linked 
to speech production. In moderate to severe cases of 
nondysarthric pronunciation disorders speech is absent or 
consistently dysfluent, and AS with a degree of dysarthria is 
characterised by unrelieved dysfluency (Square-Storer et al 
1991), thus masking fluency variation. It is proposed that 
islands of fluency be reserved at most for severity rating 
but not differential diagnosis.

Pronunciation variability is strongly indicated as a factor 
to retain for differential diagnosis of AS, PP vs dysarthria 
and dysphasia. Either or both of the targeted sounds or 
repeated trials (chapter 19) tasks, with added 
discriminabili ty, especially for the former, offer definite 
directions for standardised differential diagnosis. With 
improved design of items to maximise differentiation of 
displacement and transitionalisation errors, susceptibility 
to different loci and better distinction of subtypes of 
certain errors the variability dimension offers one of the 
strongest group dividers.

The automaticity effect, degree and place of struggle and 
variability provide a trio of features for highly reliably 
separating AS and PP from other disorders. Their joint 
presence provides a firm screening test criterion. With 
quantitative and qualitative scoring they give deeper 
insights into differentiation.

Chapter 17 detailed the problems in capitalising on potential 
differences in struggle types. This requires more
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consideration. Candidates include combining transcription 
judgements with (variability of) locus (initial, final etc) 
of sound corrected or struggled on in a given item; unit of 
analysis involved (segment vs part or whole syllable vs word) 
or predominant error types (fine tuning vs distant 
contaminations).

Physical assessments were not included in original 
considerations for this clinical battery that should be 
admins terable at * bedside* without costly equipment or need 
for special training. However, arguments can be made for 
support by relatively non-invasive techniques such as electro 
laryngography, or perhaps expert acoustic analysis systems 
(e.g. Keller, Vigneux, Laframboise 1991).

If it can be demonstrated that audible struggle and runups 
are widely associated with qualitatively different activity 
then laryngography might be employed to separate out these 
features which were difficult to delineate perceptually. 
Laryngography coupled with neural net pattern recognition 
(e.g. Howard, Walliker 1989; Code, Rowley, Kertesz 1992) may 
lend access to the relative occurrence of these two struggle 
types which was precisely what proved difficult for 
transcribers.

Possible modifications to error categories have been 
mentioned above. Apart from this the transcription 
conventions adopted were workable in that inter-transcriber 
agreement matched other favourable studies and identified the 
segmental error types.

Narrow transcription is time consuming and every clinician 
may not have the time or skill to achieve the optimum level. 
One outcome of refinement of differential diagnosis via 
theoretical models ̂ modified through growing single case 
input, is that firmer patterns should emerge concerning which 
error types and positions and words represent most reliable 
distinction. As patterns become clear the narrowness of 
transcription requiredj and the amount^ may be reduced to a 
clinally workable degree.
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One side of the diagnostic coin has been described - i.e. 
patterns of errors etc. Equally important, though^ for 
intervention purposes and monitoring the effects of change 
and of different patterns of error types, is the relationship 
between derailments and intelligibility. This also needs 
quantification in a meaningful battery.

21.3.2. Intelligibility

Earlier attempts at gauging intelligibility of speech motor 
disordered adults are more accurately described as overall 
severity ratings. Listeners judge to what extent a speaker 
can be understood, but measures do not permit determination 
of why they are unintelligible and by implication do not 
provide strong links to intervention. Speakers with equal 
severity ratings can have markedly different articulation 
pictures. More recent approaches to intelligibility testing 
(e.g. Ziegler, Hartmann, von Cramon 1988; Weismer, Martin 
1992; Yorkston, Dowden, Beukelman 1992) have sought to bridge 
this gap by relating intelligibility to loss of certain 
phonetic, phonemic contrasts, distortion or loss of 
particular acoustic features, presence of specific 
phonological processes, contribution of segmental and 
suprasegmental determiners, and so on.

The relationship is not straightforward. Different contrasts 
carry different saliency and their loss, and presence of 
particular non-normal processes, affect intelligibility to 
varying degrees, as shown in above work, or by Mannes and 
Parsons (1991) in disordered child speech. Similarly 
acoustic markers relate non-linearly to intelligibility - 
there is variation in saliency of different features and 
equal appearing changes in them do not perforce have equal 
appearing nor constant consequences for understanding. 
Hardcastle and Edwards (1992) found consonant deletions and 
substitutions correlated with listener judgements of 
intelligibility, but this was predominantly for word initial 
changes, not when they occurred word-finally.
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Even where correlates of intelligibility can be ranked for 
centrality in affecting the speech signal it does not follow 
that their additive effect when co-occurring is a product of 
their individual effects - this too is nonlinear. The speech 
signal contains redundancies and can tolerate aberration, but 
with certain combinations of degradation and at critical 
levels intelligibility deteriorates in the S-shaped fashion 
discussed in 21.2,3. This is further influenced by listener 
reactions to disordered speech which may override 'objective* 
measures of intelligibility. Hammen, Yorkston, Dowden (1991) 
demonstrate the impact of semantic context in swaying 
comprehensibility.

In AS and PP there are added factors. Variability of 
breakdown can be more disruptive than consistent derailments. 
While the loss of visual feedback on listener judgements is 
attested, the effect of inconsistent visual cues and visual 
markers, deriving from visible struggle, that may be at odds 
with acoustic messages, is less well-known.

The conclusion is that a measure reflecting the interaction 
of these variables is the ideal to aim for. To date no 
measures \diolly achieve this. Nevertheless revisions in the 
structure of sub tests and items can lay the path for 
compatibility of this aim with that of differential
diagnosis. Construction of single word matrices (21.3.1) can 
reflect contrasts that are shown to be salient for a
language. Statistical analyses can examine the effects of 
different combinations of error type, position, frequency, 
variability, rate control and context of occurrence on 
intelligibility. Application of the same statistical 
procedures in intersubject comparisons, or intra-subject over 
time, should facilitate the identification of variables 
associated with greater or lesser intelligibility.
Implications arise here for error taxonomy and analysis.
Research needs to establish whether the revised systems 
outlined in this work suffice to reach the necessary answers 
or whether additional/alternative measures may be necessary, 
such as percentage and consistency of word initial voicing or 
oral-nasal contrasts achieved. One could envisage that both
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procedures might be improved. For instance linguistic 
feature continua may be one way of improving the distinctions 
among distortions and their relationship to other error types 
- with continua of distortion through equivocal voice, 
nasality, frication or whatever, to perceived substitution by 
the other member of the pair; a continuum of distortion to 
omission; or distortion to addition. This is another point 
where simple physical measures may assist since inappropriate 
symbolisation using conventional symbols would often have to 
be avoided.

In this way it is hoped to move towards an explanatory rather 
than purely descriptive index of intelligibility in AS-PP, 
and thereby accomplish a more directed and effective 
treatment.

21.4.1. Conclusions

What was aimed for; what has been achieved; where do things 
stand now; and what is the direction towards a standardised 
assessment of AS? This section draws together the answers to 
these questions to conclude the work.

In chapter 1 the aim was expressed to create an effective, 
rigorous, reliable tool sensitive to the qualitative and 
quantitative differences between individuals that would 
differentiate between the target behaviour to be measured 
(as) and others from which it should be distinguished. The 
aim was to lift assessment from previous a theoretical and 
non-extemally validated approaches and put diagnosis in the 
context of theories and practice of speech production overall 
- both normal and pathological. Through this principles, 
procedures and content of a viable test should be identified.

Endeavours to glean reliable pointers from previous 
definitions and studies of AS failed, as expected, to reveal 
firm indicators for a rigorous, efficient test. The stronger 
candidates taken forward for re-examination in chapters 13-20 
failed, with some noticeable exceptions (below) to provide 
effective guidance for differential diagnosis. It was.
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however, possible to use more general studies and models of 
normal and pathological action control to show how AS could 
be placed and described within an overall context and how it 
would relate to other types of pronunciation disorder. 
Procedures (transcription, error analysis etc) were able to 
be set up which reflected individual differences. 
Statistical procedure, though, as elucidated in 21.2.3, were 
in need of further consideration. The content of the pilot 
test was satisfactory but revisions have been proposed 
(21.3.1) to make it more compatible with overall aims and 
effectiveness.

The work failed to produce a completed tool that could 
reliably differentiate between AS and other pronunciation 
disorders. In a limited sense it was possible to divide AS 
and PP from dysarthric speakers on the basis of variability, 
struggle and the automaticity effect. Suggestions were made 
in procedures for how PP and AS might be better separated. 
However, the very principles (of theory, external validation, 
viewing AS in the context of speech production overall) that 
it was deemed could place AS differential diagnosis on a more 
objective footing proved at the same time to be the very 
principles that illustrated why such a venture was 
unrealistic within the framework initially followed.

21.4.2. The basic weakness was the conceptualisation of AS within a 
reductionist taxonomy. As with the misconceptualisation of 
flying or driving (chapter 7) as being reducible to the nuts 
and bolts of the plane or car, it was repeatedly demonstrated 
that speech could not be characterised in its totality by 
recourse to one descriptive domain, and while there are ties 
between domains, these are not one to one, linear relations, 
and speech only arises in, emerges from, the interaction of 
them all. Thus although AS, PP, dysarthrias might be 
conceived at some very abstract level of description in 
precisely delineable terms, the nature of speech production 
is such that the only way in ̂ ich these might be isolable is 
unlikely to be of use for clinical purposes. In practice 
components of speech production interact to a degree that 
renders their boundaries opaque to examination.
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The direct effect of this on principles and procedures is 
that one cannot look for absolutes, only relatives. One 
cannot isolate single features for scrutiny and expect that 
an accurate picture of their functioning can be gained. They 
can only be considered within the context of the influences 
that impinge on them, both internal and external to the 
speaker. Movement is only understandable within the 
framework that organises it (in speech, phonology) and this 
only becomes real within the context of the words it
expresses and the listener and situation in which they are to 
be heard. The same applies to any fractionation of this 
totality one might attempt - neither the acoustic waveform, 
vocal tract movement, neural transmission, regional cerebral 
bloodflow, listener perception or whatever are things in
themselves. They only grow out of a broader interaction, and 
it is only from this that speech communication emerges.

Consequently for a clinical assessment one will not be able 
to identify a disorder on the basis of a single breakdown; it 
will only come into focus through an aggregate of
observations taken from different angles which divulge its 
true coordinates. Subgroups of speakers will only be
describable by their approximation to each other. So-called 
pure cases are only individuals who happen statistically to 
approximate very closely to what the researcher/clinician has 
designated as a *pure* description of a disorder, or fall 
statistically at the centre of a constellation of related 
features deemed to represent variables in the identification 
of a disorder. Hence the need for a model that isolates 
idealised * forms* or 'behaviours* and for test items and 
constructions that enable one to infer these from detection 
of their influence on and by other variables across a variety 
of contexts. Statistics are required that can express the 
relative nature of intra- and intersubject profiles, and 
inform and modify the posited idealisation. Behind this must 
stand the realisation that AS, PP, spastic, ataxic dysarthria 
and so forth, nowhere exist in a pure form, but only in 
relation to one another.
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21.4.3. The title of this work is ' towards a clinical assessment of 
acquired speech dyspraxia*. Given the preceding, what is the 
way towards this goal?

A first step is characterisation of AS and the disorders to 
which it is related in an idealised form within a model of 
speech production. While no perfect model yet exists, the 
minimal acknowledgements must be that there appear to be 
definite components (such as access to the system, large unit 
manipulation, smaller unit manipulation) which stand in some 
kind of interactive relationship with one another. Disorders 
are describable in terms of what underlying deficit might be 
expected by 'lesion* of a given component. The effects, 
though, must be described not simply, if at all, in terms of 
the gap that is left by the impairment or absence of this 
component, but in terms of the consequences this has for the 
speech production system overall, its functional 
reorganisation and adaptability.

The second step, having decided the chief behaviours to 
observe, is to devise subtests that permit inferences about 
the functioning of those parts of the model. Inferences can 
be made from aggregates of behaviours (e.g. struggle, 
variability, displacement errors), and an error taxonomy and 
analysis was offered with subsequent modification 
recomnendations that would permit this. However, findings 
demonstrated that more reliable insights were to be gained 
from monitoring how variables and the profile of variables 
changed across tasks and methods of elicitation.

The third step then is to choose which tasks and 
administration modes best draw out contrasts in behaviours 
which allow inferences about the site of functional lesion 
and adaptations. Spontaneous vs imitated elicitation 
appeared as a strong candidate from current findings. It was 
recommended that more definitive diagnostic indicators could 
be gained by adding reading and rate varied elicitation as 
well. Modifications and innovations to subtest content were 
suggested to increase the discriminative sensitivity of 
subtests. These included choice of successions of words
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tuned to susceptibility to different types of derailment and 
adaptation. These new subtests and items now need to be 
devised.

The fourth step towards the clinical assessment is to choose 
statistical methodology that does not make unjustifiable 
assumptions about brain-damaged populations and the nature of 
the measured behaviours and thereby distort findings. 
Procedures also need to balance and relate idealised model 
predictions and individual subject performance. It was 
recommended that the path towards differential diagnosis 
proceed on a single case line (since for therapy purposes the 
individual person's profile is always prime mover) and that 
statements about group characteristics should come only as 
they crystalise out from the interaction between model 
predictions and growing empirical data.

A fifth step is to demonstrate how the quantitative and 
qualitative features ascertained from the above procedures 
actually relate to the person's communicative competence. 
The directions for this were briefly discussed in 21.3.2 
under intelligibility.

If these steps can be accomplished they will have 
implications not just for the understanding of AS, but also 
for the conceptualisation of all acquired pronunciation 
disorders.
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APPHaPIX A

Sections, Itans, Directions for Adninisteriqg Pilot Test 
Battery to Post-CVA Subjects

The subtests and items were administered in the order here 
with the sub tests of Appendix C interposed between AlA-AlB 
and A6-A7.

Closer details of audiorecording, timing and transcription 
are given in the relevant sections of the text. While 
instructions below were adhered to, leeway was permitted in 
whether directions were repeated, or reinforced by rewording.

The battery required completion in one sitting without time 
limit. No subtest was interrupted, but short breaks between 
sections were permitted. The only cues/support allowed were 
the semantic and phonemic cues in Al. To maintain morale 
examiners introduced help to correct an item at their 
discretion, if a person had failed and was showing distress. 
Only the unsupported response counted for analysis.

AlA. Spontaneous Naming. Subjects were asked to 'Tell me what the
picture is of* for A5 sized black and white line drawings 
(see Appendix A9) of these 51 words, presented one at a time. 
Practice items were available, but no subject misunderstood 
the task. Phrases in brackets are the semantic cues needed 
if necessary.
one syllable eye (you see with it); E (letter of the 
alphabet); key (you open the door with it); bow (tie ribbon 
up into it); eight (a number); ash (flick it off a 
cigarette); mop (wash the floor with it); fish (it swims in 
water); knife (it cuts food); sheep (animal we get wool 
from); fan (it keeps you cool); bath (wash yourself in it); 
stamp (stick it on a letter) ; flask (keeps drinks hot or 
cold); plate (you eat off it); desk (you sit at it in 
school); chips (fried potatoes); screw (fix things together 
with it); star (shines in the sky at night); fist (thump 
someone with it).
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two syllables tiger (jungle animal with stripes); canoe (red 
indian boat); holly (prickly Xmas leaves); teapot (pour 
yourself a drink from it); chicken (roast it for dinner); 
camel (desert animal) ; lipstick (ladies put it on their 
mouth) ; toothbrush (for cleaning your teeth) ; corkscrew (for 
opening wine bottles); chimney (on the roof to let the smoke 
out); jigsaw (puzzle for putting a picture together); 
biscuits (eat them in your tea break) ; blackbird (often see 
it in your garden); stretcher (carry injured people on it). 
three syllables banana (long yellow fruit); telephone (for 
ringing someone up) ; potato (vegetable for boiling or 
roasting); sausages (fry them at a barbecue); kangaroo 
(Australian animal that hops) ; magazine (get it each week 
from newsagent); umbrella (keeps the rain off); conductor 
(directs an orchestra); candlesticks (candles are held in 
them); microscope (you look at very small things through it). 
four syllables thermometer (for taking your temperature); 
binoculars (for looking at things a long way off); rhinoceros 
(African animal with a horn on its nose); helicopter (hovers 
in the air); caterpillar (garden insect that eats leaves); 
television (you watch programmes on it); vegetables (buy them 
at the greengrocers).

AIB. Imitation Naming. Subject was shown the same pictures as AlA
and asked to 'say the name of the picture after me*. No 
semantic or phonemic cues were given.

A2. Sentences to Imitation. Subject was given A5 sized line
drawings of the following sentences and asked to *say the 
sentence after me*.
1) A pound of sausages; 2) Give the dog a bone; 3) Go and get 
the mop.
4) A nurse cleaning thermometers ; 5) A blacksmith making two 
horseshoes; 6) A drink and cheese in the fridge.
7) A kind of telephone; 8) Give the duck a bath; 9) Go and 
cut the fish.
10) A mouse trailing binoculars ; 11) A bridesmaid kicking the 
hairbrush; 12) A priest and sheep on the bridge.
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A3. Repeated Trials. Pictures of the following words were
presented one at a time and the subject told *1*11 say the 
name of the picture once, then you say it five times in a 
row, in your own time*, 
bow; tiger; flask; magazine; chopsticks.

A4. Increasing Length and Complexity. Drawings were exposed one
at a time and the person requested to *say the name of the 
picture after me*.
E, see, ski, screen; pay, play, plates; tea, teapot, 
teapotcosy; bat, batter, battery; sack, ask, axe.

A5. Spontaneous Sentences. Subjects received singly A5 drawings
depicting the sentences below. They were asked to *Give me a 
sentence that describes this picture*. If the person simply 
labelled items they were encouraged by *Can you tell me more, 
give me a whole sentence about everything that*s happening 
there *.
A lady buying a bunch of bananas. A man reading a newspaper. 
A cat catching a bird. Two kangaroos playing dominoes. A 
man carrying candlesticks down the escalator.

A6. Spontaneous Speech. The aim was to glean a sample of
approximately 100 words. The task was to *Tell me how to 
make a cup of tea (coffee for those who said they never made 
tea), right from thinking you*d like a cup to sitting down 
and drinking it*. If detail was sparse stimulation was given 
with questions such as *What would you do first? *, *What 
would you do after/before that?* etc.

If 100 words were not reached supplementary biographical 
details (*What*s it like where you live?*, *Tell me about 
your family*) were elicited.
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A7. Diadochokinetic Rates. Volunteers were told *I*m going to
say a sound/some sounds and I want you to say it/them as fast 
as you can, just like this, until I say stop*. A 
demonstration was given for each item by the examiner. 
*Don*t worry if you can't do it, we can have another go.* If 
the task was not completed a second attempt was allowed. Ihe 
better response was taken for quantitative results, but 
requiring a repetition was penalised on the qualitative 
scale. The tasks were:
Time taken to say i /pp/, ii /t@/ 5 times.
Total repetitions of iii /pa/, iv /ta/ in 5 seconds.
Time to say v /*p3*ta/ 5 times.
vi total /pa*ta/ repetitions in 5 seconds.
vii /*pa*ta*ka/-, time for 5 repetitions.
viii repetitions of /*p3*ta *ka/in 5 seconds.

AS. Repetition of Nonsense Syllables. *Can you say this sound
after me*. Subjects were given one attempt only.
/i; ga; t̂a ; fa; re; da; ka; va/.
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A9. Sample Line Drawings
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APPEN)IX B

Bl. Entry to Study Criteria for CVA Subjects Without Speech- 
Laqguage Problems

1) No history of neurological involvement prior to CVA.
2) No pre-CVA history of any kind of speech-language 
problems.
3) No post-CVA speech-language dysfunction, as measured on
standard assessments.
4) No indications of dementia.
5) No auditory or visual acuity problems, judged by
ability to respond appropriately to normal conversation in 
test surroundings and read small case print on preliminary 
assessments.
6) No oral pathology. Adequate dentition/dentures.
7) Not receiving medication likely to cause drowsiness or
altered motor performance.
8) Neurologically stable enough to complete battery.
9) Age range 20-75 years.
10) Monolingual English speaker.

B2. CVA Patients with no Speech-lanffl^e Problems. F = Female. 
M = Male! Age: mean 6J yrs, medi^ 64 yrs. Range 48-75, SD 
7.%. Months Post Onset: mean 36, median 34, rapge 1-120, SD 
33.62

Age
Years

Months
Post-Onset

Age
Years

Months
Post-Onset

F59 11 F73 35
F58 2 M56 4
F48 12 M57 2
F65 9 M61 11
F73 33 M50 6
F57 73 M69 4
F73 8 M50 46
F75 39 M62 1
F61 12 M52 4
F74 120 M68 13
F66 59 M67 43
F71 60 M64 60
F71 48 M63 120
F64 54 M69 48
F71 84 M53 60
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APPHTOIX C

Cl. Limb Dyspraxia Test. This is not reported in this thesis, 
but was carried out between subtests AlA-AIB. Standard 
descriptions for stimuli exist but are not given here.

Pilot Test for Limb Dyspraxia
mÊÊÊmÊÊmÊm̂mmmmmÊmmmÊÊÊÊÊÊÊmmÊHÊmmÊmiÊmmmmmmmÊÊÊÊmmmÊÊÊÊÊÊÊÊÊÊÊÊÊmÊmmmÊmmmÊmmmàÊÊÊÊÊÊmÊÊiÆ̂mmmmmmmmmmmmmm

I = Elicit by imitation.
V = Elicit by verbal instruction. 
0 = Elicit by using real object.

I: Comb hair.
V: Drink cup of tea.
I: Show how you would hammer a nail.
V: Show how you would shave/put on lipstick.
I: Wind a wristwatch.
I: Threaten someone/shake your fist.
V; Show me how you would comb your hair.
V: Hammer a nail.
I: Show me how you would drink a cup of tea.
I: Put on lipstick/shave.
V: Show me how you would wind a wristwatch.
V: Show me how you would threaten someone/shake your fist.
0: Comb.
0: Cup of tea.
0: Lipstick/razor.
0: Wristwatch.
V: Show how you would shave/put on lipstick; threaten

someone.
I: Drink cup of tea; wind wristwatch.
I: Comb hair; hammer nail.
V: Show how you would threaten someone; drink a cup of

tea.
I: Comb hair; threaten someone; shave/lips tick.
V: Wind wristwatch; hammer nail; comb hair.
V: Threaten someone; drink tea; shave/put on lipstick.
I: Hammer nail; wind wristwatch; comb hair.
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C2. Oral Dyspraxia Test. This is not reported in this work, but 
was administered between sub tests A6-A7.

Pilot Test for Oral Non-verbal Dyspraxia

I = Elicit by imitation.
V = Elicit by verbal instruction.

Blow out cheeks.
Bite bottom lip.
Chatter your teeth as if cold.
Hiss like a snake.
Lick top lip.
Tut-tut/disapproval.
Pretend to blow out match.
Bite your bottom lip.
Chatter teeth.
Blow out your cheeks.
Hiss.
Lick your top lip.
Blow match.
Make disapproving/tutting noise.
Blow match; chatter teeth.
Bite your bottom lip; hiss like a snake.
Lick your top lip; make disapproving/tutting noise. 
Chatter teeth; bite lip.
Blow out your cheeks ; lick top lip; chatter your teeth, 
Tut-tut; blow match; bite lip.
Lick lip; chatter teeth; blow out cheeks.
Hiss like snake; bite your bottom lip; blow out match.
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APPENDIX D 
Dl. Abbreviations for Error Types

ANS
ACS
AND
ACD
AAP
PNS:
PCS:
PND:
PCD:
PI;
PR:

Anticipatory Noncontiguous Substitution 
Anticipatory Contiguous Substitution 
Anticipatory Noncontiguous Dis tortion/Addition 
Anticipatory Contiguous Distortion/Addition 
Anticipatory Assimilation Distortion/Addition
Perseveratory Noncontiguous Substitution 
Perseveratory Contiguous Substitution 
Perseveratory Noncontiguous Distortion/Addition 
Perseveratory Contiguous Distortion/Addition 
Inertia of Response 
Reiteration,df 'units'

D:
AT
AD
OT
0:
SB:
SO:
BN:
BC:
MNl:
MN2:
MG:
CA:
LSP:
SC:
SgV:
SgA:
SgE:
SgR:
StE:
StAl:
StA2:
IS
IM
lA
Sil:
Sip:
Sap:
SmP:
Circ:
NJ:
E:
NR:

Distortion
Addition by Transposition 
Addition
Omission by Transposition 
Omission
Substitution by Crossing Categorical Boundary 
Out of Plan Substitution
Noncontiguous Blend 
Contiguous Blend
Noncontiguous Metathesis; 1st position involved 
Noncontiguous Metathesis; 2nd position involved 
Contiguous Metathesis
Complex and/or Ambiguous Category 
Literal-Semantic Paraphasia 
Self-correction
Visible Struggle 
Audible Struggle 
Effortful Articulation 
Run-ups, Conduites d'Approche
Equalisation of Stress 
Atypical Stress. Original Point 
Atypical Stress. New Position
Syllabification 
Monotone Pitch/Loudness 
Atypical Intonation Pattern
Prolonged Latency 
Intersyllabic silence 
Intrasyllabic silence
Semantic Paraphasia
Circumlocution
Neologistic Jargon
Echoic Response (Cued items only)
No Response
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D2.1.

D2.2.

Score Sheet for Single Word Spontaneous and Imitation Naming
Error Types detailed in chapter 11 and Appendix D1 form the 
vertical axis of the score sheet.
Error Positions given in Appendix D4 and summarised here, 
form the horizontal axis.
Single C:
C in Cluster:

Vowel:
Single C: 
Whole Cluster 
Subsyllable:
Syllable:
Word:
+stress:
-stress:

Word/syliable initial single consonant. 
Error in a consonant that is the member of 
a cluster in word/syllable initial 
position.
Error in vowel.
Error in syllable/word final single C. 
Error involving cluster as a unit.
Error involving part of a syllable not 
covered by other units.
Error involving whole syllable.
Error affects whole word.
Tally here all errors falling in stressed 
syllables.
Tally here all errors in unstressed 
syllables.

Cross-syllable i: Errors definitely triggered by sound
sequence across syllable boundary.

Cross syllable ii: Error may be triggered by cross boundary
sequence.

This sequence is repeated across the horizontal axis for each 
syllable.
Sentences to Imitation Score Sheet
As detailed in chapter 11 Error Types recorded were as for 
single words, with addition of recency (Rec) or primacy (Pri) 
to denote instances of these responses.
Positional errors were as for single words though no longer 
tied to the position (1st, 2nd etc) of the syllable in the 
word. One additional category (Form Word Segmental) 
complemented -stress to see how many segnental* errors fell 
in unstressed form words. Units greater than syllable are 
abbreviate! as follows:
Word Content: 
Word Form:
+stress 2:
-stress 2:
Part Phrase:
Whole Phrase:
High Prob 1: 
High Prob 2: 
Low Prob 1: 
Low Prob 2:

Total errors in this word class.
Total errors in this word class.
Errors > ‘segment* occurring in stressed 
word.
Errors > * segment * occurring in unstressed 
word.
More than word but less than idiole phrase 
in error.
Entire phrase derailed (in practice SmP, 
Circ, NJ, NR).
Total errors in sentences 1-3.
Total errors in sentences 4-6.
Total errors in sentences 7-9.
Total errors in sentences 10-12.
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Appendix D3
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I) Sample Error Analysis Sheet Word Namipg, Spontaneous and 
Imitation. See Appendices Dl, D2 for Abbreviations
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Appendix D3

NIP

S it .

2) Sample Error Analysis Sheet Sentences to Imitation. 
Appendices Dl, D2 for Abbreviations

See
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D4. Recording of Error Types and Positions. For each error type
the total tokens for each individual were counted from the 
audio transcription and entered on the line for that error in 
the column corresponding to vdiere it occurred in the syllable 
and where the syllable was in the word (see e.g.'s D5).

On the original data entry sheets, tokens were colour coded 
to show whether e.g. errors in syllable one were in single 
syllable words, first syllable of two, three or four syllable 
word, etc. In the illustrations below absence of colour 
coding means this detail is lost.

D4.1. The columns for syllables 1-4 are set out to reflect the
possible syllable structures of the stimulus words, from
simple CV or VC syllable, through to four syllable words with 
complex intrasyllable clusters and intersyllable sequences.
Appendix D2.2 gives added constituents for sentences. The
left-right order of columns corresponds to the left-right 
occurrence of sounds in written words. Thus, the first
'single C* of syllable one represents a C in syllable
initial, word initial position; C in cluster represents a 
consonant in a cluster that is word initial. Vowel
represents the V in syllable one; the next single C a
consonant in syllable one, syllable final position.

According to which element of the syllable is derailed, the 
error is entered under the corresponding column. For
example; mop ] would be classed as an addition in the
column *syllable one*, single C in word initial position. 
Likewise bow [ p9'U" ] would be a distortion in the same
column. Stamp [ sacmp on the other hand, because it
involves a single element of cluster, would be entered as an
omission in the column *C in cluster*, prevocalic, syllable 
one. Flask [ flaest] would be in the substitution error line 
in the column for *C in cluster*, postvocalic position.

The same pattern pertains mutatis mutandis across all 
syllables. So if the underlined elements in the following 
words were derailed, they would be in the error columns 
noted:
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tî er: Syllable 2, single C, prevocalic
biscuijts; Syllable 2, C in Cluster, postvocalic
candlesticks; 1) [s] Syllable 3 C in cluster prevocalic

2) [k] Syllable 3 C in cluster postvocalic 
Sometimes the derailment involves more than one element. 
Such errors are to be classed in the columns between whole 
cluster and word.

D4.2. Whole Cluster. This is used only when the cluster as a unit 
is derailed. If only one element is derailed or the two 
elements are derailed separately, they are counted under *C 
in cluster*. The only problematic areas are blends and 
contiguous metathesis, where these involve two consonants. 
The solution is somewhat arbitrary, but for the time being 
they are classed as *C in cluster*, since the elements appear 
to be behaving as individual elements and not as an undivided 
unit. In practice , whole cluster refers mostly to 
anticipations, perseverations, omissions, non-contiguous 
me ta theses, etc of whole clusters -for example: lipstick—  ̂
['stips+ik ]. Flask [ aes ] would be classified as 
omission of whole cluster and omission of C in cluster, 
postvocalic.

In the first pass, whole cluster errors were not analysed for 
syllable position, only for which syllable the derailment 
affected. If necessary a later analysis will investigate 
any patterns in these errors.

Subsyllable: derailments which involve more than one segment 
acting as a unit but less than the entire syllable. Where 
this concerns a consonant cluster scores go under *whole 
cluster*. In practice, derailments in this category are 
likely to involve consonant(s) and vowel. Examples: 
microscope ['maikaav̂ ĵ  ; candlesticks [ ksendstilcs ].

Word derailments are noted when a whole word or unbound morph 
of a compound word is in error. It does not refer to 
semantic paraphasic errors, suprasegmental errors, nor 
neologistic jargon.



393

The most likely candidates are reiterations, self corrections 
of vdrole words, transposition/me ta theses of the two nouns in 
compound nouns, blends of two parts of compound words, 
e.g. canoe [k̂ '/u ka'nu ] - self correction at word level; 
fish “ reiteration at word level.

Stress (+,-). The total number of any error type occurring 
in stressed vs unstressed syllables is entered here. Thus 
there may have been five instances of ANS in the second 
syllable. By entering under either + stress the number of 
errors which happened when the syllable was stressed vs when 
unstressed can be derived.

Cross Syllable Sequences i, ii. An error might involve 
sounds which are adjacent, but are seen as singleton 
consonants in their respective syllables by the notation 
adopted here - e.g. c v c, c v - panda; c v c, c v c - 
lentil. However, there are instances where it is legitimate 
to claim that an error was triggered by the very proximity of 
the two elements, e.g. lipstick [lisptxk ]; blackbird 
[ hldckg^^ ]; biscuits [’bi/fki-ts ]. It would be misleading 
to classify these as (only) singleton C derailments, hence 
inclusion of cross syllable sequence columns.

The (i, ii) refer to the certainty with which one can state 
that the derailment arose through the specific juxtaposition 
of sounds. If it can be argued with >90% confidence that the 
error arose because of the neighbourhood conditions, enter 
under Cross-syllable column (i).

In cases definitely not due to boundary conditions or
equivocalness vdiether the derailment was triggered by this or
another circumstance, i.e. where there is not 90% certainty 
that the error was due to the cross-syllable transition, the 
derailment is classed under: a) best matching within syllable
column; or b) cross syllable cluster column (ii). E.g. in
['kaen:d̂ l stiks] it is unclear whether it is simply a 
prolonged/effortful [n:] irrespective of the [d], or whether 
this was due to difficulty in transitioning to [d].
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D4.3. The following conventions are used for noting loci of non- 

segmental errors.

Struggle and Silence; When preceding a target they are 
entered into the column *word' corresponding to the number of 
syllables in the target - e.g. struggle + corkscrew is 
entered under word, syllable 2. Intersyllable struggle or 
silence is recorded in the column 'syllable* corresponding to 
the position of the upcoming syllable. Intrasyllable 
instances are checked in the column for the segment 
immediately after the error.

Stress and Intonation; Derailments are marked in the column 
'word* equivalent to the number of syllables in the target. 
The exception is atypical stress which receives two entries - 
one in the column 'syllable* locating the atypical stress, 
and one in the column 'syllable* for where the stress should 
have been. It counts as only one error.

Language Errors; Semantic paraphasic errors, circumlocutions, 
jargon and no response are all entered in the 'word* column 
appropriate to their length.
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APPENDIX D5

Sample Transcriptions and Error Analyses for One Subject from 
each Group

Subject 5, dysarthric (Group 1).
Subject 18, nondysarthrlc, nondysphasic (Group 2).
Subject 3, nondysarthrlc, dysphasic (Group 3).

S = Response to Confrontation Naming
C = Response to Semantic (Sem) or Phonological (?) cue.
I = Response to Imitation Naming.

Abbreviations for Error Types can be seen on the fold-out 
sheet, page 387.

Transcription conventions used are the International Phonetic 
Alphabet with PROS (1983) additions for representing deviant 
speech.

For the sake of clarity the latency, utterance and 
inter/intrasyliable pause times are not included here (see 
Appendices F19-25). On the error analysis sheet total errors 
per cell have not been divided into whether they arose in 
one, two, three or four syllable words. This was 
accomplished through colour coding and a larger format on the 
original summary sheets. Ihis enabled four numbers to be 
recorded per cell, thus

Page size restraints have occasioned the omission of 
struggle, stress, intonation and silence data from the three 
subjects* summary sheets. However, the position of these
sections can be seen on the sample sheet in Appendix D3.
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Subject 5
eye s a i  

I &T
E S 1 C  

I Z i

key s
I kxi

D
J)

bow S bo 
I bo

SB
S3

eight S 2 e x i
I

ash s 2 
I I x - S

mop S
I m D p -

D
D

fish
I p fiT

J>
D

knife s
I ' ng'v SB D 

SB T>
sheep

1
3>
J>

fan S V atn 
I pfaen

D
%>

bath S bat 0 
I bat^e D

stamp

flask

S l&ba^

I staemo
S -f/i'tsk^
I -fala-sk"

|̂ c+i«.nc ci-r̂ r
J)
D
J>

plate S
I p ’l-ext D

desk S desk^ 
I dcsk^

chips S 'fin.tfxpS
I tyxf,s T>

screw S
I Skgx>u

J) J> 
J> J)
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star S staa 
I sXtaj D

fist S pfist 
I pf^st^

D

tiger s 't 
I

J)
D

canoe S , ki hu 
I 'k3/i'nu

SB
D StE

holly S 'hv'li: 
I

StE
StE

teapot S 'ii.pvt 
I 'ti;,pT>t

chicken S 'sïl ,kin 
I

D D

camel S 'k a-niD : 
I 'kacno'^

lipstick S 'dips'tik 
I •/x'^£tik"

SB StE 
S+E

toothbrush S 'i3©,b®Aj 
I tu©

P
StE

corkscrew S 'k^oi?_'sk@u 
I 'ko:“_ 5 k © u

X) OX> StE 
O StE

chimney S %m _ Ii 
I ' li

D StE lA 
SC StE lA

jigsaw Spu*l/« JJX̂ 'lsv/l
I '"d^ig.so

D D D 
D

biscuits S ‘bxskit:S 
I 'hzs,kzl

2> J> 
O

blackbird S *blck̂ ,bd<ci 
I * b/ask̂  baad

J>
D

stretcher S *s'=£2tja‘
I

'DDO
BC

banana S ' bae .'ri3c .'nac- X X X StE I>DD
ba‘nac, nac PD

telephone s 'te.'li.'fw 
I 'te_dx_,f9irn

StE BC 
SB

potato S pva'tVi,t'^v* 
I pa 'tcj ‘tav*

P P J>

sausages S 'SD/6. s%.,d^i% 
I *ST)SIcl7X2. ̂ n

P 3> 
P
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kangaroo S -ga 'wv 
I . 'û2T/

SB P 
3

magazine s
I m ' t/d sin D

umbrella s
I 'A m ' bp |3Î_ Am b^f _ /I m  b E j

conductor S .kAn'dAktd^ 
I *k’t>n’dA '

J>
S+E

candlesticks S k x ,n d i 's fz k s >  
I '/cicnda+iixJrS

S+A
S+A

microscope S 'skop s+A 
I rviii : fssksirp D  AP

thermometer
I e 3 (Mp

I—' wx
S+E P P P

binoculars S , loi'nt> + k:>laz 
I b̂p'o k̂a)p-*2

P
P

rhinoceros S ,ja.x’o-D'*saa3'S 
I -til

PJ>
SB P P

helicopter S 'hg.ldi.'k-Dp.'tâ  
I 'bc-di ’ kA^Qt3^

SB S+E 
SC SB O S+E

caterpillar S 'kae.tâ . pi. ly- 
I 'kac. px 'La*-

S+E
S+A

television S .tel I
I -tedl Vij gd P PS+E SB D

vegetables S Vfi-d̂ tabat 
I vê d̂zi, ÿab'U’

D
P J) (icnd .h )£ ,fE
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Subject 5

Sentences to Imitation
1. A pound of sausages

a.'pa-vnd. ''D3V'. r d j  i  j

2. Give the dog a bone 
'giv '̂ 3 dee, ,a ton

3. Go and get the mop
go affnd 'gjt /v)T)p*'

4. A nurse cleaning thermometers
cL 09. . 'k+Cn rn  . Gy- ' rn

5. A blacksmith making two horseshoes
s/i ’b_l5ek̂  smi ©  '»v,ei,kxn. ho.Juz

6. A drink and cheese in the fridge
'diijk in '-ycz ,in Ss

7. A kind of telephone
9* 'k i^ n d  *T>v 'te llifo n

8. Give the duck a bath

'qx'' is dA-k^^a.'i>a•J  I

9. Go and cut the fish
'go acad ' k ’̂ v'k^^ ^  da 'fij"

10. A mouse trailing binoculars
A ' m . ^ i j i e i d i n  hg 'n ( ^ k s  Is^z

11. A bridesmaid kicking the hairbrush
æ biVAidz'meid ' k ^ i  dd  f• T * U

12. A priest and sheep on the bridge

'«nd Jcp ,T>n ,^3
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Subject 5

Repeated Trials
bow

bo b o  b o  b o  b o

tiger

t ’£
flask

-f’ 'l3g..Sk"Y''!% .■Sk*‘'f’'/̂e :S Ic'V’W'S k’ " 'fix :5k' “• 
magazine

,r*iiegr'‘'zLio,m«gi'‘'2t.i»i ,wsigi'‘'zCin,nigiyztw./Higi'-'zLio
chopsticks

's'ŷ ô c.stifc;s '-̂ pp. sii/c.s J3I ̂ vpsftks

'•tfppsti/cs 
Increasing Length-Complexity
^ see ski screen

L Sjji ^(f^r ‘Jkd'i^Ln

pay play plate plates
p^ei p/£i p"®/ei-t p^leili'

tea teapot teapotcosy
t i  'tL,p-Dt 'tL,,pT)t, fc90,''̂z(|)

bat batter battery

I X
sack ask axe

'^s&k Z'sk^ ? ks
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Subject 5

Spontaneous Sentences (Appendix A5)

j g  ' | < c 3 e d 9 i v ^ 2 b i i l n  b s  n a s n s z

the customer’s buying bananas

2.
Vtdxn da

reading the newspaper

d9 ' k a ^ t  _  " k a e z  ' k o t . a - ' b x u d

the cat has caught a bird

' - f v . ' k e j  g/)f V u 2 . p l e i ^ n _ , d Y , M i . n a o z

two kangaroos playing dominos

gg *fv\3c.n g o in  c/9An n3 si’£Z

a man going down the stairs carrying

'ks^ndslstlbt^
candlesticks
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Subject 5

Spontaneous Speech Sample
n id s s m  'u>3.*tâ  æ  i n  ng

a  t  to 'pAO do 'ivAta* Dn do aen I t ^ V z V

aen 'po^do 'kAp"^p3_'tl i i r t  

in tar.' p 'kAj) ■_'u^iS, 'n^xllc send ^n'gkt.ond

b(?î iv>«>uld ypu gft tUe ViiJ+ u^ater in +lie 0

ko 'kctl fbkM.o/vd uoPuld^pkd^u^i'/'U +UckMj

'ito. sc., leto , k 'è 'k’fetl -  acn- i^o f. f& i po part do 

WA:to %n do ki,tV  sen to 'to''o^'!etol %>n fu>î er£u>£>uÛ £>M

0e+'Hie u^fer fnor\̂  ) '-^pndo tOÊ-p 6=^ ̂ ru«> dp \̂ >̂u/;ine

ijpur+C(3 ) '•̂ noL d^onn ^ sugara'^d Aiî//r?) n3

'^3ww

w
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Subject 5

Diadochokinetic Rates
Only summaries are given here, rather than the full 
transcriptions.

p3 X 5: Distorted[pj . Uneven stress. 1.6 
sec.

ta X 5: Distorted [t] at start. Uneven 
stress. 1.8 sec.

pa in 5": Distortion at times. Vowel drift. 
Uneven stress. 19 tokens.

ta in 5”: Gradual weakening of contact. Vowel 
drift. Uneven stress. 22 tokens.

pata X 5: Vowel drift. Ikieven stress. 3.1 
secs.

pata in 5”: Two attempts needed. Second 
deliberate articulation some C 
distortion. 7 tokens.

pataka x 5: Gradual vowel differentiation. 
Uneven stress. 5.4 secs.

pataka in 5” : Uneven stress. Slight vowel 
differences. 5 tokens.

Nonsense Syllable Repetition

1  [ l] [gG] if*  C f ) ]
na [ nag] ^  Cdja] to [ka] ya [b/vaj
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Subject 18
eye s ai 

I ax
E S id. iO, i 

I L
key S ki 

I ki
bow S bax b9tr kai 

I b9V

eight s eii'
I ex-t

ash S aej 
I cC/ sc

mop S ‘ PTD_ k mut. mut 
I m  T> **

SB
SgA

fish

knife sfA.Ps.fai^. nSTT naif 
I n.di B

S3 A 
SB

sheep
1

%) 3)

fan S -fae ■' -fas 'n 
I "* f/vacn

SC

3)
bath S base 

I bare
stamp S S:i3ep^,stxmp 

IJ: s; L. stx.six. sfxr̂ ip
SC
S3 V+A

flask
I -fud'S :k

Sg V/4-A 
SB P J>

plate S p 1er pier./c.t 
I " ^ ^paler.r

% A  sc(k-^i) 
D D

desk S desT 
I -'des:'̂

Sg\/ ^ 0  
D J>

chips S -bfips 
I Yzps

screw s ‘s 'tau sj,u sju slco-u 
I skuu "

Sg V+ A + R

star S S 'tau. 
I stau

D

fist S ft.f'9 U {d fzf -fa.-fe... NK 
I fxjst D
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tiger S p3. 'b.'ia 'idlÿd̂
I ' t i r

canoe

holly

teapot

chicken

camel

lipstick

toothbrush

corkscrew

chimney

jigsaw

biscuits

blackbird

stretcher

banana

telephone

potato

sausages

kangaroo

tir'g^
S p9.is. ka. 'ka / nu 
I tL.ka/Mc3.'nu
S hT) .\
I 'h-plz
S ts 'ti-’pDt 
I 'ti.pDf
S tf’ -^ikin 
I *tji/£kin
S haem 'katmaf 
I
S ta.b te-'bir. Sjup

S + E

ÇgR S+E D  
SgA + R
^  4e«a 4» S+ E

SC S+E 

D

SC PNS 

]>
SC

S m  PS+EC *lip - ‘s.-itkI a l x . 11. Id. I I  ng ir^ fzk .
I x ( ^ ( ^ ^ s t z k  AC2>

S t_ tt+u^G_ sc  j>p S+E
IS_*tU-'bj.A_f sc O S+E
S s ;k u .u .s k a u .5 t t u „ . s i r j . u  Sr>»P S5A
G s±-^u "’nj'ir kDciî .kouk.Skj,u SC I s . s k^ u . 'kr.'ko^+.'skwLu s ^ a  s t E

S ki 03 V  ka ngir
C k_ tfin  -tfirvinx 
I yiZM. /mil
SpADAdl DAz/. pap/\bx pAxa
C^d/'dixgJ.''so ^
I ' sk^
S bl* biskrt/'^^'bis :'kit 
I bis : kxts

S^A NT 
SgA
S g V + A  D

SC  S+E 
SgV'+A D  SB MC

£ C  O 
2>

S 'back*̂ . ba/sck^. bê'^\ d ’ I 'bs Id e k s 'b 9 * -d’
sc ad a d d  
AD AD DD Sap S+E

S s fe id .S '^ k ^ k * :  n d ir  s .-^ s tu e y ^ ^  .S gA  ^
I  ̂'st.'wcer'ka^ 'stu^tja^ sc
s'b«nala-'bac'nac.'25_Wn'/a»b3'nac:n3. Sg v+A d  
I ba'natna

.coun+os dpWorttf*

39ir’teoJp3'ir_'iei-t3irz pen'p9irt9ir.%K pns ffeicpk) 
33XT.'tei.'i 9Trz s+F AD 11 pMS Ans

S i  tair_'I e n ., tan. 9 f^irn 
l ' te : la.'fairn

StiJ
IpL.’

S'S :T>,S--9'djIZ S+E
I 'S-.TDSldjX:! D 3>

Skakskijt'kaags'au-kat^aliu SgA+R Bc 
l'katu..'ka!J.’kat^ga a u  %  R D
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magazine

umbrella

conductor

candlesticks

microscope

thermometer

binoculars

rhinoceros

helicopter

caterpillar

television

vegetables

Smaf pia?d^3g/in r ^ d j d k i j i n . c a c a j >
I ‘oiac 'pfïxnd 'mac gp "zcn s tA SgA 3> d
S Am
I  ' v m b s  - l e b

Sg V+A 3>3> 
AD

st! k.b.ka.kadentdeotâ  ka^clentxna^V4 a wt 
Xk̂ 'ka-'ks/.'kafKden'den. s^A Nj
S bel. bT>l:z
C ka.k^.kaeod'fî.kacnd'kz 
I  ka 'kacndil-'s:trks

%\r+A SrviP
SgR 
sc 3

S tarr.set+  SgV+A nJ
Ctez. teza.+i.ie.'l.'zensinkair Cpjmai ka-Suair/ra^
^ ‘ma. x ’mai_ka*_ staVka^ sc m c  sts pns
S '©a\ '^a*'9at"_'kwiomrnr .SgV+A n t
I lb_ k9_^?... (nav) SgA NR
S b a .b a ’Ia a .b a c .b w ta c .b p . la k ^ .b a . b e . b a d a k .S g W A  n r  
I ba.'batna«;7acg. ka^ (̂ nsTr; SgA NR
S h x  e z y ' k e  SgV+A nr
C (Pjaa. vtai ̂  a. aai n: a nac ng as c a «> rd 
luai .aar : . (;na2rj S g R  NR
s b a  b 'D .h 'D . 'k e  la r r .k a p . 'k D P  % v + A  Os^ii s b s c  

I 'h v . 'h e l .  (ndV')'hel. b i'^C n 'yv) SgR NR
s k a . k a e f  l o t p a l . ' k a c ^ f ^ . ' k a e p a d l z  % ^ + a w j  

I k f  k a c . p » * . 'k f s e - p x * 'k i | a * ^ 'n x a * l r j  SgA c a  ca

S'ti Vi.te.'tel .aja.bei'^tiT 'tcyi.tcy_'tcl \  la.VL'za 
I t L . a i r . ' t e l a v i z e g k a * - . Sg R C A s g ll. ||SgV+A d d s b s b d
SV9. VC® vcya' ( § ) ' !a Sg V+A c a
I ga.'djel .Cnavj ka.'gelarr SgA NR
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Subject 18

Sentences to Imitation
1. A pound of sausages

'pivnd -DV 's-oszd^iz

2. Give the dog a bone 
0 ei.'gxv. 'fo/d-Dg . 3.'.'bsirn

3. Go and get the mop

k%. wi!.J'u.'get '̂ 3 .'m-D.k.ds m^k...m3 ..
4. A nurse cleaning thermometers

5. A blacksmith making two horseshoes
b b a ' l a c  ksf̂ iB.fviis n_Kackz. wiÿ.bot.jwi.bojaz. bojgz

6 . A drink and cheese in the fridge 
99aij’*3'duijf|<r_'ÿûz 'act 's^r.

7. A kind of telephone
kel.ken.'vv 'iddfsv'n^iznd dv* t elairY^vn

8 . Give the duck a bath 
..ju..’giv. 'a.'d-pg .3 .'bx9

9. Go and cut the fish
i.LUL)... afskj.fxj

10. A mouse trailing binoculars
Î3 nairs.tj.eiiQ a oj 'ba * bac'lacnilras

11. A bridesmaid kicking the hairbrush
5 bu. j  'bj.AiS k v//i kxQ 3_ ‘hed̂ 'bsjLAj

12. A priest and sheep on the bridge
pj.Ls 'acn bj.%d^- : tp
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Subject 18

Repeated Trials
bow

\)dV' t>9xr bau bsu bsir 

tiger

ta.109̂  tai09* 'ta, 1^9^ 'ia.ig^
flask

C9^ fuse f^ læ s -k  -fiscsk f idesk f U s k  fldcskCflxsÇlscsfldCseh)

magazine
ckf»i/Magz.g9. ĝ in.'M%z3 giM 'maczsgiM 'Mz.zpgim ' / y \ d c ^ s z i n  

chopsticks
*̂ y.'P:pstilc.st̂  kpy...'yc>k.’sti)cs s.tp'^^krt

yp- ̂ strks
Increasing Length-Complexity

E see ski screen
L  £ i  s k i

pay play plate plates
p^i psie.'i pirg:t k d . j j l e z i ^ s

tea teapot teapotcosy
h ' ^ p v t  dz  t 'sv l .k^v ' lz .

’ k S V  * z l
bat batter battery

sack ask axe
S : ^ S ' 3 C  d e s \  d e î k i S ' .
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Subject 18

Spontaneous Sentences (Appendix A3)
1.

sh££ Cs '.Ajiza*- 'pexi j r f b n a ^  -nszj

?so she*8 er paying for bananas

2.
ViL IX  a s ji. . .  11 servi !xùdxjj Sd peipa^

he is re tea I am re reading the paper

3.
§9 kset 12 û i ^9 : 'ba^d^ 

the cat is with the bird

4.
id kd k?u ka'Lu'ki-l 'kixgsUuz Db. IJ.. pleiig 

the ka ka kaloo kar kangaroos oh are playing

d  3 v : c lS ' l r b x o a . - x  'd - d . ' d “d a ^ x o Sv z

 ̂ do dominos do dominos

d %  rv\ae :n. Ap às'stiâ Z k9 ksc us+ilcs 

the man up the stairs with candlesticks
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Subject 18 

Spontaneous Speech Sample

f »'rs+ <s>f- cill yow \r\CLve u>â rer. -fUcA u>e get a kettle. 

aA<t Lve g o t  [  s cLAci u^e gr>± [ 't  I ' jp i)t  J a»od

0p-t [ tilz.tc ] CLiAcj -HtfiA we gpt swgctr ctÂ l u>e rviijjc.

tViCA u>e g«>t o i ... C kApJood C *s.o ’sa*J aAd o  Cs'-punj

alri'gV't. (a.'n.d uoUat* dp yptx do wît'ti cxll o{-fUei^'^) fUen 

+Ue wa-ter. u îH . [  hô 't'J orsd u?e û outd pc<-h. tl̂e. -hea.

, w»+l^.er np . I (W ill. luppuld u’zi ̂ kd i _ pT>t]

cxrtd +UeA ppu.r tke . (n... ciAd t'ken ..X  . kAp jf

oacI -HUca driAk i t
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Subject 18

Diadochokinetic Rates
Only summaries are given here, rather than the full 
transcriptions.

pa X 5: Normal performance. 1 sec.

ta X 5: First attempt + idiispered. Second 
normal <1 sec.

pa in 5”: Normal. Started slow. Speeded up. 
23 tokens.

ta in 5”: Normal. Some breathiness. 22 
tokens.

pata X 5: Derailed 3, 4, 5th. 3,9" secs. 
(Dog snoring on tape).

pata in 5": First attempt derailed. Second 'pA 
t̂ee 9 tokens.

pataka x 5: Normal. Started slow, 'patâ ksc 
5 secs.

pataka in 5": First try pata only. Second 
pata'k^ 8 tokens.

Nonsense Syllable Repetition

i  Tl ]  [ g s ]
n fna] fdjaJ

r-t>D P  CfaJ
ka C ka] va Cva]
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Subject 3
eye s ai 

I ij
E S - 

C CPlxS 
I L

- NR
NR

key S kC 
I Ku

bow S -
C (se rf) ' 
I bQir

- CpJ-
NR
NR

eight
I eit

Ci'rc.

ash S cigarette, fsct sef 
I  x j

mop S mrt.'M'Dp M 
I Ŷ t>p

1>t II Sg R

fish
I SC%>

knife s -
C (scr*) 
I naif

(?} naif
NR

sheep
i j p

fan s -
C ($^ri) -  
I facn

f p j  faen
NR

bath S ba.^
I ( t ^ a e - ?  baD SC

stamp S le # e r .  
C (Ser*) a 
I  Ic j t te r

ciueen
I c i+ c r .

Stnn P 

S*v» P

flask S glass 
C Cser^) — 
I fla:s

Sm P 

2>

plate S pl«ft 
I pleit

desk s -  ^
C (Sfrn)- 
I d e s ^4

(p)desk NR

D

chips S ftftjlP-S
I tjxy. F
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screw

star

fist

tiger

canoe

holly

teapot

chicken

camel

lipstick

toothbrush

corkscrew

chimney

jigsaw

biscuits

blackbird

stretcher

S s:t Y/autfbiVîû) skaudu.aiva^ sc Smr
I sk-AM ■» J>1
S - A/R
C (P) stia
I St a.a

SrwP

J>
S hand
C splrf.gpAntf (P)frst
I ©fist '
s fa.I^. .*' ir' tsten 2«c£ fglPSi:fl» t̂)7*ir3n)lSniP 
C Tscni) tùtfia

S(cibpo+ sp iV u>«>K.id kg a l o p o f )  'kajukl/ci>c lsp 
I kp'nu

NR
C^)‘hvkz ‘''ItdIi

ADsyU./ Lsrc
SrvtP

S "
C CSef^)vfp.v^I 
I 'h-Dli*-"̂

S U  '
C (Ser̂ ) tù.-lL 
I '■ttpljt
S t. **lfl.’kxn; ijzkxn Ça A
I  -"'tjikro

S kagM^ f 
I
S /if./rf./ifJiDk.... liPtl.../iPiit’/l S*3\̂4.a nj" 
C fP) l%Min2^
I  '(zpstip 3) PKis

Circ. NR 
Srv, P

S upstafrs. [ t 
C fSgw)- (jP) tv^peis 
I 'ilr©bu.Aj
S 'h-op^. hT>pn3 .̂..'h'Dp?  ̂ 'hT>pn^...’7irpn^/| Sr^P
C/P) 'kojk^. kou.. k̂ '*!I'ko-kstlu D
S 
I

S ’fxqsos 
I 'd3igsa

O  SB
x> PCD SB
S O  P N D

S -  N R
C éfc**')kAp KsanliK (P)'ijrskxts 
I 'biskits

PS sparrpw 
C (ggm) -  (P)'blaekba^d (bwii on tope)
I 'blatkbs-id '

N e x f  k  l ie ra s  f r o n t  l ive  tirOASCript»>n Only 
S CAcU*s+er
I D  AI>
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banana

telephone

potato

sausages

kangaroo

magazine

umbrella

conductor

candlesticks

microscope

thermometer

binoculars

rhinoceros

helicopter

television

vegetables

S ma'naL:na. 
I ba 'n& na

AHS sc sg

sc

O AD

NR 
sc
O

NR
X)

SrviP

S t^s+avn. telxfairn 
I 'telxfavn
S tcxtairz 
I pa'tci^pair
S -
C Tstfrv,) - fp)‘sx*^3 's-Dsrc^rx 
I 'sT>srd3 o
S -
C rv,̂ karj ̂3 liu
I kac^gaUu
S u>c>wtaA5 ou?n
C 0̂ 3.g 3ZL0 ^
I cnacga'xùn
S
I arv»'b-t€la

S orc-Ues+na ^9^ ^*7̂ ̂  i ,
C CSem)^ Cf>)'kdnei^i<'d9kid*'. ksndAktà^z ,'k9ndAk.'i3^
I *3 ̂,ani'bek an'spekta  ̂nav (x3) kdn'dAkt^nd^^H CASC
S -
C CScm)- [P) katndafz 
I kac-r) (Î?) S ©l/c
S -
c Csĉ ) “ CpJ ̂ djSU^irp ^
I aa’oaaarx,'k-L'D.s'D |

S 'ea mata^
I 0a^VnOMZt?*

HR
S ŷ F

pHs j) r  o
SrnP
D.OT DSg AT SC S+E S3 2>0
MC T> O

S gla55 
C Csern)
I ba 'nrtâ i

S r v t P

(pjbi'n-DAip/y-z bin%>k/â % I!sc o

S 'n-DS*^ -XU'n-Dsaas 
I ‘nAx’'n'DS't̂ as
S sKips .u?ha ik iA d  o f H zp tfxp 
C (Sgm) - Cr) 'h€lltop*^lca^
X Ina'ltli k*c>pta^

caterpillar S

rAtyll.
sc
ANiS PdJ>

SrwP
MC
rc ANS 

NR
C CS&m)- (P)
I 'ka&^pila^

'k*aC't+'a* p + ^  sc T> t> o  
A M D

S -
C (Serv»)- (f) -te/ivizan 
I tellVi^an^Jan

NR

AD

S ̂,î,3.«f sp ils *kezi3m.lieit3zrz.p3'ii2p3pshL pa piz 'pix lc<3cjat5
oo
D  O
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ç 3

Sle'jf.
îi;
Circi

|T« «I»
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Subject 3

Sentences to Imitation
1. A pound of sausages 

kavnd gv ijv^î ^

2. Give the dog a bone 

*!...fxa;‘g iv ’ ^d3 'dt>g. 'sam ij IizI< art

3. Go and get the mop

'gGir and g e f 8a m-Dp

4. A nurse cleaning thermometers

Oca) 'n3^_.iz__ 9vm3,^9'^

5. A blacksmith making two horseshoes

6. A drink and cheese in the fridge

9 ’d -iijjk  *Dv 'y^Lz_ zn Sc,-fjid̂
7. A kind of telephone 

’kaxnd 'teli'f{a)'irn^

8. Give the duck a bath
div 5a — 3 b i:^

9. Go and cut the fish 

gav a^^pt^'kAt '(^ a

10. A mouse trailing binoculars 
‘gairm. ^At _ na,v‘(̂ p̂ss : no)

11. A bridesmaid kicking the hairbrush

‘kea^'kikin  5a 'b -iiid -'b j.a id_ ĵA-t

12. A priest and sheep on the bridge
' k tk in  ^ ^ 3 :  'tjcps _"bn ^pa 'bviidg . nair fgipsf • npj
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Subject 3

Repeated Trials
bow

buTT Bdit b'D'ir h w  b w  
tiger
'ta.iqy 'ijucar-

flask

'fla.-s f̂ la s fla:s‘' f ’la-s*
magazine
'jy\xg9 2Ùn (^aeg3,2tn 'bxÿ9,2Ùn j^pscgszLn 'bseg,2Ln 

chopsticks (x-ij ' p  ̂ 'y^p. s+x k 'y'bps. 'stt>p

'•̂ bpstik' ^x>psttk 'ijvjytzk 'ijvpsizk^ 

Increasing Length-Complexity
^ see ski screen

c ^ski ^skuLn

pay play plate plates
pei plex picxt pleits

tea teapot teapotcosy
h' iLprt ''til 'k^vi p 3ir2i

bat batter battery
hxt loac-t?̂ 'lo9tt tcL

sack ask axe
ssek d'sk â ks
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Subject 3

Spontaneous Sentences (̂ p̂pendix A5)
1.

.... o a a n  . r v \ a o  . t o  s o r ^ e ^  p^*fei“f e e s .  a p .  np. i k u > n y

2.
 Q onaA . \oc>\smq. fpr. His.

3.
,, a\oid^ fpr His...Hi^— ca+. op. op,

4.
kaogarpp. upiH) a -  a .see... op. ife fefc jCP cuceJ 

C'd-prvt .'d-pooi'’,'dbooin̂ ’̂ 'dT>Min3ir% ]

5.
a man. [a S 1 sp. His-see. iHs.Csei 'kdcngjlcdcn'̂ 'd +  s+iir]o *

.



421

Subject 3 

Spontaneous Speech Sample
Û ell. 0c>̂ wh5îdtf ^  ■Hitf [ ' s i k s . ’s i j K r ^  eu. he I j eu J-ha anJjié, 
milk anà hAjj]̂>fiea. thaf :

spundsj rcûSoma,É>/c clpesr\-h Ct ^er: b M + d p

ypK be+wvcc/i. tW  ii*ok.cv\ Ĵ ke'ffl-e a-ftix-^Uy

ijc>u.r 4e^. I y^ean “̂ rUeres cx ' f a ^  irU i^^s  ^oUx/e ^ c ff

4t>iio ir\ be^ioce^ ■hli€re)su(ÿB£-i' ■ [ (Q)T:'uX3t^z Ij-uxd-hers 
_  c K w i_  (u x i-(è ;± U e n  u v > U ^  y p u  cic? y\C-s£'f t^ U e /^  ^ e>u \/e

fVe u^at^O— Ck'cP'kJsp T+i. a  dnv»k-. ^̂ caCû ife;

OP ypk've gpj" 4t> s ^ p u  do .e^U  j>rc>ceci\M€. 
-C r̂ttvnin^Pr I tkfrnk ^pn'd ^owiplar^/io^ abpwt kUc 4cc«

jjOK gM" ij" si"mi^lt+ g>k+ +Vic kc^i^ - ; w Lat you've go/"-K>

dp i'p fbe kcihk i'a oHicr . y pk wg g ('t" fo  dp spm^tUit^

u^fU tke kcikc Wcu/e/ik^ou) su(pjec-t : c.tû  of (î (fe np)-tea. 
OP r-f + U a + ’s C I  g x t j  ( i^ î - f e  : ^ p t  -ft» s a , j j  u*->U«+' t jO u V e  d o » v ^  

Wrdç u^ao-hs. Jus't u^ka-t ^pu do in eo-cU c+ep toweî nck the 
cup c>f -hca) ̂ ĥjec-h'■ o)r\̂ ffrc+ of a l l_  cutp o f +€o. so i f i  

[  k̂ Ap"* kT>fi Da ^ S A n o O i^ .  9v p 3 n ( â ^ a :  k g 9 f  ] ...
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Sub.iect 3

Diadochokinetic Rates
Only summaries are given here, rather than the full 
transcriptions.

p9 X 5: First try tendency to fps^J 
Deliberate articulation. Second try 
slightly uneven stress, ca. 1 sec.

t3 X 5: Started ) with deliberate 
articulation. Then to speeded - <1 
sec.

p3 in 5": First attempt. Unable to start. 
Second uneven stress, vowel drift, 
some unevenness of consonant 
contacts, ca. 23 tokens.

t3 in 5": First try, persevere ted on [p9 ] . 
Second, ditto.

pat) X 5: First r* p 9 ‘t)f 'pü J
Second try ca. 1.9 secs 

but increasing loss of syllable 
distinctions.

pat) in 5”: Unable to start.
pptak) X 5: Ikiable to start, even with practice.
patak) in 5”: Not given.

Nonsense Syllable Repetition
r L 3 [ gaD 

na [na ^a Cdja]
^a [fcLj 

ka C J va r ̂ 3 . nav J
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Subject No 
(F = Fanale)

Age
Years

Months Since 
Onset

1 70 15
2 70 20
3 45 54
4 64 26
5 50 46
6 57 25
7 69 15
8 68 04
9 64 24
10 43 18
11 73 06
12 60 15
13 62 24
14 F 73 01
15 F 76 06
16 77 23
17 F 68 17
18 59 31
19 60 38
20 F 76 41
21 64 37
22 F 74 30
23 76 23
24 72 10
25 F 75 49
26 F 73 10
27 52 46
28 61 15
29 73 43
30 57 48

Mean 65 25Median 68 23Range 43-77 1-54SD 9.46 14.99

Subjects with Pronunciation Disorders following CVA who 
Entered the Investigations.
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APPENDIX E2

Subject
Nm£er

SMIDDA %-iIe 
ranks

Modified BQAE Scales 
7 = normal

AC SE RC WE OS GF WF FL ML I A P

1 90 75 90 90 6 6 7 7 2 1 1 7
2 50 50 60 70 3 4 3 7 7 4 2 2
3 45 40 70 32 3 3 3 4 4 6 4 6
4 84 91 89 84 6 6 5 7 6 6 5 5
5 90 78 90 90 7 6 7 7 4 5 1 7
6 85 82 90 84 6 6 6 7 6 5 4 4
7 84 70 84 68 4 3 3 4 4 5 4 2
8 70 84 90 60 5 5 5 6 6 5 5 4
9 67 62 67 51 4 3 4 5 5 6 6 710 70 78 75 70 4 4 5 5 5 7 6 7
11 90 82 90 90 7 7 7 7 7 6 3 712 85 85 90 91 4 4 4 5 4 5 4 4
13 90 82 90 90 7 7 7 7 5 6 5 714 90 78 90 90 7 7 7 7 6 5 3 7
15 50 70 70 50 3 3 3 5 4 3 3 216 30 41 37 34 3 4 3 6 5 4 4 2
17 89 84 84 80 6 6 6 7 6 5 3 6
18 85 84 89 84 5 5 5 7 6 5 4 3
19 92 85 90 92 6 7 6 7 4 4 5 620 56 49 45 06 2 3 2 2 3 5 4 2
21 52 72 72 76 4 6 5 7 7 6 6 322 87 90 90 92 4 4 5 5 5 5 1 223 59 38 68 30 2 1 2 2 2 4 3 3
24 85 70 80 70 5 6 6 6 6 5 4 325 74 76 74 76 5 7 5 7 7 6 6 626 33 35 11 07 2 4 3 2 2 4 2 4
27 85 80 80 75 3 6 3 6 4 6 4 5
28 53 45 38 25 2 1 1 1 1 3 2 229 90 90 90 90 5 5 5 7 6 6 5 430 83 85 90 89 5 4 5 6 6 5 5 3

Dysphasia and Speech Characteristics
Key: AC: Auditory Comprehension 

SE: Spoken Expression 
RC: Reading Comprehension 
WE: Written Expression 
OS: Overall Communicative Impairment 
GF: Grammatical Form 
WF: Word Finding 
PL: Phrase Length 
ML: Melodic Line 
I: Intelligibility
A: Articulatory Agility
P: Paraphasia in Running Speech

See appendix E3 for 1-7 scaling.
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APPEMDIX E3

Modification of BDAE (Goodglass et al 1983) Rating Scales

E3.1. Overall Language Severity Rating
1. No usable spoken expression or auditory comprehension.
2. All communication is through fragmentary expression; 

great need for inference, questioning, and guessing by 
the listener. The range of information that can be 
exchanged is limited, and the listener carries the 
burden of communication.

3. Conversation about familiar subjects is possible with 
help from the listener. There are frequent failures to 
convey the idea, but patient shares the burden of 
communication with the examiner.

4. The patient can discuss almost all everyday problems 
with little or no assistance. Reduction of expression 
and/or comprehension, however, makes conversation about 
certain material difficult or impossible.

5. Some obvious loss of fluency in expression or facility 
of comprehension, without significant limitation on 
ideas expressed or form of expression.

6. Minimal discernible language handicaps; patient may 
have subjective difficulties that are not apparent to 
the listener.

7. No abnormality.

E3.2. Word Finding
1. Fluent verbal output but empty of information, or 

telegrammatic speech not specific enough to give exact 
information.

2. Some information inferable, but predominance of 
semantic paraphasias, circumlocutions, non-specific 
referents, or structure so impoverished as to leave 
large stretches of speech ambiguous or unclear.

3. Basic everyday messages conveyed, but nothing beyond 
that. Frequent revisions and abandoned attempts.

4. Regular (once per utterance) semantic paraphasias, 
word-finding difficulty, and/or loss of syntactic 
structures. Some breakdowns self corrected, others 
still left unresolved.
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5. Occasional semantic paraphasia, word-finding 
difficulties with some loss or miscomprehension of 
meaning from intended message.

6. Occasional semantic paraphasia, word-finding difficulty 
or sentence revision, but able to self correct and 
still convey idea.

7. No semantic paraphasias, circumlocutions. Information 
proportional to fluency.

E3.3. Intelligibility
1. Zero intelligibility.
2. Intelligible approximately 10% of time. Occasional 

words decipherable in context.
3. 10-40% intelligibility. Repeating utterance still 

unable to resolve problem.
4. 40-60% intelligibility. Repetitions needed to help 

listener.
5. 60-90% intelligible, but problems cleared by context or 

single repetitions.
6. 90% intelligible, but speech contains errors to lay 

listener. Does not require repetitions.
7. No abnormality.

For the other scales the original wording oi tne RDAS scales was used.



Subject ANS ACS AND ACD PNS PND PCD PI PR D AD 0 SB SO DC MN M3 CA LSP SHP Cir NJ NR
Group 1 

1 0 0 0 0 0 0 0 0 0 41 0 41 29 0 6 0 0 0 0 1 0 2 25 0 0 0 0 0 0 0 0 0 41 0 3 5 0 1 0 0 0 0 0 0 0 011 0 0 0 0 0 0 0 0 0 12 0 1 1 0 0 0 0 0 0 1 0 0 013 0 0 0 1 0 0 0 0 0 14 0 4 3 0 2 0 0 0 0 0 0 0 014 0 0 0 0 0 0 0 0 0 53 0 7 2 0 0 0 0 0 0 1 0 0 019 0 0 0 0 0 0 0 0 0 9 0 12 5 0 0 1 0 2 0 0 0 0 0
Group 2 
27 1 1 0 0 b 0 I 0 0 10 0 3 7 0 0 0 0 0 0 1 1 0 329 1 0 0 0 0 0 0 0 0 15 0 6 0 0 0 0 0 0 0 0 1 0 14 0 0 0 0 0 0 1 0 2 6 0 4 1 0 0 0 0 2 I 0 0 0 17 0 0 0 0 0 1 0 1 0 18 7 4 0 1 0 0 0 5 0 2 0 0 38 0 0 0 1 0 0 0 . 0 0 2 0 0 2 0 0 0 0 0 0 1 0 0 117 0 0 0 0 0 0 0 0 0 29 0 2 I 0 0 0 0 0 0 1 2 0 218 1 0 0 0 3 0 0 0 0 16 2 2 3 1 1 0 0 3 0 1 0 5 222 0 0 0 p 3 0 1 0 0 13 2 5 12 0 0 0 0 4 0 1 0 1 030 0 0 1 0 0 0 .0 0 2 2 1 6 5 0 0 1 0 5 0 3 1 0 224 0 1 1 d 0 2 1 0 1 28 4 3 11 0 1 0 0 1 0 0 0 0 012 0 0 2 0 0 0 0 0 0 13 0 1 2 0 0 0 0 2 0 4 1 0 106 0 0 0 1 1 0 0 0 0 18 2 3 3 0 1 0 0 0 0 4 5 0 1

Group 3 
25 0 0 0 0 0 0 0 0 0 2 0 3 2 0 0 0 0 0 0 4 2 0 320 0 0 0 0 1 0 0 0 0 0 0 2 3 0 0 0 0 0 0 9 4 5 1810 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 09 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 14 6 0 82 1 0 0 0 0 0 0 2 2 4 2 1 3 0 0 0 0 3 1 4 3 11 I3 1 0 0 0 0 0 0 0 0 1 1 5 4 1 0 0 1 1 1 13 3 1 1315 I 0 1 0 0 0 0 0 0 5 0 5 2 1 I 0 0 4 0 10 1 0 1216 0 0 0 0 0 0 0 14 0 0 0 0 0 1 0 0 0 0 0 10 4 3 3123 0 0 0 0 0 0 0 0 I 1 1 2 1 0 0 0 0 0 0 4 3 3 3126 0 0 0 2 0 0 0 0 3 15 1 4 3 0 0 1 0 2 0 2 0 1 828 0 0 0 0 1 0 0 0 0 5 2 4 9 0 0 0 0 0 0 7 3 0 621 0 0 0 0 0 0 0 0 0 0 1 3 1 0 0 0 0 0 0 3 3 0 0

TPE 90 60 94 70 120 120 70 180 180 275 180 180 180 180 40 86 88 180 51 51 51 51 51
Appendix FI. Raw Total Errors Per Subject per Error Tÿpe and Total Errors Possible, Spontaneous 

Naming Task. For Error Abbreviations see Appendix Dl. Total Possible Errors (TPE) 
relate to the hypothetical maxiiatni for each error type if no other errors were made. 
The figures are provided to give an impression of the relative likelihood of 
different derailments.

K>



Subject No. 1 5 11 13 14 19 27 29 4 7 8 17 L8 22 » 24 12 6 Ï5 20 10 9 2 3 15 16 23 26 28 21 ITE
1st Syllable:
single C 25 9 1 5 12 5 6 5 3 11 0 7 1 5 1 8 10 7 0 1 0 0 3 2 4 1 2 3 5 1 38
C in cluster 10 4 1 2 6 4 1 1 4 2 1 4 3 5 0 3 5 2 2 1 0 0 0 0 3 0 0 6 0 0 16
vowel 10 L3 0 0 4 4 3 6 0 0 0 1 4 0 3 3 0 3 1 0 0 0 4 2 1 0 0 5 4 1 51
single C 14 3 1 2 2 2 2 2 1 2 2 4 4 2 3 6 1 3 1 2 0 0 1 1 1 0 0 2 2 1 23
C in cluster 5 3 0 0 4 2 1 0 1 0 1 0 1 1 0 2 1 0 0 0 0 0 0 0 0 0 0 1 1 0 12
subsyllable 10 0 0 1 1 0 0 0 2 1 0 0 1 0 0 0 0 0 1 0 0 0 1 1 1 2 0 2 0 0 51
syllable 0 0 0 G 0 0 0 0 1 4 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 2 0 0 0 51
word 0 0 0 C 0 0 0 1 0 4 0 0 1 0 0 0 0 4 3 18 0 11 3 10 2 19 18 3 4 4 20
^stress 56 26 3 IC 21 8 10 9 10 14 4 15 9 13 5 17 14 10 4 3 0 0 8 2 7 4 1 17 9 3 40
-stress 9 6 0 C 8 7 3 5 2 6 0 2 6 0 2 5 3 5 1 1 0 0 1 5 4 0 3 2 3 0 11
cross syllable 5 0 0 4 3 3 0 1 0 2 0 2 3 2 2 1 0 1 0 0 0 1 0 1 0 0 1 0 2 12
2nd Syllable: 
C 17 2 3 8 8 1 1 1 2 0 3 3 5 3 10 0 4 1 1 1 0 0 1 3 0 0 1 2 0 26
OC 5 2 1 I 8 1 2 2 1 5 1 2 2 2 2 5 1 0 0 0 0 0 0 0 1 0 1 1 1 1 11
V 4 3 0 * 4 0 3 3 0 1 0 2 3 3 1 1 0 2 1 0 0 0 1 3 0 0 0 1 2 1 31
C 6 0 2 ) 3 1 0 0 1 0 0 0 0 1 1 2 0 0 0 0 0 0 0 1 1 0 0 2 0 0 10
OC 0 2 0 } 2 0 1 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 ,0 0 0 0 0 0 4
subsyllable 0 0 0 ) 0 1 0 0 0 0 0 0 0 0 0 0 0* 0 0 0 0 0 0 0 0 0 0 0 0 0 31
syllable 0 0 0 ) 0 0 0 0 0 0 0 0 0 2 0 3 0 0 0 0 0 0 2 0 0 0 0 1 0 0 31
word 0 0 0 ) 0 4 0 0 1 0 1 3 1 0 0 0 6 2 4 8 0 9 10 10 12 14 14 5 5 8 14
+3tress 6 3 0 5 7 J 2 2 3 0 0 3 4 2 2 0 2 I 0 0 0 1 1 1 0 1 0 1 0 8
-stress 26 8 6 i 19 2 4 4 1 5 1 7 8 8 5 19 1 4 1 1 1 0 2 4 4 0 0 6 4 2 23
3rd Syllable:
C 9 6 2 I 4 0 1 1 0 3 0 2 I 2 4 6 0 0 0 0 1 0 T 1 2 0 0 0 1 0 14
OC 2 0 0 3 0 0 0 0 1 2 0 0 0 2 0 1 0 2 0 0 0 0 0 0 0 0 0 2 0 0 6
V 3 2 0 3 1 0 0 0 1 0 0 2 3 3 3 1 0 2 0 0 0 0 0 1 1 0 0 1 1 0 17
C 1 0 0 3 1 0 0 0 0 1 0 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 6
OC 0 0 0 3 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2
syllable 0 1 1 3 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 17
word 1 0 0 0 0 0 2 0 1 0 0 2 3 0 0 0 2 2 2 5 0 6 4 6 3 9 9 1 3 3 10
^stress 4 1 0 0 1 1 1 1 0 0 0 1 3 1 1 0 0 1 0 0 0 0 C 0 2 0 0 0 0 0 3
-stress 11 7 7 1 5 1 2 0 2 7 0 4 0 7 7 9 0 4 0 0 0 0 1 3 2 0 0 4 2 0 14
cross syllable 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1
Ath Syllable: 
C 3 0 1 0 2 2 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 7
V 1 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 1 0 7
C 1 1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 5
OC 0 0 0 0 2 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 4
subsyllable 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 7
syllable 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 c c 0 0 0 0 0 0 0 7
word 4 0 0 0 0 0 2 0 0 1 0 0 5 0 1 0 6 2 1 5 0 4 4 6 6 7 2 4 5 7
-stress 5 1 2 0 4 2 0 I 0 2 0 3 3 2 2 1 0 3 0 1 0 c 0 0 0 0 1 2 0 7

N3
00

Appendix F2. Loci and Totals of Errors per Subject, Spontaneous Nandpg Task. TPE - Total Possible Errors - note +, 
- stress totals refer to single segjnents only. These totals are provided to give an impression of the relative 
likelihood of derailments in different positions.



Subject ANS ACS AND ACD PNS PND PCD PI D AD PR 0 SB 90 DC Ml MC CA LSP SmP dr NJ NR
Group I

0 0 0 0 0 0 0 0 67 2 0 29 32 1 6 0 0 0 0 0 0 0 05 0 0 0 0 0 0 0 0 39 1 1 3 7 0 1 0 0 0 0 0 0 0 0II 0 0 0 0 0 0 0 0 26 0 0 4 0 0 0 0 0 0 0 0 0 0 013 0 0 0 0 0 0 1 0 13 0 2 7 4 0 2 0 0 0 0 0 0 0 014 0 0 0 0 0 0 0 0 43 1 0 6 1 0 0 0 0 0 0 0 0 0 019 0 0 0 0 0 0 0 0 10 2 0 6 4 0 0 0 0 0 0 0 0 0 0
Group 2 
27 1 0 1 0 0 0 0 0 12 1 0 1 8 0 0 0 1 0 0 0 0 0 029 0 0 0 I 1 0 0 0 12 0 0 6 4 0 0 0 0 0 0 0 0 0 04 0 0 0 0 1 0 I 0 6 1 4 0 5 1 0 0 0 2 0 0 0 0 07 0 1 1 X 1 1 0 0 14 1 0 5 6 0 0 0 0 0 0 0 0 0 08 0 0 0 0 0 0 0 0 1 0 0 5 1 0 0 0 0 0 0 1 0 1 017 0 0 1 0 0 0 0 0 18 2 0 2 2 0 0 0 0 0 0 0 0 0 018 0 0 0 1 1 0 0 0 20 6 0 1 4 0 0 0 2 3 0 0 0 1 522 1 1 1 1 0 0 0 0 12 1 0 3 11 0 1 0 0 1 0 0 0 0 030 I 0 1 0 1 0 0 1 0 2 0 8 8 0 1 0 0 3 0 0 0 0 024 0 0 3 0 0 . 1 1 0 38 1 0 4 4 0 0 2 0 1 0 0 0 0 012 0 0 1 0 0 0 0 0 20 0 0 1 0 0 0 0 0 0 0 0 0 0 06 0 0 0 2 0 0 3 0 16 0 0 4 0 0 1 0 0 1 0 0 0 0 0
Group 3
25 0 0 0 0 0 0 0 0 6 1 0 2 1 0 0 0 0 0 0 0 0 0 020 1 0 I 0 1 0 0 0 5 0 0 13 9 0 0 1 0 2 0 0 0 0 010 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 09 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 02 0 0 0 0 0 1 0 1 3 3 0 2 5 4 0 0 0 9 1 0 0 7 03 2 0 1 0 2 0 2 0 14 1 0 9 2 0 0 0 0 1 1 2 0 0 015 4 0 3 2 2 0 I 0 37 0 1 5 8 0 0 0 0 5 0 0 0 0 016 0 0 0 0 0 0 0 0 2 2 6 3 2 0 0 0 0 1 0 0 0 1 023 3 0 2 0 I 0 I 0 11 0 2 19 12 1 0 0 0 2 0 0 0 0 026 0 0 0 2 0 0 0 0 16 1 1 9 7 0 0 0 0 3 0 2 2 0 528 0 0 0 0 I 0 1 1 7 1 0 6 3 0 0 0 1 1 0 1 0 0 021 0 0 0 0 0 0 0 0 3 0 8 1 2 1 0 0 0 0 0 0 1 0 0

Total
ErrorsPossible 90 60 94 70 120 120 70 180 275 180 180 180 180 180 40 86 88 180 51 51 51 51 51

to
vO

/
seeAppendix Dl.



Subject No 1 5 11 13 14 19 27 29 4 7 8 17 18 22 30 24 12 6 25 20 10 9 2 3 15 16 23 26 28 21 TPE

IMITATION 
1st Syllable:
C 24 6 3 4 10 2 9 7 1 8 0 3 3 5 0 10 15 2 0 8 1 0 4 5 14 2 10 7 0 1 38OC 12 6 2 3 5 4 2 1 1 5 1 4 2 5 1 7 1 5 0 5 1 0 1 2 10 0 7 4 4 0 16V 6 4 0 1 0 4 3 4 3 2 0 5 8 0 2 1 1 2 1 1 0 0 3 0 4 0 5 6 4 1 51C 12 5 2 1 3 2 0 0 1 0 2 2 9 2 3 10 1 2 1 6 0 0 1 2 8 0 3 6 0 1 23OC 6 2 0 3 3 1 3 1 1 1 1 2 4 1 0 3 0 1 0 1 0 0 0 2 3 1 2 1 0 0 12subsyll 0 0 0 1 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 51syll 0 0 0 0 0 0 0 0 2 1 1 0 0 0 1 0 0 0 0 0 0 0 1 0 2 0 5 0 1 3 51word 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2 0 0 0 0 0 0 0 1 2 0 3 1 2 0 1 20+stress 53 22 9 10 20 11 11 8 6 11 5 15 23 13 6 28 18 10 2 19 2 0 10 10 32 3 26 20 5 5 40-stress 6 1 1 3 1 2 6 5 2 5 1 1 3 0 1 3 4 2 0 3 0 0 0 1 8 1 8 4 3 1 11cross syll 7 0 2 3 3 0 1 0 1 0 0 2 5 3 1 0 0 0 0 2 0. 0 0 2 7 1 2 2 1 1 12
2nd Syllable: 
0 21 4 4 4 7 1 2 1 0 4 0 3 1 5 3 2 1 2 0 1 0 0 2 3 10 0 5 4 1 1 26OC 8 3 3 3 4 2 1 2 2 2 0 1 1 2 3 5 1 1 1 1 0 0 2 2 10 0 5 4 1 1 11V 4 5 1 2 0 4 2 1 2 0 0 2 1 3 0 1 0 3 1 0 0 0 3 1 5 1 0 1 1 0 310 6 1 0 1 6 0 1 1 1 1 0 0 0 1 0 4 0 1 0 2 0 0 0 2 1 0 0 0 1 0 10OC 1 2 0 0 3 1 0 0 0 0 1 0 2 0 0 0 0 0 2 0 0 0 0 0 2 0 2 0 1 0 4subsyll 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 31syll 0 1 0 0 0 0 1 0 0 2 0 0 0 2 1 1 0 0 0 1 0 0 3 I 1 0 1 0 0 0 31word 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 4 0 0 2 0 4 1 0 14+stress 8 6 0 1 5 1 0 1 3 5 0 0 1 4 3 1 0 0 0 1 0 0 4 0 4 0 1 1 0 0 8-stress 33 10 9 9 15 7 6 5 2 4 1 6 5 8 4 11 2 7 4 5 0 0 6 8 19 3 10 4 5 2 23cross syll 2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 1 1 0 0 2
3rd Syllable:
0 13 5 4 2 5 0 0 0 1 0 1 0 1 1 2 2 4 1 12 1 0 0 1 2 3 0 3 1 1 2 14OC 4 0 1 0 0 0 2 1 1 0 0 1 2 2 1 2 0 2 0 I 0 0 1 3 0 0 0 1 0 0 6V 4 3 0 1 1 0 0 1 0 0 0 0 0 3 1 0 1 1 0 0 0 0 1 1 1 0 0 1 3 0 170 3 1 1 1 2 0 0 1 2 1 0 0 2 1 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 6OC 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 I 0 1 1 0 0 0 2syll 0 1 0 1 0 1 1 0 0 2 0 0 0 0 2 0 0 0 0 1 0 0 0 2 0 0 0 1 0 0 17word 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 3 1 1 1 3 0 2 10^stress 3 2 1 0 1 0 0 0 0 2 0 1 or 1 1 r 0 1 1 0 0 0 0 0 0 0 0 1 0 0 3-stress 23 7 5 6 7 1 3 4 3 2 1 2 5 7 6 6 2 3 2 3 0 0 3 9 4 2 4 3 4 0 14cross syll 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
4th Syllable:
0 6 0 0 0 1 0 0 1 0 1 0 0 0 1 0 3 0 2 1 0 0 0 0 0 1 0 2 1 0 0 7V 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 70 3 2 2 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5OC 0 0 0 0 2 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 4subsyll 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 7syll 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 7word 0 0 0 0 0 0 0 0 0 0 1 0 5 0 1 0 0 0 0 0 0 0 3 1 1 1 0 2 0 3 7-stress 11 2 5 0 3 0 0 1 1 2 1 0 1 2 1 4 0 4 1 0 0 0 0 1 2 2 2 3 3 1 7

CoO

Appendix F4. Total Errors Pfer Subject According to Loci of Errors, Imitation Namii%. TPE - Tbtal Possible Errors per Position. - note +, -stress totals refer to single s^pients only.



Group,
Subject

g s 1 g s s g s K s o 9 o 8 8 ÿ s ÿ 1 1 s i a d g
1. 1 0 0 0 0 0 0 0 0 0 0 57 0 32 8 0 14 0 0 0 0 0 0 0 0 0 05 0 0 1 2 0 0 0 0 0 0 21 0 3 8 0 0 0 0 0 0 0 0 0 0 0 011 0 0 0 0 0 0 0 0 0 0 5 0 0 2 0 0 0 0 0 0 0 0 0 0 0 013 1 0 0 0 0 0 0 0 0 1 3 1 4 7 0 0 0 0 0 0 0 0 0 0 0 014 0 0 0 0 0 0 0 0 0 0 9 0 1 1 0 0 0 0 0 0 0 0 0 0 0 019 0 0 0 0 0 0 0 0 0 0 4 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0
2. 27 2 0 0 0 0 0 0 0 0 0 9 4 1 1 0 0 0 0 1 0 0 0 0 0 0 029 0 0 1 0 0 0 0 0 0 4 7 5 9 1 0 0 0 0 1 1 0 0 1 0 0 04 1 0 0 0 0 0 0 0 0 1 5 0 1 0 0 0 0 0 0 0 0 0 0 0 0 07 1 0 1 0 1 0 0 .0 0 3 3 1 13 1 0 0 0 0 7 2 0 1 2 1 0 08 0 0 5 0 0 0 1 0 0 0 1 0 0 1 1 0 0 0 0 0 0 1 0 0 0 017 0 0 1 0 0 0 0 0 0 0 16 4 0 2 0 0 0 0 0 0 0 0 0 0 0 018 1 0 0 0 0 0 0 0 0 0 3 2 6 3 0 1 0 0 2 0 0 4 2 1 0 022 2 0 0 2 0 0 • 1 0 2 0 4 0 7 0 0 0 1 0 0 1 0 , 0 0 0 0 030 0 0 0 0 0 0 0 0 0 1 4 2 4 5 0 0 0 0 0 0 0 3 1 0 0 024 0 0 0 0 0 0 0 1 0 0 19 1 2 1 0 0 0 0 0 3 0 0 0 0 0 012 1 0 2 1 0 0 0 0 0 0 4 2 1 3 0 0 0 0 2 0 0 0 0 0 0 06 0 0 0 0 1 0 0 0 0 0 19 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0
3. 25 0 0 0 0 0 0 0 0 0 0 4 1 3 1 . 0 0 0 0 0 0 0 0 0 0 0 020 5 1 0 1 3 0 0 0 0 0 0 1 5 3 0 0 0 0 3 2 0 0 0 0 1 010 0 0 0 0 0 0 0 0 0 0 1 0 0 2 1 0 0 0 0 0 0 1 3 0 0 09 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 1 0 0 0 1 0 02 1 0 0 1 0 0 0 0 0 1 1 1 4 6 0 1 0 0 1 0 1 0 0 8 0 03 0 1 1 0 0 0 0 0 1 0 8 1 5 2 1 0 0 0 2 0 0 1 0 0 0 215 3 1 1 2 0 1 1 0 0 0 13 0 17 8 1 1 0 0 11 2 0 0 0 0 0 016 0 1 0 0 2 1 0 0 0 2 4 0 2 3 0 0 0 0 1 0 0 0 0 0 1 123 2 1 0 0 0 0 0 0 0 0 3 1 2 4 0 0 0 0 0 0 0 1 0 2 6 126 0 0 3 1 0 0 0 0 0 5 10 0 8 6 0 0 0 0 3 0 0 1 0 0 0 128 I 0 I 0 I I 1 0 0 1 3 1 17 3 0 0 0 4 I 0 0 0 0 2 0 021 0 0 0 0 0 0 0 0 0 7 1 0 1 3 0 0 0 0 0 0 0 6 0 1 0 0
TPE 64 56 64 68 50 37 66 49 24 68 193 156 156 193 193 23 97 46 193 193 35 35 35 35 12 12

Cjü

^PPGndix F5. Raw Scores for Types of Error per Subject and Group, Sentences to Imitation. 
TPE « Total Possible Errors. This relates to hypothetical maximum scores if no other errors 
vere made. They give an impression of relative likelihood of derailments.
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ê O I-’ O iCo^G l/ih-'O oG l-* '»JWOW^Wf'LnO\|-'LnO\ !-■ O -J U) O' vO o

K h-*h-^l->ro^'O ts300l-‘ t-‘ U10jOl-‘ *'O N )h-O O t—N)
IS)

l-> I-- !-• O O) O oc-

Ot*).t'U)h-‘ 00U)tOOOl—‘ K) U) )— h- O K) O -V-
bî 1—W f'h jf'O om ooh^hJW 1—' OJ Ln U) VÛ O' -c

OMOOt-ii-iUtOMOOOO 0U)0>-ni—K)Ot-‘ O I-'l- ‘ !-• t-n h- l-> IS) U) -OC

5 O O m OOM/i O O O O L iJO MO<-nO-C'O'-nO<T>0JK300
I-*

O N) O O h- ^ Cross syllable
8 1—'U)l_n0000O^-(7'OO'15M G\0\OWWW\OLnO\w^G

M Is) Ol 
U1 00 O CO ^  ^ +S tress segmental '

Ü 1—><T'0j O0j O-C'OO»—'CT'-C' O i-'OOj LoX^GsjM loUim to to Is) ■t' -vj OJ -Stress segmental
ê k 00 *-N J(-‘ G o 'O O O O t-‘ h^t-^#'G'ls)h^l-^l— O O CO O to ^ Segmental error in form word
bi •t'UlCT'OKJvOl>JCr'0>-'OjO OOOpOLnOh-O iOOJO O O h- O O O Whole word content
K MvO^hOO-C'-t-cy'LnKJOJI-' OU)U)^OU>Ol->OOvOl-> O I-* O O h- O Whole word form

h-h -O O O M O O O O h-O O O O O O O O O C JIsjOO O O O O O Whole cluster
bi .OOtsJOOUJOt—OOh-H-* O O O O O O O O O O O O t- O O O O '£) Part syllable

0 U )0 t- ‘ l-‘ N J 0 0 0 0 t - ‘ O 0 N )0 i- ‘ N 3 0 0 0 I—OOJO O O O O O Cn Whole syllable
O O KJO O h^O t-'O I-'loO O loO O O O O O h-N JO O O O O O O •!> +5 tress syllable for coluons 13-15

f: H-OJOI-'I—'■C'h-OONJ^-t-' OLJOt-*f0OOOOOU>O !-• O O O O O -Stress syllableG N>00K>N>h^ON)N3O'^»-‘ O O O O m OOOOO j O O O o  o  o  o  o  o Part phrase
'0 t-‘ H-00i"-OtsJ»J»OOOO 0 0 0 i- ‘ 0 Is)00 N > 0» -‘ 0 o  o  o  o  o  o l^le phra%
i-4<r>ooCT't-‘ G N}(-*o i-‘ Ujf-‘ MI-i WIm OISJUIKJOOOOOJ O O Is) h- O

siiupiti yftidictâblë'Hëuuuiufis 1-3 Segmental errors
IsjC oO'OO'G.P'OOI-'NJ^NS ^*'Oooi*'OOMrs)PtoOCo CO 'O O' lO O' w Comp^ predictable sentences 4-6„

yg l-JO>UJOWLnGls>rs3*-‘ 4>»-* O'COOOHJfkJtOh-OJUih- '̂Oo to O .P- !-• vO C
Siiuple uD̂ IteclLCCable soiLtiUlieff 7-9 Segmentai errors

S 1—'^o G o o iNJMC'I—>00-C' \O00OS\OWO'C'ls)"»Jf'^\O Co P' Cn to CO Co Complex rrçredictable sentences 10-12
OM-*K>UiN}Oh-NJOOOO O O O h -O l-O O O O O O o  o  o  o  o  o Language errors sentences 1-3

5 * '0 ( - ‘ »-‘ I-‘ 0 I s}Uj0N 3C 0 0 0 0 N ) 0 t s ) 0 0 h - 0 0 0 o  o  o  o  o  o Language errors sentences 4-6
00 NJMtsJOOOOONJOOOO O O O m O m O i- 'M O O O o  o  o  o  o  o Laqguage errors sentmces 7-9
vO N3e-K>OJOOU)N>h-lsiMO OOOOOCjJOONJOI—'O o  o  o  o  o  o Laqguage errors sentences 10-12
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Group
Subject

PR
Sp

PR
Im

PR
Se

SC
Sp

SC
Im

SC
Se

Sg
Sp

Sg
Im

Sg
Se

Sg E 
Se

St
Sp

St
Im

St
Se

Int
Sp

Int
Im

Int
Se

1 1 0 0 0 0 0 0 0 0 0 12 0 0 2 0 0 0
5 0 0 0 0 0 0 0 1 0 1 10 13 9 0 0 1
11 0 0 I 3 1 0 1 0 0 2 0 1 1 0 1 1
13 0 2 0 3 0 0 1 0 0 0 5 0 2 0 0 5
14 0 0 0 0 0 1 0 1 0 12 0 0 2 0 0 2
19 0 0 0 2 0 0 1 0 0 0 0 0 2 0 0 2

2 27 0 0 0 4 2 0 2 0 0 0 1 7 3 0 0 2
29 0 0 I 4 3 5 6 2 3 0 0 0 2 0 1 0
4 2 0 0 0 7 5 11 0 3 0 1 0 0 0 0 2
7 0 4 0 0 10 2 21 5 4 0 0 0 0 0 0 8
8 0 0 0 0 2 3 9 0 3 1 1 1 0 0 0 0
17 0 0 1 2 2 0 8 2 1 0 0 0 0 0 0 0
18 0 0 0 10 4 8 29 17 8 2 8 2 2 1 0 0
22 0 0 0 1 3 7 21 3 3 0 6 4 0 4 2 1
30 2 0 2 2 4 6 19 3 2 0 0 0 7 0 0 0
24 1 0 5 0 3 3 11 2 0 0 3 3 3 0 3 10
12 0 0 0 7 2 0 5 2 0 6 1 3 0 0 0 0
6 0 0 7 0 0 1 6 0 0 2 0 0 4 3 6 4

3 25 0 2 1 0 0 2 0 0 1 0 0 2 0 0 0 0
20 0 1 0 3 1 0 0 0 0 0 3 2 0 0 0 0
10 0 0 0 2 0 0 2 0 12 9 0 1 0 1 0 1
9 0 8 0 5 0 1 3 1 0 0 0 0 0 0 0 0
2 2 0 0 0 5 3 32 22 10 0 1 0 0 0 0 0
3 0 0 4 5 4 1 4 0 6 0 0 0 0 0 0 2
15 0 0 1 1 3 0 12 9 3 0 0 0 0 0 0 4
16 0 0 3 0 1 10 45 8 6 1 0 0 0 0 0 0
23 1; 0 0 16 4 1 5 1 0 0 0 0 0 0 0 0
26 3 a 0 6 8 9 38 27 13 0 0 0 2 0 0 0
28 0 1 0 3 4 4 6 3 2 0 0 3 0 1 9 0
21 0 6 0. 2 5 0 14 12 3 0 0 1 0 0 0 0

Total
Possible
Errors 50 50 60 51 51 60 51 51 60 60 31 31 16 31 31 16

Appendix F7. Raw Scores per Subject for 'Suprasegpental* Feature 
Errors. PR = Reiteration; SC = Self-Correction; Sg = Struggle; St = 
Stress; Int * Intonation; Sp = Spontaneous Namipg; Im = Words to 
Repetition; Se = Repetition of Sentences.
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Group
Subject Staple 1 Simple 2 Staple 3 Complex 1 Complex 2 Complex 3

1 1 57.1 54.4 57.7 60.7 60.9 74.2
5 28.6 14.3 27.5 14.7 27.8 8.3
11 7.1 3.7 15.1 6.1 7.8 4.8
13 7.1 7.6 18.2 9.1 9.8 14.2
14 14.2 18.5 24.2 27.2 19.6 19.0
19 10.7 8.7 7.7 6.9 9.1 8.0

2 27 3.5 7.4 3.0 12.2 15.6 15.1
29 10.7 3.7 9.3 3.0 3.9 9.5
4 0.0 0.0 3.0 14.2 9.8 2.8
7 12.0 4.3 6.1 0.0 11.8 26.2
8 3.5 0.0 0.0 6.1 9.8 0.0
17 21.4 4.3 15.4 15.5 13.6 21.4
18 10.7 10.7 16.6 8.0 24.1 28.6
22 14.2 14.8 15.1 17.2 25.0 23.5
30 7.1 0.0 7.4 3.5 9.1 23.8
24 21.4 7.4 18.1 12.2 31.3 16.6
12 10.7 7.7 9.1 13.7 12.2 11.4
6 10.7 4.3 7.7 8.3 9.1 18.2

3 25 0.0 4.3 33.3 0.0 10.0 0.0
20 16.6 0.0 0.0 0.0 26.9 0.0
10 0.0 0.0 0.0 0.0 0.0 0.0
9 0.0 0.0 5.2 0.0 0.0 0.0
2 4.0 0.0 0.0 15.0 23.1 0.0
3 5.3 0.0 26.3 0.0 29.4 0.0
15 5.0 25.0 11.1 20.0 40.0 21.2
16 0.0 0.0 0.0 0.0 0.0 0.0
23 7.6 0.0 15.3 0.0 0.0 28.5
26 26.3 15.3 15.4 23.3 20.5 7.7
28 16.0 7.4 11.1 8.0 17.9 0.0
21 0.0 0.0 0.0 0.0 6.8 2.3

Appendix F8. Segimental Error Scores, Spontaneous Naming, Ebgxressed as
Percentage of Total Possible Errors in Simple (S) versus Complex (C)
Words of Length One to Three Syllables.
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Group
Subject Simple 1 Simple 2 Simple 3 Complex 1 Complex 2 Conplex 3

1 1 42.9 50.0 45.4 72.7 53.0 59.6
5 32.1 7.1 15.0 23.5 13.0 11.1
11 7.1 3.7 15.1 12.1 11.8 16.7
13 3.6 3.7 12.1 18.2 9.8 7.1
14 3.6 22.2 27.3 24.2 27.4 16.2
19 3.6 3.7 12.1 9.1 7.8 11.9

2 27 10.7 3.7 9.1 18.1 7.8 9.5
29 3.6 0.0 18.2 9.1 5.9 14.3
4 10.7 0.0 0.0 6.1 5.9 11.9
7 3.6 14.8 18.2 9.1 13.7 14.8
8 0.0 0.0 0.0 11.5 2.0 2.6
17 10.7 3.7 9.1 21.2 11.8 11.9
18 7.1 7.1 20.0 20.6 20.4 18.5
22 0.0 7.4 15.1 15.1 15.7 23.8
30 0.0 7.4 3.0 6.1 19.6 16.7
24 21.4 14.8 12.1 33.3 29.4 19.0
12 17.9 11.1 0.0 6.1 11.8 2.4
6 3.6 3.7 12.1 21.2 3.9 9.5

3 25 0.0 0.0 6.1 0.0 7.8 0.0
20 14.3 3.7 15.1 18.2 15.7 16.2
10 0.0 3.7 0.0 0.0 2.0 0.0
9 3.7 0.0 0.0 0.0 0.0 0.0
2 26.1 11.1 0.0 7.1 3.7 28.6
3 3.6 3.6 2.5 13.8 14.8 22.2
15 7.1 40.7 33.3 33.3 33.3 21.4
16 0.0 3.7 0.0 6.1 3.9 2.9
23 10.7 11.1 18.2 15.1 32.6 33.3
26 30.8 3.7 15.0 18.1 29.7 9.1
28 3.6 3.7 6.1 6.1 11.8 7.1
21 3.6 0.0 0.0 0.0 5.9 9.5

Appendix F9, Segmentai Error Scores, Imitation Namiqg, Expressed as
Percentage of Total Possible Errors in Simple (S) versus Complex (C)
Words of Lepgth One to Hiree Syllables.
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Group
Subject Single 1 Simple 2 Simple 3 Complex 1 Complex 2 Complex 3

1 1 83.3 100.0 100.0 87.5 100.0 100.0
5 58.3 50.0 83.3 50.0 100.0 50.0
11 16.6 16.6 60.0 25.0 50.0 40.0
13 16.6 16.6 100.0 37.5 25.0 80.0
14 25.0 66.6 100.0 87.5 100.0 80.0
19 25.0 40.0 50.0 28.5 66.6 66.0

2 27 8.3 33.3 20.0 50.0 75.0 75.0
29 25.0 16.6 40.0 12.5 25.0 60.0
4 0.0 0.0 20.0 42.8 50.0 25.0
7 27.2 20.0 40.0 0.0 50.0 80.0
8 8.3 0.0 0.0 25.0 25.0 0.0
17 50.0 20.0 50.0 62.5 71.4 100.0
18 8.3 50.0 50.0 33.3 80.0 100.0
22 33.3 66.6 60.0 57.1 87.5 100.0
30 16.6 0.0 50.0 14.2 57.1 100.0
24 50.0 33.3 80.0 50.0 85.7 80.0
12 25.0 33.3 60.0 42.8 80.0 75.0
6 25.0 20.0 50.0 33.0 60.0 50.0

3 25 0.0 20.0 50.0 0.0 40.0 0.0
20 50.0 0.0 0.0 0.0 75.0 0.0
10 0.0 0.0 0.0 0.0 0.0 0.0
9 0.0 0.0 33.3 0.0 0.0 0.0
2 10.0 0.0 0.0 25.0 50.0 0.0
3 12.5 0.0 66.6 0.0 100.0 0.0
15 11.1 100.0 50.0 60.0 100.0 100.0
16 0.0 0.0 0.0 0.0 0.0 0.0
23 16.6 0.0 100.0 0.0 0.0 100.0
26 44.4 66.6 75.0 85.7 100.0 66.6
28 36.3 40.0 75.0 33.3 83.3 0.0
21 0.0 0.0 0.0 0.0 14.2 20.0

AppendixSr̂ otal FIO, Word Scores, Spontaneous Namipg, Ebqnressed as Percentage
total Possible Errors in Simple (S) versus Complex (C) Words of

Length One to Three Syllables.
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Group
Subject Simple 1 Simple 2 Simple 3 Complex 1 Complex 2 Complex 3

1 1 75.0 83.3 100.0 100.0 100.0 100.0
5 66.7 33.3 83.3 87.5 50.00 50.0
11 16.7 16.7 60.0 50.0 50.0 60.0
13 8.3 16.7 60.0 50.0 37.5 60.0
14 8.3 83.3 100.0 75.0 100.0 100.0
19 8.3 16.7 60.0 37.5 50.0 80.0

2 27 25.0 16.7 60.0 62.5 50.0 60.0
29 8.3 0.0 80.0 25.0 37.5 60.0
4 25.0 0.0 0.0 25.0 12.5 60.0
7 8.3 33.3 80.0 37.5 50.0 40.0
8 0.0 0.0 0.0 50.0 12.5 20.0
17 25.0 16.7 40.0 75.0 75.0 60.018 16.7 33.3 83.3 50.0 75.0 100.0
22 0.0 33.3 100.0 50.0 50.0 60.0
30 0.0 33.3 20.0 12.5 12.5 80.0
24 80.0 50.0 60.0 87.5 75.0 80.012 41.7 33.3 0.0 25.0 75.0 20.0
6 8.3 16.7 80.0 25.0 25.0 80.0

3 25 0.0 0.0 40.0 0.0 50.0 0.0
20 25.0 16.7 60.0 75.0 50.0 80.010 0.0 16.7 0.0 0.0 12.5 0.09 8.3 0.0 0.0 0.0 0.0 0.02 50.0 50.0 0.0 28.6 25.0 100.03 8.3 16.7 16.7 57.1 50.0 75.015 16.7 100.0 100.0 87.5 100.0 100.016 0.0 16.7 0.0 25.0 25.0 25.0
23 25.0 50.0 100.0 50.0 85.7 80.026 45.4 16.7 33.3 62.5 50.0 75.028 8.3 16.7 40.0 25.0 50.0 40.021 8.3 0.0 0.0 0.0 25.0 80.0

Appendix Fil. Word Scores, Imitation Namlqg, Eiqnressed as Percentage of
Total Possible Errors In Simple (S) versus Complex (C) Words of Lepgth
One to Three Syllables.
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Group
Subject Simple 1 Simple 2 Simple 3 Complex 1 Complex 2 Complex 3

1 1 3 6 8 3 14 11
5 1 0 1 2 6 2
11 0 1 0 1 2 2
13 0 1 0 0 1 2
14 1 3 1 1 4 1
19 1 I 1 0 0 4

2 4 I 0 1 0 I 36 0 0 0 0 0 1
7 0 0 2 0 1 0
8 1 0 0 0 0 112 1 1 0 1 1 1
17 2 1 2 1 3 418 1 0 2 0 8 2
24 0 0 0 0 3 1
27 0 1 2 0 4 2
29 0 1 I 0 5 030 0 0 0 0 1 222 0 2 1 0 1 1

3 26 0 1 I 2 I 19 0 0 0 0 0 010 0 0 1 0 0 025 0 0 I 0 1 121 1 1 1 0 4 22 0 1 3 1 0 03 0 0 1 0 0 015 0 1 4 0 0 216 0 0 0 2 0 120 0 0 3 0 2 223 0 0 3 1 1 128 0 0 1 0 0 0

Appendix fl2. Raw Scores for Subtest 'Increaslqg Lepgth, Complexity' 
^Appendix A4). Cl = (C)V, C2 = CCV, VOC, CVC, C3 = OCVC, COCVC, CCVCC.
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brd Lepgi 
(Sylls,)

Subject
No.

1/9

1/81/12 1/10
1 / 11/12
1/8
2/10

1/4 1/4
1/101/18 1/23

2/10 3/7
2/11
2/14
1/9

1/10
1/23

1/4
2/20

2/10
1/13
1/4

1/19 2/15
1/12

1/1

1/11 2/7 2/6
1/11
4/8
4/20
1/13
1/10

1/7
1/12

1/5 2/7
3/34
4/23

1/9
1/22

1/5
1/14

1/13

Appaidlx F13. Displacement Errors (left digit) in 51 Word Naming Tasks 
by Length of Word in Syllables compared to Total Other Errors (right 
digit) in that Word Length (1-4), Spmtaneous (S) versus Imitation (I). 
- *• No Displacement Errors made in Ôiis Word Length



440

1 2 3 4

D 0 D 0 D 0 D 0Subject S I s I S I S I S I s I S I S I

1 17 18 10 8 10 21 17 9 9 18 9 7 6 10 6 55 10 16 - - 15 7 3 1 10 7 - 1 6 9 111 3 6 - - 5 6 - - 3 9 - 2 1 5 1 213 6 5 - 1 1 5 1 1 5 2 2 3 2 1 1 214 11 7 1 1 15 15 2 3 14 14 2 2 13 7 219 4 5 4 3 1 2 1 2 3 4 3 - 1 2 1

27 3 5 1 5 3 2 3 2 1 129 7 4 - - 3 1 1 2 5 5 3 3 1 2 2 14 2 2 - - 2 3 2 - 2 1 1 — 17 5 5 1 - 5 5 1 4 5 2 2 — 3 2 1 18 1 1 - 2 1 - - 1 - — — 1 117 10 8 - 1 5 4 1 - 7 5 1 1 7 118 3 8 - - 8 6 1 1 4 7 — — _ — 122 5 1 - - 6 4 3 1 - 4 1 - 2 3 1 230 2 - - - - - 1 1 - - 3 3 — — 2 224 9 16 - - 10 10 1 2 4 7 - 1 4 5 2 112 6 7 1 1 3 9 - - 3 1 — — « 36 4 6 1 2 1 1 1 4 5 — 1 6 4 2 1

9 _ 110 2 - - - 2 - - - - — — _ _
20 - 3 - 3 - 2 1 2 - - — 4 — _ _ 425 - 1 - - 1 4 2 1 1 1 1 - — — _ 12 - - - 1 1 - 1 - - 2 - - 3 1 — 13 - 5 - - - 4 1 - - 4 1 3 1 1 2 115 2 10 2 2 1 12 - 2 2 11 3 1 - 4 _

16 - - - 1 - 2 - - - — — _ _ 223 - 5 - 3 - 4 - 7 1 1 2 5 — 1 _ 4
26 7 9 1 1 4 1 2 1 3 4 - 1 1 2 1 628 2 2 - 1 - 1 - 1 2 3 2 2 1 1 2 221 1 2 1 1 — 1 — 1

Appendix F14. Distortion (D) and Omission (O) Errors in 51 Word 
List by length of Word in Syllables (1, 2, 3, 4), Spontaneous (S) 
and Imitation (l) Conditions.
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Group
Subject

Count 1 
M

Count 2 
AB

Count 3 
y X

Count 4 
x /

Groiq> 1
1 23 16 0 0
5 10 17 8 6
11 0 0 6 3
13 4 11 4 5
14 3 11 7 14
19 1 4 0 3

Group 2
27 2 1 1 2
29 0 8 1 15
4 8 6 3 7
7 4 7 7 8
8 2 3 10 10
17 5 3 7 9
18 3 7 5 7
22 0 0 1 1
30 0 0 6 2
24 0 3 0 5
12 5 3 7 9
6 5 5 4 11

Group 3
25 2 10 4 4
20 0 3 4 3
10 2 9 6 10
9 1 3 8 7
2 10 10 10 6
3 0 2 2 5
15 3 7 6 5
16 7 20 6 3
23 0 0 4 4
26 0 0 0 0
28 4 11 4 5
21 0 0 2 2

Appendix F15. Raw Scores Per Subject, Word Level Consistency 
(.AAj - Inconsistency (AB, /%, x /), for Counts 1-4 (see
19.2.1.).
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Group Count 5 Count 6 Count 7 Count 8
Subject AA AB / X x /

Groiq> 1
1 46 53 8 30
5 22 5 21 27
11 0 0 6 3
13 4 4 22 20
14 8 4 18 33
19 3 0 8 7

Group 2
27 8 9 19 25
29 3 4 14 25
4 11 3 11 10
7 6 3 16 17
8 3 0 21 13
17 3 2 14 23
18 4 6 13 21
22 0 0 1 7
30 1 0 9 6
24 6 6 24 24
12 4 2 21 19
6 2 2 15 31

Group 3
25 5 17 26 34
20 1 1 12 13
10 5 11 15 25
9 3 5 7 9
2 8 4 27 21
3 0 3 5 11
15 8 2 5 10
16 17 7 38 35
23 1 1 6 9
26 0 0 3 5
28 8 4 22 20
21 0 0 2 2

Appendix F16. Raw Scores per Subject, Segpent Level 
Consistency QAA) - Inconsistency (AB, x V) for Counts 5- 
8 (see 19.2.1.)
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Group
Subject /i/EDO EIY

/b/
EDO EIY A /EDO EIY

Group 1 
1 12 1 4 1 16 3

5 1 1 - - 3 1
11 - - - - 4 I
13 - - - - 2 2
14 - - - - 7 119 1 1 2 2

Group 2
27 - - - - 2 229 - - 1 1 1 1
4 - - - - - -

7 1 1 2 2 2 28 - - - - 2 217 - - 1 1 I 118 - - - - 1 122 - - 1 1 4 430 2 2 - - I 124 - - - - 9 412 1 1 6 4 2 2
6

■

Group 3
25 - - 1 1 - -

20 - - 1 1 6 510 - - - - - -

9 - - - - — -

2 3 3 2 1 3 3
3 - - - - 4 2
15 - - 2 2 9 4
16 - - - - - -

23 1 1 - - 3 3
26 - - 1 1 - —

28 - - - - - —

21 — — —

Appendix
SuDiect.Subject, 
Typ^.

F17. Raw Scores, Targeted Sounds, per Group and 
EtO = Total Error Tokens. EIY = Nixdber of Error
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Group
Subject

Error
A“>A

Error
A->B / to X X to /

Total
Raw
Score

%
Consistency

Group 1
1 84 1 0 0 85 98.8
5 34 0 4 5 43 79
11 3 0 2 1 6 50
13 11 3 3 4 21 52.4
14 17 1 0 1 19 89.5
19 4 0 1 0 5 80.

Group 2
27 12 5 6 6 29 41.4
29 1 4 6 5 16 6.2
4 0 0 0 5 5 0
7 7 2 2 1 12 58.3
8 0 1 4 2 7 0
17 6 1 8 7 22 27.3
18 6 9 4 10 29 20.7
22 12 7 16 12 47 25.5
30 9 3 4 3 19 47.4
24 9 3 8 5 25 36
12 2 2 8 7 19 10.5
6 8 0 7 6 21 38.1

Group 3
9 0 0 0 0 0 *
10 0 0 0 0 0 *
25 0 0 0 0 0 *
20 - - 1 1 - *
21 - - - - - *
2 3 2 2 3 10 30*
15 14 4 2 4 24 58*
26 5 7 7 10 29 17*
3 4 10 6 4 24 16.6
16 1 0 2 3 6 16.6
23 16 2 10 4 32 50
28 4 0 2 4 10 40

Appendix F18. R^>eated Trials Task. Raw Scores for Identical 
&rors (A->A) and Inconsistent Errors (A->B), and Percentage 
of These Which Were Consistent per Subject. * = Excluded from 
Statistical Analysis; / = riĝ t, x =» wro^g.
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Subject
Items
Timed Mean Median SD

Min.
Time

Max.
Time

1 47 .55 .10 1.69 .10 7.8
5 51 .10 .10 0.00 .10 .1
11 51 1.18 .10 2.26 .10 4.0
13 51 .42 .10 .81 .10 2.4
14 51 .33 .10 .54 .10 4.1
19 50 .26 .10 .65 .10 10.0

27 51 1.62 .10 2.85 .10 10.0
29 51 1.16 .10 1.74 .10 7.0
4 51 1.02 .10 2.18 .10 10.0
7 48 3.29 3.00 1.92 .10 9.5
8 51 .63 .10 1.11 .10 6.0
17 50 1.67 .10 3.14 .10 10.0
18 51 .81 .10 1.03 .10 4.0
22 51 2.26 .70 3.11 .10 10.0
30 50 2.02 .10 3.37 .10 10.0
24 51 .60 .10 2.02 .10 10.0
12 51 2.04 1.10 2.45 .10 8.4
6 50 1.45 1.05 1.79 .10 10.0

25 51 3.02 .10 4.24 .10 10.0
20 29 1.71 .50 2.77 .10 10.0
10 51 1.78 1.10 2.06 .10 7.8
9 44 4.75 3.90 3.90 .10 10.0
2 48 1.85 1.20 1.87 .10 10.0
3 34 3.84 2.40 3.59 .10 10.0
15 44 .93 .10 1.43 .10 6.0
16 51 3.35 3.00 3.59 .10 10.0
23 25 6.64 10.00 4.32 .10 10.0
26 47 3.22 1.00 3.73 .10 10.0
28 46 1.81 .10 3.07 .10 10.0
21 51 3.31 2.20 3.02 .10 10.0

Appendix F19. 
Naming.

Latency Time (seconds) per Subject Spontaneous
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Subject/Groiq) Mean SD

1 .00 .00
5 .00 .00
11 .05 .24
13 .00 .00
14 .00 .00
19 .00 .00

27 .03 .17
29 .06 .19
4 .08 .42
7 .18 .33
8 .00 .00
17 .00 .00
18 .49 1.25
22 .23 .61
30 .35 .57
24 .28 1.04
12 .07 .25
6 .02 .16

25 .07 .26
20 .00 .00
10 .01 .14
9 .00 .00
2 .45 .86
3 .08 .15
15 .16 .42
16 .02 .16
23 .01 .08
26 .67 1.72
28 .11 .35
21 .01 .09

Append!X F^. Mean Times (secs) and 
Subject for 'Non-Specific*SB's Per 

Struggle, Spontaneous Niaming,
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Subject/
Group

Items
Timed Mean Median SD Min Max

1 46 .79 .8 .15 .4 1.3
5 51 .87 .8 .35 .4 1.6
11 51 .91 .8 .72 .4 4.8
13 50 .79 .8 .24 .5 1.5
14 48 .79 .8 .22 .4 1.5
19 45 .63 .6 .17 .4 1.1

27 47 .95 .8 .56 .4 4.1
29 49 .74 .6 .33 .5 2.3
4 51 .97 .8 .92 .3 6.7
7 45 1.44 .8 1.79 .2 10.0
8 47 .68 .6 .32 .3 2.4
17 45 1.05 1.0 .32 .6 2.1
18 49 3.44 3.0 2.78 .5 10.0
22 47 1.84 1.1 1.86 .2 8.6
30 44 2.22 .9 3.00 .4 10.0
24 48 1.67 1.1 1.35 .4 8.4
12 45 1.08 .8 .80 .2 3.7
6 48 .88 .6 1.38 .2 10.0

25 48 1.62 .8 2.96 .4 10.2
20 24 .84 .9 .35 .1 1.6
10 51 .75 .7 .34 .3 2.2
9 34 .53 .5 .27 .2 1.4
2 48 3.50 2.5 3.24 .2 10.0
3 37 2.35 .6 2.93 .2 10.0
15 31 1.06 1.0 .58 .5 3.0
16 39 8.26 10.0 2.35 2.0 10.0
23 15 2.95 .8 3.99 .4 10.0
26 40 2.46 2.0 1.83 .4 9.0
28 37 1.16 .6 1.78 .4 10.0
21 46 1.12 .9 1.06 .4 6.0

Appen^x F21. Utterance Times (sec). Spontaneous Namipg. 
(see 20.2.1. for cut-off points for minimum, maximim times).
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Subject/
Group

Total
Time Mean SD

1 40.1 8.02 .78
5 45.7 9.14 2.26
11. 33.6 6.72 1.00
13 21.1 4.22 1.05
14 22.4 4.48 .61
19 19.3 3.86 .20

27 30.6 6.12 1.81
29 24.5 4.90 1.05
4 30.7 6.14 1.01
7 20.7 4.14 .99
8 24.4 4.88 1.82
17 41.2 8.24 6.59
18 29.3 5.86 4.89
22 62.6 12.52 5.04
30 32.4 6.48 2.70
24 33.5 6.70 1.03
12 22.0 4.40 2.40
6 42.0 8.40 1.91

25 30.6 6.12 .46
20 * 4.65 1.48
10 19.4 3.88 1.36
9 19.5 3.90 1.74
2 39.8 7.96 1.88
3 26.7 5.34 4.44
15 * 8.25 2.26
16 27.8 5.56 1.60
23 34.7 6.94 2.53
26 * 29.03 14.49
28 41.2 8.24 2.72
21 * * *

Appendix F22. Total Utterance Times (sec) for All 
Items, R^)eated Trials Task. * = Tasks Not 
Completed. Means, SD relate to Completed Items.
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Subject/
Group

Total
Time Mean SD

1 42.7 3.55 1.01
5 44.6 3.71 1.21
11 30.9 2.57 .71
13 25.2 2.10 .47
14 27.8 2.31 .56
19 17.6 1.46 .37

27 40.8 3.40 1.10
29 69.8 5.81 1.80
4 34.9 2.90 .98
7 59.5 4.95 3.96
8 38.2 3.18 1.69
17 37.3 3.10 1.09
18 142.6 11.88 5.63
22 84.9 7.07 7.00
30 77.4 6.45 5.90
24 46.2 3.85 1.03
12 40.6 3.38 1.00
6 31.6 2.63 .72

25 * 2.55 1.75
20 * 2.10 .69
10 * 3.11 1.99
9 21.7 1.80 .80
2 * 2.84 2.80
3 * 3.24 1.92
15 45.0 3.75 1.01
16 * 5.02 3.62
23 * 3.10 1.83
26 * 7.65 2.90
28 * 10.44 5.90
21 79.1 6.59 3.61

Appendix F23. Total Utterance Time (sec) 
Sentences to Imitation. * = Tasks Incomplete. 
Means, SD's Relate to Completed Items.
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Subject
Nb/Groqp

Items
Timed Mean Median SD

Min.
Tii«>

Max.
Time

1 45 1.35 .89 1.67 .7 8.2
5 51 .97 .90 .35 .5 1.7
11 51 2.09 1.10 2.43 .5 11.4
13 50 1.23 1.10 .89 .6 4.8
14 48 1.12 1.00 .55 .6 3.2
19 45 .91 .70 .74 .5 4.9

27 47 2.07 1.30 2.04 .5 9.2
29 49 1.78 .90 1.69 .6 7.6
4 51 2.00 1.00 2.62 .4 13.0
7 44 4.58 3.80 2.50 .8 15.0
8 47 1.27 .80 1.16 .6 6.3
17 45 2.42 1.10 2.73 .7 11.0
18 49 4.28 3.80 2.90 .6 10.1
22 47 3.90 2.60 3.80 .6 18.3
30 43 3.64 1.60 4.51 .5 20.0
24 48 2.32 1.20 2.62 .5 14.0
12 45 3.24 2.20 2.58 .5 10.4
6 47 2.02 1.60 1.50 .5 8.8

25 48 4.22 1.10 5.41 .5 28.2
20 22 2.52 1.55 2.66 .8 10.0
10 51 2.53 2.10 2.12 .6 8.7
9 34 3.74 3.40 2.97 .6 10.6
2 46 5.48 4.31 4.44 .4 18.8
3 34 5.90 5.70 4.41 .5 17.8
15 31 2.22 1.90 1.68 .6 7.2
16 39 10.21 10.10 1.44 3.8 14.0
23 15 9.51 10.40 5.46 .9 20.0
26 40 5.59 4.85 4.02 .9 16.4
28 37 2.42 .90 3.10 .5 13.0
21 46 4.27 3.10 3.15 .6 11.8

Appendix F24. Total Response Times (sec) for Scorable Items, 
Spontaneous Naming.
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Subject/Grouq) Total Time Mean SD

1 42.9 8.58 1.06
5 50.0 10.00 3.04
11 36.8 7.36 1.12
13 22.5 4.50 1.06
14 22.9 4.58 .61
19 19.5 3.90 .22

27 34.4 6.88 2.06
29 30.0 6.00 1.69
4 33.5 6.70 .49
7 23.9 4.78 1.40
8 25.4 5.08 2.03
17 43.7 8.74 6.98
18 42.5 8.50 7.44
22 67.0 13.40 5.18
30 38.7 7.74 3.35
24 37.5 7.50 1.21
12 27.5 5.50 3.00
6 45.2 9.04 1.73

25 33.6 6.72 .55
20 * 5.60 2.26
10 22.8 4.56 1.46
9 22.1 4.42 2.08
2 41.8 8.36 1.95
3 28.4 5.68 4.28
15 * 9.10 2.21
16 30.8 6.16 1.6923 37.5 7.50 2.59
26 * 3.10 1.49
28 44.6 8.92 2.60
21 * * *

Appendix F25. Repeated Trials Total Response Time
(spr) fnr All Ifords and Mean and SD*s for Completed Items. * 
= Incomplete Items.
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Glossary
aphemia much abused term (see Messerli 1983). Used here to refer to a 
pronunciation disorder that combines elements of both speech dyspraxia 
and spastic/upper motor neurone dysarthria, taxonomically equivalent to 
Liepmann's kinetic dyspraxia.
ataxic dysarthria speech impairment associated with damage to the 
cerebellar system.
Broca's dysphasia said (by Goodglass et al 1983) to be characterised by 
awkward articulation, restricted grammar and vocabulary, relative 
sparing of comprehension. A non-fluent dysphasia. Traditionally 
contrasted with conduction (q.v.).
conduction dysphasia type of dysphasia said (e.g. by Goodglass et al 
1̂ 83) to be typified by relatively good comprehension but expression 
marked by grammatical deviations, fluent but wrongly pronounced words 
(paraphasia q.v.), which are especially apparent on repetition as 
compared to spontaneous speaking. Subtypes of conduction dysphasia have 
been postulated^cf Broca's.
conduite d'approche repeated attempts to say a word or sound accurately. 
Usually considered to be fluent and similar to how normal speakers try 
to correct spoonerisms.
diadochokinesis in speech the act of executing rapid repetitive 
alternating movements of the articulators.
dysarthrias term for a collection of qualitatively different 
articulation disorders where impairment is deemed to originate in the 
peripheral or central nervous system, but excluding the cerebral cortex. 
Considered to contrast with apraxia of speech and phonemic paraphasia. 
See ataxic, hypokinetic, and chapter 5 for spastic.
efference copier hypothetical component in movement control that detects 
and corrects errors in motor output against a copy of the command sent 
to some comparison centre.
^ic, etic emic (phonemic, morphemic etc) refers to the system and 
distribution of contrastive (linguistic) units - etic (phonetic, 
graphetic) to physical phenomena associated with these without specific 
reference to their system function.
gnosic to do with recognition. Agnosia, (e.g. visual, auditory, 
tactile) inability to recognise things seen, heard or felt.
h^ineglect inattention to or unawareness of the existence of one side 
of one s body or field of vision.
hypokinetic dysarthria speech impairment associated with disorders of 
the extrapyramidal system.
ideational dyspraxia limb dyspraxia seen as the fluent breakdown of the 
ordering and relationship of subcomponents coming together to perform an 
action - e.g. person lights kettle instead of stove, tries to fill 
kettle before removing lid. May involve misuse of objects. Contrasts 
with ideomotor q.v.
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ideomotor dyspraxia limb dyspraxia seen as struggle to achieve the fine 
articulation of limb movements required to fluently execute actions. 
Target action generally apparent, in contrast to ideational (q.v.) where 
disruption to superordinate components may make target behaviour unclear 
to observer.
jackknifed classification method of assessing the accuracy of 
classification of discriminant analyses. One observation is held out at 
a time and the discriminant function estimated on the basis of remaining 
observations. This discriminant function is used to classify the held 
out data. If discrimination is accurate there should be no 
misclassification of excluded observations.
limb dyspraxias collective name for ideational (q.v.) ideomotor (q.v.) 
and in Liepmann's original scheme kinetic dyspraxia.
motor equivalence the capacity to achieve the same functional 
outcome/action by more than one set of movements.
optic ataxia impairment of hand movements, or reaching, performed under 
visual guidance towards a designated object or point.
oral nonverbal dyspraxia also called oral or bucco-facial dyspraxia. 
Dyspraxia affecting movements of the tongue, lips, larynx etc for
movements not associated with speech - e.g. licking lips, sucking
through a straw, blowing.
palilalia involuntary repetitions of words or sentences when speaking. 
The the the book's on the table-ble-ble-ble.
paralinguistic here refers to features of speech/language which are not 
part S  the formal language system, but which are important for
communicating e.g. mood, irony, tentativeness.
paraphasia pathological slip of the tongue, a wrong word or sound 
allegedly normally produced, which is related conceptually or
structurally to the target. Traditionally considered to point to 
phonological (in cases of phonemic or literal paraphasias) or meaning 
(in semantic paraphasias see section 11.2.4.) dysfunction.
parapraxia production of well performed but inappropriate movements or 
part movements. Action equivalent of paraphasia in speech.
recurrent utterance sound, word (real or nonsense) or phrase that some 
dysphasics perseverate on, often to the exclusion of all other output.
voice onset time (VOT) Time between release of a stop consonant and 
beginning of vocal cord vibration.
Wernicke's dysphasia language disorder typified by fluent utterances 
with paraphasias (q.v.) and relatively poor comprehension.
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