
Institute of Neurology

University of London

Respiratory Therapy for Speech 

in Multiple Sclerosis

Ph.D. Thesis

Kimberley Anne Mathieson Bradley

April 1997



ProQuest Number: 10055444

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest 10055444

Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



ABSTRACT

Respiratory Support for Speech In Multiple Sclerosis

The dysarthria of multiple sclerosis is known to worsen as the disease 

progresses (Darley, Brown and Goldstein 1972). Thus as activities of daily life and 

opportunities for activity for the person with multiple sclerosis are curtailed by 

increasing disability, the capacity of their respiratory system is also diminished both 

by disease and lack of demand on the system (Olgiati, Hofstetter and Bailey 1988). It 

is a hypothesis of this paper and others that disuse creates a discrepancy between the 

functional ability that is neurologically available and that which is characteristically 

used (Olgiati et al., 1988; Olgiati et al. 1986). It is this functional overlay that may be 

the target of speech therapy (Farmakides and Boone 1960).

Five subjects with MS and dysarthria affecting intelligibility were involved in 

a multiple baseline therapy study to establish the efficacy of respiratory exercises in 

improving functional speech performance. Intervention effects were demonstrated by 

introducing the therapy to different subjects at successive points in time. Therapy 

exercises targeted the respiratory system alone with no phonatory or articulatory 

components. Various measures including laryngographic analysis, clinical motor 

speech tasks and standardised dysarthria profiles were found to be unsuitable as 

baseline or repeat measures to show improvement in speech. Intelligibility was 

chosen as a global and objective repeat measure of functional speech performance and 

was established for each subject using the Yorkston Beukelman Test of the 

Intelligibility of Dysarthric Speech.

Findings cautiously suggest that certain subjects can benefit from respiratory 

muscle exercises that improve speech performance as measured by intelligibility. A 

component of the dysarthria of MS may not be due to neuro-motor dysfunction but to 

atrophy based on fatigue and disuse of the system. This study suggests that this 

atrophy may be reversible. The objective measurement of intelligibility and the 

clinical use of a multiple baseline research format are also discussed.
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1. BACKGROUND TO THE RESEARCH QUESTION

This thesis examines the question of whether therapy that focuses on respiratory 

skills can have a positive effect on the speech abilities of individuals with multiple 

sclerosis (MS) and dysarthria. This chapter reviews the published literature on the 

dysarthria of multiple sclerosis and frames the research question.

Multiple sclerosis is a progressive neurological disease that affects women more 

frequently than men in a ratio of 3:2. The onset of MS is usually around the age of 30 

and the average length of survival after initial diagnosis is 15 to 20 years. Multiple 

sclerosis is rare to non-existent in tropical and subtropical latitudes but relatively 

common (58 per 100,000) in the temperate zone, especially above 38 degrees in North 

America and Australia and above 45 degrees in Europe (Smith and Scheinberg, 1985). 

In Europe and the US the familial occurrence of MS, especially among siblings, is 5% 

which is greater than would be expected to occur by chance (Rose 1974). Conjugal MS 

is rare. The interpretation of much of the epidemiological data remains controversial but 

it is considered reasonable to conclude that MS is contracted early in life, demyelination 

is triggered by a virus (Rodriguez 1989) and that moving to a different location after 

about the age of 15 does not affect its occurrence (Rose 1974). Climate, meteorological 

disturbances, sanitation, diet, immune responses, measles, viruses, and pet ownership 

have all been proposed as possible explanations for the marked epidemiological pattern 

(Smith and Scheinberg 1985).

MS is a demyelinating disease characterised by plaques in the white matter of 

the Central Nervous System (CNS) although myelinated fibres in the grey matter may 

also be affected (Duffy 1995). Multiple sclerosis plaques are formed by the destruction 

of the myelin sheaths along the axon, with preservation of the axon and depletion of 

oligodendrocytes that produce myelin. Plaques are often prominent in the areas



adjacently to the lateral and third ventricles but they are also found in the white matter of 

the spinal cord, brain stem and cerebellum. Peripheral nerves are not affected. 

Common symptoms include: muscular weakness and spasticity due to corticospinal tract 

lesions particularly spasticity of lower extremities accompanied by painful flexor 

spasms, gait and limb ataxia, hyper-reflexia, paresis, retrobulbar neuritis and diplopia 

(Mathews et al. 1985).

Kraft et al. (1981) classified the course of MS into four general patterns: 

Benign, Exacerbating/Remitting, Remitting/Progressive and Progressive. The Benign 

course of MS is seen in at least 20% of MS patients and is characterised by one or two 

mild exacerbations of symptoms followed by complete remission with no permanent 

functional disability. The Exacerbating/Remitting course occurs in 20% to 30% of the 

MS population and is characterised by partial remission of symptoms after an 

exacerbation and a long period of stability, often lasting years. Remitting/Progressive 

or secondary progressive is the most common course of MS and occurs in about 40% 

of the population: initially symptoms occur and remit but at some point remission 

stops and disability progressively increases. Progressive onset of the disease occurs in 

10% to 20% of the MS population and is characterised by the steady progression of 

the symptoms from the onset. This is also called primary progressive MS.

Descriptions of speech difficulties in MS are as old as the diagnosis of the 

disease itself. Most who write about speech in MS cite Charcot who in 1868 stated 

that speech difficulties are “almost constantly” encountered in MS.^ Charcot 

considered “scanning” or syllabic speech to be pathognomonic of a disease which was 

then notoriously difficult to differentially diagnose. He also noted sudden and acute

Cited in Andermann et al. 1959
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exacerbations of speech symptoms that remitted within seconds or minutes; a disorder 

that seems to intrigue investigators more than the usual speech manifestation of MS.

Given that Charcot places speech firmly in the centre of MS symptomatology 

there has been surprisingly little attention paid to the nuances of the speech disorder 

since then. A primary reason for this in the speech pathology literature is the 

inconsistent involvement of multiple neuro-motor systems in MS and consequentially 

the difficulty in identifying the probable source of a particular speech symptom. Thus a 

disease, such as Parkinson’s Disease, in which specific components of the nervous 

system are known to be affected, is easier to analyse for research purposes as it is 

possible to give a more specific interpretation of a given speech effect and the speech 

disorder is more consistent across patients. With MS, innumerable sites within the CNS 

can contain a sclerotic lesion, some of which may be symptomless and not be apparent 

until autopsy even with MRI scanning (Dworkin 1991). This does not allow such a 

specific or consistent interpretation of symptoms to be made when dealing with multiple 

sclerosis. In addition many patients with MS have not been referred for speech therapy 

because of the inevitability of further deterioration and the attendant belief that there is 

then no point in assisting current function. Thus there is not a ready population for 

(would be) speech pathology researchers, nor is there a great deal of therapeutic or 

clinical experience being generated and circulated.

1.1 Incidence Of Dysarthria In Multiple Sclerosis

The reported incidence of speech impairment in MS varies from 10% to 50% of 

the MS population. Most studies that include patients in all stages of the disease show 

an incidence of 10% to 20% (Alexander 1951; Ivers and Goldstein 1963; Kuroiwa and 

Shibasaki 1973; Broman et al. 1981) although what is being called a dysarthria is often
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unclear. For instance would speech with low volume but good articulation be 

dysarthric? Would speech that fatigues be dysarthric?

Better estimates, or at least estimates that are very clear in what they are 

reporting, are available in the speech pathology literature. Darley, Brown and Goldstein 

(1972) found that 59% of the 168 MS patients who presented at the Mayo Clinic were 

judged to have speech performance that was essentially normal in terms of its impact on 

the listener, 28% had minimal deviation and 13% marked deviation. Judgements were 

made by a panel of speech pathologists who also rated individual speech features for 

deviancy although single features could be rated as deviant but the overall impact of the 

patient’s speech still be considered normal.

Beukelman et al. (1985) surveyed by questionnaire 656 MS patients whose 

symptoms were moderate to severe. They found 23% had speech or communication 

problems which is considerably less than the 41% observed by Darley et al. (1972). 

Those with Progressive MS, according to the Kraft classification (1981), were more 

likely to have communication problems (23% of the sample, 30% of those with 

communication problems) and those with Benign MS less likely (23% of sample, 11% 

of those with communication problems). The sex and age distribution of 

communication problems was similar to that of the disease showing no propensity for 

older or younger or male or female patients (Beukelman et al. 1985). It was found that 

those with an increased mobility restriction had a more severe communication disorder 

although this was far from infallible as those with no mobility restrictions might still 

have a communication problem. Only 3% of the respondents said communication 

affected employment but a significantly smaller percentage of MS patients with 

communication problems were employed in comparison to the total survey sample. 4%
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said strangers had difficulty understanding them and 28% used some form of 

augmentative or alternative aid.

Hartelius and Svensson (1994) surveyed 203 MS patients in Sweden also by 

questionnaire and 44% of the respondents considered themselves to have impaired 

speech or voice as a result of their disease. Difficulties with ambulation did not 

correlate with speech, however problems with arm and hand mobility did.

Beukelman’s suggested dysarthria incidence of 23% is lower than both the 

Darley et al. (1972) figure of 41% and the Hartelius et al. (1994) 44% reported 

dysarthria incidence. These three findings are higher than the average neurologist’s 

figure of between 10% and 20% cited in the first paragraph of this section. The 

discrepancy between the Darley and Beukelman studies might be explained by the 

difference in a population presenting at a speciality neurological clinic (Darley) and a 

population contacted at home (Beukelman). The lower Beukelman survey report might 

also reflect the individual’s lack of awareness of his speech quality amongst a multitude 

of other problems versus a speech pathologist’s focus on communication. The much 

higher Swedish self-report figure of Hartelius et al. (1994) than the comparable 

American study of Beukelman illustrates the difficulty with questionnaire studies. The 

differences might reflect a different question format, target population, national 

character, or a plethora of other factors. However both the Hartelius and Beukelman 

rates of incidence of dysarthria in MS attained by patient self-report are higher than the 

dysarthria incidence rates reported by neurologists. Thus it might be suggested that the 

neurologist has a higher tolerance of speech deviancy before he might consider speech 

dysarthric than either the patient or the speech pathologist. Similarly Darley et al. 

(1972) found 13% of patients had what a speech pathologist would classify as “marked” 

deviation in their speech. This figure falls neatly into the 10% to 20% of patients with
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MS who are reported to be dysarthric in the reports by neurologists cited at the 

beginning of this section.

1.2 Mixed Dysarthria Of Multiple Sclerosis As Distinct From 
Paroxysmal Dysarthria

There is a greater body of literature dealing with a rarer form of dysarthria in MS 

that is paroxysmal or episodic than there is literature dealing with the more usual chronic 

form of the motor speech disorder. Subsequent sections of this chapter will present in 

detail the acoustic and physical characteristics of the more usual dysarthria of MS. This 

section will briefly examine paroxysmal dysarthria to distinguish it from the chronic 

mixed spastic-ataxic dysarthria that is most usual in MS.

Paroxysmal dysarthria appears for a few seconds, remits and reoccurs some 

minutes or hours later. This dysarthria often occurs as an early symptom of MS before 

the diagnosis is established and may remit altogether leaving no permanent speech 

problem. Transient motor, sensory and visual disturbances have all been described as 

early symptoms of MS (Mathews 1975). While the occurrence of speech difficulties is 

considered to occur in up to one third of MS patients -  it is this rarer paroxysmal 

symptomatology that has received more consideration (Parker 1946; Andermann et al. 

1959; Espir et al. 1966; De Castro and Cambell 1967; Harrison and McGill 1969; Espir 

and Millacl970; Miller 1970; Miley and Forster 1974; Osterman 1975; Warlecurr 1975; 

Netsell and Kent 1976; Twommey and Espir 1980; Gorard and Giherd 1989; Baykan- 

Kurt et al. 1993). Twommey and Espir (1980) comment that the incidence of 

paroxysmal symptoms is hard to estimate as they may occur well before a patient 

chooses to consult a doctor and thus are not reported. Within the literature incidence is 

estimated to range from 1.3% (Andermann et al. 1959) to Japanese studies of 17% 

(Kuroiwa and Araki 1963). Generally incidence is reported at less than 3%.
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Twommey and Espir in 1980 summarised the state of knowledge of paroxysmal 

symptoms in MS. They commented that such symptoms may be the first symptoms of 

MS (9 out of 47 cases), often occur early in the course of the disease but have occurred 

in well-established cases. Most episodes were spontaneous although 21 of the 47 cases 

could name precipitating factors including exercise, hot baths, smoking, emotion, neck 

flexion, eye movements and 14 of the 47 cases could induce the symptoms by 

hyperventilation. The mean age of onset of paroxysmal symptoms was 36 years and the 

onset of further symptoms of MS from several days to 60 years. Paroxysmal symptoms 

occurred equally in males and females. The average duration of a paroxysm was 15 

seconds. The most common symptoms were slurring of speech, ataxia of gait and 

sometimes inco-ordination in one or both arms. Sensory symptoms include 

buming/tingling on one side of the face or in an upper limb. Twommey and Espir state 

that the patho-physiology of the disorder remains an open question but that a cerebral 

origin of cortical epileptic discharge is unlikely as clinical, EEG and autopsy 

information do not support this finding. Neither is there any extra or intra cranial 

vascular abnormalities so that the paroxysmal attacks could not be transient ischaemic 

attacks (Akman-Demir et al. 1995). Twommey and Espir (1980) note an early 

hypothesis of inflammation (Kuroiwa and Araki 1963) and another of sudden transient 

anoxia from vascular or biochemical changes (Espir and Millac 1970). He also notes 

that a reduction in ionised calcium is put forward by Mathews et al. (1975) as a possible 

cause since ionised calcium is known to facilitate transmission through plaques of 

demyelination. In recent years the consensus on the mechanism, if not the cause, of 

paroxysmal attacks, is ephaptic or transverse impulse transmission in the demyelinated 

axon: the axon, denuded of myelin, causes brief abnormal impulse propagation in
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adjacent partially demyelinated fibres (Osterman and Westerberg 1975; Akman-Demir 

1995; Sandyk 1996).

One of the many reports detailing paroxysmal dysarthria deals specifically with 

the characteristics of speech. Netsell and Kent (1976) looked at all the previous 

literature on paroxysmal dysarthria in MS and concluded that the dysarthria was ataxic 

in nature because of the prevalence of “slurring”, “scanning” or “drunken” as 

descriptors. These are the usual adjectives used to describe ataxic speech. They also 

note that “ataxic” is used to describe limb motor function during paroxysms and they 

assessed three cases in which they diagnosed the dysarthria as ataxic. Of interest is 

Netsell and Kent’s observation using both cinefluorography and spectrographic analysis 

of episodic paroxysms of dysarthria. They noted that inco-ordination was rare but that 

essentially normal co-articulatory movements were observed despite inaccurate targets 

and reduced range of motion in the articulatory apparatus and velum. Netsell and Kent 

(1976) also noted that there was preservation of the desired successional patterns of 

movement in spite of conspicuous abnormalities in speaking rate and in the movement 

of individual structures during the paroxysmal attack. They hypothesised that this might 

be explained by assuming that the successional pattern for speech movements is 

programmed at the cortical level and that cerebellar dysfunction results in the delayed 

and inaccurate execution of the required submovements. Thus there was an intact 

pattern of movement but very deviant execution of the component parts of the pattern. 

These observations concur with Twommey and Espir (1980) and Akman-Demir et al. 

(1995) that there is not a cortical basis to paroxysmal symptoms and Netsell and Kent 

suggest that the ataxia is not inco-ordination but an inability to perform a particular act 

within an overall normal sériation of movements.
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Espir and Millac (1970) state that the paroxysms are not relapses and remissions 

in the course of the disease but are a result of some rapidly reversible cause. The 

reported cases have in common that the attacks occur in the active phase of the disease 

and therefore involve the active formation and extension of the plaque rather than 

residual glial scars. Also in common is that many such attacks can be consciously 

precipitated by over breathing, emotion, smoking and other causes often known to the 

patient. Espir and Millac’s theory is that the axons are still capable of functioning but 

are within a “shadow” plaque and are very vulnerable to their internal environment and 

hypersensitive to minor changes. They query whether hypoxia may be the cause. 

Eventually the demyelinating process may stop as the disease moves into remission and 

stability of speech function returns or the plaque may harden, progress further and 

sustain the formerly only paroxysmal dysfunction.

It is the chronic dysarthria from the “hardened plaque” that is the concern of this 

study. Paroxysmal dysarthria is described as purely ataxic from perceptual and acoustic 

analysis and is not the MS dysarthria of this study. The chronic dysarthria that is the 

concern of the speech therapist and this study is usually classified as “mixed”, having 

spastic and ataxic components (Darley et al. 1972). Duffy (1995) states that spastic- 

ataxic dysarthria is the most common dysarthria of MS but any single type or 

combination of dysarthria types is theoretically possible according to the distribution of 

plaques in the CNS. Scripture (1916) also calls the dysarthria of MS “spasticity ataxia” 

showing his perception of the mixed nature of the chronic and usual dysarthria.

1.3 Language And Other Communication Problems In Multiple 
Sclerosis

Expressive communication disorders in MS have other manifestations. Until the 

1980s aphasia was reported in only 16 cases in the literature (Olmos-Lau et al. 1977) and 

was considered rare. Aphasia or language disorder was estimated to have an incidence
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of only 1% to 3% despite Brownell and Hughes’ (1962) post-mortem observation of 

plaques being usual in the areas of the cerebral hemispheres responsible for language. In 

fact Kurtzke (1970) regarded the presence of aphasia as evidence against MS and stated 

that intellectual dysfunction might be mislabelled as aphasia because it also affected 

language performance. In addition Day et al. (1987) report a case of alexia with 

agraphia in MS which developed acutely with dysphasia and persisted after the 

resolution of the dysphasia before the patient recovered completely.

Research in the last decade has pointed to a far wider incidence of language 

difficulties than has been previously reported. It is noted that the early cases presented 

are diagnosed as “aphasie”, an obvious and fully developed language diagnosis affecting 

all language modalities during usual communication interaction (Olmos-Lau et al. 

1977). Several studies in the past ten years have used specific language tests to 

document language function of MS patients with no obvious difficulties in daily 

functioning (FitzGerald et al. 1987; Jennekens-Schinkel et al. 1990; Blackwood et al. 

1991; Lethlean and Murdoch 1993). Blackwood et al. (1991) and FitzGerald et al. 

(1987) identified some specific language problems including a naming disturbance, but 

no apparent pattern across patients. Lethlean and Murdoch (1993) tested language 

comprehensively and identified a more consistent pattern of high level language 

problems especially with verbal reasoning tasks, high level naming and word fluency 

tasks. The awareness of language and reasoning deficits in MS, albeit at a high level, is 

an area of current research and concern. Estimates of incidence are not available as the 

characteristics of the language disorder are in the process of being established.

The researchers cited above report an interruption in the phonological and/or 

semantic processing of language, which is a cortical function and distinct from the 

motor speech disorder being discussed in this study. Such difficulties have traditionally
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been considered rare in MS in comparison to the more common motor speech 

dysfunction. It is possible that language troubles, although at a higher level, are as 

common as motor speech problems but are not as apparent as they require specialised 

testing to elicit clearly. The question is analogous to the confusion over dysarthria 

incidence discussed above: Who decides when there is a dysarthria?; when speech is 

slow but clear?; well articulated but breathless?; when difficulties affect 

communication?; when a patient notices or a naïve listener, or a neurologist or a speech 

pathologist? Aphasia presents a similar set of questions. Language disorder has levels 

of severity like any other neurological symptom. While a severe full-blown aphasia 

syndrome may be rare, evidence is mounting that a lesser degree of dysphasia is more 

common than was previously thought.

Cognitive disorders occur in 40 to 45% of the population of patients with MS 

living in the community (Peyser et al. 1980) and 50% to 65% of patients who attend 

MS clinics (Rao 1986) although the prevalence of language difficulties as a 

component of cognitive dysfunction is not available.

As with other disease symptoms in MS cognitive abilities decline in a non- 

uniform way. Correlations between measures of cognitive performance and measures 

of physical disability have been weak to non-existent (Marsh 1980; Comi et al. 1993; 

Filippi et al. 1994). Cognitive dysfunction often appears as other abilities decline but 

may also be an area of disproportionate disability in some subjects. The changes in 

mental performance are usually slight but sometimes severe dementia can be observed 

(Franklin et al. 1988).

Filippi et al. (1994) assessed age, educational level, duration and course of the 

disease, physical disability and the presence of depressive symptomatology with 

neuropsychological performance focusing on frontal lobe impairment, long term
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verbal memory and language skills and impairment of visuospatial memory and skills. 

The course of the disease and depressive symptomatology were found to be related to 

cognitive impairment in MS although none of the other factors assessed were. Filippi 

et al. found that the duration and course of the disease were positively related to 

neuropsychological function in that patients with a chronic progressive history of the 

disease had a worse neuropsychological performance than patients with a relapsing 

remitting course to their disease. Most studies concur with the higher prevalence and 

severity of cognitive dysfunction in patients where the course of the disease is 

progressive (Comi et al. 1993; Pozzilli et al. 1991) although at least one has not 

(Marsh 1980). There are two clinically different forms of chronic progressive MS one 

which is progressive from the outset (primary progressive) and one which is 

progressive after an initial relapse-remit phase (secondary progressive). Patients with 

secondary progressive have greater lesion loads on MRI scanning and 53% have 

cognitive deficits compared to 7% with primary progressive despite similar degrees of 

physical disability (Comi et al. 1995). Filippi et al. (1995) suggest that this is due to 

greater spinal cord involvement in primary progressive MS rather than the presence 

of small brain lesions beyond the resolution of the present scanners. Therefore as 

Filippi found the course of MS correlates highly to neuropsychological function and 

as Comi shows to total lesion load on MRI.

The second clinical factor that Filippi et al. found in their 1994 study that 

correlated to cognitive dysfunction was that frontal lobe (dys)function was 

significantly related to the presence of depression. They suggest that this shows that 

psychiatric disorder in MS has a neurological base and that it shared a focus in the 

frontal lobe. Frontal lobe dysfunction in MS particularly as it relates to memory is 

detailed by several investigators (Mendozzi et al. 1993; Beatty 1993). Rao (1995)
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notes that patients with MS have an increased vulnerability to psychiatric disturbances 

which are more severe during relapses and in patients with greater disability. Rao also 

comments that patient self-report of cognitive dysfunction does not correspond with 

objective neuropsychological measures perhaps because the patient with MS and a 

depressive disorder may report cognitive changes that are not elicited on testing: 

conversely patients with a more severe cognitive dysfunction may not be capable of 

the level of insight needed to accurately report cognitive symptoms.

The most common cognitive deficits reported in the literature are to recent 

memory, sustained attention, abstract reasoning, speed of information processing and 

visuospatial perception (Peyser et al. 1980; Rao et al. 1989; Comi et al. 1993; Filippi 

et al. 1994; Rao 1995). While these would impact upon the content of communication 

they are not in themselves language skills. Subtle deficits in verbal fluency and 

naming have been observed although the broad category of “language” as measured 

by a psychologist is usually considered to be “largely unaffected” as is general 

intelligence and most aspects of long-term memory (Rao 1995). “Oral 

comprehension” was found to be relatively intact when tested as part of a 

neuropsychological battery by Rao et al. in 1991. Both Filippi et al. (1994) and Comi 

et al. (1995) concur when none of their MS patients showed language comprehension 

difficulties when tested on the Token Test. Rao et al. in 1989 showed decreasing 

expressive language abilities as tested on the Boston Naming Test, word association 

drills and category word generation tests. Pozzilli et al.(1991) also found a verbal 

fluency deficit similar to that Rao described. These results are in keeping with the 

more comprehensive language testing of Blackwood et al. (1991) and Lethlean and 

Murdoch (1993) described above. In summary specific language skills may be
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affected as part of a larger picture of cognitive disintegration but descriptions of a 

cross modality dysphasia remain rare.

One of the reasons Rao (1995) gives that neuropsychological testing bypassed 

MS for so long is the perception of cognition, like language, as a cerebral, cortical 

function and the role of the connecting fibre bundles and subcortical structures (white 

matter susceptible to MS demyelination) was ignored. Subcortical/cortical 

disconnection is seen as the most likely explanation of the cognitive disturbance. The 

dementia, and by implication the language disturbances, have been loosely likened to 

the subcortical dementias with specific deficits in recent memory, sustained attention, 

conceptual reasoning and information processing speed and relatively preserved 

language and intellectual function.

The literature is inconsistent in relating specific pathological structural 

changes to neurobehavioural symptoms. The degree of cognitive dysfunction is 

highly correlated with increasing lesion load on magnetic resonance imaging (Franklin 

et al. 1988; Rao et al. 1989; Anzola et al. 1990; Pozzilli et al. 1991). Total lesion size 

is proportional to the amount of cognitive dysfunction and is predictive of 

performance on measures of recent memory, abstract reasoning, expressive language 

abilities and visuospatial problem solving (Rao et al. 1989). Atrophy of the corpus 

callosum correlates with sustained attentional deficits, information processing speed, 

rapid problem solving and mental arithmetic (Franklin et al. 1988; Rao et al. 1989; 

Pozzilli et al. 1991; Comi et al. 1993; Rao et al. 1993). Pozzilli et al. (1991) showed 

atrophy of the anterior corpus callosum strongly affected performance on a verbal 

fluency task. The fibres in different parts of the corpus callosum transfer particular 

information and normal interhemispheric transfer appears to be necessary for 

performance of verbal fluency tasks. Focal lesions, as expected from their location.
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may result in specific cognitive deficits (Pozzilli et al. 1991; Prosiegal and Michael 

1993). However specific correlations between lesions and neuropsychological 

symptoms are not uncontroversial or consistent and have not been found in other 

studies (Honer et al. 1987; Brainen et al. 1988; Litvan et al. 1988). It is generally 

agreed that MRI provides structural information that must be complemented by other 

clinical or single photon emission computerised tomography (SPECT) information to 

ascertain whether a given abnormality has any significant local impact or affects the 

function of a CNS structure at some distance from it. Discrepancies are apparent in 

attempting to relate pathological changes to specific cognitive symptoms. Whether a 

clinical deficit results from a given lesion depends upon its location, whether there is 

active inflammation, the orientation of the fibre tracts to the lesion and the speed of 

development of the lesion (Rao 1995).

1.4 Acoustic Analysis Of Speech in Multiple Sclerosis

Scripture (1916), working at the National Hospital for Nervous Diseases 

identified the need for an objective measure of voice function since the “speech in 

disseminated sclerosis^ has been described in so many conflicting and indefinite 

ways” (pp.455). He implies that a consistent form of report would yield a more 

unitary description of the dysarthria. Scripture’s equipment was a “phonautograph”; 

the sound pressure wave made by the voice displaced a membrane and an attached 

lever, which traced the voice wave onto a revolving carbon-coated drum. Scripture 

used this device on many patients with neurological and neuromuscular disease. He 

considered there to be a characteristic waveform irregularity which he found without 

exception in all 20 cases of disseminated sclerosis that he examined, whether or not 

the patient had speech symptoms. The “peculiar” (pp.461) waveform was found at the

 ̂ Since the 1960's multiple selerosis has beeome the generally aceepted name for the disorder previously known as 
disseminated sclerosis.
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beginning or end of a vowel prolongation but it was not the usual irregularities 

associated with the onset of phonation. These were not ordinary changes in vocal fold 

tension but “jerky irregularities of tension” (pp.462). Once the appropriate laryngeal 

tension for the vowel production had been achieved Scripture found that patients could 

often sustain the tension, the vowel, without irregularity. Scripture suggests that this is 

consistent with the observation of the role of fatigue in exacerbating perceived voice 

symptoms because the onset and end of phonation require more muscle work and 

adjustment than does sustaining the behaviour once achieved. Thus irregular waves 

occur where the most muscle work is required. These “peculiar” waves could not be 

mimicked by a healthy voice nor a voice with “real” tremor as a result of “neurasthenia, 

senility, paralysis agitans” (pp.475-476). Scripture finds these irregular waves at the 

onset and ending of phonation in MS patients who have yet to show speech or voice 

symptoms and at other points in the recording for patients with established speech 

symptoms. He calls this defect “laryngeal ataxia” and considers it to show a defect in 

the control of the cricothyroid cartilage of the larynx. He specifically distinguishes these 

irregular waves in MS from progressive bulbar paralysis, where the “vocal cords flap 

loosely.. .throughout” (pp.461) and there are irregular waves for long stretches, and from 

spastic conditions which did not show the same pattern.

Scripture vehemently rejects Charcot’s description of MS speech as “scanning”. 

He insists that “scanning” is exactly what MS speech is not but that when the rhythm of 

speech is altered it is always in the direction of irregularity not regularity. Scripture 

explains all symptoms of MS speech by “spasticity ataxia” and the effort to control this. 

The peculiar laryngeal vibrations, irregularity of breathing and inaccuracy of enunciation 

were explained by ataxia: the thickness of speech, loss of ease of movement, monotony, 

slowness, alteration of enunciation were explained by hypertonia of the articulatory
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muscles. Scripture seems to suggest that excessive regularity, the “scanning”, is 

imposed by the patient in an attempt to control excessive irregularity: that the scanning 

speech that is considered as typical of MS is in fact a compensatory strategy and not an 

actual disease symptom.

Similarly ataxia and the effort to control it is Scripture’s explanation of 

“intention tremor”. Repeated irregularities in muscle control give an action a tremor

like appearance. As ataxia will only occur when movement is being attempted it 

becomes an “intention tremor”.

Scripture comments:

“The statement of one authority that there is no characteristic 
defect for speech in this disease is quite excusable on account 
of the apparently disconnected and erratic forms in different 
patients: the records show however that they can all be reduced 
to the fundamental formula” (pp.475).

Scripture’s “formula” was the presence of the “peculiar” irregular waves as a 

result of spastic ataxia and the effort to control it. He anticipates that since the early 

diagnostic confusion is often with hysteria, the presence of these waves would be 

crucial in the differential diagnosis of MS and could also exclude paralysis agitans, 

encephalitis, general paralysis and pseudo-sclerosis. Scripture does not compare or 

cite any other cerebellar diseases so it is not known if the “peculiar waves” are present 

at the same locations in the phonatory cycle and in the same quantity and quality with 

these diseases.

Janvrin and Worster-Drought (1932) acknowledge the pioneering work of 

Scripture in which the “graphic” representation of voice in MS invariably showed 

irregular laryngeal vibrations. Janvrin and Worster-Drought introduced the use of sound 

track recording where each puff of air from the glottis, transduced by a microphone, 

shows as an upward movement on a voice trace displayed on film. They note that the
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microphone could be anywhere, quite remote from where the voice is being analysed 

and printed. There is a suggestion of surreptitious voice analysis presumably to facilitate 

differential diagnosis of disseminated sclerosis from hysteria. In a further article in 

October 1933, Janvrin comments that the sound track analysis could even be done by 

telephone.

Like Scripture, Janvrin and Worster-Drought (1932) state that “we can assume 

that all cases of this disease, apart from those with a purely spinal cord localisation, will 

reveal themselves by the presence of ataxia waves” (pp. 13 84). They note that in the 

several hundred cases of disseminated sclerosis in which graphic or pictorial tracings of 

the voice were taken, irregular waves were always present (Ibid.). In almost all of these 

cases the disease was still mild and no alteration of voice could be heard even by 

educated listeners.

The concern of the published work of both Scripture and Janvrin and Worster- 

Drought was the differential diagnosis of MS and hysteria. Janvrin notes that all disease 

and lesions producing laryngeal ataxia will register in this way including Friedreich’s 

Ataxia, cerebellar tumour and polyneuritis. However since these diseases were “never” 

confused clinically this was not a concern (Janvrin 1933, pp.642).

Janvrin and Worster Drought (1932) also discuss the relationship of laryngeal 

ataxia to intention tremor as established clinically by the fmger-nose test and nystagmus. 

In both, “movements are uncoordinated until the organ finds a position of rest” 

(pp. 1384). They comment that voice analysis can show ataxia when there is no 

intention tremor on other tests because both the finger-nose test and observation for 

nystagmus are relatively coarse methods of assessment. Thus the advantage of 

analysing speech samples for early differential diagnosis is emphasised.
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Scripture (1933) used the illustration of speech displayed on a sound track in the 

Janvrin (1933) article and measured the distance and thus the time from one upward jerk 

to another: this yields the frequency of laryngeal vibration. He then found the average 

distance between “glottal puffs” and calculated how much deviation there was from this 

average. Expressed as a percentage the deviation shows the variability of the action of 

the larynx. Thus there is a numerical measure of the ataxia to compare with normal 

variation in laryngeal frequency and, by implication though not expressed by Scripture, 

the disintegration in ability of a single patient over time. Scripture found that a normal 

patient had an ataxia quotient or percent variability of 4% and two disseminated 

sclerosis patients had 17% and 33% variation. Thus “This is an illustration of the 

change occurring in replacing the often unreliable methods of clinical diagnosis by 

numerical expressions obtained from measurements” (Ibid. pp.822).

Haggard (1969) tested Scripture’s claim that reliable differential diagnosis of 

MS can be made from recordings of speech waveforms that show irregularities in onset 

characteristics of sung /a/ which are present in MS and not in normal speakers. Haggard 

used an oscilloscope in a preliminary study with 10 MS patients and looked for 4 onset 

irregularities in vowel phonation: reversals in growth to frill intensity, number of periods 

to reach 90% of peak intensity, missing cycles, and period variation in amplitude wave. 

In his full investigation two of these features were examined: occurrence of a reversal in 

amplitude growth within the first five cycles and occurrence of a cycle duration of more 

than two times the previous duration vrithin the first 4 cycles. 30 phonations of 26 non

hospitalised MS patients without speech defects and 17 normal speakers were examined. 

Three-quarters of the patients with MS showed the acoustic signs in their speech but 

while the detached cycle phenomenon was very significant, amplitude reversal was not.
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However, since some of the MS patients did not show either of these features and one 

normal speaker did, the diagnosis could not be “infallible”.

Haggard (1969) found that normal speakers had great difficulty attempting to 

duplicate the detached cycle phenomenon, just as Scripture’s normal speakers could not 

willingly produce the “peculiar” wave. This suggests that both acoustic phenomenon 

were indicative of the underlying disease function and not of the controlled use of the 

voice.

Haggard (1969) also showed that a phonation cycle with one of these acoustic 

aberrations was more likely to follow one that also had an aberration. This would be in 

agreement with Scripture’s conjecture that once tension or a pattern of muscle use is 

achieved it is easier to maintain it than to control the pattern in the process of change. 

Thus Scripture’s irregular waves were at the beginning and end of a phonation and 

Haggard observed that once an irregularity occurred it was more likely to be followed by 

another irregularity.

Zemlin (1962) examined spectrographic and soundtrack analyses of contextual 

speech and prolonged vowels. About half of his 33 MS patients had no wave pattern 

differentiating them from normal patients although others had patterns of extreme 

variation. In addition he reported gross changes in energy distribution during vowel 

production by MS patients. Like Haggard (1969), Zemlin did not find a unique acoustic 

pattern in the speech of MS patients.

Butler et al. (1973) performed acoustic analysis on 14 MS patients. Significant 

differences were found only for the factors of average fundamental frequency and rate of 

speech when compared to controls. No difference in the speech data could be found 

which differentiated spinal or more general forms of MS.
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Hartelius et al. (1995) performed acoustic analysis, including spectral analyses, 

on voice samples of 5 MS speakers. They concluded that the disease produces 

extremely heterogeneous acoustic features that mirror the underlying neuromotor 

dysfunction of each speaker. Unlike previous acoustic studies they did not look for a 

particular acoustic feature that differentiated the disease of multiple sclerosis. Rather 

they described in detail the acoustic characteristics of each patient’s speech in a 

qualitative descriptive manner. Hartelius et al. (1995) concluded that there were three 

acoustic characteristics that occurred in several of their subjects and that these might, 

with further investigation, give information across the MS disease population: formant 

two vowel to consonant transitions, syllable duration and speech rate.

Perhaps the difference between these later studies, which did not find an acoustic 

pattern specific to the speech of MS patients, and the earlier studies of Scripture (1916 

and 1932), Janvrin and Worster-Drought (1932 and 1933) was due either to 

increasingly sophisticated diagnosis of multiple sclerosis resulting in patients at an 

earlier stage of the disease being used in these later studies or, more obviously, to the 

use of different or more sophisticated techniques of voice analysis.

1.5 Perceptual Analysis Of Speech in Multiple Sclerosis

As early studies of MS speech relied on acoustic analysis of voice, technical, 

“objective” depiction of the speech disorder preceded coherent, cogent descriptions of 

the perceptual characteristics of the dysarthria: an unexpected reversal. It would be 

more usual for speech characteristics to be described in terms of their impact on the 

listener and then subjected to detailed acoustic analysis with the passing of time and the 

development of sophisticated voice analysis techniques.

In the studies reported in the medical literature that have described MS speech, 

clinical descriptions of MS speech are thrown off with considerable ease: “scanning”
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(Charcot 1868); “slurring”, “drunken” (Espir et al. 1966); “breathy”, “hoarse” (Lally and 

Jimenez 1968). In other cases “dysarthria” or “scanning speech” or “speech defect” is 

cited with no attempt to describe the disorder. Exactly what is being heard, the basis of 

judged normalcy or deviancy, inter-observer reliability and confirmatory judgements are 

hazy to non-existent.

Farmakides and Boone (1960) initiated detailed perceptual description of the 

speech of MS patients that culminated in the 1970 and 1972 Mayo Clinic studies 

involving the controlled perceptual analysis of MS speech. Farmakides examined the 

records of 82 MS patients who had received speech therapy in her clinic. Various 

characteristics of speech are described. Velopharyngeal (V-P) incompetence causing a 

nasal voice quality is noted; weak phonation “secondary to a general disturbance in 

respiration” (pp.306) is found with the control of exhalation being difficult and 

explosive speech and poor phrasing the result. A monotonous voice and especially loss 

of voice/voiceless distinction result from a lack of laryngeal control. Slower rate and 

poor articulation are also characteristic. Language problems are judged to be the result 

of intellectual deterioration and emotional lability.

While a rigorous, experimental methodology cannot be claimed for this study, 

which is purely descriptive, it is the initial attempt to marshall perceptual information on 

MS speech into a logical and useful form. The need for greater description and 

documentation of speech patterns and the amount and results of treatment given is called 

for by Farmakides.

Jensen (1960) described motor speech abilities in 50 MS patients and found 35% 

made articulation errors on various speech tasks. 85% had below average vital 

capacities. The majority of patients had slower than normal oral diadochokinetic rates.

30



The Mayo Clinic study of the dysarthria of MS (Darley, Brown and Goldstein 

1972) is the most complete and rigorous perceptual analysis of MS dysarthric speech 

available. The goal of this study was to relate the incidence, severity and type of 

speech deviations to the part of the CNS involved in the disease. 8 mutually exclusive 

categories of CNS involvement were chosen to categorise the 168 patients:

13% had spinal involvement;

0% cerebral involvement alone;

11% brainstem;

29% cerebellar;

30% brainstem and cerebellar;

4% cerebral and cerebellar;

12% cerebral, brainstem and cerebellar.

59% of the 168 patients were judged to have speech performance that was 

essentially normal in terms of its impact on the listener, 28% had minimal deviation 

and 13% marked deviation. The following characteristics were noted as deviant 

although speech could contain a deviant characteristic and still be perceived as globally 

normal:

DEVIATION NUMBER PER CENT*
Impaired loudness control 130 77
Harsh voice quality 121 72
Defective articulation 77 46
Impaired emphasis 66 39
Impaired pitch control 62 97
Decreased vital capacity^ 52 3 5 (of 150)
Hypemasality 41 24
Inappropriate pitch level 41 24
Breathiness 37 22
Increased breathing rate* 17 11 (of 150)
Sudden articulatory breakdowns 15 9
Nasal emission of air (per oral manometer) 3 2 (of 150)
Inadequate ventilation (estimated dead space) 3 2 (of 150)

N = 168 except as noted.
t  Less than 80 per cent of normal for subject’s age, sex, and height. 
t At 20 cycles per minute or greater.

Figure 1: Specifîc Speech Deviations Noted in a Group of Subjects with Multiple 
Sclerosis

(Darley, Aronson and Brown, 1975, pp.239) 
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No relationship was found between speech measures and the age of the subject 

or the duration of their illness. Speech adequacy positively correlated with impaired 

emphasis, articulatory distortion, sudden articulatory breakdown, pitch control, pitch 

level, decreased vital capacity, decreased vowel prolongation, increased breathiness and 

poor control of loudness. Five of these nine characteristics relate to breath support for 

speech: thus respiratory adequacy seems to impact directly on perceived speech 

adequacy. Severity of overall neurologic impairment (as rated by a neurologist on a 

five-point scale) positively related to the severity of speech involvement. Oral 

diadochokinesis, breathing rate and vital capacity decreased with increased severity of 

neurologic involvement. V-P involvement (as measured by an oral manometer) and the 

duration of vowel prolongation were not related to the severity of neurologic 

involvement. This suggests that duration of vowel prolongation is probably not a good 

measure of respiratory adequacy (despite its ubiquitous use in the clinical setting) since, 

as noted above, other measures of respiratory adequacy such as breathing rate and vital 

capacity do relate to severity of neurologic involvement.

The data also showed a relationship between ratings of overall speech adequacy 

and limb diadochokinetic rates, ophthalmologic involvement and pyramidal signs. In 

each case, increases in the severity of involvement are paralleled by decreases in the 

judged speech adequacy. The implication here is that these functions would be more 

involved as a patient was labelled more severe and severity of neurologic involvement 

has already found to be positively correlated to measures of speech adequacy. This 

study concludes that with multiple sclerosis speech is usually not differentially affected 

but that as a patient’s general condition worsens, so does his speech. Of course the 

variability in the course of MS makes it impossible to state what the course of the 

disease for an individual will be.
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Interestingly, no relationship was found between articulatory impairment and 

either the severity of diadochokinesis of tongue or ophthalmologic involvement and only 

borderline significance for involvement of cranial nerves VII, X, XII. Clearly factors 

other than the neurologic adequacy of the articulators are influencing what is perceived 

as effective articulation. Respiratory or phonatory incompetence may contribute to what 

is perceived as articulatory breakdown.

Overall speech adequacy, appropriateness of pitch level, defectiveness of 

articulation, adequacy of emphasis, oral reading rate and oral diadochokinetic measures 

all increased in incidence as more neurological systems became involved from the least 

involved where the subject had only spinal signs through all the stages to cerebral+ 

brainstem+cerebellar. It is noted that here, severity of the involvement is being 

distinguished from place of involvement, although almost axiomatically, as if more 

“systems” are involved severity is likely to increase:

BRAIN CEREBRAL CEREBRAL
STEM + 4- +

SPINAL BRAIN CERE CERE- CERE- BRAINSTEM +
ONLY STEM BELLAR BELLAR BELLAR CEREBELLAR

MEASURE (N=23) (N=18) (N=49) (N=50) (N=6) (N=21)
1 Overall speech adequacy 0.09 0.22 0.47 0.68 0.67 1.38
2 Appropriateness of pitch level 0.30 0.39 0.45 0.56 0.50 1.57
3 Pitch control 0.35 0.17 0.41 0.68 0.33 1.19
4 Loudness control 0.83 0.78 1.08 1.14 0.83 1.23
5 Breathiness 0.26 0.22 0.20 0.26 0.33 0.28
6 Harshness 0.87 1.27 1.24 1.26 1.17 1.14
7 Defectiveness of articulation 0.22 0.27 0.49 0.74 0,67 0.90
8 Sudden articulatory breakdowns 0.09 0 0.10 0.08 0.17 0.71
9 Hypemasality 0.22 0 0.41 0.42 0.33 0.62
10 Overall adequacy of emphasis 0.26 0.33 0.33 0.52 1.00 1.38
11 Sum of items 2 to 10 3.39 3.44 4.71 5.66 5.33 9.05
12 Duration of vowel prolongation 2.70 3.50 3.06 3.16 3.2 3.71
13 Oral reading rate (words/min) 157 154 150 133 130 111
14 Percentage with decreased vital 

capacity
10% 44% 32% 39% 80% 41%

15 Percentage with rapid breathing 
rate > 20 cycles/min rapid 
Mean repetitions per second:

15% 6% 4% 20% 0% 12%

16 :/puh/; 6.20 5.81 5.73 5.25 5.17 4.49
17 :/tuh/: 6.26 5.76 5.83 5.15 5.08 4.14
18 :/kuh/: 5.61 5.17 5.17 4.62 4.68 3.94
19 :/puh/ tuh/kuh/ 1.92 1.97 1.81 1.64 1.62 1.41

* Unless otherwise shown, measures are

Figure 2: Distribution 
Measures in 
Sclerosis*

mean ratings on scale: 0 = normal; 4 = most severe deviation from normal.

of Speech, Breathing and Oral Diadochokinetic Rate 
Six Neurologic Groups of Subjects with Multiple

(Darley, Aronson and Brown, 1975, pp.241)
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Duration of vowel prolongation, control of loudness, breathiness, harshness 

and pitch control were similar in each of the groups showing no relationship to degree 

of neurologic impairment. Sudden articulatory breakdown, hypemasality and pitch 

control showed no progressive increase but were suddenly much worse with the 

combination of cerebral+brainstem involvement. Decreased vital capacity and rapid 

breathing rate show no clear relationship to neurologic grouping although it should be 

remembered both showed linear relationships to increased severity.

To look at the same information from another perspective: when speech is 

found to be defective with spinal or brainstem symptoms involvement only there are 

only two prominent deviant features: loudness control and harshness. Cerebellar 

involvement sees the addition of defective articulation; cerebral+cerebellar 

involvement add a fourth prominent feature which is deficient use of vocal variability 

for emphasis; and cerebral+cerebellar+brainstem involvement include a fifth feature, 

the impairment of pitch control. Thus the number of individual features that are 

deviant predictably correlates to overall speech adequacy and to the number of areas 

in the CNS that are involved.

The two dimensions of loudness control and harshness are the only ones 

markedly deviant in the spinal and brainstem involvement only groups. These two 

dimensions, as well as breathiness and duration of vowel prolongation, were deviant to a 

similar degree in all groups. Vital capacity and breathing rate similarly bore no clear 

relationship to neurologic grouping. Thus five of the six characteristics observed to be 

independent of “place” of lesion relate to the respiratory system. Clearly something 

other than neurological integrity is also influencing these fonctions.

Hartelius and Svensson (1994) asked 200 MS patients to report on 

characteristics of speech and voice difficulties. The limitations of self-reporting have
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been noted in studies attempting to establish the incidence of MS dysarthria and the 

same caution must be used since the exact description of the dysarthria must be subject 

to even greater individual variation. A weak voice was reported by 43% of respondents, 

which is probably reflecting combined laryngeal and respiratory components to the 

dysarthria. “Imprecise articulation” and “difficulty getting started” are the next most 

common characteristics reported by 33% and 34% of respondents respectively. 

Impaired stress or speech rhythm (scanning speech) is reported by 10%, which is 

surprisingly close to the 14% of patients in which speech pathologists reported scanning 

speech in Darley et al.’s (1972) study.

Hird and Kirsner (1993) explored a theory of cortical and peripheral control of 

prosodic processing by comparing four groups of subjects: Parkinson’s Disease, 

Multiple Sclerosis, Right Hemisphere Cerebral Damage and Controls. The 10 MS 

subjects attempted to make all the prosodic differentiations on the language tasks that 

the control group made, although the “[MS] group’s productions reflected difficulty in 

co-ordination of respiration, phonation and articulation” (pp.58). Thus they concluded 

that prosodic difficulties in MS reflect a peripheral motor speech problem and not a 

central cortical problem of using duration and stress to convey meaning..

Hird and Kirsner’s (1993) analysis is in agreement with Vance’s (1991) case 

study of the prosodic characteristics of a subject with MS. Phonological analysis of the 

disordered prosody of the subject showed a systematic exploitation of variables that 

could be controlled to compensate for others that could not. The analysis highlighted 

the patient’s awareness of the rules for the linguistic use of prosodic features despite his 

inability to use the normal means to signal the necessary meaning contrasts. The patient 

was frustrated by the limited range of meaning and emotion he was able to convey and 

indeed a listener might consider the subject’s output bizarre. However Vance’s analysis
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concurs with Hird and Kirsner (1993) that there was no prosodic disability with this 

subject despite prosodic deviation from the normal.

In addition to the conclusions about the relationships between speech deviancy 

and severity and neurologic configuration of the disorder, Darley et al. (1972) also 

conclude that dysarthria is not an “almost constant” feature of MS as Charcot states. 

Also in contrast to Charcot, they found that the feature of “scanning speech” was 

surpassed by 9 other features that were judged to be more prominent. Darley concludes, 

and later studies agree, that MS speech cannot be accepted as due only to cerebellar 

involvement but is a ‘mixed’ dysarthria, usually with cerebellar and spastic components. 

On a practical note Darley suggests that the assessment of MS speech could address 

itself most advantageously to oral reading rate, oral diadochokinesis, consonant 

articulation, prosodic aspects of speech to show change in status, as these features 

appear to deteriorate linearly as more areas of the CNS become sclerotic. Thus this 

cluster of features would give the speech sample that would be the most sensitive 

indicator of patient deterioration.

1.6 Treatment Of The Dysarthria In Multiple Sclerosis

There have been several descriptive studies of the dysarthria of MS following 

Farmakides and Boone’s (1960) initial contribution, but there has been only one 

relatively recent contribution to therapy studies. While Farmakides and Boone’s call for 

better information on MS dysarthria seems to have been heeded, very little has been 

made available on efficacious therapy despite a clinical impression of improved 

communication ability following therapy (West et al. 1965; Farmakides and Boone 

1960; Prater and Swift 1984; QEH unpublished study 1986; Scheinberg and Smith 

1987). Given the distress that the inability to communicate can engender, the often long 

years and decades of degeneration for the MS patient, and the clinical impression of
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improved communication ability following therapy, the lack of a literature on therapy 

techniques and efficacy is baffling.

Farmakides and Boone (1960) found improvement in speech following therapy 

in 85% of patients as judged by 3 independent professional listeners. The changes 

usually involved a faster rate of speech, increased loudness and intelligibility. 

Farmakides states that patients without follow up to therapy tended to return to faulty 

speech habits although no percentage of relapse is given. Therapy focused on patient 

awareness of loudness, understanding of normal respiration, specific respiratory 

exercises, drills to develop and extend respiratory phase, tongue accuracy and resistance 

exercises. Velopharyngeal insufficiency was addressed by paired consonant work as 

palatal exercises were judged to be ineffective. The exercises focused on respiratory 

function although Farmakides herself did not note this emphasis. Farmakides suggests 

that there is a “disuse atrophy” (pp.389) of the muscles used for speech and feeding 

which creates a functional overlay to the basic neuromotor deficit. Therapy is aimed at 

eliminating the functional overlay. Farmakides does not suggest any reasons for disuse 

atrophy being so apparent and ubiquitous among her MS patients. Studies subsequent to 

Farmakides and discussed later show fatigue to have a prominent place in the usual 

symptomatology of MS (Freal et al. 1984; Krupp et al. 1989). It is reasonable to 

hypothesise that fatigue may be the precipitating factor in the disuse atrophy.

Schneitzer (1978) looked at the rehabilitation of the MS patient by the whole 

team of health professionals. No justification or efficacy trials for any of the many types 

of therapy are given. Her description of speech therapy noted that the involvement of 

cranial nerves in the disease was usual and that there was “slurring, low volume of 

speech and inco-ordinative phonation due to inaccurate tongue and jaw movements. 

Shallow breathing and low breath pressure are common problems” (pp.434). Singularly
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in the medical literature, Schneitzer continues with a statement of therapy techniques 

found to be efficacious. Instruction in articulation, deep breathing, control of breath 

pressure and progressive resistance articulation exercises were found most useful. 

Again in both her description of the dysarthria and listing of therapy techniques half of 

the dysarthric features and the therapy techniques relate to respiration. Rhythm and 

prosody were found to be less responsive to treatment than loudness and articulation. 

Schneitzer notes that encouragement is very important as speaking itself may be 

exhausting and therefore not attempted. Thus, to use the same language as Farmakides 

and Boone (1960), “disuse atrophy” follows fi'om fatigue and overlays true organic 

impairment.

Scheinberg and Smith (1987) in a similar article discussing all areas of 

treatment briefly describes the speech of MS based on Darley et al. (1972). 

Scheinberg also discusses speech pathology management, noting that slowing rate and 

over-articulation can often be the most effective compensating strategies. He notes 

that tongue control and prosody exercises and perhaps augmentative or alternative 

communication aids are appropriate with some patients. Prater and Swift (1984) 

suggest that speech therapy should focus on increasing loudness through respiratory 

training, vocal fold hyper-adduction with controlled exhalation and wider mouth 

opening. They also suggest trial therapy for pitch and prosody difficulties but state 

that neither one usually affects intelligibility. The focus for their therapy regime is 

respiratory support, targeting the resulting symptom of reduced loudness.

Dworkin (1991) presents the case of a 36 year old woman with suspected MS 

and a moderate spastic-ataxic dysarthria. He details a treatment hierarchy for 

resonance problems using biofeedback and oral exercises to increase oral air flow and 

reduce nasal flow. The patient was also eventually fitted with a palatal lift. The
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patient was left with a mild degree of hypemasality and a 50% improvement in 

original baseline measures for the resonance subsystem. The management of the other 

dysarthria symptoms is not detailed. In an earlier publication Wedin (1972) also 

details the case of a patient with MS and hypemasality who was fitted with an 

obturator prosthesis with immediate benefits to his speech as shown by transcription 

of single word intelligibility tests. No other details of his speech therapy are given 

other than noting that the patient did not respond to “training therapy to activate the 

paretic musculature” (pp. 117).

The speech therapy regimes for MS discussed above are based on the various 

authors’ experience with the disease. None include experimental efficacy assessment 

of the techniques or the areas of focus that their experience suggests are effective with 

MS. These articles indicate that however paltry the basic research into the speech 

disorder of MS or the efficacy of therapy techniques, effective therapy appears to be 

happening in many institutions without basic published support. They also suggest 

that despite the inevitability of degeneration, speech therapy can provide symptomatic 

improvement for people with MS.

The previous discussion details the literature on dysarthria therapy for 

individuals with multiple sclerosis. There is however a relevant body of literature that 

deals more generally with the treatment of dysarthria. Duffy (1995) summarises the 

general and traditional management of dysarthria. He details a “speaker oriented” 

(pp.389) treatment in which medical, prosthetic and behavioural intervention are 

directed at modifying respiration, phonation, resonance, articulation, rate, prosody and 

naturalness of dysarthric speech. Dworkin (1991) puts this “level” specific “speaker 

oriented” treatment of dysarthria in the context of other “communication oriented” 

strategies that involve listener maximisation of communication and augmented
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communication of many types. Dysarthria treatment varies both as a function of the 

type and the severity of the dysarthria (Darley et al. 1975; Johns 1978). The 

importance of differential diagnosis to management has always been stressed as it is 

only with an understanding of the underlying pathophysiology of a speech disorder 

that the most appropriate approaches to treatment can be developed (Darley et al. 

1975; Johns 1978; Dworkin 1991; Moore et al. 1991; Duffy 1995;).

At each “level” in the speech process, respiration, phonation, resonance, 

articulation and suprasegmentals, there is a published body of expertise and research. 

In Section 3.3 the literature for dysarthria at the level of respiration and the literature 

that was relevant to the choice of therapy tasks for this study is detailed. Dworkin 

(1991) reflects the consensus of much of the literature on dysarthria therapy targeting 

respiration, when he suggests that the sequence of treatment tasks should start with 

relaxation and postural adjustment where necessary, move to air pressure generation 

then to quick breathing, synchronisation of inhalation and exhalation and finally to 

sound production and connected speech exercises. The relevance of each of the 

therapy tasks will be dictated according to the pathophysiology of the dysarthria type. 

Thus in MS the ataxic dysarthria respiration characteristics of shallow inhalation, 

reduced exhalation control and irregular muscular contractions are teamed with poor 

posture, reduced pressure generating capability, shallow exhalation and antagonistic 

muscular contraction characteristic of the spastic dysarthric (Duffy 1995). Any 

combination of these respiratory disturbances could reasonably be expected with the 

MS patient. As a result an appropriate selection of respiratory therapy tasks for the 

MS patient would probably not include relaxation exercises but most probably would 

include air pressure generation and synchronisation of inhalation and exhalation tasks. 

Specifically, for respiration therapy in dysarthria, the areas of air pressure generation
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and inspiratory and expiratory control (Rosenbek and LaPointe 1978; Netsell and 

Hixon 1978; Hixon, Hawley and Wilson 1982; Scott and Williams 1987; McDonnell 

1992) postural adjustment for maximising respiration for speech (Hixon 1973; 

Cooper 1977; Rosenbek and LaPointe 1978; Robertson and Thomson 1986), 

prosthetic assistance (Cooper 1977; Rosenbek and LaPointe 1978; Prater and Swift 

1984; Robertson and Thomson 1986) and patterns of breathing (Rosenbek and 

LaPointe 1978; Prater and Swift 1984; Murdoch et al. 1991) have been discussed in 

the literature and are detailed subsequently (see Section 3.3).

1.7 Respiratory Function In Multiple Sclerosis

Respiratory function and dysfunction in MS have been the subject of research 

for the last twenty years. In 1977 Korczyn et al. noted that death in MS is often as a 

result of pneumonia. While aspiration is acknowledged to be the most likely cause of 

death by pneumonia Korczyn hypothesised that the patient might also have a 

decreased central ventilatory drive resulting in under ventilation and an increased 

susceptibility to respiratory infection. The ventilatory response to carbon dioxide 

(CO2) was chosen to evaluate the role of “central” factors in respiratory difficulties 

since the response to CO2 indicates the function of the chemoreceptors and central 

respiratory sensitivity and of thoracic performance. 14 MS patients and 17 control 

subjects with other neurological problems were examined. None had dysphagia or 

respiratory difficulties but 3 of the MS patients were dysarthric. All subjects 

underwent ventilatory studies including:

• Vital Capacity (VC);

• Functional Expiratory Volume (FEV);

• Functional Residual Capacity (FRC);

• Residual And Total Lung Capacity (RC, TLC);

• Mean Expiratory And Inspiratory Flow Rates (MEF, MIF);

• Mean Minute Expiratory Volume (MMEV);
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• Functional Inspiratory Volume (FIV);

• Arterial Partial Pressure CO2 (paCOi);

• Expired Minute Ventilation (VE).

There were no significant differences between the MS patients and the controls 

on any of these parameters. Any subject with abnormal lung fimction tests was 

eliminated from the study so that the results would more accurately reflect the central 

factors being targeted. The only difference observed was that the MS patients failed to 

hyperventilate adequately when hypercapnia (the presence of an abnormally large 

amount of carbon dioxide in the circulating blood) was prolonged. Rather than the 

control response of increasing hyperventilation after 5 minutes became 10 minutes in the 

presence of excess CO2, the MS patients did not even sustain their 5 minute MMEV but 

had reduced it by 25%. In all other measures the MS patients performed as the controls. 

Korczyn concludes:

“as ventilatory response to increasing CO2 concentration 
decreases more quickly in MS patients than in controls, it is 
possible that other respiratory reflexes are similarly affected, 
hindering the ability of these subjects to respond in a sustained 
manner to disturbances to avoid pulmonary infection” (pp.71).

However Korczyn does not consider that the MS patients responded both as the 

controls did and within the “normal” limits when hypercapnia was continued for 5 

minutes and the response of the MS patients only became significantly deviant when 

hypercapnia was prolonged for 10 minutes. It is possible that it was a central reflex, but 

the factor of fatigue from attempting to maintain the increased muscle demand of 

prolonged hyperventilation in spite, perhaps, of an adequate central drive.

These were the first pulmonary fimction tests in MS to be reported in the 

literature despite many previous references to respiratory insufficiency as a limiting 

factor in MS. In 1988 two studies were published that dealt with respiratory muscle
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weakness as measured by function tests with results that showed this was an area of 

specific impairment in MS. Olgiati et al. (1988) looked at 55 MS patients with varying 

degrees of impairment and found that the following parameters were significantly 

reduced when compared to age matched normals: Vital Capacity, Residual and Total 

Lung Capacity, Maximal Static Inspiratory Mouth Pressure (PImax) and Maximal Static 

Expiratory Mouth Pressure (PEmax)- Airway resistance and arterial blood gases were 

normal. Respiratory muscle strength (the average value of PImax and PEmax), was 

significantly related to scores of neurologic impairment and to the amount of physical 

activity, activities of daily living and working capacity but not to sex, age, nutritional 

status and duration of disease. In other words tests of respiratory function became 

progressively worse with the severity of the disease and with having fewer demands put 

on the system.

Smeltzer et al. (1988) showed that pulmonary changes occur in MS even before 

symptoms become apparent. Twenty five MS patients with various levels of severity of 

neurological impairment had pulmonary function measurements taken including flow 

rates, lung volumes, maximal voluntary ventilation (MVV) and maximal respiratory 

pressures (MEP, MIP). Vital capacity was less than 50% of the predicted value in 28% 

of subjects and less than 80% of the predicted value in 60% of subjects. Maximal 

expiratory pressure was less than 50% of predicted volumes in 44% of subjects and less 

than 80% of predicted volumes in 56% of subjects. Both VC and MEP scores correlated 

well with disability scores showing incremental changes with four progressive overall 

disability scores. FEV, MVV and MEP became impaired when patients became 

wheelchair bound. Patients who are wheelchair bound and have impaired upper 

extremity function often have severely compromised respiratory muscle function. 

Smeltzer notes that paralysis in MS tends to ascend slowly from lower to upper
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extremities thus the abdominal and intercostal muscles would often be affected first. 

The diaphragm innervated from the upper cervical region is thus the last to be affected 

and this is often at the end stage of the disease. Thus MIP is less affected than MEP as 

the disease progresses. Smeltzer’s hypothesis on the course of respiratory involvement 

in MS concurs with Hartelius et al.’s (1994) observation that speech and language 

problems correlate with arm and hand motility but not with ambulation difficulties, 

which often will occur first. Smeltzer noted that few MS patients complain of dyspnea 

despite significant respiratory muscle weakness and in fact oxygenation remains within 

the normal range. Smeltzer suggests that general fatigue is the limiting factor and thus 

the subject rarely generates enough muscular work to create demand on the system. If 

the demand were created then the patient might feel short of breath but dyspnea is not 

reported because physical exertion is not made due to fatigue. Thus what Smeltzer 

suggests on the basis of respiratory measurement concurs with Farmakides’ speech 

therapy observations: MS patients are not using the function that is neurologically 

available to them.

A further article by Smeltzer et al. (1992) explores the prediction of expiratory 

muscle weakness in patients with MS. Upper extremity weakness and MVV were 

predictive as was an index of 4 bulbar clinical signs: difficulty clearing secretions, 

weakened cough (by patient report and clinician observation) and counting on a single 

exhalation. These indicators are recommended by Smeltzer for assessing respiratory 

muscle weakness in preference to spirometric testing. Expiratory muscle weakness 

occurs in patients who are ambulatory as well as those confined to a wheelchair or bed. 

Smeltzer notes that brainstem pathology is common and hence activities such as cough 

and throat clearing that require laryngeal and abdominal muscles serve as a marker for 

expiratory muscle weakness. Thus Smeltzer is documenting an emphasis on expiratory
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muscle weakness that is part of the primary disease function and is independent of the 

patient’s level of activity or fatigue. However in conclusion Smeltzer also addresses the 

issue of disuse atrophy and says:

“Finally, it is usually presumed that weakness in MS results 
from irreversible central nervous system changes. However, 
the previous observation that some of the weakness may result 
from disuse atrophy rather than pathology may be supported by 
the fact that the expiratory muscles are not often called into use 
in patients with MS who have limited mobility.”(pp.484)

Murdoch et al. (1991) present further spirometric results and also kinematic 

analysis of 12 patients with cerebellar disease and observable ataxic dysarthria and 

discuss the effect of the demyelinating disease on respiratory muscles. Nine patients had 

multiple sclerosis with primary involvement of the spino-cerebellar system. Standard 

pulmonary function tests were performed as in the Korczyn et al. (1977) and Smeltzer et 

al. (1988) studies discussed above. In addition an analysis of respiratory muscle 

movements was made using strain belt pneumographs which measured changes in the 

circumference of the ribcage and abdomen during speech and non-speech respiratory 

tasks. Results were compared to age and sex matched controls.

Murdoch’s results indicated Total Lung Capacity (TLC) was within the normal 

range as both Smeltzer and Korczyn had found. Five of the patients had a vital capacity 

below normal limits although 11 of the 12 had a VC that was less than the predicted 

value. Like Smeltzer, Murdoch also found expiratory volumes reduced in 5 of the 12 

subjects, 4 of whom also had below normal VC.

All the subjects, except 1, showed irregularities in the chest wall movements 

including abdominal and ribcage movements that went against the desired motion, 

abrupt changes in the relative contributions of the rib-cage and abdomen and motion 

jerks. These were not observed in the control subjects. Murdoch suggests that these 

movements represent disco-ordination between the muscles of the rib-cage and
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diaphragm. The aberrant movements increased with more demanding articulatory tasks 

requiring greater muscle co-ordination. The respiratory movements are compared to 

other ataxic muscle movements:

“Such over shooting/undershooting is typically seen in the limb 
movements of patients with cerebellar lesions as a result of 
their impaired ability to regulate the force, speed, range, timing 
and direction of their muscular actions” (pp.778).

Murdoch states that he believes that the reduction in the excursion of the chest 

wall was a result of a breakdown in the muscular co-ordination needed to get maximal 

respiratory effort. The restriction is not as a result of weakness but may be “a 

compensatory device whereby these patients limit their respiratory movements to reduce 

the incidence of breakdowns” (pp.777).

Darley et al. (1972) found decreased vital capacity in as few as 10% of the 

patients with only spinal involvement and up to 80% of those with cerebral and 

cerebellar signs. Smeltzer et al. (1988), Olgiati et al. (1988) and Murdoch et al. (1991) 

also found significant numbers of patients had reduced vital capacity. Thus Korczyn et 

al.’s (1977) findings of essentially normal vital capacity were not upheld. It is worth 

noting that Korczyn’s subjects were not “incapacitated” and had a diagnosis of 

“probable” MS. Perhaps these subjects had not yet reached a level of disability where 

disuse atrophy became apparent or were simply less neurologically involved.

Several studies provide further explanation of the possible patterns of respiratory 

breakdown in MS. There are 2 case studies of loss of voluntary respiration with intact 

automatic function (Newsom-Davis 1979; Nada 1982) and 2 cases of loss of automatic 

breathing with intact voluntary control (Boor et al. 1977; Rizvi et al. 1974).

Newsom-Davis (1979) described a subject with a demyelinating lesion in the 

cervico-medullary junction with no bulbar symptoms who had paralysed chest and limb 

movements and preserved spontaneous breathing but without the ability to take a
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voluntary breath or to stop breathing. He hypothesised the apparent independence of 

neural mechanisms controlling the breathing which served metabolic and behavioural 

needs. Voluntary movement of respiratory muscles must be independent of medullary 

neurons generating the respiratory drive. Nada (1982) describes a similar case but with 

a description of the dysarthria resulting from loss of voluntary control over the 

respiratory muscles. Voice was weak and could not be made louder. Only a few words 

could be spoken on a breath and uncontrollable inspiration regularly interrupted speech. 

The onset and subsidence of the dysarthria were simultaneous with the onset and 

remission of loss of voluntary respiration. Bilateral involvement of the corticospinal 

tracts with which voluntary respiratory pathways descend were attributed.

There are two cases recorded in the literature of exactly the opposite occurrence, 

preservation of voluntary respiration with loss of automatic breathing, which of course is 

logical if the existence of independent pathways is to be argued (Boor et al. 1977; Rizvi 

et al. 1974). In these cases the maintenance of respiration required constant attention. 

When the subjects relaxed “spontaneous respiration” (Boor et al. 1977) ceased or as 

Rizvi (1974) put it “diaphragmatic paralysis” ensued. Boor postulates dual pathways: 

the first path is from the medulla with descending fibres in the anterior part of the lateral 

white column in the spinal cord that controls automatic breathing, and a second 

corticospinal pathway that exercises voluntary control. Rizvi adds a third pathway that 

is really a splitting of Boor’s medullary pathway controlling automatic breathing. The 

first pathway is a reticulospinal tract from the reticular acting system to the phrenic 

nerve exercising involuntary control. The second pathway is an efferent tract from the 

respiratory centre to intercostal nerves and accessory nerves of respiration, which can 

function involuntarily even when the diaphragm is paralysed. Several cases of bilateral 

diaphragmatic paralysis without loss of rhythmic breathing are cited to justify Rizvi’s
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view of the involuntary tract having separate diaphragmatic and intercostal components. 

The third tract is cortico-spinal or pyramidal to accessory and intercostal nerves which 

involves conscious control of respiration. The lesion in Rizvi’s MS patient was to the 

first and second pathways which combined would be the “medullary” source pathway of 

Boor.

All four of these cases involve the specific targeting of either voluntary or 

involuntary breathing in isolation emphasising that in MS respiratory difficulty and thus 

speech difficulties may not have a single place of or reason for origin. Respiratory 

insufficiency in speech may arise from disuse, as noted above, but may also arise at a 

more central level of sclerotic involvement of the medulla, or the pathways from the 

medulla resulting in paresis of the respiratory musculature. Korczyn et al. (1977) even 

posited impairment at the level of the respiratory drive. Murdoch et al. (1991) presents a 

convincing explanation on the effects of cerebellar involvement on respiratory co

ordination and the resulting capacity. The patient’s ability to change or control 

respiratory patterns may be affected by a sclerotic lesion and hence be totally resistant to 

therapy. The location and extent of the sclerotic lesion will determine the level of 

function the patient is optimally capable of. As discussed it is hypothesised that there 

may be a behavioural overlay related to disuse that may reduce fimction even further.

1.8 Respiratory Therapy In Multiple Sclerosis

There is limited discussion in the literature of the management of respiratory 

difficulties in MS at either the acute or, more relevant to speech, at the chronic level. 

Guthrie et al. (1952) discussed the management of acute respiratory failure as a result of 

an acute attack of MS. Guthrie notes that such attacks can be massively debilitating but 

are also likely to recede completely, thus the use of artificial respiration in the short term 

can be lifesaving. It is worth noting that bulbar signs were not present in the three cases
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that he presented and that fresh lesions were found in the spinal cord but not in the 

medulla. Guthrie suggests therefore that acute respiratory insufficiency may be a result 

of paralysis of the muscles of respiration not of the respiratory centre. Gilbert et al. 

(1974) also presented a case of a patient moved off the respirator which again suggests 

acute respiratory failure that remitted as part of a normal remission of the disease. Bach 

et al. (1987) present an MS case of chronic respiratory insufficiency as a result of neuro

muscular weakness and management with positive pressure ventilation.

Olgiati et al. (1989) has taken the process to the next logical step and takes eight 

subjects through a course of respiratory muscle training (RMT) using progressive 

resistance exercises and improves PImax by 31%, PEmax by 31% and MVV by 21% with 

vital capacity remaining unchanged. Olgiati concludes that RMT “may be an additional 

method of rehabilitation in selected subjects with MS when respiratory muscle weakness 

contributes to exercise intolerance, coughing and talking impairment” (pp.50). The next 

step of showing an improved function in speech as a result of increased respiratory 

capacity remains to be considered.

1.9 Conclusion and Research Question

Within the myriad symptoms of MS if speech is affected it may be that there is a 

fairly characteristic pattern to the speech pathology. Every individual is unlikely to have 

the same dysarthria because the nature of the disease belies this, however within broad 

limits the elements in the course of the dysarthria appear to be grossly similar. 

Charcot’s reliance on the symptom of “scanning speech” implies that he too found such 

a pattern to the communication disability. For instance, is it reasonable to assume, 

(especially given the “inevitability” of Scripture’s “peculiar” speech waveform), that the 

early course of the dysarthria will have a laryngeal component? As the dysarthria 

progresses and speech intelligibility becomes affected, does lack of respiratory driving
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force become a more prominent component? Is fatigue a component of the dysarthria in 

the later stages? As particular therapies (for instance those that rely on posture and 

breath support) seem to have general success, is fatigue or underuse the remediable 

component of the dysarthria?

The question that will concern this study is:

Given,

• that Smeltzer et al. (1988) and Darley et al. (1972) reported

decreasing respiratory function as the MS patient became more 

impaired, and;

• that Farmakides and Boone (1960) reported their clinical

impression that 85% of their MS patients improved with 

speech therapy and examination of their methods showed a 

majority of techniques target the respiratory system;

• that Olgiati et al. (1989) showed that respiratory muscle

training could improve measures of respiratory function in MS 

patients (maximum inspiratory and expiratory pressure, minute 

volume ventilation):

Does therapy that targets the respiratory system in isolation improve speech?

If therapy that targets the respiratory system in isolation does improve speech 

then the dysarthria of the later stages of MS would seem to have a significant respiratory 

component that is remediable. This respiratory dysfunction may be produced not just by 

irreversible neuromuscular dysfunction but also by fatigue and lack of use of the system 

and thus is, to an extent, reversible.
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2. METHODOLOGY

The question this study seeks to answer is whether therapy that targets the 

respiratory system in isolation will improve the speech of dysarthria individuals with 

multiple sclerosis. This chapter presents the methodology chosen to address this 

question. There is no attempt to discuss alternatives to the methodology given, the 

literature surrounding a particular issue or the limitations imposed by a particular 

variable. These issues are examined in detail in Chapter 3, but where appropriate in 

this chapter specific reference is given to where a fuller discussion of this issue may 

be found. This chapter is to stand on its own as a complete and coherent statement of 

the actual methodology used to obtain the results and answer the research question.

2.1 The Research Design

A single case study research design involving a multiple baseline across 

subjects format was chosen to address the question of the efficacy of respiratory 

support exercises in improving the speech of multiple sclerosis patients. The 

procedure involves establishing the baseline performance of at least two subjects in 

the parameter of interest and then giving therapy to the subjects at different points in 

time in a successive and staggered pattern. If each subject’s performance improves 

only during the time that he is in therapy and not during the time of baseline 

measurement then the improvement can safely be accredited to the therapy and not to 

extraneous factors (see Section 3.1).

In this study 5 multiple sclerosis patients had speech intelligibility measured 

twice weekly for a minimum of two and a half weeks to establish baseline 

performance. These sessions were controlled for time of day, location of taping and 

other possible effects that might cause variation in performance (see Section 3.4). 

Then the first subject had daily short therapy sessions of purely respiratory exercises
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introduced while intelligibility continued to be recorded twice weekly for all subjects. 

After a further two weeks a second subject had therapy introduced so that the two 

subjects now received daily therapy and twice weekly intelligibility testing while the 

other 3 continued to have intelligibility tested twice weekly and were visited daily to 

ensure a similar level of involvement with the researcher. Two of the three remaining 

subjects were introduced to therapy on a staggered fortnightly schedule. Therapy 

lasted for 4 to 6 weeks after which time testing and therapy for that subject ended. A 

fifth subject remained on baseline performance throughout the study as a further check 

against an unspecified group effect.

Therapy can be judged to be effective if the speech intelligibility of a subject 

improved after daily respiratory therapy was given. The pattern of intelligibility 

improvement would need to follow the staggered pattern of the introduction of therapy 

to each subject in succession.

2.2 Subjects

2.2.1 Subjects - General

All subjects in this study had a diagnosis of “definite” (and not “possible” or 

“probable” MS) confirmed by the attending medical officer (Mathews et al. 1972). 

The nature of the institution in which these subjects are resident, a long-term care 

facility for the severely disabled, suggests that the course of the disease had been 

apparent for long enough to avoid diagnostic confusion. Subjects with chronic or 

acute medical conditions in addition to MS were not considered for inclusion.

The length of time since onset of MS, the course of the disease or the 

neurological configuration of the symptoms were not used to choose subjects 

appropriate for the study. All five subjects are severely disabled with all aspects of 

their activities of daily living needing support. One is bedridden, three severely
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immobilised who would have been bedridden in other settings but here use adapted 

electric wheelchairs, and one is in a self-propelled wheelchair. All five have 

continence problems. Two subjects rely on gastrostomy for nutrition, two have a 

normal diet but take care in eating and are mildly to moderately dysphagic although 

they may not perceive themselves to be.

Subjects included in the study had no current respiratory disorders such as 

asthma, emphysema, hayfever or pneumonia. Since it is the respiratory component of 

the dysarthria that was targeted in therapy the co-existence of a respiratory complaint 

would confuse the therapy regime being offered, probably be distressing for the 

subject and could invalidate some of the conclusions able to be drawn. Development 

of any of these during the study would have caused the subject to be dropped. 

Subjects who smoked were not eliminated as long as their smoking habits did not 

change during the course of the study. In the event two subjects were smokers and 

three were not. Of the two subjects who showed positive benefits of therapy, one was 

a smoker and one was not, although she had been in the past.

There were no selection criteria based on the age, sex, cognitive ability and 

linguistic or racial origin of the subject. Each subject’s individual response to the 

therapy is what is relevant in the single case study methodology and there is no need 

for the matching of subjects on any of these factors. It is one of the strengths of this 

methodology that it gives a controlled, experimental method of looking at individual 

responses to therapy and yet allows conclusions to be drawn that are valid beyond the 

single individual.

Drugs taken by a subject were noted but did not eliminate subjects. The 

subject’s drug regime was discussed with the presiding physician and her opinion 

sought as to the stability of the subject in the drug control of their disease before they
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were included in the study. It was agreed that drug changes would not be introduced 

gratuitously or speculatively during the period of the study. Obviously, and ethically, 

it might have been necessary for the comfort or well being of the subject to change 

medications during the study and the subject would have been dropped from 

consideration. No subject had received steroid treatment in the past 18 months.

During the study a prominent note was placed in the subject’s ward notes 

stating they were part of a study and could the researcher be informed of any changes 

mandated in subject care. If any new treatments administered were intended to have a 

beneficial effect on the subject’s general well being or other specific functions that 

might influence these results that subject would have been eliminated. If the proposed 

treatment was for specific symptomatic relief, such as antibiotic cream for an infected 

topical lesion, the subject would have been maintained in the study. In the event one 

subject had several new creams tried for rough scaly skin but especially as the 

condition did not significantly change and was not a large problem to the subject it 

was not judged necessary to withdraw him from the study. Another subject had a 

course of oral antibiotics at the beginning of the study while baseline performance was 

being established but as she was the last subject to whom therapy was given there are 

12 other baseline points post-antibiotic which is more than adequate to establish 

normal performance. The period during which antibiotics were given does not show a 

different performance from the rest of the baseline.

The subjects’ daily routines were noted at the beginning of the study and did 

not significantly change during the study. As therapy that focuses on respiration 

might be expected to have a more general influence on well being it was hypothesised 

that physiotherapy might show an improvement in mobility or fatigue-ability. The 

physiotherapy routine of each subject was discussed with his physiotherapist and
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remained unchanged during the course of the study. All other activities such as 

occupational therapy, social groups and patterns of nursing care were uninfluenced by 

the study. As each of the subjects is a long term resident in the institution and thus 

each has a well developed and stable daily routine, participation in the study was 

designed to allow this routine to continue to unfold in its usual way without 

interference. Subjects were required to be available on a daily basis for the three to 

four months that data was being collected.

Subjects received no other speech therapy during the course of the study 

although two subjects were involved in a weekly discussion group run by a volunteer 

in the speech therapy department. Both had been members of this group for years and 

its goals were purely social and did not address specific speech parameters. The 

general profile of the subjects is summarised in Figure 3;

SUBJECTS VG RP GF WR EB
Year of Birth 1944 1946 1937 1922 1946
Age 47 45 53 69 45
Admission Date 1983 1988 1988 1982 1985
Age at Diagnosis = 25 years unclear 32 years 44 years 30 years
Upper Extremity Functionf 3 4 2 <1 <1
Kraft Mobility! 5-6 5 6-7 6-7 7
Medication multi vitamins 

Benehexo! 
Fybogei orange 

phosphate cream

Aspirin when 
needed

Baclofen

Dysphagia Yes No Gastrostomy Yes Gastrostomy
Reported Symptoms Spasticity at night Fatigue, 

spasticity p.m.
Fatigue 

vision late p.m.
Fatigue with any 

activity
Sex Male Male Female Female Female
Smoker 20 a day 20 a day No 20 a week -10 

years previously
No

t  See Appendix A for details of the Upper Extremity Function and KraA Mobility. 

Figure 3: Subject Details

All subjects are dysarthric. The study was concerned with the dysarthria as a 

symptom in multiple sclerosis whenever and however it presents during the course of 

the disease. As noted previously, speech symptoms can be a presenting symptom in 

MS although it is more usual for them to develop over time. Certainly the respiratory 

component under investigation would develop over time if a portion of it is as a result
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of disuse as suggested in this thesis. Thus the selection criterion for subjects 

appropriate for the study used the presence of an identifiable dysarthria affecting 

intelligibility in subjects with confirmed MS, as the starting point in subject selection,

2.2.2 Subjects - Dysarthria

The research project was discussed with 6 subjects who met the above 

criterion and who agreed to take part in an initial assessment. After initial assessment 

one of those subjects was not interested in participating in the full study leaving 5 

subjects who met the criterion.

A voice history of the subject was taken during the initial meeting in the 

researcher’s office (Appendix B). The session was audio taped so that the information 

could be confirmed and transcribed later. The subjects were asked to report their 

perceptions of their own voice and speaking patterns and any changes they or others 

were aware of since the diagnosis of MS. Yes/No questions such as, “Do you have 

any history of ear or hearing difficulties?” or “Do people you don’t know understand 

you?” were asked. Other questions relied on the awareness and analytical skills of 

the subject such as “Under what circumstances is this [change] most apparent?”. If 

the subject was unable to generate a specific answer then several alternatives were 

suggested to him such as “early morning?”, “when tired?”, “after a lot of use?”. In 

this manner a subject was encouraged to examine and articulate his own experiences. 

The option of suggesting possible answers was used to assist and direct the subject’s 

memory of their experience only after they were unable to generate such examples 

themselves. This procedure was considered most likely to yield accurate information.

Additional questions were asked about the amount of physical activity a 

subject engaged in, fatigue, vision, spasticity, medications and dysphagia. Much of 

this information, especially dysphagia and fatigue, was later verified with members of
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staff or from speech therapy or medical records (see Figure 3). The medical and voice 

history form was developed specifically for MS patients, used with several patients, 

and modified before its use in this study (see Appendix B).

A Frenchay Dysarthria Assessment (Frenchay) with modifications was 

administered to each subject during the initial assessment (see Appendix B). The 

Reflex, Respiration, Lips, Jaw, Palate, Laryngeal and Tongue sections were 

administered and scored according to the standardised instructions detailed in the 

notes that accompany the protocol (Enderby 1983). The intelligibility portion of the 

Frenchay was omitted as more in depth intelligibility testing was to be administered 

subsequently. Similarly the final subsection, “Influencing Factors”, was not used as 

the information targeted in this section was elicited elsewhere in the assessment or 

judged to be unnecessary to this project’s purpose.

Motor speech tasks additional to those tested in the Frenchay were 

administered (see Appendix B). Oral volitional movements were added to assist in 

diagnosing a co-occurring oral apraxia. Several attempts at obtaining a maximum 

phonation time (MPT) for /a/, /s/ and /z/ were included. In the preliminary 

investigation to identify a repeat measure, which is discussed in Chapter Three, MPT 

for /a/ was found to be a measure sensitive to increasing dysarthria (see Section 3.2). 

Two tasks targeting palatal movement, pitch pattern matching and specific scores for 

oral diadochokinesis were also administered. These tasks were added as they were 

found useful in differentiating dysarthria severity in the preliminary study or they were 

tasks available on the Frenchay for which the standardised assessment gradings did 

not give an absolute grading. For instance diadochokinesis for /pA/ is task 2 on “Seal

of Lips” (Enderby 1983, pp.39) but the time and number of repetitions is not part of 

the scoring.

57



Following the motor speech examination, a voice sample was taken consisting 

of reading the Grandfather and Rainbow Passages and two minutes of connected 

speech. Both reading passages are phonetically balanced to allow at least a single 

occurrence of every phoneme in English. During these tasks respiratory patterns were 

observed according to a specific check list and a subjective judgement of voice quality 

made. Reading rate and rate of speech in conversation were also calculated from 

these tape recorded samples (see Appendix B). Reading rates were calculated by 

counting the number of words per minute of one minute of reading starting after the 

first sentence of the Grandfather Passage. Rate of speech in conversation was 

calculated by taking the longest passage of connected speech available and if this was 

not over 60 seconds an equivalent 60 second rate was calculated. While 1 minute is 

the standard time for both oral and reading rate calculations a minute rate would 

overestimate the ability of a severely involved individual who could not sustain 

conversation for 1 minute. Rate calculations were not available for two subjects who 

communicate effectively only at the level of several words in combination. Voice 

data was preserved on a Marantz Model C230 tape recorder using TDK lECI type 

audio tapes. A boom microphone stand with an R249-946 Dynamic microphone at a 

mouth- to-microphone distance of 8 inches was used.

The information gained from the initial assessment was used to establish the 

severity and configuration of the subject’s dysarthria and their suitability for the study. 

In addition medical and speech therapy notes were examined to find any contra

indications to involvement in the study. The presiding medical officer confirmed that 

there were no such contra-indications. Much of the initial assessment was repeated at 

the conclusion of the study. Due to the wide variation in daily performance single 

before and after measures are of very limited use with the MS population, so the data
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was considered to be unlikely to have relevance for judging an individual’s changed 

speech performance due to therapy. Instead the data was gathered to have the fullest 

possible description of the dysarthria of the individuals involved in the project. 

Individuals were not eliminated from this study of disuse atrophy due to the 

configuration of their dysarthria. Disuse atrophy, were it a clinical reality, should not 

logically be a respector of dysarthria type. Disuse is a function of lifestyle and fatigue, 

global factors that are independent of the particular neurological configuration of an 

individual’s sclerotic lesions. Thus while a full description of the subject’s dysarthria 

was taken this was to be used for comparative purposes both with himself and with 

other subjects once the results of the study were known. The dysarthria description 

was not used as a part of the process of subject selection. It was anticipated that 

should the results of the study show variation in the different subject’s response to 

therapy then the configuration of the presenting dysarthria may provide clues to the 

variation. After detailed examination of the subject’s dysarthria the sufficient 

condition for selection to participate in the study was that there be a dysarthria 

attributable to and consistent with the diagnosis of MS (see Section 4.2).

Similarly a criterion for choice of subjects was that their dysarthria be 

unintelligible at least to the 80% level on single word intelligibility so that any change 

in speech performance due to therapy was able to be measured by the chosen tool, the 

Yorkston Beukelman Assessment of the Intelligibility of Dysarthric Speech (1981) 

(YB Intelligibility Test). Subjects who were not unintelligible to this level were not 

included in the study (see Section 3.1). Several subjects were considered who were 

dysarthric but not unintelligible to a sufficient degree and they were not included in 

the study.
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2.3 Research Procedure

When the course of the therapy and the various procedures were understood 

and experienced by the subjects, formal consent was obtained from five of the 

subjects. It was anticipated that this number allowed some leeway for attrition due to 

any number of causes. Three was considered the minimum necessary to complete a 

multiple baseline study. As several of the subjects could not write, the consent form 

was read to them and their consent audio taped (see Appendix E).

2.3.1 Repeat Measure

Once five individuals agreed and were available for the study intelligibility 

testing was undertaken to establish a baseline performance. Twice a week a speech 

sample of fifty randomly selected words from the Yorkston Beukelman Assessment of 

the Intelligibility of Dysarthric Speech (1981) was audio-taped by each subject. If the 

subject was able, once a week they also read 20 sentences, comprising 2 sentences of 

5 to 15 words each. These tapes were later transcribed to establish what percentage 

of the words were understood. Intelligibility was tested twice a week with either one 

or two days between the sessions. The test session was held within one hour of the 

appointed time each day for each subject, and in a setting where the researcher and the 

subject were alone, in a room with a closed door without interruptions or undue 

background noise. The setting was held constant for each individual although it was 

not constant across individuals. This is appropriate to a study where it is the 

individual’s performance across time that is the concern and not the rank ordering of 

subjects (see Section 3.4.3).

The YB Intelligibility Test was used according to the standardised rules of 

administration accompanying the test with a few exceptions. Deviations from the 

protocol consisted of increasing the letter size of the sentence stimulus material (see
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pp.63), using the tester as listener (see pp. 117) and giving non-specific, non

performance related verbal reinforcement to subjects (see pp. 144). The reasons for 

each of these deviations will be discussed subsequently. A procedural reliability 

checklist was created using the standardised YB Intelligibility Test instructions and 

taking into account the specific needs of this study. This checklist was displayed 

prominently with the equipment as a reference for the researcher (see Appendix F). A 

key for each taping session was made using the random number table to select 1 of 12 

similar sounding words for each of 50 items (see Appendix G). The date and the 

subject’s name was written on the key. After the session it was filed for checking 

once judging was complete. Each intelligibility test for each subject was from the 

same pool of words but a different and equivalent test was created each time (see 

Section 3.2.2).

There was a conscious attempt to minimise social interaction with the subject 

before the testing and where possible the equipment was set up before the subject was 

taken to the room. The door was closed and a notice asking for quiet and no 

interruptions due to voice taping was placed on the outside of the door. At this time 

one subject, RP, was encouraged to assume a comfortable, upright and optimal 

posture. Four of the five subjects were disabled enough that they moved very little 

and their habitual posture and comfort was ensured (see Section 3.4.4). If there was a 

problem then a nurse was summoned to assist in positioning the subject. Intelligibility 

tests were taped using a boom microphone stand with an R 249-946 Dynamic 

Microphone connected to a Marantz Model C230 tape recorder using TDK lECI Type 

1 cassette tapes. All recording was done using battery power rather than mains power 

to avoid mains frequency interference. The equipment’s batteries were recharged 

each night using an AC adaptor. The microphone was positioned on a boom stand to
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place the microphone 8 inches from the mouth of the subject. A wooden ruler 

confirmed the distance. The researcher sat opposite the subject with the microphone 

between them. Thus the subject focused ahead on the researcher and straight into the 

microphone. The tape recorder was turned on and the researcher verbally recorded the 

subject’s name and the test date. The subject was asked to speak and the volume 

control on the Marantz tape recorder adjusted so that the needle on the VU meter was 

positioned in the midrange of the dial. The tape recorder was put on pause and the 

following instructions given:

“I want you to read a series of words. I’ll say the number then 
you say the word I point to. Say each word as clearly as you 
can but don’t say anything else. OK?”.

After the subject indicated consent the pause button was released and the 

researcher said the number and pointed to the target word indicated by the key. The 

subject read the word. The page was turned, the next item number announced by the 

researcher, the word was pointed to and read by the subject. This was repeated for all 

fifty words. Despite the fact that the researcher’s voice was recorded on the tape the 

microphone was never turned in her direction. If the subject had reading difficulties 

then the tape was put onto pause after the number of the item had been recorded and 

the researcher said the target word. The pause button was released so that the tape 

recorder was recording and the subject repeated the word. The next number was then 

recorded and the tape paused. This procedure was repeated for all fifty words. Each 

subject used either reading or imitation for all sessions. There was no mixing of 

presentation formats.

Non-specific verbal reinforcement was given, directed towards finishing the 

task and not the production of the specific item: thus, “Well done”, “We’re half way”.
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“We’re almost there”. Figure 4 indicates the specific settings and procedures used for 

each subject:

Subject Task Presentation Target Time Judging Task Posture

VG
YB Words Reading 11:00 Multiple Choice Chair 100%

RP YB Words 
YB Sentences Reading 10:30 Transcription Chair 100%

GF YB Words 
YB Sentences Reading 10:00 Multiple Choice Chair 100% 

Immobile

EB YB Words Imitation 11:30 Multiple Choice Bed 60% Chair 40% 
Immobile

WR YB Words 
YB Sentences Reading 13:30 Transcription Chair 100% 

Immobile

Figure 4: Intelligibility Testing: Subjects, Settings and Procedures
A short break was taken after the words were finished and the microphone to

mouth distance rechecked. The following instructions were given:

“Now the second part involves reading sentences. Follow 
along as I read these sentences. Then I’ll turn the recorder on, 
say the number and you read the sentence OK?”.

The sentences were those provided by the YB Intelligibility Test but they had 

been increased in size so that the letters were 0.5cm tall, similar to the word items. 

The format of the YB Intelligibility Test was maintained but each sheet was now A3 

size. This was done to assist clarity and ease of reading and thus to avoid errors by 

misreading. After the subject indicated readiness, the sentence was isolated with a 

template and the researcher read the sentence aloud drawing her finger along the line. 

The tape recorder was turned on and the number of the item read. The subject read 

the sentence. The tape recorder was put onto “pause” and verbal reinforcement given: 

“Well done” or “Good” no matter what the performance. The next sentence was 

isolated with the template and read by the researcher and the session continued until 

all twenty sentences had been recorded. Where a subject’s dysarthria was such that 

they could not complete the sentence taping, only words were used. As this was an 

onerous and tedious task for these subjects, sentence taping was done only once a 

week compared to twice for the words.
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On completion of the test the researcher relaxed with the subject and there was 

general discussion.

A diary sheet was filled out indicating the date, location and time the session 

started and finished. Whether it was a control visit, or sentence or word intelligibility 

had been tested was indicated in the diary, as was the subject’s affect, deviations from 

protocol and other comments (see Appendix H).  ̂ y

2.3.2 Therapy

The first subject, VG, had five baseline intelligibility tests recorded before 

therapy was initiated, the least number of baseline recordings for any subject. 

Therapy was d a i ||, lasted a maximum of fifteen minutes and followed taping on the 

two days a week when intelligibility continued to be tested. There was no concern to 

control for the setting in which therapy was performed although in most cases it was 

in the same room as the tape recorded sessions as this was the most convenient private 

place. From the time the first subject, VG, began his therapy all subjects were visited 

every day, even on the days when there was no voice recording done so that there was 

a control for daily involvement with the researcher. Non-recording, non-therapy visits 

involved a general discussion of the subject’s or researcher’s activities, families, 

opinions, etc., were five to ten minutes in duration and were recorded in the subject’s 

diar}'.

A therapy session involved stopping the tape after the YB Intelligibility Test 

was complete and removing the microphone. Posture was again adjusted and deep 

breathing with long exhalation demonstrated. The researcher put her hand on her 

stomach to show the stomach moving out during inhalation and in on exhalation (see 

Section 3.3).
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A Sherwood Medical Voldyne 5000 (see Figure 21) inhalatory spirometer 

mouthpiece was placed in the subject’s mouth and the first attempt at a maximum 

inhalation made (see Section 3.3). The volume in millilitres (mis.) was noted and 

then repetition to that value encouraged. As confidence increased the subject was 

encouraged to hold at the point of maximum inhalation for as long as 3 seconds. The 

goals were to increase the number of mis. that the subjects could inhale, the number of 

repetitions that they could repeat that inhalation for and their ability to hold the 

maximum inhalation. The actual goal values were specific to each individual.

Exhalatory volume and pressure was addressed using the respiratory drive 

indicator developed by the Speech Pathology Department at Manchester Polytechnic 

(see Section 3.3). The appropriate mouthpiece was fitted to the respiratory drive 

indicator and the subject encouraged to exhale. Each exhalation was timed and the 

subject told the time and encouraged to lengthen the next exhalation. Two methods of 

visual feedback for pressure during exhalation were available: a wand that indicated 

inadequate breath pressure by a yellow light, adequate breath support for speech by a 

green light and excessive pressure by a red light, and a calibration meter that showed 

the actual pressure reading numerically (see Section 3.3). Both feedback methods 

were used according to subject preference. Subjects were encouraged to maintain 

adequate breath support for the longest time they could, avoiding both excessive 

bursts of pressure and insufficient blowing. The goals were to extend the length of 

time that the subject could exhale with adequate pressure. As the subject became 

proficient with achieving a pressure target they were encouraged to attempt the target 

without looking at the feedback devices. Figure 5 summarises the therapy goals:
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Task Goal
Inhalation 1. Increase number of mis. inhaled

2. Increase number of maximum repetitions
3. Hold up to 3 seconds at point of maximum inhalation

Exhalation 1. Attain target breath pressure
2. Extend length of time exhaling at target pressure

Figure 5: Therapy Goals for Subjects
Five minutes for posture, breathing demonstration and inspiratory exercises 

and a further five minutes for expiratory exercises was considered the maximum 

without causing undue fatigue. A diary sheet was completed with the date, time and 

location of the sessions and the subject’s affect. Posture, breathing patterns, the 

number of repetitions and target pressures or times were noted. The total time on 

respiration exercises was recorded and whether or not the therapy session followed 

intelligibility testing. Any deviations from protocol were noted as well as any other 

comments. There was no way of telling if the subject had improved other than by 

subjective observation, since the judging and transcription of the intelligibility tests 

was done after all the taping was completed. After consultation with the literature a 

fairly arbitrary length of time of 4 to 6 weeks of daily therapy was decided upon (see 

Section 3.3). Improvement, if it were to occur, would likely occur within this time. It 

was anticipated that there would be a delay before any effect of therapy was felt. 

Improved breath support would be more likely to occur after some time and 

experience with new breathing styles.

2.3.3 Judging

The result, after four months of taping, was 120 YB Intelligibility Tests for 

single words that needed to be transcribed. Transcription of the intelligibility tests 

was not done until after all the taping was completed. The researcher listened to the 

tapes in a random order, both for subjects and for recording dates. Listening was first 

done four months after the completion of the tapes so there was no question of
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remembering the words used on individual sessions with a particular subject. This 

and the random order in which the tapes were listened to meant that it was not 

possible that the researcher could know whether the subject was in or out of therapy 

and consciously or unconsciously modify her listening pattern. Similarly there was no 

difficulty with a learning effect as an excellent knowledge of the speaking patterns of 

the subject and the word pool used in the tests, was applied to all taped sessions in an 

equal manner. Thus there was no possibility that tapes listened to later benefited 

from increased knowledge of the researcher/listener as this knowledge was maximised 

before the judging began (see Section 3.2.2).

A procedural reliability checklist forjudging sessions was made and kept with 

the subject tapes for constant reference. This checklist details the exact procedure 

used for listening to the tapes (see Appendix F). A tape was chosen at random from a 

box with all the subject tapes in it. The tape was placed in the tape recorder and the 

closest, untranscribed session found. Information about the subject, tape designation, 

date of the taping session was recorded on a Daily Listening Record (see Appendix H) 

and the session about to be listened to was marked as transcribed on the tape cover.

The judge listened to each word and either transcribed it or circled the word 

from a choice of twelve similar sounding words, depending on the format chosen as 

appropriate for that subject. The choice of format was dictated by the severity of the 

subject’s dysarthria as suggested by the research in support of the publication of the 

YB Intelligibility Test (see Section 3.2.2). There was no mixing of judging formats. 

All the tapes for one subject were listened to using the same judging format.

When listening, one repetition of an item was allowed, as required by the 

judge. The speaker, date of taping, the judge and the date of listening were all 

recorded on the YB Intelligibility Test answer sheet. No more than five sessions were
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listened to without a break and a maximum of twenty sessions were listened to in a 

day for a maximum of 5 hours a day. At the end of each listening session the answer 

sheets were stapled together with the Daily Listening Record as a cover sheet and filed 

until all the YB Intelligibility Tests had been listened to.

It took 6 weeks for the listening to be completed. At the conclusion the keys 

made at the time of recording the intelligibility tests were compared to the answer 

sheets generated during the listening sessions. A percentage was calculated of the 

number of words correctly heard by the listener for each session. When all the 

sessions had been graded graphs were made of each subject’s performance across 

time. It was then checked when therapy had started for each subject and this was 

marked on the graph.

Listening was done using the same Marantz C230 tape recorder used for the 

original taping. Tapes were listened to through Sennheiser HD 480 Classic-II 

earphones. Volume was adjusted according to the listener’s preference at the 

beginning of the session. Volume was not readjusted during the listening.

In addition 23% of the sessions, all the sessions for one subject, were re

listened to randomly in the same format as above 16 months and 25 months after the 

first listening session, and thus 20 and 29 months after the taping, and a comparison of 

the three performances by the same judge was made. This was to provide test-retest 

reliability data.

To provide reliability data on the reproducibility of the results a second judge 

listened to sessions of subject GF. The judge was trained by having an hour of 

practice listening to sessions of one subject, GF, with the researcher who suggested 

alternative words, or difficulties the subject was having (see Section 3.2.2). The word 

pool from which the subject was speaking was available to the listener and the various
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alternatives discussed with him. Thus the second listener was familiarised both with 

the potential word pool, the particular voice and the task that was expected of him. 

After a half-hour break, a selection of the baseline and therapy sessions, including best 

and worst performances of this subject was played for the judge, using the headphones 

with the judge controlling the volume and knowing he was allowed one play back at 

will. The second judge could not know whether a session was baseline or not. 

Sessions were randomly presented for dates, and sessions that were used in the 

practice training session were not presented again. A Daily Listening Record was 

kept as with the first judge. The second judge participated in three listening sessions 

of about four hours each, on different days, to complete the required listening. 

Refamiliarisation took place at the beginning of the two subsequent sessions. A 

comparison of the two judges’ intelligibility scores was made. The second judge was 

required to be a literate, native English speaker, under the age of 45, with normal 

speech and language skills and with no known medical condition or hearing loss that 

could affect performance.

The result was single word intelligibility scores collected for five subjects in a 

strictly controlled, replicable manner with the only variable for a subject being the 

timing of the introduction of respiratory therapy. Thus it should be possible to say if 

there is a change in the single word speech intelligibility for the MS subjects when 

respiratory therapy is given. There were minor variations in the procedures used 

between patients with one patient imitating the words rather than reading them or the 

judging format being multiple choice rather than transcription as was appropriate for! 

reading ability or dysarthria severity for that subject. Obviously there was no 

variation in procedures used with the same subject.
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3. BACKGROUND TO THE METHODOLOGY

The purpose of this chapter is to discuss in detail some of the factors that went 

into the decisions about the methodology used to examine the research question. To 

keep the description of the methodology coherent, and to avoid confusion about the 

exact procedures used in the study, the methodology has been kept separate from the 

considerations of methodological alternatives that were examined. The intent of this 

chapter is to show that the choice of methodology was not arbitrary but that many 

different considerations and bodies of literature were examined before making 

decisions on the most appropriate methodology. Sometimes, for reasons discussed in 

this chapter, the solutions chosen were not perfect or factors surfaced during the study 

that had not been considered initially. The issues discussed in this chapter are 

presented in terms of how they informed a particular facet or choice of action in the 

methodology of this study. Chapter 2, Methodology presented a self-contained and 

complete description of the specific procedures used in this study. This chapter will 

explore some of the issues raised by the choice of methodological procedures.

3.1 Case Study Methodology: The literature on case studies as an 
experimental technique and the rationale for the choice of 
format for this study are examined.

A case study format with multiple subject baselines was chosen to examine the 

research question of whether therapy that targets the respiratory system in isolation 

will improve the speech of patients with MS. This section will examine the issues in 

the choice of the appropriate case study methodology.

In the largest long term care facility for the severely disabled in Britain 120 of 

the 350 beds are occupied by MS patients, a seemingly large pool of available 

subjects. As noted previously between 19% and 40% of patients with MS develop a 

dysarthria (Beukelman et al. 1985, Darley et al. 1972). Thus, hypothetically, one
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would expect the pool of patients with dysarthria and MS available for research to be 

about 35.

For the proposed therapy it was necessary that the dysarthria be in the middle 

stages of severity. Subjects who had abnormalities in their speech which had not yet 

affected their intelligibility could not participate since it was specifically speech 

intelligibility that was being measured as a global, objective and accessible indicator 

of therapy effectiveness (see Section 3.2.2). Similarly if a subject was anarthric or 

aphonic, and therefore at the opposite end of the continuum to the mildly dysarthric, 

intelligibility tests would not be an appropriate tool to measure any effectiveness of 

respiratory training in individuals with no speech or voice. Also individuals who were 

severely neurologically involved would probably not have the motor control to 

participate in the therapy. It was decided that appropriate subjects for this study 

would have speech that was less than 80% intelligible so that there was room to show 

an improvement in their intelligibility as a result of therapy should it occur, and yet 

were not so impaired that speech was effectively unintelligible. It is not suggested 

that respiratory therapy may not be of use to the mild and severely dysarthric. 

Smeltzer (1988) notes that respiratory symptoms occur early in MS, whether for 

reasons of neurological involvement or lack of use. Thus it is reasonable to suppose 

that respiratory training might be beneficial to these individuals. However a 

completely different methodology and assessment tool would need to be developed to 

measure the benefit to these individuals. The same argument is true at the other end 

of the scale. Respiratory muscle training may improve the respiratory capacity of 

severely neurologically involved individuals if they were capable of participating but 

the potential benefits would need to be clearly defined and appropriate measures 

specified. Thus, for this study, the appropriate subjects had a dysarthria that rendered
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their speech less than 80% intelligible but still capable of being measured with the 

chosen intelligibility measure: the Assessment of the Intelligibility of Dysarthric 

Speech by Yorkston and Beukelman (1979). The files of the speech therapy 

department at this institution were examined and the speech therapists’ 

recommendations taken for patients who fulfilled these criteria. This left eight 

subjects at the institution with a dysarthria in this range from the original 120 

moderately to severely disabled MS patients. All eight of these subjects were 

interviewed and six participated in the initial assessment. Of the eight, one subject 

did not wish to take part, one was not available during the research time frame and 

one was about to have significant changes made in his treatment and pattern of care 

which might mask therapy changes. Thus five subjects were available for the study.

This highlights what is a major difficulty in organising efficacy studies for 

specific, individualised therapies. Speech therapy involves the assessment of specific 

difficulties in the components of the speech process. Group studies are inappropriate 

as the chances of finding sufficient individuals with exactly the same grouping of 

motor or, as relevant, cognitive or linguistic disabilities is extremely difficult. Even if 

such individuals are identified the logistics of participation in a study are often a 

nightmare:

“Many drop out, they move away, withdraw from the trial, get 
ill, die or even recover. Of those that continue in the study 
many do not get nearly as much treatment as intended” 
(Howard 1986, pp.94).

Even in this case where a large number of patients with multiple sclerosis in a 

similar stage are resident in the same setting, since the given therapy technique and 

the measurement tool focuses on a specific symptom or ability the available subjects 

are further divided. While the therapy itself may be very relevant and helpful to 

individuals with that configuration of symptoms there is no point in a research
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methodology that addresses individuals without these symptoms to make up group 

numbers. The logistics of getting specific symptom sufferers in a group study 

methodology would make efficacy studies of these therapies impossible. Mathews et 

al. (1985) updating McAlpine’s renowned work on multiple sclerosis research make 

the following comments:

“No critical evaluation of the merits of physiotherapy in 
multiple sclerosis appears to have been published. This is 
scarcely surprising as the difficulties of assessing even a 
standardised method of treatment are sufficiently daunting and 
it would perhaps be impossible to devise a method of 
examining the results of necessarily individualised 
physiotherapy.” (pp.268)

While these comments apply equally to speech therapy the situation is not as 

bleak as McAlpine paints. Single case study methodology is entirely appropriate to 

addressing the efficacy of highly individualised therapy regimes. Howard (1986) in 

his persuasive argument for the appropriate use of single case studies rather than 

between groups research designs for studies of the efficacy of aphasia therapy makes 

exactly this point. His analysis states that between group studies addressing the 

efficacy of speech therapy for aphasia have involved large groups studies where 

neither the particular aphasie symptoms of the subjects nor the treatment regime given 

to them was detailed. That most of these trials found no difference between treated 

and untreated groups was not then surprising. The same observations are also relevant 

to efficacy studies in dysarthria and are subject to the same methodological demands. 

First, the treatment must be specified clearly so that results are capable of replication 

and the body of knowledge available to practising clinicians develops. Second, the 

individual characteristics of the subject who received the treatment must be specified 

so that it is possible to judge the appropriateness of a specific subject to the therapy 

regime advocated. When these demands are met it is possible to show that therapy

73



changed the performance of an individual on a given task. With replication it is 

possible to draw firmer conclusions about the wider population to which the therapy 

applies. Case studies provide methodological concerns of their own which must be 

addressed in the analysis of results whether by visual inspection or by appropriate 

statistical methods (Pring 1986; Kazdin 1982). Data analysis methods appropriate to 

this study are discussed subsequently (see Section 5.1).

Single case methodology in dysarthria research has received far less attention 

than the question of appropriate methodology for aphasia efficacy studies. Ludlow 

(1991) discusses the place of single subject designs in the development of new 

treatment in dysarthria and emphasises the need to have the repeat measure suited to 

the specific purpose or deficient being investigated. Keatley and Wirz (1994) report 

the result of a reversal and withdrawal design on a dystonie patient of long standing. 

LeDorze et al. (1992) report a single subject multiple baseline across behaviours 

experimental design of a subject with Parkinson’s disease. Both investigations detail 

specific treatment regimes suited to particular speech behaviours. Thus replication of 

methods and subjects is possible which is the only way that the single case 

methodology can legitimately be used to generalise about the appropriateness and 

efficacy of treatment. This study chose a multiple baseline across subjects for exactly 

this reason. The clinical impression of generally successful speech therapy with MS 

patients (see Section 1.6) needs to be examined within the general context of the 

question of respiratory insufficiency being a reversible component of the dysarthria. 

A between group study was impractical and inappropriate. In this study a very 

specific type of therapy is proposed which can be specifically detailed. As several 

subjects were available at the same time a multiple baseline across subjects was 

chosen since, as Pring (1986) comments, this is the preferred single case methodology
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as it has a “built in” replication component (pp. 107). A multiple baseline

methodology involving several behaviours is inappropriate since it is often difficult to 

independently demonstrate the effects of therapy on different levels of speech 

functioning and at different times. Indeed when therapy is targeting respiration 

exactly the opposite is expected. It is reasonable to hypothesise that the improved 

respiration patterns and capabilities would cause improved airflow which will effect 

efficient laryngeal valving and phonation which may then cause articulation to appear 

crisper and resonance better. Respiration is the base that underlies speech but it is not 

in itself an isolated, measurable component during the speech act: to separate one 

effect from the other is impossible. Instead in this methodology by specifying 

treatment in detail and allowing a generalised measure of improvement, speech 

intelligibility, there is no attempt to tease out the effect of the specific therapy upon a 

specific behaviour. Olgiati et al. (1988) showed respiratory function improved when 

respiratory skills were trained: the question here is whether speech function improves 

with respiratory training. This question necessitates a general repeat measure but a 

highly specific therapy regime using the several appropriate subjects available.

3.2 Choice of Repeat Measure: the search for an appropriate test 
measurement is detailed.

This section will look at the consideration given to the choice of an 

appropriate repeat measure to show the anticipated change in the subject’s speech 

performance from baseline to therapy. The discussion will include two major topics. 

The first will be a preliminary investigation that was done to see if the laryngograph 

might be an appropriate measurement tool. This investigation will be presented in the 

standard format used for an experimental study and start with the goal of the study, 

proceed to the methodology used, the results obtained and the conclusions drawn. 

The second topic is speech intelligibility, its measurement and why it was decided that
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intelligibility would be the most appropriate repeat measure for the multiple baseline 

study on respiratory therapy and the speech of MS patients.

The use of the multiple baseline across subjects methodology requires a tool 

for repeated measurement of the performance of the subject on the parameter of 

interest. For this study the tool must be sensitive to changing levels of dysarthria 

severity as it is anticipated that there will be a change in the subject’s speech 

performance from baseline to therapy. Practically the tool, task or measure must be 

capable of repetition several times a week, be portable and be administered without 

undue stress on the subject. The question of this study is whether respiratory therapy 

affects the speech of dysarthric individuals with multiple sclerosis. Respiratory 

measures might have been taken but the question is not whether respiratory function 

changes with respiratory training. Olgiati et al. (1988) have already addressed this 

question. Instead the question is whether purely respiratory drills can affect speech. 

Therefore a change in the speech status of the individual must be shown. A 

preliminary study was undertaken to examine various tools for the collection of 

speech data. It was decided to examine the laryngograph as well as specific motor 

speech tasks with a variety of MS patients at various stages of the dysarthria. It was 

hypothesised that improved breath support might result in improved vibratory patterns 

in the larynx due to the generation of an adequate sub-glottal pressure to establish 

vocal cord vibration (Bernoulli effect) and this might be apparent in the 

laryngographic data. The laryngograph has the added advantage that it collects data 

from the summation of sampling from a connected speech sample as well as 

information from a single glottic cycle. By examining the laryngographic data and 

several motor speech tasks it was hoped to find a set of tasks that vary systematically 

with severity in dysarthria. If a set of tasks could be developed that consistently
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reflected dysarthria severity in MS then this could become the speech measure to be 

repeated through baseline and therapy in the main study to show a change in the 

subject’s dysarthria performance with respiratory therapy.

Darley et al. (1972) indicated that certain tasks seemed most illustrative of and 

sensitive to increasing speech disability in MS. These tasks were oral reading rate, 

oral diadochokinetic rate, consonant articulation and impairment of emphasis in 

prosody. The last two tasks were not considered in this initial investigation as the 

time involved in their assessment and the nature of the tasks made them inappropriate 

for repeat measure in the proposed multiple baseline single case study. The first two 

Darley tasks and others in common clinical use for dysarthria assessment were 

included in the attempt to develop a test speech sample sensitive to increasing severity 

of MS dysarthria. The focus of this preliminary investigation was whether the 

laryngograph could suit these purposes. This set of tasks, including laryngographic 

samples, could then be used to monitor the speech performance of the subjects in the 

main study. While the main study would use the tasks to show changing speech 

performance of a single individual, hopefully moving back along the dysarthria 

severity continuum, the initial investigation into the potential use of the laryngograph 

did not follow dysarthria subjects in time as their dysarthria worsened or improved. A 

longitudinal study was not practical. Instead several individuals at various stages of 

dysarthria were examined to see if there was an observable pattern in the laryngograph 

results that matched the perceptual impression of worsening dysarthria. Since motor 

or oral speech tasks are designed to elicit information about the pathology that 

underlies speech at the various levels of speech production, performance on these 

tasks should worsen as dysarthria severity increases. Thus the motor speech tasks 

should both confirm the perceptual impression of increasing dysarthria severity in the
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individuals and indicate which of the tasks are the most sensitive indicators of 

increasing speech dysfunction. Thus this is the core or the “best” sample to show 

subject speech performance as Darley et al. (1975) proposed.

The discussion that follows illustrates a negative result from an experimental 

investigation. The laryngograph did not provide consistent information on MS 

dysarthria or of change in performance as the dysarthria became more severe. Several 

of the motor speech tasks did reflect the increasing severity of the dysarthria but it was 

never proposed to use isolated motor speech tasks as a repeat measure without the 

more objective speech-based laryngographic data. The laryngograph gives 

quantifiable measures obtained from connected speech samples as well as information 

from each specific glottal cycle and therefore it is reasonable to suggest that changes 

in dysarthria severity might be apparent in the laryngographic data. A similar 

hypothesis was tested, also with MS subjects, in an attempt by Sugden (1993) to use 

laryngographic speech data (frequency mode and range) to show the effect of diurnal 

fatigue on MS patients. Her results were also negative, when early morning 

laryngographic data was compared to late afternoon laryngographic data on daily 

measures for a week. One of the conclusions she reaches is that the laryngograph was 

not tapping speech differences that might well be there:

“As fatigue is a common MS symptom, often occurring daily, it 
was proposed that it would present itself in specific voice 
parameters (fo mode and fo range), with deterioration over the 
course of a day. However, it was also recognised that MS is a 
disease which affects individuals in unpredictable patterns so 
vocal fatigue might not necessarily be evident in all subjects 
and that fatigue itself may not have been evident 
from...laryngographic data.” (pp.48)

This preliminary investigation reaches a similar conclusion. The procedure by 

which this decision was reached is set out below.
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3.2.1 The Potential o f the Laryngograph as a Repeat M easure

3.2.1.1 General - The Laryngograph and Motor Speech Tasks

The laryngograph is an instrument that monitors vocal fold closure during

voicing. The device operates by electrical conductance between two electrodes that 

are placed on the skin above the thyroid cartilages. A constant voltage is applied to 

the electrodes and, when there is a medium, current flows between them. When the 

vocal folds are closed current flow is at its maximum and when the cords are open 

there is a gap in the tissue and much less current flows between the electrodes. 

Current is plotted vertically on the y  axis (Noscoe, Fourcin, Brown and Berry 1983). 

Using a laryngograph a normal glottic cycle would be charted as shown:

The normal Lx wavfaortn can be r e la te d  to  vocal fo ld  v ib ra t io n  i

A .  V o c a l  f o l d  c l o i u r e  e e q u e n c c .

Î
C l o s u r e

a p a r t

c o n t o c t

( f r o m  L e c l u a e )

B. L a r y n g o g r a p h  w avefo rm . Time

MOTES: 1) The c losure/opening  eequencea ere  r e g u la r .  Normal v o c a l fold# 
have s im ila r  mass, shape and s t i f f n e s s .

2) The fo ld s  c lo se  f a s t e r  th an  they  open ( th e  B e rn o u lli e f f e c t) .  
The r i s in g  edges on th e  waveform are  s te e p e r  th an  th e  f a l l i n g  
edges.

3) Each cycle e x h ib its  a s im ila r  shape fo r  th e  c lo su re-o p en in g  
sequences.

Figure 6: N orm al Glottic Cycle

In addition the laryngographic data can be summated over any period of time 

to provide speaking fundamental frequency data including habitual pitch and pitch 

range.
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Motor speech examinations in speech therapy have traditionally been done in a 

non-standardised format using a generally accepted set of motor speech tasks. The 

researcher observes whether the task or movement is deficient in speed, co-ordination, 

strength, accuracy, or range (Darley et al. 1975). The choice of tasks is left to the 

clinical judgement of the speech therapist but should cover the “levels” at which a 

problem resulting in a dysarthria might occur: respiration, phonation, articulation, 

resonance and supra-segmentals such as rate and prosody (Darley et al. 1975, pp.69).

In 1983 two dysarthria assessment protocols were published: The Robertson 

Dysarthria Profile and The Frenchay Dysarthria Assessment. These profiles drew 

from the traditional pool of motor speech tasks and created an organised set of tasks 

and criteria for the judgement of the performance of the task. They are now widely 

used in speech therapy clinics. The primary purpose of this preliminary investigation 

was to examine the laryngograph as a useful tool for collecting objective speech data 

for use in the planned multiple baseline study whose methodology was outlined in the 

previous chapter. As a consequence the collection of laryngographic data was the 

focus of the dysarthria assessments for the subjects who volunteered for the 

preliminary investigation to determine what might be an appropriate repeat measure 

for the multiple baseline study to follow. Assessment sessions were kept as close to 

an hour as possible to avoid excessive fatigue for individuals who are very easily 

fatigued. Subjects were seen once only and no intrusive or demanding tasks could 

reasonably be asked to them. For these reasons a decision was made not to use either 

the Robertson or the Frenchay dysarthria profiles as they are too long and demanding 

for a single visit when laryngographic assessment was carried out as well. Similarly 

these profiles would not have made appropriate repeat measures themselves, as they 

are too lengthy and not specific enough to show what might be quite subtle changes in
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subject speech performance during the therapy portion of the main project, the 

multiple baseline study. Instead for the initial investigation in addition to 

laryngographic assessment specific motor speech tasks were selected and administered 

that were taken from the Frenchay and Robertson dysarthria protocols and the non

standardised motor speech examination protocols obtained from five general hospital 

speech therapy clinics.

Thus the preliminary study assessed the dysarthria of multiple sclerosis using 

the laryngograph and various selected motor tasks in general use.

3.2.1.2 Subjects In The Laryngograph Study
The North Surrey branch of the Multiple Sclerosis Society was contacted and

members who were willing to have their voices taped and answer questions were 

approached. It was stressed that there was no need to have a speech problem to be 

part of the study. Nine individuals were visited in their homes at a time chosen by the 

subject. In this way it was hoped to avoid times of excessive fatigue that were 

predictable to the subject. All subjects were seen within a fortnight of each other.

Two men and seven women volunteered which is not representative of the 

multiple sclerosis population where women are affected more often than men at a ratio 

of 3:2 (Mathews et al. 1985). The average age of the women in this sample was 60.1 

years with a range of 47 to 70 years. The two men were aged 49 and 55 giving a mean 

of 53 years. The average time since onset of MS was 19.1 years with a range from 13 

to 30 years. None of the subjects had a history of speech or voice difficulties before 

the diagnosis of MS such as thyroid problems, anaemia, hormone treatment, stroke, 

stuttering or organic or psychogenic voice problems. No subject had undergone 

cortico-steroid treatment for their MS in the last 18 months:
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Subject Age
Age at 

Diagnosis UEF^ Activity
K raft

Mobility^ Resides Sex
A 68 38 7 Little 5 Home F
B 52 22 L6 

R 1
None 4 Home F

C 70 55 6 Walks twice daily 3 Home F
D 62 46 7 None 5 Home F
E 55 40 6-7 Swimming & Walking 2 Home M
F 56 39 2 Yoga once per week 5 Home F
G 66 50 6 Physiotherapy twice weekly 4 Home F
H 47 28 1 None 6-7 Home F
1 49 36 None 3-4 Home M

• See Appendix A for details o f  the Upper Extremity Function and Kraft IVobility

Figure 7: Laryngograph Study Participants Profile

3.2.1.3 Data Collection In The Laryngograph Study
A voice history of the subject was taken and the subject’s own perception of

his voice and speech questioned. The researcher classified the subject’s speech during 

the course of the interview from pre-determined criteria into one of four categories: 

speech was perceptually normal showing no signs of dysarthria (Normal); there were 

beginning to be signs of difficulties with speech probably most apparent when the 

subject was tired, during extended use of voice or on the telephone (Early 

Indications); dysarthria was apparent during conversation (Established); and finally 

speech was deviant enough to affect intelligibility (Intelligibility Affected).

There was no attempt to rank order subjects, simply to assign them to these 

mutually exclusive “stages” in the dysarthria. This scale is not unlike the 

Amyotrophic Lateral Sclerosis (ALS) Severity Scale-Speech (Hillel et al. 1989). 

Hillel’s is a 10 point scale divided into 5 sections, normal speech processes, detectable 

speech disturbance, behavioural modifications, use of augmentative communication 

and loss of useful speech:
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Rating___________________________________ Description
NORMAL SPEECH PROCESSES 

10 Normal Speech: Individual denies any difficulty speaking. Examination demonstrates no
abnormality

9 Nominal Speech Abnormality: Only the individual with ALS or spouse notices that
speech has changed. Maintains normal rate and volume.
DETECTABLE SPEECH DISTURBANCE 

8 Perceived Speech Changes: Speech changes are noted by others, especially during
fatigue or stress. Rate of speech remains essentially normal.

7 Obvious Speech Abnormalities: Speech is consistently impaired. Affected are rate,
articulation, and resonance. Remains easily understood.
BEHAVIORAL MODIFICATIONS 

6 Repeats Messages on Occasion: Rate is much slower. Repeats specific words in adverse
listening situations. Does not limit complexity or length of message.

5 Frequent Repeating Required: Speech is slow and labored. Extensive repetition or a
“translator” is commonly needed. Person probably limits the complexity or length of 
messages.
USE OF AUGMENTATIVE COMMUNICATION 

4 Speech Plus Augmentative Communication: Speech is used in response to questions.
Intelligibility problems need to be resolved by writing or a spokesperson.

3 Limits Speech to One-Word Response: Vocalizes one-word response beyond yes/no;
otherwise writes or uses a spokesperson. Initiates communication nonvocally.
LOSS OF USEFUL SPEECH 

2 Vocalizes for Emotional Expression: Uses vocal inflection to express emotion,
affirmation, and negation.

1 Nonvocal: Vocalization is effortful, limited in duration, and rarely attempted. May
vocalize for crying or pain.

X Tracheostomy

Figure 8: HillePs Ranking of Speech in ALS (Hillel et al. 1989)

The Normal group in this study, includes the ALS rating of 10 and 9; the Early 

Indications group is equivalent to ALS rating scale 8; ratings 7 and 6 correspond to 

the Established Dysarthria group. Rating 5, the last level of verbal speech on the ALS 

scale, is parallel to the Intelligibility Affected group. Hillel reports little difficulty 

with allocating subjects into these mutually exclusive groups.

A complete laryngographic assessment was performed on all subjects at both 

G(x) (gross low frequency larynx movement) and normal frequency filter settings on 

the portable laryngograph 'with custom made gold plated electrodes, both supplied by 

Laryngograph Ltd. A Thandar HOC oscilloscope was used to ensure the strongest 

signal was elicited and maintained during the taping. Voice was also taped using a 

boom microphone stand with a R249-946 Dynamic microphone placed at a mouth to
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microphone distance of 8 inches. While the boom microphone is more obtrusive than 

a lapel clip microphone it was found to be optimal for controlling mouth-to- 

microphone distance and maintaining the strongest signal for weakened subjects in 

wheelchairs. One subject remained very conscious of the recording equipment 

exhibiting very controlled speech (Subject E) but the others soon habituated to it. 

Data was recorded on a Marantz Model C230 tape recorder using TDK premium 

lEClV tapes. Gain was adjusted initially to 0 and was monitored but not adjusted 

again during the recording. All recording was carried out using battery power not 

mains power to avoid AC frequency interference. Sustained vowels /a/, /i/ and /u/ 

and two phonetically balanced standard reading passages were taped during which 

time checklists of respiratory patterns and voice quality were completed. Finally the 

subject was engaged in conversation until about 4 minutes of spontaneous speech was 

collected. Two minutes into the conversation the gain was switched and the entire 

laryngographic sample was retaken at the new gain. Half the subjects were taken with 

Q(x) first and half with normal gain first. G(x) refers to gross low frequency larynx 

movement that the laryngograph usually filters out since it is the variation in 

conductance due to features other than vocal cord closure, such as larynx elevation. 

However with MS it was hypothesised that the G(x) might show consistent 

abnormalities by showing an increase in this lower frequency behaviour as the 

dysarthria progressed or may show a consistent abnormality in the individual 

waveforms obtained from vowel prolongation both at the time of initiation of 

phonation or just before.

Finally a motor speech examination was performed consisting of standard 

respiratory and phonatory tasks, diadochokinetic rates and the Frenchay Dysarthria
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Assessment Section 8, Intelligibility. The tasks included in the assessment can be 

classified according to the “level” of the speech system they were targeting:

Speech level Task

Articulation: Diadochokinesis /pV, /tV, /Tca/, /pAtAkA/

Resonance: Air escape on held breath (nasal or oral)

/m/ Pol alternation 

Phonation: Sing scale - on own or matching given pitch

Imitate pitch patterns 

Cough, clear throat

Observation of voice quality and register /s/:/z/ ratio 

Respiration: Count on maximum inhalation 

Observation of breathing pattern 

Vary loudness

Observation of habitual loudness 

Maximum Phonation Time

During each examination the researcher sat a table comer width away from the 

subject to allow good posture and head position relative to the microphone to be 

maintained and to allow a fairly standard and not large, intervening space for voice 

projection. Motor speech tasks were explained and demonstrated before the subject 

attempted the task. Subsequent attempts were allowed if either the researcher or the 

subject wished it, usually when it was thought that a better performance might be 

elicited or, as with MPT, there might be a practice effect.

3.2.1.4 Analysis Of Data In The Laryngograph Study
The laryngographic data was analysed using a laryngographic processor. A

portion of each vowel, excluding the onset time, was printed using the L(x) program. 

The shape of the waveform was compared to the expected “normal”. The reading 

passages and spontaneous speech samples were analysed using the T)(x) program. The
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mean, median and mode Speaking Fundamental Frequency (SFF) was calculated for 

spontaneous speech and reading and the range given.

Rate of speech for reading was calculated using the phonetically balanced 

reading passage but this proved of limited use due to the preponderance of reading 

errors as a result of fatigue or visual difficulties which is usual in multiple sclerosis. 

The second reading passage sample was used for rate calculation so familiarisation 

with the passage had occurred but it was obvious that the majority of subjects 

struggled with the reading either for reasons related to the MS or because reading was 

not a usual activity.

For connected speech, rate was calculated using the longest sample of 

uninterrupted spontaneous speech available on the recording. If one minute of 

connected speech was not recorded than the longest portion available was analysed 

and then converted to the 60 second equivalent.

Diadochokinetic rate for /pAtAkA/ was calculated by timing the length of the

attempt and converting to a three second and a one second equivalent. Three seconds 

was the maximum length of time available to all subjects. One second is the length of 

time used in the Darley et al. 1972 study on MS speech. As this was a measure 

focusing on articulatory speed and to an extent accuracy, calculating down to a 

minimum time ignored shortness of breath or lack of phonation and allowed actual 

articulatory agility to be targeted. There was no attempt to compare this measure to 

norms but simply to compare within the various stages of the dysarthria itself when 

calculated in a similar manner. The diadochokinesis of individual phonemes was also 

calculated in a similar manner although in three instances (Subjects F IV\I and H /pA/

and /tA/) a full three seconds were not available and the results had to be scaled up.

All diadochokinetic rates were calculated from the recording by timing the total
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attempt and then counting the number of repetitions by starting and stopping the tape 

machine. All rates were verified by recalculation.

MPT time was timed on the second attempt of a prolonged /a/ after instruction 

and demonstration and later re-timed from the tape recording.

Intelligibility was calculated using Subsection 8 of the Frenchay Dysarthria 

Assessment both for individual words and sentences. The researcher wrote the word 

heard at the time and verified the cue cards later.

All other tasks were observed after instruction and demonstration and the 

performance recorded contemporaneously.

3.2.1.5 Results Of The Laryngograph Study

Classification Of Subjects

The criteria for subject classification had been established before visiting the 

subjects as discussed above. The groups were: Normal, Early Indication of Dysarthria 

(Early Indications), Dysarthria Established (Established) and Intelligibility Affected. 

There was no difficulty categorising subjects once the dysarthria was apparent. As 

these were very broad stages the single criterion of intelligibility marked the 

difference between the Established group and the Intelligibility Affected group and 

this proved easily workable in practice. If words were lost, context relied upon or 

repeats of words asked for, then the subject was placed in the Intelligibility Affected 

group. The difficulty with subject classification lay between the Normal and Early 

Indications groups when no speech problem was apparent to the researcher or to 

others in the subject’s environment but the subject reported changes in his speech. 

Thus the Normal and Early Indications groups were combined as being subjects at a 

broadly similar stage. This produced three groups or stages to the dysarthria with 4 

data points in each of the first two stages and one in the final stage. The results of
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these 9 subjects were used to decide on the suitability of the laryngograph for a repeat 

measure in the multiple baseline study to follow.

Only one subject from the Multiple Sclerosis Society volunteered whose 

speech intelligibility was affected during the course of usual interaction, the final 

Intelligibility Affected group. The motor speech data from three subjects with 

dysarthria affecting intelligibility from a local long term care institution were also 

added to this group some months later in the data analysis stage (subjects J, K, L). 

This data was collected using identical procedures and pooled with the single subject 

in the Intelligibility Affected group to see if the observations about which motor 

speech tasks seemed to reflect dysarthria severity were sustained in this final group. 

This approach allowed simple statistical analysis to be attempted. The subjects 

introduced to the final group were subjects assessed for the multiple baseline study 

chosen because they could complete the motor speech tasks targeted. Laryngographic 

analysis had already been eliminated as a possible repeat measure in the multiple 

baseline study when Subjects J, K and L were assessed, but the subjects’ performance 

on motor speech tasks was available and could add to the numbers in the final group 

allowing simple statistical analysis of the Motor Task descriptive results. In Figure 7 

and Figure 9 and all subsequent figures in this section, subjects A to D form group 1, 

Normal and Early Indications of Dysarthria; subjects E to H form group 2, Established 

Dysarthria and subjects I to L form group 3, Intelligibility Affected.
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Subject

Problem
(Subject)

(Researcher) Intelligibility %. Group
A No (S) 

No (R)
100

Normal & Early 
Indications

Group 1

B Y
N

90 W
100 s

C N
N

100

D V
N

100

E N
Y

100

Established
Dysarthria

Group 2

F Y
Y

100

G Y
Y

90 w
100 s

H N
Y

100 w
9 0 S

I N 90 W
Y 50 S

J Y 72 W Intelligibility
Y Affected

K Y
Y

66 W Group 3
L Y 80 W

Y

Figure 9: Laryngograph Study: Subjects’ Intelligibility Scores and Awareness of Speech 
Problem.

It is interesting that the researcher classified all subjects in group 1 as having 

perceptually normal speech but two of the subjects, B and D, reported that their 

speech was affected since the diagnosis of MS. As will be shown subsequently both 

B and D do show abnormality in their h(x) waves (Figure 15) and B shows a reduced 

performance on the motor speech tasks with a respiratory component: MPT, counting 

and /s/:/z/ ratio (see Figure 17 ). The tape of B’s conversational speech was re

listened to confirming that B does present as perceptually within normal range. As 

Darley et al. (1975) note speech can have abnormal features in it and still be perceived 

as “normal”. B’s performance will be discussed further when each of these motor 

speech tasks is examined.

Conversely in the Established and Intelligibility Affected groups when the 

clinician and subject did not agree that there was a problem (3 of 8 ), the subject said 

there was no problem - including one subject whose speech was only 50% intelligible
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in sentences. All three subjects answered questions that revealed that other people did 

comment on or did not understand their speech but they saw it as a problem of the 

listener: For example subject I comments “they’re not listening to me”. In the early 

stages of MS dysarthria there is the suggestion of great sensitivity to changing 

abilities and in the later stages there was denial that the problem existed. While this 

may just reflect personality differences it is an interesting observation in light of the 

literature on cognitive changes associated with the progression of MS. Perhaps 

individuals are no longer capable of the necessary level of insight; perhaps they do not 

wish to acknowledge their disability either to themselves or an outsider despite 

evidence that they are aware of it; or perhaps as other disabilities become more 

prominent speech is less of a focus.

Figure 9 shows that all subjects in the first Early Indication group were 

intelligible with perceptually normal sounding voice and speech. B’s score of 90% on 

word intelligibility was accounted for by a reading error. The misread word was 

completely intelligible on the tape of the test (“pinning” for “pining”). In the 

Established group dysarthric features were occurring regularly in spontaneous 

conversation and there was some indication of difficulty in the slightly reduced 

Frenchay intelligibility scores. In the Intelligibility Affected group the classification 

made during the interview was later confirmed by the intelligibility scores.

Rate

As Figure 10 shows there is a definite trend in the rate of spontaneous speech 

across the groups with speech getting slower as speech becomes progressively 

impaired.
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G roup Subject Rate (wpm)

1
A 163.0
B 153.0
C 162.0
D 159.0

2
E 122.0
F 130.0
G L(x) Only
H 127.0

3
I 103.0
J CND
K 67.9
L 88.2

180
160
140
120
100
80
60
40
20
0

A B C D E F G  H I 

Subject

J  K L

Figure 10: L aryngograph  Study: Spontaneous Speaking R ate

This may be as a result of conscious slowing down as a compensatory strategy

(especially noticeable with E) or may be as a result o f muscular weakness and inco

ordination due to the disease itself. Four subjects had only short samples of speech 

available that had to be converted up to a words per minute rate. For C (group 1) the 

24 second sample did reflect her 60 second capability as the difficulty with getting a 

longer sample did not reside in her dysarthria but in her diffidence and 

incommunicability. The other subjects for whom a 60 second sample was not 

available were J, K and L in the Intelligibility Affected group. The rate for these 

subjects probably was overestimated by calculating their 60 second ability as they 

would not physically have been able to complete 60 seconds of speech. However 

even at this inflated rate, this group was worse than the other groups.

Respiratory Tasks

Maximum phonation time was reduced in all subjects with only three, A, C 

and K, being within one standard deviation of the norm for the appropriate sex and 

age (Ptacek et al. 1966).
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S u b jec t
M P T
(sec.)

V a ry
L oud n ess

H a b itu a l
L oudness

R e sp ira to ry
O b se rv a tio n s

A 13.20 Y es O K

B 5.80 R ep o rts  O K O K A ir w astag e  at 
o n se t /a /

C 13.20 -

D 8.50 Y es OK

E 7 50 Y es O K

F 3 52 Y es O K Slightly
C lavicu lar

G 2.25 L (x) O nly S hallow  F requen t

H 5.84 Y es O K

I C N D Y es OK S h o rtn ess  o f  
B rea th

J 2.80 N o Soft C lav icu lar

K 18.00 N o OK

L 1.50 N o Soft C lav icu lar

Maximum Phonation Time

Subject

Figure 11: L aryngograph Study: M otor Speech Tasks Targeting R espiration

A, C and K were also the only three that could sustain the /a/ beyond 10

seconds, the cut-off point traditionally given as being adequate for speech. While the 

mean of the first group is significantly different from the third group the pattern of 

impairment is quite variable with one subject, B, with a really very reduced MPT of 

less that 6 seconds presenting with perceptually normal speech and a subject in the 

worst affected group, K, actually achieving the highest score of any subject. K is 

particularly anomalous in this regard as difficulties at the respiratory level are quite 

usual in MS. Symptom variation is to be expected in MS and particular individuals 

may not conform to a “usual” pattern. B is noted as wasting air at the onset of the /a/ 

phonation signalling difficulty with voice initiation on that task which might equally 

be for reasons of discomfort with the task as for disability. The short MPT for B 

probably does not indicate significant respiratory difficulty. All subjects, other than 

K, in the Intelligibility Affected group fall below 2 standard deviations from the norm 

for subjects aged over 65 years (Ptacek et al. 1966) as does one from the Established 

group with another just inside that range. If K’s result is dropped from the third group 

the mean of the group does become statistically significantly less than the other two 

groups completing in the pattern. Thus while MPT does present an identifiable
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pattern of becoming shorter as the dysarthria progresses, it is also quite capable of 

variation at the individual level.

Observations about respiration other than that breathing was upper 

thoracic/diaphragmatic were made for three of the four subjects in the third group (not 

K) and two of the four subjects in the second (Figure 11). The observations included 

clavicular breathing, shallow or frequent breathing and shortness of breath. It is these 

subjects who were adapting their respiratory habits or showing sub-optimal respiratory 

habits that also had the lowest MPT of the subjects. It is only with the most involved 

subjects (J and L) that the voice starts to be judged habitually “soft” - loudness being 

the perceptual correlate of the amplitude of a sound wave or available air. Similarly it 

is only these two subjects who find it difficult to vary loudness and a loud voice is no 

longer available to them. Speech is being compromised at the respiratory level in a 

fairly regular pattern as the dysarthria progresses.

Laryngeal Tasks

Group Subject Sex SFF
mean

Hz

Range
Hz

Match
Pitch

Pattern

Notes on 
Scale

1
A F 185 93 No 3
B F 180 88 Yes 3
C F 190 58 Yes >4
D F 212 121 Yes >4

2
E M 101 86 Yes >4
F F 190 197 Yes >4
G F 102 225 Yes >4
H F 161 73 Yes 2

3
I M 126 97 Yes 4
J F None 1
K M 2/3 4
L F 1/3 1

Figure 12: Laryngograph Study: Motor Speech Tasks Targeting Phonation
There is no pattern for speaking fundamental frequency or pitch range as

calculated by the laryngograph that varies systematically with dysarthria severity. The 

mean SFF for the female subjects is 183Hz with all subjects within 1 standard 

deviation of the mean. The most appropriate norms for comparison are those of
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McGlone and Hollien (1963) who found an SFF of 196.6Hz using 10 women with an 

average age of 72.6years and the Honjo and Isshike (1980) SFF figure of 177Hz for 20 

women with an average age of 75 years. Saxman and Burk (1967) report a SFF of 

188.6Hz for women between 40 and 50 years but there is no published report for the 

average age of the subjects in this investigation which is early sixties. The mean SFF 

of these subjects falls within the range of the available mean figures and must be 

considered normal.

The men have a lower SFF clustering around a mean of 113.5Hz which again 

is within the range of normal. The norm for 50 to 59 years is an SFF of 119.9Hz 

(Stoicheff 1975) and 118Hz (Hollien and Shipp 1972).

Phonational frequency range is usually obtained by having the subject attempt 

highest and lowest note in their register and comparing these to norms for age and sex. 

The laryngograph analyses the connected speech sample and calculates the range of 

frequencies used within the sample period. There are no published norms for pitch 

range obtained using the laryngograph.

All the subjects in the first two groups could match pitch patterns as could I 

from the third group (Figure 12). K could follow two of the patterns, L managed one 

and J none at all. Five of the eight from the first two groups could sing more than four 

notes of a scale. All others sang four notes or less with three subjects in the final 

group able to make just a single variation between high and low. These two tasks 

show a specific deficit consistently apparent only when the dysarthria is so severe that 

intelligibility becomes affected. However it is noted that two subjects in group 1 were 

able to sing only three notes and that there is a confounding factor of self-confidence 

and pre-onset singing ability that affects both the subject’s ability and inclination to 

perform the task. The performance of J and L, while showing as a difference of only
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one or two notes from A, H and B, was in fact a significantly worse performance as 

these subjects could only get a distinction between low and higher, a very minimal 

performance where as A, H and B sang three notes. Thus while the task targets an 

ability that is affected by the dysarthria it does not easily illustrate gradation in ability.

Diadochokinesis

Group Subject /t^l /k/V

I
A 1.80 5.77 5.65 5.38
B 1.90 4.88 5.26 3.28
C 1.30 4.68 4.34 3.37
D 2.60 7.26 6.97 6.39

2
E 1.96 5.17 4.76 3.41
F 1.26 4.46 5.35 3.83
G L(x) Only
H 1.53 6.10 4.37 2.69

3
I 1.80 3.55 3.10 3.00
J 1.35 2.92 2.60 3.00
K 1.08 3.05 3.10 2.52
E 1.23 3.30 2.85 3.20

Figure 13: L aryngograph  Study: A rticulation Task - Diadochokinesis D ata

/p*/

11 JiillJ Luii
A B C D E F G H I  J K L

A B C D E F G H I  J K L

/k/V

I I I III I " "  I I I  I I I  m i l
A B C D E F G H I  J K L

A B C D E F G H I  J K L

Figure 14: L aryngograph  Study: A rticulation Tasks: Diadochokinesis

This measure of articulatory agility for the individual phonemes or for the 

combination /pAtAk/V does show a pattern suggestive of performance reduction with
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increasing dysarthria severity. This is most apparent if the scores of the last four 

subjects (group 4) are compared to the first four (group 1). The individual phonemes 

show a more obvious reduction with dysarthria severity than the combined /p^t^k^/. 

This might be because the 3 second time base only allowed between 1 and 2 

articulations of the combined pattern and more repeats were needed to elicit 

articulatory slowness and breakdown. It was anticipated that by giving a similar time 

base, 3 seconds being the best attempt of the worst subject at this task, a more valid 

comparison could be made across subjects. Taking small samples and scaling them 

up to a more standard 5 second sample would over estimate the subject’s ability. 

Using a minimum sample means the actual performance of each person is used, 

although perhaps only a portion of the total sample for some subjects. It is interesting 

that K in the Intelligibility Affected group who performs so well on respiratory 

measures is among the last on all diadochokinetic tasks which confirms perceptual 

observation of his dysarthria having a strong articulatory and laryngeal component. 

While it may be possible to show a “usual” pattern to MS dysarthria the mechanism of 

the disease ensures that there will always be a significant number of subjects with 

idiosyncratic speech symptoms. The other subjects with quite severe dysarthria also 

show decreased articulatory skills and in fact clinical observation sees this as the more 

usual pattern where articulation difficulties are apparent but respiratory and laryngeal 

control are the locus of difficulty.

Laryngographic Results

There are only 9 subjects with laryngographic results. The motor 

speech results of the last three subjects in group 3 were added to allow statistical 

analysis of motor speech tasks across dysarthria severity levels. The laryngograph had
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already been eliminated as a possible repeat measure in the multiple baseline study 

when J, K and L were added to group 3.

Group Subject M PT’s L(x) Respiratory
Observations

A 13.20

1 B 5.80 air wastage at onset /a/ 
phonation

C 13.20 w
D 8.50

E 7.50 vAV
2 F 3.52 A y Slightly

Clavicular
G TV- Shallow Frequent

H 5.84

3 I CND A \
Figure 15: Laryngograph Study: L(%) Traces
None of the subjects has laryngographic L(x) waveforms that might be 

considered “normal” (Fourcin 1974; Abberton and Fourcin 1984, see Figure 6). 

However the range of what must be considered a normal L(x) wave is very large as the 

typical trace may not occur even in apparently healthy voices (McCurtain and Russell 

1990). The waveforms shown in Figure 15 are a typical example for each subject 

taken after onset of phonation when /a/ is established. However none of the subjects 

has the long opening phase of a normal L(%) (see Figure 6, positions III to IV). As 

Figure 6 indicates the vocal folds should close faster than they open due to the 

Bernoulli effect. Thus the rising edge of the curve (Figure 6, positions I to II), the 

closing, should be steeper than the falling edge, the opening, of the vocal cords 

(Noscoe et al. 1983). F and G having an open phase which is roughly twice the closed 

phase. More deviantly C, H and I have equal opening and closing phases and the 

remaining three subjects have closed phases up to 4 times as long as the open phase.
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B, C, D, E and I show effort being involved with vocal fold closure, with the 

normal pattern of abrupt closure not being apparent until at least half the vertical 

height of the closure has been achieved. However there is no pattern to these aberrant 

waveforms in terms of perceived severity of dysarthria with the most deviant wave 

being B in the Normal/Early Indications group and probably the closest to a normal 

trace being H in the Established group. It is interesting however that there are similar 

aberrations in each wave form. All the waves are regular in mass and repetition time 

from one wave to the next showing the same shape on each wave. The abnormality 

of the L(%) traces is in the shape of each wave with a shortened opening phase perhaps 

due to spasticity and obvious difficulty with abrupt closure of the larynx consistent 

with insufficient Bernoulli effect. While subjects B and E with the most aberrant L(x) 

waveform do have a very short MPT (5.8 and 7.5 seconds respectively), the two 

subjects with the shortest MPT, F and G, also have the closest to normal waveforms 

with the open phase twice the length of the closed and the effort on closure not as 

apparent. Neither is there any observation of respiratory difficulties (shortness of 

breath, clavicular breathing, etc.) for the two very aberrant waveforms. Thus there is 

no pattern to the L(x) waveforms that becomes more deviant as the dysarthria becomes 

more severe, nor do the L(x) waveforms parallel any of the other motor speech tasks.

Reported Dysphagia

Group Subject Dysphagia

1
A No
B No
C No
D No

2
E No
F Yes
G Yes
H Yes

3
I Yes
J Yes
K Yes
L Yes

Figure 16: Laryngograph Study: Subject’s Report of Dysphagia
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All the subjects in the Intelligibility Affected group have some level of 

dysphagia spanning from being dependent upon gastrostomy for nourishment to 

having to be careful and concentrate while eating so that choking does not occur. All 

these subjects were quite specific about what caused them difficulty. I in this group 

who said there was no speech problem despite 60% intelligibility, also said there was 

no dysphagia problem and then recounted a serious choking accident that had 

happened in a McDonalds’ restaurant the week before and gave examples of the foods 

he habitually avoided. There was no contradiction in this for him as swallowing was 

not a difficulty for him as he put himself in situations where swallowing difficulties 

would not arise.

Three of the four in the Established group state that choking did occur and that 

certain foods were avoided or consumed carefully. E was the only subject in this 

group who did not report any difficulty in this area and his answers were consistent for 

all questions relating to this subject. E also reported no difficulties with speech 

although other questions about other people’s reaction to him indicate that he had 

some awareness of his speech difficulty whether he chose to acknowledge it directly 

or not. E speaks in an extremely controlled manner, over-articulating, slowing his rate 

down and losing much of the expressiveness of his speech. E would immediately 

catch and re-articulate a slurred word. In spite of this obvious control of his speech E 

claims to have no change in his speech since the diagnosis of MS so the accuracy of 

his reporting must be considered suspect and this should be considered when noting 

that he is the only one in the Established Dysarthria group not to have dysphagia.

Thus Dysphagia is reported in MS almost from the time the dysarthria 

becomes apparent.
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Other Motor Speech Tasks

Group Subject Air
Escape

/mb/ Cough Clear
Throat

Isl'Jzl Counting Absolute Values
/s/ /z/

MPT
/a/

1

A No Yes 2 2 unable to 
sustain /z/

38 13.10 13.20

B No Yes 2 2 1 0.47 14 6.83 3.20 5.80
C No Yes 2 2 1 0.99 30 19.50 19.20 13.20
D No Yes 2 1 1 1.36 31 6.38 8.65 8.50

2
E No Yes 2 1 1 1.18 23 8.50 10.00 7.50
F No Yes 2 1 1 0.73 32 14.74 10.70 5.50
G No Yes 2 2 1 0.52 28 11.47 6.00 3.30
H No Yes 2.5 2.5 1 1.01 26 16.50 16.60 7.47

3
I No Yes 2 1 1 0.79 18 6.45 5.12 1.50
J Yes No 4 3 - 8 2.80
K No Yes 2 1 1:1.82 30 10.17 18.55 18.00
L No Yes 3 3 1:0.44 5 3.13 1.37 1.47

Cough Scale 1 Normal 2 Decreased in Strength 3 Ineffective 4 Absent
Throat Clear 1 Normal 2 Some Difficulty 3 Repeated difficulty in 

clearing secretions

Figure 17: Laryngograph Study: Motor Speech Tasks Targeting Resonance and 
Multiple Levels in Speech Process

Some of the motor speech tasks were fairly uniformly performed across all the 

subjects. J who had poor speech intelligibility had both oral and nasal air escape on a 

held breath and similarly she was the only subject where the /m/ /b/ alternation 

declined, showing difficulty with soft palate closure. Of note is that as neurologically 

involved as she is, J was able to obtain the /m/ Pol distinction it is only with time that 

her performance declines. While of course other patients with MS may show 

difficulties with nasal resonance from an early stage, in these subjects it is not 

apparent until the dysarthria is quite severe. Every subject was judged to have a weak 

cough and one subject in the Established group and two in the Intelligibility Affected 

group had a cough that was weakened sufficiently to require subsequent coughs to 

clear secretions. At least one subject fi-om each group showed a normal strength 

throat clear even if they had been judged to have a weakened cough. Each of the 

subjects who had a significantly weakened cough also had the lowest scores for throat 

clearing. All of these subjects also report dysphagia of varying degrees although it is
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worth noting that the reverse is not true. There are subjects who report no care needs

to be taken eating and no foods avoided who still showed a slightly weakened cough

and/or throat clear. It is also possible that for reasons of politeness or embarrassment 

the best performance of a cough was not elicited.

Counting on a single breath proved a difficult task on which to get a

comparable performance from standardised instructions. Some subjects lost voicing 

and whispered the numbers; some articulated carefully while others raced to get the 

numbers in; others continued to count while breathing in slightly to replenish air 

supply which can be difficult to catch. Despite its fairly ubiquitous use it is a difficult 

task to explain simply and extract a standardised and comparable performance. It was 

found to be not significant in distinguishing any of the groups.

The Isl'Jzl ratio was calculated for each subject. This is meant to indicate 

difficulties with the initiation or continuance of phonation since place and manner of 

production is similar for both phonemes with the only variation being voicing. A 

normal ratio would be expected to be 1:1. This task was approached with caution as 

clinical experience has shown that Izl can be a difficult sound to control. Some 

people find the combination of the vibration of the tongue with the vibration as a 

result of voicing makes this an uncomfortable sound to sustain. Also it is more 

difficult to hear voicing cutting in and out on this soimd than on sustained vowels. 

The ratio also does not give an indication of the absolute performance. Thus a score 

of 1:1 can have a sustained performance of thirty seconds, one second or anything in 

between. MPT for /s/ or /z/ may be higher than for an open vowel like /a/ because the 

articulator’s close approximation for the production of the /s/ or Izl allows the 

lengthening of the sound at this level and thus does not represent either the available 

air or effective valving at the vocal cord level. This was the case with three subjects
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from the Established group and at least one from the Intelligibility Affected group: F, 

G, H and I all show an improvement of 2 to 3 times the number of seconds they could 

sustain an /s/ rather than an /a/ and up to double their best /a/ performance on a /z/ 

(Figure 17). Thus this task must be approached with caution and is best interpreted in 

the context of a known MPT obtained on a practised performance with an open vowel 

and with observation during the prolongation of the vowel as to whether voicing is 

interrupted. Then a result in which Izl less then half of /s/ can be further evidence of 

difficulty being at the laryngeal level. G and B who have a ratio of Izl being less than 

half of /s/ both also have the worse MPT in their group. G additionally shows shallow 

and frequent breathing during conversation suggesting that her difficulties may be at 

the level of adequate breath support and laryngeal control.

3.2.1.6 Statistical Analysis of Laryngograph Study

The analysis of the data for this investigation has been descriptive to this point.

A Multiple Analysis of Variance (MANGYA) was run to test for significant 

differences between the groups in the factors indicated in Figure 18:

Mean /p^/ UN /k^/ MPT Counting Rate
Group 1 5.70 5.60 4.60 1.90 10.20 28.25 159.30
Group 2 5.20 4.80 3.30 1.60 5.90 27.25 126.30
Group 3 3.20 2.90 2.90 1.30 5.94 15.25 86.36

Figure 18: Laryngograph Study: Mean Results by Group
These items were chosen because visual examination of subject performance

on these tasks seem to indicate that performance declines with increasing dysarthria 

severity.

No significant difference was found between the groups (p=.064). However as 

the MANOVA was approaching significance at the 0.05 level and because certain 

tasks did seem to distinguish between severity of MS a series of one way Analysis of 

Variances (ANDVA) were performed to determine which of the tests did distinguish 

between groups and which groups it showed were different from each other:
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Variable Significance Level Group Differences

/ D a / .0081 3 from 1 & 2
M .0025 3 from 1 & 2
/kV .1042 not significant
/pAtyvW .2185 not significant
MPT .0030 1 &3
Counting .0700 not significant
Rate .0001 3 with 1 & 2 and 2 with 1

Figure 19: Laryngograph Study: ANOVA Group Difference Results
The effect of the small n in each group means that this analysis must be

viewed with caution. Interestingly this analysis confirms the descriptive analysis that 

rate does significantly distinguish between groups and at all levels of severity. As 

noted previously this also concurs with Darley’s (1972) observation that oral reading 

rate was one of the most sensitive indicators of MS dysarthria severity. The finding of 

no significant difference between the groups on the counting task was entirely in 

keeping with the previous discussion of this variable. The only unexpected result of 

this analysis is the lack of significance of /k^/ and /pAtAkA/ between the groups.

Perhaps the performance of group 1 of 1.9 repetitions was too low to show a decrease 

in performance short of not completing the task at all.

3.2.1.7 Conclusions
Some concluding observations may be drawn including the final and most

important ones about the use of the laryngograph:

1. The laryngograph did not produce data that was helpful in charting the 

course of the dysarthria. Speaking Fundamental Frequency and range of frequencies 

used across a four minute speech sample did not vary systematically with the 

dysarthria severity. The L(xJ waveform showed abnormalities but the occurrence of 

the abnormalities was not predictable. The laryngographic data did not reflect the 

perceptual increase in severity of the dysarthria nor did it parallel any of the 

respiratory measures. GfxJ data did not show an increase in the amount of low 

frequency activity for either the reading or speaking data. Since the laryngograph did
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not measure change in this context, it is not a useful repeat measure for the purposes 

of the proposed multiple baseline study.

Thus analysis of the assessments of the nine volunteer subjects living in the 

community would indicate that the laryngographic results are too idiosyncratic to be 

used as a repeat measure.

2. Data for the motor speech tasks performed by the initial nine volunteers 

was added to the data of three subjects assessed for the multiple baseline study (two of 

whom were used) to perform rudimentary statistical analysis on whether or not the 

descriptive impression that these tasks differentiated dysarthria severity could be 

upheld. The tasks of rate of speech, MPT and phoneme diadochokinesis did seem to 

be indicative of increasing dysarthria severity.

Darley et al. (1975) note that:

“Examiners will most likely appreciate the effect of multiple 
sclerosis on motor speech by measuring oral reading rate and 
oral diadochokinetic rate, evaluating the precision of consonant 
articulation and examining the prosodic aspects of speech for 
impairment of emphasis” (pp.244).

The measurement of oral reading rate presented difficulties in this study due to 

the observable interference of the factors of education and visual disturbance. 

However rate of speech as calculated from a minute sample of spontaneous speech did 

in fact show the same result that Darley found on rate calculated from reading. Darley 

does not present speaking rate but his conclusion of rate showing effect of MS on 

speech is sustained. Similarly, as Darley predicts, the measures of oral 

diadochokinetic rates also showed systematic degradation as the dysarthria worsened. 

However even with the most affected group the task is still performed reasonably 

successfully. Articulation is affected by increasing disability but it is often relatively 

more intact than other speech functions. Some of the tasks targeting the respiratory
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system were successful in showing increased dysarthric involvement. As the 

dysarthria progresses MPT decreases substantially and clavicular breathing and 

shallow, frequent breaths begin to be observed. This is subject to some individual 

variation but is an observable trend.

Counting on a breath, loudness variation and habitual loudness do not seem to 

be affected until the dysarthria is severe enough to be affecting intelligibility. 

Clinically, lack of adequate loudness in the voice is very characteristic of MS 

dysarthria and as noted previously is often observed by the time the subject is reported 

to the speech therapy clinic (Farmakides and Boone 1960). This sample does not 

show this characteristic except that the two most involved, J and L, both show 

significantly reduced loudness. A larger sample of subjects with established 

dysarthria would need to be examined to establish that this is as characteristic of MS 

dysarthria as clinical experience suggests.

This preliminary investigation was undertaken as a way of assessing the 

laryngograph as a possible repeat measure in the larger study. The results of this 

investigation were that the laryngograph was not suited to this measure. This finding 

influenced the choice of intelligibility as the repeat measure in the larger study and not 

laryngographic speech data. Similarly the motor speech tasks found to be sensitive to 

dysarthria severity in MS were repeated on the subjects for the multiple baseline study 

as part of the initial complete dysarthria assessment done on subjects considered for 

the study. The motor speech tasks were not used as the repeat measure to monitor 

performance from baseline to therapy in the multiple baseline study even though 

several of these tasks were found to consistently reflect increasing dysarthria severity. 

While this is an interesting observation these tasks on their own could not have 

provided an adequate measure of changing speech function from baseline to therapy.
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Thus another repeat test measure had to be found and intelligibility was examined as a 

possible repeat measure.

3.2.2 Intelligibility: Why intelligibility as measured by the Yorkston 
Beukelman Assessment of the Intelligibility of Dysarthric 
Speech was chosen as a repeat measure and the factors that 
affect the intelligibility testing are discussed.

In the investigative study reported above several motor speech tasks and 

laryngographic assessments were examined across a range of MS dysarthria severities. 

The laryngographic results did not vary consistently with dysarthria severity although 

various motor speech tasks did. Olgiati et al. (1989) showed that MS patients 

practising resistive respiratory exercises could improve maximum inspiratory and 

expiratory pressure and maximum voluntary ventilation. They hypothesised that there 

may be a secondary effect of improvement in fatigue-ability and walking. This study 

addresses the hypothesised benefits to speech that improved respiratory capacity might 

bring. Two concerns became apparent. Many of the speech therapy exercises 

traditionally used when focusing on breath support have a laryngeal component. The 

exercises used in this study needed to be purely respiratory if inference was to be 

made about respiratory effects on speech and disuse atrophy. This will be discussed 

subsequently with other therapy considerations (see Section 3.3). Secondly, the 

measure chosen to show a change in performance as a result of intervention should be 

a measure of the change in speech performance not in respiratory competency. 

Speech intelligibility itself is a measure of speech ability that can be quantified in a 

replicable manner and is a global, accessible and functionally obvious measure in the 

way that isolated motor speech tasks are not. Subtelny (1977) called intelligibility the 

“most practical single index” in assessing communication skills in the hearing 

impaired. It is a measure that is easily communicated and accessible to lay individuals
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because it is what most people understand a speech problem to be: they cannot 

understand a person speaking to them. Similarly it is often the focus of an individual 

patient’s distress about their disorder - they cannot be understood. While a certain 

bizarreness or change in speech may be tolerated it is the effect of dysarthria upon 

information transfer that is the focus of anxiety. The intelligibility score is the 

measure of the amount of information conveyed by a speaker and understood by the 

listener, and is an implied comparison with normal performance where 100% 

intelligibility is the point of reference. However intelligibility is no measure of the 

normality or efficiency of the communication and is only one factor in the total 

communicative competence of an individual (Southwood and Weismer 1993). 

Despite perfect intelligibility a message may still not be understood; intelligibility is 

not a sufficient condition for successful communication, however it is a necessary 

condition. A partially or wholly unintelligible message will limit the success of the 

communication.

Rosenbek and LaPointe (1978) note when discussing the “point place system” 

of assessment of speech production that although it seems reasonable to assume that 

if one component of the speech process improves overall speech will be improved, in 

fact a measure of overall speech performance is needed to show this. Intelligibility is 

such an overall measure. Grunwell and Huskins (1979) note that one parameter of 

speech has repercussions on how other levels perform: thus the “intelligibility factor” 

is cumulative (pp.22). In this study although the respiratory component of the 

dysarthria is addressed in isolation during therapeutic intervention, it is not the change 

in respiratory capacity that is of interest. Rather as Rosenbek and LaPointe state 

although one component in an interactive process has been changed the result -  

change to speech -  is what is being measured. Intelligibility is a summative measure
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involving the interactive process or levels of speech production; thus intelligibility 

has an intuitive validity as a single measure in describing dysarthric speech.

The Yorkston Beukelman Assessment of the Intelligibility of Dysarthric 

Speech was chosen as the best researched, replicable and clinically viable test, which 

quantifies intelligibility, currently available. As such it is widely used in research and 

clinical settings. Despite the abundance of material available on interval scaling and 

magnitude estimation scaling as methods of rating intelligibility and the relative 

wealth of research available on these techniques they were excluded for the following 

reasons: estimation techniques do not allow a fine enough differentiation of the 

individual’s ability to show change across time; both methods are better suited to the 

task of rank ordering a group of dysarthric speakers; the method of intelligibility 

quantification chosen needed to be repeated with the same subject several times a 

week and estimation procedures are not appropriate to this; estimation techniques do 

not have as good an intra- and inter- judge reliability as transcription methods 

(Yorkston and Beukelman 1978). The task required for this study was a direct, 

quantifiable measure of speech intelligibility. Intelligibility provides an index of 

severity both in term of comparison of dysarthric speakers to each other and to normal 

speakers or to improvement or deterioration over time either as a result of lapsed time 

or of therapy.

It is noted that Yorkston and Beukelman state that intelligibility itself provides 

no information useful for differential diagnosis of a speech disorder nor does it 

provide information from which to plan remediation. Kent et al. (1989) conclude: 

“Thus the Yorkston Beukelman Intelligibility Test yields a quantitative index of 

severity but it is not designed to provide much additional insight into the basis of an 

intelligibility deficit” (pp.485). There is no information given on the reasons or basis
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of the speech dysfunction giving rise to an intelligibility problem. Connolly (1986) 

and Dongilli et al. (1991) note a similar limitation but also state that the YB 

Intelligibility Test is instrumental to monitoring the progress of remediation -  the 

prime need for this study. Early work by Grunwell and Huskins (1979) and recently 

from Kent et al. (1989a, 1990) seeks to develop intelligibility testing that both 

quantifies and diagnoses the underlying pattern of the intelligibility deficit and by 

extension groups of dysarthric speakers. However neither of these goals are necessary 

to this study nor have the authors published a clinical tool from their research.

Frearson (1985) comments that some of the sentences in the YB Intelligibility 

Test are more appropriate for American subjects than the Australian subjects with 

whom she dealt. She felt this difference to be minimal and probably of less 

significance than age differences in the vocabulary used by older speakers in 

spontaneously generated speech passages with younger judges doing the listening. 

However this is less of a concern with the single word intelligibility testing as the 

vocabulary items taken in isolation contain little that would bemuse the British 

speaker. Exceptions in the 600 vocabulary items might be the words “Boone”, 

“scram” and “decal”. The first two words are easily read by a literate British person 

of any age which leaves only a single word “decal” that is essentially American. The 

word “center” is spelled in the American way but this would make no difference to the 

intelligibility of the word and would be read easily by a British person although they 

might note the American spelling. Further it is noted that these words are distributed 

to the test items in a random manner using a random number table so they are as likely 

to appear in baseline as they are in therapy sessions for any subject. The judge, who 

was the researcher, is predominantly a speaker of North American English so the 

vocabulary would not be a difficulty. As the judge has lived a decade in Britain and
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was very familiar with the speech of the subjects before judging, accent differences 

are irrelevant. It is again important to make the point that as long as the same 

conditions apply in baseline as in therapy in a sense it is almost irrelevant what the 

conditions are. Thus while the YB Intelligibility Test was developed and standardised 

in the United States and this might affect a few items for the speaker, there is no 

systematic effect that could be said to influence the decision as to whether therapy was 

effective.

Yorkston and Beukelman (1981) note that the amount of improvement or 

deterioration in speech intelligibility for the change to be functionally significant 

varies greatly. The perception of “normal” is, at minimum, 100% intelligibility, 

without any bizarre or unusual speech behaviours. Therefore an improvement of 20% 

from, for example, 40% intelligibility to 60% intelligibility, means that 50% more 

information is being received than previously, but is this a functionally significant 

improvement? This probably depends upon different listeners’ ability to appreciate 

the change or different dysarthric speakers’ ability to manipulate the new ability to the 

foremost (Hunter et al. 1991; Dongilli et al. 1991). Intelligibility is probably as close 

to a functional measure of speech as can be obtained and quantified objectively. 

However the measurement itself is subject to manipulation by a multitude of variables 

relating to the message, the characteristics of the speaker, the characteristics of the 

listener and of the medium of transfer. These variables must be examined and 

controlled if a valid conclusion is to be reached about improvement in the speech of 

the subject that does not simply reflect how a speech sample was collected and 

judged. Intelligibility then is not an absolute measure but depends upon the control 

and manipulation of these factors as discussed below. These factors which influence
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intelligibility will be explained and then their potential to influence the results of this 

study examined.

The usual way to illustrate intelligibility is a graphic representation or 

intelligibility curve in which intelligibility as a percentage of the total message is 

plotted against the variable of interest:

Intelligibility P ercen tage

80  —

60  —

20  —

INCREASING
SOUND PRESSURE LEVEL

Figure 20: Intelligibility Plotted Against Sound Pressure Level
The ability to shift this curve by the variation of a multitude of factors has

been shown. The variables that can cause a shift in intelligibility have been classified 

using an information processing model into those factors affecting the sender and 

message, those affecting the medium of transmission of the message and those 

affecting the listener. Changes in any of these three can shift the curve.

There are factors affecting intelligibility intrinsic to the message itself. The 

question of what type of speech material to use in testing intelligibility has been 

addressed by several researchers. Epstein et al. (1968) and Rosenweig and Postman
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(1957) showed that speech samples with more familiar words are more easily 

understood. Single words, sentences and discourse length material have all been used 

in intelligibility testing. Single words do not appear to give an indication of the 

intelligibility of connected speech which is what most communication occurring in a 

natural setting consists of (Epstein et al. 1968; Duffy and Giolas 1974; Yorkston and 

Beukelman 1980). Yorkston and Beukelman (1980) found that single words 

underestimate the amount of information transmitted in connected speech: for mild 

and moderate dysarthrics, intelligibility scores were higher for sentences and discourse 

than single words and more closely reflected information transfer as the best estimate 

of functional communication performance. Yorkston and Beukelman infer that 

message redundancy and context assist the listener in understanding a message and 

thus improve intelligibility. However as scores of comprehension on paragraph 

material or information transfer have low intra- and inter- judge reliability the clinical 

or research usefulness of this method of intelligibility testing is limited. Choice of 

procedures has to be appropriate to the needs of the situation and the abilities of the 

speaker (Beukelman and Yorkston 1979). Duffy and Giolas (1974) say that message 

predictability, stress, accent, intonation and voice quality all convey information in 

connected discourse that is not available on single words. Thus their analysis agrees 

with Yorkston and Beukelman’s finding that for mild and moderate speakers 

connected speech is more intelligible. However with severe dysarthrics longer 

samples are difficult to generate especially on a repeated basis. For these individuals 

short sentences or even single words may be the most efficacious way to 

communicate. Discourse or sentence length material is not possible for these 

individuals so single word intelligibility is the best representation of functional 

intelligibility.
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Additionally sentences, usually read, have also been compared to the more 

“natural” spontaneous or connected speech. Giolas (1966) found sentence lists and 

discourse transcription produced intelligibility scores that were not significantly 

different. However Frearson (1985) found that sentences from the YB Intelligibility 

Test read orally were more intelligible than the transcription of the spontaneous 

speech sample. She hypothesised that spontaneous speech forces a speaker to 

concentrate on the content of the message more than the manner of presentation with 

obvious consequences for intelligibility. However there was no statistical difference 

when communicative efficiency in the sentence portion was calculated and compared 

to spontaneous discourse. The communicative efficiency ratio includes a calculation 

for rate as well as information conveyed. Frearson also found that YB Intelligibility 

Test sentence scores were more reliable than spontaneous speech in producing 

comparable repeat performances in a subject, therefore they were a better test measure 

for assessing therapy and follow-up, as in this study, although perhaps not the best 

indicator of actual functional speech ability in a natural setting. Kent et al. (1989) 

note that discourse intelligibility is not as easily replicable or reliable as conversation 

and will vary in content even with the same speaker on the same topic. Samo (1968) 

noted that reading aloud was different from natural speech involving changes in rate, 

pauses, accent and intonation. Bansal (1969) found that a subject’s level of reading 

skill will also affect his score. The YB Intelligibility Test addresses this difficulty by 

allowing both word and sentence length material to be repeated after the researcher. 

The procedure also calls for the sentence to be read aloud by the researcher before the 

subject’s attempt is taped. While repetition might produce a better score than material 

spontaneously read, as long as the same procedure is used with a subject on each 

repeated test then any variation in a subject’s performance cannot be accounted for by
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this factor. Thus factors of the simplicity and the frequency of the words themselves; 

the use of single words, sentences or discourse; read or spontaneously generated will 

all affect the intelligibility score generated. Which of these most accurately reflects 

functional communication ability is debatable. However for this study it matters only 

that all of these factors are held constant so that across all the intelligibility testing for 

a given subject, variation in performance can not be due to any of these variables.

The YB Intelligibility Test, word portion, uses single random words, selected 

for length and frequency, which have no relevance to the context in which they are 

recorded. Each test speech sample uses a random number table to choose one of 

twelve similar sounding words for each of fifty items. Because of the random 

generation no two speech samples are the same. Yorkston and Beukelman realised 

that the content equivalency of the different randomly generated samples was critical 

since if the variation in test scores can be accounted for by differences in the content 

of the speech sample then the use of the measure to show change in an individual’s 

abilities was illogical. Thus Yorkston and Beukelman (1981) recorded 12 dysarthric 

speakers as they read two different randomly selected word lists from the word pool 

available. Two 50 word samples from each of the speakers were presented to five 

judges under both transcription and multiple choice listening formats. Correlations of 

0.910 and 0.930 were obtained between the two lists for the two listening formats. 

However as the lists were recorded by the subjects on different days it was felt that 

there may be confounding influence of day-to-day variation. Thus the lists were 

blended so that items 1 to 25 from the first list were combined with items 26 to 50 

from the second list and new intelligibility scores calculated for the composite lists. 

Correlations for these lists were 0.994 and 0.997 for transcription and multiple choice 

respectively. Yorkston and Beukelman conclude that when the effect of day-to-day
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performance is eliminated the random sample generation provides very nearly 

perfectly equivalent samples. Mean difference between word lists when day-to-day 

variation was eliminated contributed to 1.5% of the intelligibility scores for 

transcription format and 1.0% for the multiple choice listening format. Day-to-day 

variation was calculated as 3.2% and 4.4% respectively.

Day-to-day variation was also an issue in this study, especially with such 

neurologically involved subjects and with a disease in which fatigue is an omnipresent 

complaint. Several ways of accounting for this variability were included in this 

project. Intelligibility testing was done at the same time each day. The format of a 

multiple baseline across subjects allows for quite lengthy baseline although three 

baseline points is usually considered adequate before the introduction of therapy. Five 

baseline points were collected on the first subject; nine on the second; 13 on the third, 

etc. so that baseline performance and variation in performance across a period of time 

was well established. With the first subject the five baseline points were collected 

across two weeks with two points being collected on succeeding days. For the rest of 

the sample generation at least one day was left between recording sessions to prevent 

fatigue over the months that the project was to run. As well one of the subjects 

provided baseline throughout so that any periodicity in the total sample could become 

apparent. Bijou et al. (1969) showed that assessment once every two or three days 

closely approximated data from daily observations.

Factors affecting intelligibility that relate to the medium of transmission are 

usually the focus of research if the relative success of one transmission system or 

another, for example a sound transfer system or a hearing aid, is the issue. Increasing 

the noise against which a target signal is heard will reduce the accuracy of the 

message received (Berry and Saunders 1983). Presenting a signal in the presence of
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visual distraction would also decrease the accessibility of the speech signal or in other 

words, the intelligibility of the message. However a method of presentation of the 

speech signal that also includes visual cues to allow lip or speech reading can assist 

the listener in interpreting the message and thus improve intelligibility and shift the 

intelligibility curve (O’Neill 1954; Berry and Saunders 1983; Monsen 1983). The 

quality of recording equipment and the procedures used in recording will also affect 

the quality of the signal produced. If messages, speakers and listening formats are 

held constant then shifts in the intelligibility curve can be deduced to be the result of 

the transmission system. Conversely if the setting of the recording, and thus the 

background noise, the use of audio taping without either visual distraction or visual 

clues, ensuring a standard mouth-to-microphone distance and the use of the same high 

quality recording and listening equipment are kept constant, as in this study, then the 

reasons for changes in intelligibility must be found elsewhere.

The YB Intelligibility Test notes that there are difficulties unique to the 

judging of intelligibility tasks: these are the variables that affect the listener, the final 

stage in the information processing model. The person listening to the speech sample 

must not have foreknowledge of what the speaker is saying. Usually the context of a 

message, the location, the time of day, the person to whom a subject is speaking will 

give the listener certain clues about what a message is likely to be (Hammen et al. 

1990). This effect was found to be most significant with the most severely impaired 

dysarthric speakers and for hearing impaired listeners (Monsen 1983). The YB 

Intelligibility Test removes any of these clues by using single words that have no 

relevance to the context in which they are recorded. Each test speech sample uses a 

random number table to choose one of twelve similar sounding words for each of fifty 

items. Because of the random generation no two speech samples are the same and
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therefore the judge will not be able to get a better score on subsequent tests because he 

remembers a word from a previous test. The words will have changed. Thus the need 

for a new listener for each test will have been avoided. However it is quite likely that 

the judge, if used on more than one test, will become more familiar with the total pool 

from which the sample is being drawn. Therefore this knowledge must be equalised 

before the judge listens to any samples so that early sessions judged do not suffer from 

the judge’s inexperience.

In the judging format used in this study, the primary listener had a very good 

knowledge of the word pool as it was the researcher who had recorded the 

intelligibility tests. Thus the judge was completely familiar with the realm of 

possibilities from which the sample was chosen but did not know the specific words 

or sentences being produced. The knowledge of the word pool was maximised before 

the listening began and this was not a source of skewing of the results. Yorkston and 

Beukelman suggest that the judge read through the total word pool twice to familiarise 

themselves but in this study as, for reasons discussed below, the same judge was used 

on repeated samples it was necessary that the knowledge of the judge be very 

thorough before the judging of actual tests was begun. Thus the researcher was a 

good choice as judge although this presents its own difficulties.

The administration of the YB Intelligibility Test protocol also states that the 

person who is to judge on a specific test must not be involved in the recording of that 

sample to avoid judge familiarity with the specific sample. In this study there is a four 

month lapse between the taping of the last intelligibility test and the beginning of the 

judging sessions. In fact after the taping of 5 intelligibility tests often in a day it was 

usually felt to have been impossible to say if a particular subject had said a particular 

word even on the same day. After 4 months of concentrated recording of
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intelligibility tests and then a 4 month gap it would be impossible to claim knowledge 

of a particular word said on a particular day by a specific person. As well the judging 

sessions were listened to in a random order across subjects and across dates. There is 

no possible way that the judge could have known the specific speech sample being 

listened to despite being present when it was recorded.

Yorkston and Beukelman note that in monitoring the change in an individual 

dysarthric speaker over time “a single judge is sufficient providing that the judge is 

the same individual each time” (pp.6). The need for this is apparent when one 

considers the factors that can shift an intelligibility curve (see above). A listener who 

is familiar with a particular individual’s speech (Brodkey 1972) or his accent or 

dialect (Black and Tolhurst 1955) will probably be able to decipher more of it than a 

totally naïve listener. Thus the question is whether a person familiar with a particular 

individual is likely to produce higher intelligibility scores and in addition whether a 

person who is used to dysarthric speakers, such as a speech language therapist or 

hospital worker, is likely to produce higher scores than an individual who never 

routinely deals with speech impairment.

Andrews, Platt and Young (1977) found that although naïve listeners listening 

to cerebral palsied speech identified fewer consonants correctly, the patterns of errors 

reported were similar to those for trained listeners. Trained listeners identified 13% 

more initial consonants and 10% more final consonants than naïve listeners although 

how this translates to percentage of the total message received, intelligibility, is not 

given. McCroskey and Mulligan (1963) found professional listeners rated both 

oesophageal and artificial larynx speakers as more intelligible than the average 

inexperienced listener. However when speech is highly unintelligible the various 

advantages of familiarity may be nullified (Mencke et al. 1983). Beukelman and
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Yorkston (1980) found estimates of speech intelligibility by speech pathologists were 

greater than those of untrained, unfamiliar judges for moderate dysarthric speakers. 

Similar results for the hearing impaired and oesophageal speakers are reported 

(Markides 1983; Monsen 1983; McCroskey and Mulligan 1963; Beukelman and 

Yorkston 1980). Other reports show no significant difference (Ellis and Fucci 1991; 

Mencke et al. 1983). These studies on the influence of the listener’s familiarity with 

dysarthric speech use a wide variety of speakers, testing and listening formats and 

definitions of experienced versus naïve listeners. Thus a definitive answer on the 

effect of listener familiarity cannot be given. The safe course is to assume a 

difference and account for it in the methodology so this factor cannot be a source of 

variation in the intelligibility scores generated. Thus baseline and therapy sessions 

must be Judged by the same person. For this reason, the researcher who was familiar 

with the speech of the subjects and the word pool from which they were speaking, 

listened to and scored all the speech samples.

Yorkston and Beukelman (1982) performed a judge-by-speaker analysis of 

variance on the multiple choice and transcription listening formats of their 

Assessment of the Intelligibility of Dysarthric Speech. They found no significant 

difference among the five judges for the multiple choice format but significant 

differences for the transcription format. Post hoc testing found that two judges scores 

were significantly higher than the others across the sample. In other words there was 

consistently higher or lower performance for each individual: a judge who was able to 

understand more of the sample and scored the subject’s intelligibility higher did so 

across all of the samples. This is suggestive of varying innate individual abilities to 

process a distorted message. Yorkston and Beukelman also examined the dispersion 

of judges’ scores for each sample. 100% of the multiple choice format scores and
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98% of the transcription format scores were within 10 percentage point range. 

Yorkston and Beukelman in 1978, while looking at a variety of methods of estimating 

and testing intelligibility, found that single estimates varied greatly from one listener 

to another on a transcription task but suggested that mean scores of judges should 

accurately reflect performance.

The original intention in this study was to have every sample listened to by
I

three independent listeners and then to average the scores to produce a single score for 

that intelligibility test. On this basis all the listeners would have been naïve and the 

judging could have proceeded in parallel with the testing, allowing decisions to be 

made about whether therapy was being effective and how long to keep a subject in 

treatment based upon actual performance. Again this is the usual course of a therapy 

study using the multiple baseline technique (Kazdin 1982). It quickly became 

apparent that the range of scores recorded by multiple listeners on a single test could 

cause any therapy effect to be obscured (see Results Section 4.4). Individual listening 

ability varied in no apparent pattern: in this study it was an apparently idiosyncratic 

variation although this cannot be statistically tested. If up to a 20% difference in 

scores is being found between listeners on the same test then 3 listeners per test could 

cause skewing of the test score by either a particularly good or bad listener without 

reference to the actual performance of the subject. Both baseline and therapy results 

are forced towards a median. To avoid this about 10 listeners per tests would need to 

be used to derive a score less sensitive to the extremes in listeners’ ability. As this 

would have resulted in the need for over 1000 listeners and still would not have 

allowed listening to continue in parallel with taping this was not a practical way to 

deal with the difficulty of the variation in individual listening ability. The simpler 

method is to compare the performance of a listener only to himself—thus the
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improvement of a subject could only be claimed if the same listener judges the 

performance before and during therapy. Another listener producing the same pattern 

of subject performance across baseline and therapy serves to comment on the 

generality or reproducibility of the perceived change.

Arguably it is only necessary that there be continuity of listener across a single 

subject and there is no need for the same listener to listen to all the subjects. In this 

study one judge listens to all the subjects however valid conclusions could still have 

been reached if a different listener was used for each subject. It is tidier to have a 

single judge across all subjects, it is however mandatory to have a single judge across 

all sessions for a single subject to be able to say performance had changed. Subjects’ 

performances are not being compared to each other—there is no attempt to rank 

subjects in relation to each other.

Using a single judge for all of a subject’s sessions presents its own difficulties 

as the judge would have to be very familiar with the subject’s style of communication 

before he started listening to the intelligibility tests or the judge’s performance is 

likely to improve as his knowledge or comfort with the subject improved. The 

suggested procedures for the YB Intelligibility Test state that reading the total word 

pool through twice is sufficient familiarisation of the sample for the naïve judge. 

However if a single judge is used across twenty tests a far better familiarisation 

procedure would be needed to avoid a learning effect. Thus the researcher who has a 

completely maximised knowledge of the various dysarthric speakers in this study 

before the listening starts, could not improve performance through becoming more 

familiar with an individual subject’s single word speech. In addition as the judging 

format involved listening to the sessions in a random order, later therapy sessions 

were not listened to later in the judging sequence and thus could not have received
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higher intelligibility scores because of improved subject awareness by the judge. The 

same judge listened to the same samples at three different times to provide

A \
information on the reliability of her scores. .___ ^

For one subject another judge provided comparative data. This was intended 

as a reliability check on the generality of the performance of the first judge. It 

provides the same usefulness as test-retest data provided by a single judge: it serves to 

illustrate that the data generated was not specific to one judge at one point in time but 

could be heard on repeat listenings by the same judge or by a second judge. Again it 

is emphasised that for a performance effect to be shown the scores of one judge can 

only be compared to his own scores. One judge’s baseline scores could not be 

compared to another judge’s therapy scores. As a reliability measure a second judge 

listened to the majority of the tests of one of the subjects through baseline and therapy. 

These scores serve only to illustrate the generality of the perceived effect: do two 

listeners hear the same improvement or lack of improvement in the subject’s 

performance across time? There is no need for the second listener to be matched to 

the first listener, for example to be a speech pathologist. The therapy effect will only 

be claimed by comparing the baseline scores to the therapy scores generated by the 

same listener.

The criteria for listeners were that they be literate, native English speakers 

with normal speech and language skills, under 45 years of age, with no reported 

hearing difficulties and no medical or physical condition, known to them that could 

interfere with test results. The second judge was given an hour training session with 

the multiple choice format so that the total word pool of the YB Intelligibility Test 

was constantly available to him. The training was also only with the subject’s voice 

that he was subsequently to judge. Possible choices of words were discussed and the
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tape replayed as often as the judge wished during the training session. By necessity 

these were early sessions that were not used when the judging of sessions for test- 

retest calculations began. It was hypothesised that the second judge would show a 

comparative performance to the researcher in pattern but probably at a reduced level. 

The five months of daily sustained interaction with the subjects and the in-depth 

knowledge of their communication of the first judge, a speech pathologist would 

provide an advantage over the second judge even if the second judge was sufficiently 

familiarised with the taped speech samples to avoid a learning effect. However if the 

subjects’ improved performance was a reality then the second judge should hear a 

similar pattern of better scores during the therapy sessions even if the actual scores 

given to these sessions were lower than the first judge’s.

There are two judging formats available in the YB Intelligibility Test: 

transcription and multiple choice. There was no mixing of judging formats. All the 

tapes for one subject were listened to with the same judging format. Obviously a 

subject’s baseline performance judged with a transcription format could not be 

compared to a therapy performance judged with a multiple choice format. The 

resulting scores are not comparable. However there is no necessity for all the subjects 

to be judged on the same listening format. The subjects are not in any way being rank 

ordered in their performance or compared to each other. A subject’s scores are 

compared between baseline and therapy with all the controls on taping and judging 

discussed above to ensure that they are comparable performances. The task is the 

same to all subjects every time: single word intelligibility, measured on a standardised 

test. However the choice of judging format used is dictated by the severity of the 

individual’s dysarthria and places different burdens upon the judge. Transcription is 

used when the subject’s speech intelligibility is affected by dysarthria but there is a

123



reasonable chance that the target word can be guessed: the subject is capable of 

approximating the word such that the listener has a reasonable probability of 

understanding it. If a subject’s intelligibility is more severely impaired and out of all 

the possible words a listener may be able to correctly hear only very few, then the 

subject’s intelligibility would score very low on simple transcription. However, if the 

listener is given a closed choice of words such that one of the twelve words he is 

given is the correct one, then the listener’s scores will improve. The advantage of this 

approach is that the range of scores available to this more severely impaired individual 

is increased and there is greater opportunity for improvement to be shown with the 

easier listening format. The harder judging formal will produce scores clustering at 

the bottom of the intelligibility scale. Therefore the choice of listening format is 

individual to each subject but must remain consistent across all sessions for that 

subject for a statement to be made about whether the subject’s intelligibility improved 

with therapy.

Thus many considerations were taken into account in the choice of a repeat 

measure for the multiple baseline subjects methodology. The laryngograph and motor 

speech tasks were rejected and the global speech measure of intelligibility chosen. 

Various issues related to intelligibility testing were also considered.

3.3 Respiration And Speech Therapy: The literature and rationale 
for the therapy given to the subjects in this study is examined.

The question posed by this study is whether therapy exercises that target 

respiration can improve speech in dysarthric individuals with MS. Thus far the case 

study methodology and the attendant question of the choice of a repeat measure have 

been examined. This section will look at the respiratory therapy that was given to the 

subjects and the rationale for the choice of exercises.
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Breathing for speech is different from vegetative breathing to maintain life 

(Hixon 1973; Hixon, Mead and Goldman 1972; Grosjean and Collins 1979). Netsell 

and Daniel (1979) comment that:

“Breathing for speech is a very different respiratory task since it 
involves a continuous “leak”. [It] requires both static 
strengthening of muscles and a changing contraction balance 
between expiratory and inspiratory muscles to generate Ps [sub- 
glottal air pressure] as the air flow continues” (pp.506).

The important parameters for speech breathing are:

Volume of Air Flow: The mean airflow through the larynx during 

conversational speech is 75 to 125 cc/sec (Iwata, Von Lenen and Williams 

1972; Netsell and Hixon 1978).

Subglottal Air Pressure (?s): Netsell (1969) has calculated that the 

respiratory structures generate and maintain a constant subglottal pressure of 

between 5 cm and 10 cm H2O during speech with brief spurts lasting between 

50 ms and 100 ms of 0.5 cm to 1.5 cm H2O. Thus Netsell and Daniel (1979) 

and Netsell and Rosenbek (1985) say that their “rule of thumb” is that the

necessary breath support for speech is that the subject can sustain 5 cm H2O

for 5 seconds.

Laryngeal Resistance to Airflow: This is the resistance that the 

laryngeal and supra-laryngeal structures provide to the airflow. A wider range 

of results is available from the literature (Shipp and McGlone 1971; Netsell 

and Hixon 1978; Smitheran and Hixon 1981). McDonnell (1992) calculates 

an average figure of 35.7 cm H2O but this is a figure that is likely to vary with

the physical size, age, sex, or disorder of the subject.

The selection and sequencing of dysarthria treatment tasks flows directly from 

the nature and severity of involvement of each component of the speech process.
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Knowledge of the interdependence of the various components in the combined action 

to produce speech is critical for the decision of which component to address and at 

what stage of the rehabilitative process. All the dysarthria therapy sources 

investigated started with the necessity to assess respiration as the first component of 

both the speech process and of rehabilitation (Rosenbek and LaPointe 1978; Johns 

1978; Netsell and Daniel 1979; Berry and Saunders 1983; Prater and Swiff 1984; 

McNeil, Rosenbek and Aronson 1984; Netsell and Rosenbek 1986; Robertson and 

Thomson 1986; Scott and Williams 1987; Olgiati et al. 1989; Moore, Yorkston and 

Beukelman 1991; Gentil 1993). Logically breath pressure needs to be optimised 

before it can be formed by the speech valves or structures: in fact inefficient use of air 

at subsequent levels places an even greater demand on the respiratory system.

Several researchers have shown that the speech of the dysarthric patient can be 

improved (Booker et al. 1969; Netsell and Cleeland 1973; Daniel and Guitar 1978; 

Netsell and Daniel 1979; Berry and Goshom 1983; Caligiuri and Murry 1983; Rubow 

et al. 1984; Rubow 1984). It is noted that there are therapy techniques which address 

respiration in combination with other aspects of the speech process, usually 

phonatory, but the concern of this investigation is with disuse of the respiratory 

system and therefore there is a need to target the respiratory system in isolation. There 

is consistency in the speech therapy manuals investigated which cite therapy goals for 

respiration in that they address some combination of posture, pattern of breathing, 

prosthesis for muscle support and respiratory muscle training to improve muscle 

strength and co-ordination. Biofeedback is often cited as the most efficacious way of 

addressing respiratory muscle training (Rubow 1984). Each of these goals will be 

discussed in turn.
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The dysarthric patient’s body posture must be optimised so that the spine is in 

a straight line with the body’s mid-line and the body is well supported to maintain an 

upright and symmetrical posture (Robertson and Thomson 1986; Yorkston, 

Beukelman and Bell 1988). Hixon (1973) notes that it is possible to manipulate the 

effects of gravity by having the patient speak while supine which adds 3 cm to 5 cm 

H2O to the subglottal air pressure. Therefore this is a quick way to support speech 

although the practicality and psycho-social impact of this as a long term 

communication strategy must be suspect. It is also contra indicated for patients with 

inspiratory problems (such as in ALS) where an upright posture allows gravity to 

assist inspiration by lowering the diaphragm (Putnam and Hixon 1984).

Once posture has been maximised the question of prosthetic support to 

weakened respiratory muscles can be addressed. Several methods are advocated: 

leaning forward; using the subject’s or therapist’s hand at the level of the belt and 

pushing in on exhalation to assist weakened muscles; a girdle or a moveable paddle 

apparatus which could be attached to a wheel chair and put into position as required to 

give pressure support to weak muscles (Rosenbek and LaPointe 1978; Prater and 

Swift 1984; Robertson and Thomson 1986; Dworkin 1991; Duffy 1995; Robin et al. 

1996). Working against a general background of heightened effort and muscle tone is 

also advocated with the subject bearing down through arms onto a table or arms of a 

chair before and during respiratory muscle exercises and while speaking. This 

promotes symmetry of posture and fixes the shoulder girdle and strap muscles of the 

neck (Cooper 1977; Rosenbek and LaPointe 1978; Robertson and Thomson 1986; 

Duffy 1995; Dworkin 1995).

The question of whether to address the pattern of breathing in dysarthria 

therapy is contentious. The majority of sources believe that by teaching an efficient
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diaphragmatic breathing pattern, the work is shifted to the larger diaphragmatic and 

intercostal muscles and away from the strap muscles of the neck, larynx and face. 

This approach reduces unnecessary tension in these areas and maximises available 

respiratory volume. The usual method is in a calm and methodical manner to explain 

the mechanics of respiration and then to proceed from relaxation exercises to the 

subject monitoring the activity of the stomach and ribcage to ensure that the 

diaphragm is moving out on inhalation and back in on exhalation (for example 

Robertson and Thomson 1986; Prater and Swift 1984). Alternatively Rosenbek and 

LaPointe (1978) suggest that by addressing the respiratory muscle work itself the most 

efficient method of breathing will necessarily follow. Biofeedback using the various 

respiratory drive devices (see below) facilitates optimum respiratory muscle acuity 

without having to focus on the mechanics of respiration. Some subjects find changing 

a habitual breathing pattern difficult, confusing and unrelated to their speech problem. 

There may also be other reasons why a subject has adopted a particular breathing 

pattern and especially with progressive diseases an unusual pattern such as clavicular 

breathing may in fact be the most efficient method of breathing for a disordered 

system. The proposal of Murdoch et al. (1991) that the reduced chest wall movements 

measured in MS patients may in fact be a compensatory device to avoid co-ordination 

breakdown is noted in this regard. Care must be taken then, not to disturb what may 

be an optimal if irregular or unusual breathing pattern.

The last goal of respiratory therapy to be addressed is respiratory muscle 

training. The assertion is made that vital capacity is a measure of vegetative breathing 

and is not therefore a measure that needs to impact upon speech. Weismer’s (1985) 

calculation that most conversational speech takes place at between 60% to 35% of 

vital capacity suggests that full capacity need not be available to realise normal
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speech. Scott and Williams (1987) state that attempts at increasing vital capacity are 

seldom justified since capacity is rarely so restricted that it alone limits speech 

production. Rather the limiting influence is respiratory control or inefficient valving 

(Hardy 1961). Hixon (1973) and Netsell (1972) observe that the natural recoil of the 

lungs at high volume, exerts a significant drive to force air through the lungs: if not 

checked by continued contraction of muscles the results are an inefficient burst of air 

through the speech. Therefore the best strategy is the use of mid rather than high lung 

volumes where recoil forces and the demand on muscles of inhalation are both 

decreased. However it is interesting to note that dysarthria therapy manuals almost all 

suggest that a first step is to teach good diaphragmatic breathing with emphasis on 

feeling the stomach and rib cage move outward during inhalation and in during 

exhalation. Thus both the optimal use of the respiratory muscles during inhalation is 

being solicited and the maximum recoil inhalation is likely after prolonged exhalation. 

Efficient inhalation is being addressed whether it is an overt goal of the therapy or not. 

In addition to any reduced vital capacity itself, inefficient laryngeal and 

velopharyngeal valving and articulation will place even greater demands on the 

respiratory system. Thus vital capacity measured on its own may well not reflect the 

little air that is available after wastage. It is sensible therefore to maximise available 

capacity although it is a given that speech may well not require all that is available and 

almost certainly that efficient inhalation for speech will not involve speech initiated at 

maximum volumes. Rosenbek and LaPointe (1978) note that the amount of air taken 

in must be significant therapeutically but they state that this has not been addressed 

experimentally. Netsell (1995) stresses that the muscles of inspiration are needed to 

check or control exhalatory forces to maintain steady subglottal pressure. Thus both 

capacity and sustained pressure inspiratory tasks have a legitimate place in respiratory
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muscle training for speech where inspiratory or expiratory muscle weakness is 

present.

It is accepted and uncontroversial that the control and volume of exhalation is 

the primary goal of respiratory muscle training in speech rehabilitation.

There are two methods suggested in the literature for estimating respiratory 

driving pressure simply and non-invasively in the speech therapy clinic. One is 

Netsell and Hixon’s (1978) oral manometer where laryngeal resistance is addressed 

using a leak tube so that breath pressure being pushed through the device is a true 

measure of the respiratory driving force for speech. The second is the use of a water 

filled beaker as described by Hixon and Hawley and Wilson (1982) where the level of 

water being blown into, provides the resistance provided by the larynx. Both devices 

function to give information on whether a person has reduced respiratory volume and 

control of exhalation. The goal of each task is to sustain 5 cm H2O of pressure for 5 

seconds (Hixon et al. 1982; Netsell and Hixon 1978; Netsell and Daniel 1979).

The use of biofeedback is often cited as effective for addressing a single 

behaviour and modifying it. Rubow (1984) defines biofeedback as the process of 

transducing a physiologic variable so that the signal extracts useful information which 

can be displayed to a subject in a format that will facilitate learning. Netsell and 

Daniel (1979) note:

“A primary aspect of our component-directed rehabilitation 
involves the use of biofeedback. We have observed that most 
adult dysarthric patients improve their control of individual 
peripheral components when given biofeedback. Biofeedback 
allows the individual to focus upon the key elements of a more 
general problems by providing an instantaneous and simplified 
comparison between his/her muscle actions and those that are 
normal. We have seen numerous instances in which 
biofeedback assists the return of a particular function after the 
individual has plateaued with more conventional forms of 
therapy.” (pp.503).
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Berry and Goshom (1983) suggest that with visual feedback on a specific 

behaviour the client improves monitoring of speech behaviour generally and 

behaviours not being monitored also improve.

McDonnell (1992) developed a biofeedback device with the objective of 

measuring and providing feedback on respiratory driving force for speech. His goal 

was to develop a device that was portable and practical; gave clear measurement of 

respiratory drive; was appropriate for a wide range of clients; was able to give 

feedback on improving behaviour for training function and used data on respiratory 

parameters that was well established in the literature. All of these objectives were not 

met by either Netsell and Hixon’s (1978) oral manometer or the water beaker method 

of Hixon et al. (1982) which address the same task (see above). Duffy (1995) 

comments that:

“An air pressure transducer with a target cursor and responses 
displayed on an oscilloscope or computer screen can be used 
for the same purpose [producing consistent subglottal air 
pressure]; they may provide more easily seen and monitored 
feedback about performance” (pp. 390)

McDonnell designed an electronic display of air pressure on which the air pressure 

measured in cm H2O was displayed in amps. There is a maximum of 10 amps on the 

scale reflecting the pressure needed for speech which is 5 to 10 cm H2O. Thus the 

device has a clear, unambiguous and well-calibrated measure of air pressure. Using 

Netsell and Hixon’s (1978) data McDonnell used a leak tube as their manometer did, 

to allow the effect of laryngeal resistance upon the air being pushed out from the lungs 

with out actually involving the larynx in the exercise. Thus the training remains 

purely respiratory. The diameter and length of the leak tube were carefully calibrated 

to provide the 35.7 cm H2O that the literature indicates is average laryngeal resistance 

(see pp. 125). The subject is required to produce continuous and controlled exhalation
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to maintain the pressure target. McDonnell experimented with a mask instead of the 

mouth piece that Hixon’s manometer used but experienced a variety of difficulties 

with maintaining good seal. In addition McDonnell developed a hand-held wand with 

three different colours of lights to give clients an indication of the air pressure they 

were achieving: an amber light for any performance from 0 cm to 5 cm H2O; a green 

light for any pressure between 5 cm and 10 cm H2O which is the optimal speech 

pressure level; a red light for pressure greater than 10 cm H2O. In addition the dial 

that displays cm H2O of pressure is clear and easily readable and able to be used for 

feedback. The clinician is required to provide feedback on time of exhalation for the 

subject to target. McDonnell’s device therefore provides clear feedback on exhalatory 

pressure and control of exhalation over time.

Rosenbek and LaPointe (1985) address the carryover from non-speech 

respiratory tasks to speech tasks:

“Nothing guarantees that a subject producing 5 cm of water 
pressure for 5 seconds will be able to transfer that ability to 
speaking automatically. In the absence of data one can only 
hypothesize that training with the manometer improves strength 
and co-ordination of the respiratory muscles and improves the 
subject’s use of whatever background of strength and co
ordination he has left” (pp.289).

They note that carryover often happens spontaneously as the subject 

internalises the sensations involved in controlled exhalation and tactile and 

kinaesthetic feedback replaces instrumental. However, if necessary, carryover can 

also be specifically addressed through the gradual introduction of speech sounds to the 

controlled, extended exhalation. Scott and Williams (1987) also state that the muscle 

strength of controlled exhalation derived from Hixon’s manometer will transfer to 

speech. Brookshire (1992) states that controlled exhalation tasks will increase 

respiratory capacity and enhance control of exhalation for speech.
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The experience of Rosenbek and LaPointe (1978) suggests that 30 sessions 

will probably be enough as the subject will have developed respiratory muscle control 

or can muster no further recovery. Five to twenty minutes is the maximum time 

suggested to work on respiratory exercise, but daily sessions are recommended. 

Olgiati et al.(1989) in their study of respiratory training with MS patients scheduled 2 

daily sessions of 3 to 5 minute’s duration, for 5 days a week for 4±1 weeks. The 

current study noted the similarity in the two prescriptions and scheduled daily therapy 

for 20 to 30 days with each session lasting 10 to 12 minutes.

In this study the decision as to which therapy techniques to use was 

determined by the research question being asked. Many of the therapy techniques for 

respiration in the speech therapy clinic have a laryngeal component. However it is 

necessary to address respiration in isolation if the question to be answered is whether 

it is lack of use of the respiratory system that is a reversible component of the usual 

dysarthria in MS. Problems of inadequate breath support for speech may derive from 

a lack of capacity or driving pressure of the air which is the basis of speech or it may 

be that the appropriate pressure is there but that it is being inappropriately valved at 

either the laryngeal or the velopharyngeal level. Both laryngeal and velopharyngeal 

incompetence must be seen as more allied to the primary disease process than 

respiratory incompetence as a result of disuse as proposed in this thesis. The question 

addressed here is whether the respiratory system is differentially affected because few 

demands other than shallow vegetative breathing are placed upon it by the 

immobilised subject. It has been suggested by several researchers looking at the 

various dysarthrias of neurogenic origin that respiration may not be as impaired as 

speech might suggest, rather than that the patient may not be optimising remaining 

function (Hardy 1961; Rosenbek and LaPointe 1978; Gentil 1993).
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Thus therapy for this study focused on respiratory muscle training without 

laryngeal involvement. A Sherwood Respiratory Spirometer was used to maximise 

inspiratory volume and muscle work during inspiration. Vital capacity in isolation 

was not targeted for reasons discussed above but muscle control during inspiration 

was encouraged by the need to keep a yellow piston suspended between the upper and 

lower blue arrows on the device during inhalation:

Upper Arrow

Lower Arrow

P iston

Figure 21: Sherwood Voldyne 5000 Spirom eter

An excessive, unsustainable volume of inhalation, “blowing up like a 

balloon”, was discouraged by the necessity to keep the air at maximum volume for 3 

seconds before exhaling. The subject was encouraged to keep a hand on his stomach 

to feel it moving out while inhaling although diaphragmatic breathing was not 

explained or taught specifically nor was clavicular breathing actively discouraged for 

reasons discussed above.

Exhalatory control was the prime goal of therapy time. McDonnell’s (1992) 

respiratory drive indicator was used with whichever mouth piece gave the subject the 

best oral seal. A mask was not used due to difficulties with effective seal and some 

subjects’ dislike of it. Biofeedback with the coloured lights indicating optimum 

speech pressure and the specific pressure reading displayed on the dial were both used
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according to subject preference. Time of exhalation was counted aloud in seconds by 

the researcher. Thus there was visual, auditory and kinaesthetic/tactile feedback on 

the attainment of the exhalation target pressure sustained over time.

Near the end of therapy the subject was encouraged to achieve the target 

pressure without looking at the indicator. No other generalisation task was used since 

logically this would have required phonation. As noted above the two researchers 

who address the generalisation of respiratory tasks say that their experience is that 

controlled exhalations as practised on non-speech tasks often does transfer to speech 

of its own accord.

Posture was assured (see Section 3.4.4) but no prosthesis was considered 

appropriate to this research question.

3.4 The factors controlled for in this study are examined and the 
rationale, with support from the literature, given.

This section will examine the various factors other than the experimental 

variables that might have affected subject performance and details the safeguards 

instituted to prevent a systematic effect on the data from these extraneous influences.

3.4.1 Factors Controlled For: Diurnal Effects

It is generally suggested that it is best for MS patients to have therapy in the 

morning as by the afternoon performance will have deteriorated. Fatigue is a common 

symptom in multiple sclerosis, reported by between 78% and 90% of sufferers (Freal 

et al. 1984). Because fatigue is highly subjective and non-specific, it has not 

traditionally been reported by neurologists as a symptom of the disease (Kurtzke 

1961; McAlpine et al. 1972; Broman 1981;Murray 1985). Since Freal and Murray in 

the mid 1980’s, fatigue has been recognised not just as a symptom of MS but also at 

certain stages of the disease as the most disabling symptom. In Freal et al.’s (1984)
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survey, fatigue was the most frequently cited MS symptom: it was reported by 78% of 

the sample and in 56% of the 656 respondents it had a daily, deleterious effect on 

activities of daily living. Fatigue was reported to be made worse by exercise, warmth, 

and was generally worse in the afternoon, with the single most likely time of 

occurrence being late afternoon (Krupp et al. 1989). Robinson (1990) notes that it 

may not be time of day itself that has an effect on fatigue but a regular pattern of daily 

activity which for the majority of people culminates in the afternoon. Fatigue is 

described as a worsening of existing MS symptoms. Therefore an exacerbation of the 

disease is similar to fatigue except that the exacerbation lasts longer and may involve 

new symptoms (Freal et al. 1984).

Krupp et al.(1989) addressed the difficulty of the subjective experiential nature 

of fatigue by developing the Fatigue Severity Scale (FSS) for the measurement of the 

symptom. The FSS qualitatively differentiated the fatigue of multiple sclerosis from 

the fatigue experienced by other disorders and was capable of quantifying clinically 

predicted changes in fatigue. Additionally scores on the FSS did not correlate with 

measures of depression (CES-D); a clinical co-existence that had encouraged the 

inclination of neurologists to see the fatigue of MS, not as a symptom in its own right 

that needed to be treated independently, but as a manifestation of an affective, 

depressive disorder. In the past drugs and psychotherapy have been suggested as 

treatment for fatigue in MS but there is no evidence of their effectiveness. The FSS is 

capable of differentially diagnosing fatigue and depression and thus has demonstrated 

their separate nature and the need for separate treatment.

Recently there have been studies that have looked for a physiologic or 

anatomic mechanism in MS to explain the pre-eminence of fatigue as a component. 

Lenman et al. (1989) looked at whether there were characteristic changes in the
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functional properties of skeletal muscle fibres related to long-term disuse or altered 

use of muscles due to neurological dysfunction. They conclude that the fatigue 

resistant fibres in the muscle are transformed to fatiguable ones and that a change in 

the fatigue index (a measurement of the firing rate of the muscle over time and in 

various conditions) with one MS patient who had a clinical remission after the testing 

suggest that the changes in the muscles are reversible. Cohen et al. (1989) also tested 

a thesis that abnormal heat accumulation due to altered Autonomic Nervous System 

(ANS) function contributes to MS fatigue especially since the influence of high 

temperature on fatigue in MS is well known. Their testing did not prove this thesis 

but the hypothesis itself shows how the approach to fatigue has changed. Fatigue is 

not automatically part of an affective, depressive disorder in a person diagnosed with 

an incurable disease, but rather may be seen as part of the neurological dysfunction of 

that disease. In fact there is enough security in the importance of fatigue within the 

MS symptomatology that researchers are now returning to consideration of the 

influence of personal perceptions of fatigue. Robinson (1990) notes that personal 

knowledge and judgement about normal and abnormal tiredness are very important in 

people’s interpretation of their tired feelings:

“MS fatigue is not a discrete symptom which can be measured
independently of the circumstances which surround it” (pp. 10).

Therefore a measure of fatigue that takes into account the activities that are 

affected by fatigue may be a more sensitive measure than trying to get a subject to 

quantify the more nebulous concept of an amount of tiredness being experienced.

Thus routine fatigue must be taken into account when designing a research 

methodology both for reasons of what is ethically reasonable to expect a subject to do 

and to avoid measuring fatigue rather than the symptom of interest.
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To control for this possible effect all data in this study was collected from each 

subject within an hour of the same time each day. Only 1 of the 122 taping sessions 

did not meet this criterion. As Figure 22 shows a much better time control was 

achieved than this goal:

Subject Within Ih r of target Ihour 30 minutes 100%

VG 100.00% 86.36% 63.63% 1 hr 20 ins
RP 100.00% 88.00% 68.00% 1 hr 35 mins
EB 100.00% 84.00% 72.00% 1 hr 30 mins
WR 95.46% 81.80% 77.27%
OF 100.00% 100.00% 84.00% 55 mins

Figure 22: Subjects and Control Times
The second column shows the percentage of sessions that were within one 

hour of the target time (thus within a two hour range). The third column shows the 

percentage of sessions within the same hour of the day and the fourth column the 

percentage of sessions within the same 30 minutes each day. The last column shows 

the actual time range that all sessions for that subject were within.

Four subjects were seen in the morning and one subject was seen in the 

afternoon but she was seen in the afternoon each time so that time of day did not 

compromise the results obtained. Her optimal performance may not have been 

obtained if she was more fit in the morning but since each recording session was at 

about the same time, they are comparable performances. On some occasions the time 

of a therapy session may have changed but the sessions involving tape recording of 

intelligibility tests were controlled for diurnal effects and thus the influence of fatigue. 

The tapes of the YB Intelligibility Tests were taken before the therapy activities to 

control for procedural reliability as discussed subsequently but also to avoid a subject 

being fatigued by therapy and then asked for a speech sample. The number of 

activities in which a subject was involved during the study was also kept constant so 

that a change in performance could not be attributed to a change in habitual fatigue 

status. The subject’s routine was noted at the beginning of the study both to find a
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time that was possible to replicate daily and so that the daily and weekly activity 

routine was known. It was possible to maintain such a timetable because these 

individual’s are long term residents in a long term care facility and thus their lives are 

more regulated and routine than might otherwise be usual. Similarly since patient 

medications are dispensed at the same time each day, by keeping the time of 

assessment constant, the subjects were at the same stage of any drug cycle. Thus a 

change in performance as a result of inconsistent effects of medications could be ruled 

out.

3.4.2 Factors Controlled for: Cyclic Effects.

There is a conventional wisdom that the symptoms of MS are worse in the heat 

of summer. Seasonal variations in the abilities of subjects with MS have been likened 

to the temporary effects of exertion: both aggravate the symptoms in MS possibly as a 

result of a rise in body temperature. Mathews et al. (1985) state that the suggestion of 

Detels et al. (1982) that the more rapid course of MS in the hot climate of California 

was as a result of exposure to heat has no evidence to support it. However some 

subjects report that walking is in fact slowed by the cold weather and that ataxic 

symptoms increase in the cold (Geller 1974). Thus the effect of seasons on MS 

patients’ performance must be seen as individual to the patient. It could also be 

suggested that other cycles in the environment such as food cycles in the hospital, 

activity programs, menstrual cycles or some other environmental impact could affect 

all the individuals involved in the study at the same time. Since all the subjects were 

resident in the same institution, and two wards each had two subjects there is no 

obvious and practical way to control for or stop this hypothesised effect. However it 

is noted that the multiple baseline across subjects methodology is the least likely to 

demonstrate this influence. A group methodology with before and after treatment
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measures might be demonstrating a global effect of some other general change 

affecting all subjects. With the methodology of this study it is far harder to argue this 

effect, since speech performance must remain constant through the baseline period, 

the length of which varies for each subject. As the subjects move into therapy in a 

staggered pattern it can only be argued that there is a treatment effect if the subjects 

show speech improvement in a similar staggered pattern corresponding to their time in 

therapy. Since a seasonal or cyclical effect on the data necessarily has to be argued to 

affect similar individuals at roughly similar times it is illogical to argue that an effect 

of the change of seasons will affect each individual at a separate and different time 

that happens to correspond with the time that therapy is initiated for that individual. 

In addition one subject remained on baseline throughout the study which further 

controlled against seasonal or other global effects.

3.4.3 Factors Controlled for: Location of sessions

It was not practical or necessary to have all sessions for all subjects in the 

same location. Base criteria were set for an appropriate location and then an 

appropriate location found for each subject. Thus the room had to be private with a 

door which could be closed. The researcher and the subject must be the sole 

occupants of the room during a taping session and there must be no equipment 

operating or other undue noise. While background noise could not be completely 

controlled if an unusual noise (such as an aeroplane going overhead) interfered, the 

taping was stopped and the item was re-administered when the noise stopped. If the 

location is held constant for each subject across their baseline and therapy sessions 

then no influence of setting of session can be claimed.

Two subjects had private bedrooms where almost all sessions were held (see 

Figure 23). Another subject was seen for 92% of her sessions in a small public
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meeting room on her ward. The effect of a change in location affecting their 

performance was therefore well controlled for these 2 subjects. The two remaining 

subjects on larger wards presented more of a problem. One of the subjects was seen 

for 84% of the time in the patient’s library which was pre-booked for the session and 

which had no other activities during that time. Several sessions however were not in 

that setting although all settings but one fulfilled the criteria for an appropriate setting 

detailed above.

Subject Location Percentage in 
Location

Criteria Met

VG Bedroom 94.4 100%
RP Library 84.0 1 session out
OF Visitor’s Room 92.0 100%
EB Ward 84.0

Library 16.0
WR Bedroom 86.0 100%

Figure 23; Subject Session Location
The final subject was also on a general ward and was usually bedridden so the 

location of the session was pre-determined. It was possible to close the doors and 

windows during a taping session and a sign requesting no disturbance was placed on 

the door. The nursing staff co-operated by not interrupting a session once started. 

The time for this subject’s session was right before lunch so work on the ward was 

already finished and the other residents were more likely to be elsewhere. However 

two other beds on the ward were often occupied by other bedridden residents so we 

were not the sole occupiers of the room. As this subject proved unable to consistently 

produce adequate lip closure to use the therapy equipment, she provided only baseline 

measures. Any difficulty in providing a location that fulfilled the criteria for this 

subject will not have an influence on any conclusions drawn about therapy efficacy. It 

is noted that 84% of her sessions were in this setting so there is reasonable internal 

consistency of location for this subject. 16% of the other sessions were in the library 

mentioned above which fulfilled the criterion for an appropriate setting.

141



3.4.4 Factors Controlled for: Posture

Hixon (1973) states that a subject lying down adds 3 cm to 5 cm H2O to 

subglottal air pressure when compared to the breath pressure available when standing 

up. Thus it is necessary that the posture of a subject be standardised across tests. Two 

of the five subjects were unable to move once positioned in their wheel chairs as their 

posture was habitual. Two others were in wheel chairs that allowed more movement. 

One of these subjects was always seen immediately after he had got up so he was 

freshly placed in his wheelchair and his posture was optimised. The fourth needed to 

be reminded to shift to the back of his chair and avoid slumping. As this was part of 

the procedural reliability protocol of the YB Intelligibility Testing (see Section 3.5) 

and an obvious first step in breathing exercises (see Section 3.3), his posture was 

routinely optimised. The fifth bedridden subject presented the greatest problems as 

she was sometimes lying on one side, sometimes on the other and sometimes on her 

back. It was always possible to make sure that she was comfortable and lying more 

supine to allow her the best possible chest expansion but there was variation in 

habitual posture for taping. This was the subject who provided baseline measures 

only.

Subject Description Success

VG Chair Self-correcting 100%
RP Chair Self-correcting 100%
OF Chair Immobile 100%
EB Bed Immobile 60%

Chair 40%
WR Chair Immobile 100%

Figure 24: Subject Posture

3.5 Procedural Reliability: the literature is examined with its 
implication for this study.

Hersen and Barlow (1976) discuss at length the need for all the operations 

involved in obtaining the test or repeat measurement in single case study methodology 

to be clearly specified, observable and replicable in all respects. They note that it is
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highly preferable to standardise the personnel involved and instructions to the subject. 

Thus any change in a subject’s performance cannot be as a result of change in the 

researcher’s behaviour or instructions given to the subject. Reflecting this legitimate 

concern that either consciously or unconsciously a researcher can influence results of 

research by changing the instructions or procedures used in the research, certain 

procedures were instituted in this study. This concern is particularly relevant when 

the researcher is trained and experienced as a clinician since this is precisely what a 

clinician attempts to do -  change behaviour through verbal, vocal and visual 

directions. Behavioural change was precisely the goal of the sessions where the 

subjects were being asked to do the respiration exercises. It is the responsibility of the 

clinician to encourage and provoke the best performance from the subject. However 

this was not appropriate to any of the recording sessions where intelligibility was 

measured when the subjects’ performance must not be extraneously influenced.

Probably the most important control on this variable was the awareness of the 

researcher of its possible influence. In addition several procedures were instituted to 

ensure uniform recording.

The YB Intelligibility Test was always given before the respiratory therapy. 

Thus the subjects’ best performance was possible without fatigue being a factor. Also 

the therapy sessions were conducted exactly like the baseline sessions with the taping 

being done very promptly after meeting. There was a conscious policy of keeping all 

socialisation until after taping which created a “work first, play later” attitude that as 

well as being efficient also allowed a uniform procedure for the taping of the 

intelligibility tests.

A checklist of steps and specific verbal directions for giving the YB 

Intelligibility Test was drawn up, administered to several volunteers and then
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rewritten to reflect the practicalities of test administration (see Appendix F). This 

then became the prototype for the administration of all the intelligibility tests. It was 

kept with the YB Intelligibility Test stimulus materials and recording equipment and 

thus was in front of the researcher for each session. The main change in the two 

versions of the protocol was the inclusion of reinforcement during the test 

administration. It is too lengthy a procedure to be done by easily fatigued people, 

several times a week over months without some encouragement. This was of the 

nature of “well done”, “good”, “we’re getting there”, etc., randomly throughout the 

test and always after the 25^ single word and after each sentence. There was no 

feedback on the performance of a specific item. A diary was kept for each subject 

recording the details of each day’s session.

A suggested procedure (see Appendix F) was developed for the respiratory 

therapy sessions but more leeway was allowed in these sessions as the researcher used 

any methods, encouragement or reinforcement appropriate to the individual subjects 

to get their best performance on the specified tasks. While it was necessary to 

maintain uniformity in the administration of the intelligibility taping across the 

baseline and therapy periods there was far more flexibility with the therapy sessions. 

Here the concern was only for best clinical practice and that only the activities 

detailed were the ones presented in therapy. While it might have been appropriate for 

a particular subject to have had articulation therapy along with the respiration, or 

assistance with the co-ordination of phonation and respiration, only the respiratory 

exercises in isolation were introduced during the therapy phase and these exercises 

were specified in the protocol. However the actual number of repetitions of a drill, the 

specific target of a drill, the reinforcement given, were individual to each subject.
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A written protocol was also developed before the listening sessions where the 

researcher was the judge. As with other procedural reliability checklists this was kept 

with the equipment required for the task and thus was constantly available for 

reference (see Appendix F). A daily diary sheet for the judging task was also kept 

(see Appendix H).

Many topics have been discussed in this chapter that relate to and expand the 

methodology used to examine the question of the efficacy of respiratory exercises 

with the dysarthria of MS. The research question of whether respiratory exercises will 

affect the speech of MS sufferers was detailed in Chapter 1. Chapter 2 presented the 

actual procedures used in this study. Chapter 3 has discussed the background and 

literature of some of the issues raised by the choice of research procedures.
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4. RESULTS

The data was collected according to the protocol presented in Chapter 2. This 

chapter will first summarise the multiple baseline study since this is the context within 

which all other results must be seen. Then each subject’s performance will be 

presented and interpreted individually. Next, the test-retest or reliability data will be 

examined in detail followed by an analysis of the error patterns made by the listeners 

for the test-retest data. Finally the information from the diaries of daily therapy will 

be presented and examined.

4.1 Multiple Baseline Study

The study started with five subjects and these subjects were tested to the 

conclusion of the experiment. Two subjects were subsequently omitted from the 

study: the results for one subject were dropped as the experimental protocol was 

breached and another had to be omitted because the patient could not consistently and 

adequately perform the therapy tasks (see Section 4.2 pp. 159).

Figure 25 summarises graphically the multiple baseline study with the three 

eligible therapy patients, showing the staggered order of the institution of therapy after 

sessions 5, 9 and 17 respectively. All the data points for each subject are for the same 

listener: using the multiple choice format for VG, who is the most impaired, and the 

transcription format for RP and OF who are more able. The decision of which 

judging task was appropriate for which patient was made according to the criteria 

stated previously (see Section 3.2.2). A vertical line indicates the onset and cessation 

of therapy.
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Figure 25: M ultiple Baseline Study - The Effect of R esp irato ry  Exercises on 
Speech Intelligibility as M easured by the YB Intelligibility Test

It can be seen that VG maintains his baseline performance for the first two 

weeks of therapy (sessions 6 to 9) and then speech intelligibility improves in the 

remaining two weeks (sessions 10 to 14). There is a two week break between session 

14 and 15 and his performance has returned to baseline. This pattern is repeated with 

OF who shows a maximum performance and decreased variability after three 

intelligibility tests, a week and a half of therapy. RP’s performance unaccountably 

improved during baseline and he maintains this improved level of performance during 

therapy. No clear therapy gain can be claimed with RP.
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This multiple baseline study will be interpreted cautiously as evidence of the 

efficacy of using respiratory exercises to improve speech intelligibility.

4.2 Individual Responses To Therapy

Intelligibility Scores: Figure 26, Figure 28 and Figure 33 together present all 

the intelligibility scores available and discussed in this study. All graphical results 

presented subsequently derive from these three base tables.

Figure 26 presents all the intelligibility scores obtained in the first listening 

period, starting four months after the last intelligibility test was taped. The first 

column displays the chronology of the weeks of data collection starting with the 

taping of the first baseline intelligibility test in Week One and finishing with the last 

therapy and intelligibility test in Week Thirteen. The dates in the calendar year these 

weeks represent are shown in column two. The remaining five columns show the 

session number and intelligibility scores for each of the five subjects VG, RP, OF, 

WR and EB.
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VG RP GF W R EB
Week Dates Session Score Session Score Session Score Session Score Session Score

1 6-Aug-91
7-Aug-91

1
2

46
62

1
2

82
68

1 60 1 78 1 48

8-Aug-91 2 56 2 86 2 32
2 12-Aug-91 3 66

13-Aug-91 3 56 4 58 3 72 3 48 3 66
15-Aug-91 4 32 5 58 4 76 4 82 4 72
16-Aug-91 5 46

3 20-Aug-91
21-Aug-91

6 46 6 74
5 88

5 96 5 62

22-Aug-91 7 80 6 80 6 0
23-Aug-91 7 50 6 80 7 82

4 27-Aug-91 8 32 8 86 7 64 7 78 8 68
29-Aug-91 9 46 9 76 8 72 8 84 9 58

5 3-Sep-91 10 70 10 78 9 86 10 0
5-Sep-91 11 62 11 80 10 84 11 72

6 9-Sep-91 12 78
lO-Sep-91 12 80 11 88 9 86 12 70
11-Sep-91 13 72
12-Sep-91 13 60 12 78 10 76 13 72

7 16-Sep-91 14 68
17-Sep-91 14 82 13 8 11 82
18-Sep-91 14 28
19-Sep-91 15 86 14 76 12 84
20-Sep-91 15 60

8 25-Sep-91 16 78 15 76 13 78 16 58
27-Sep-91 17 84 16 62 14 80 17 76

9 30-Sep-91 18 84 17 86
2-Oct-91 19 88 18 90 15 86 18 72
4-0ct-91 16 92 19 86

10 7-Oct-91 20 82 20 80
8-Oct-91 15 52 19 84 17 78
lO-Oct-91 21 86 20 76
11-Oct-91 16 52 18 82

11 14-Oct-91
15-Oct-91
16-Oct-91

17 46 22 76
21 80 19 76

21

22

66

88
17-Oct-91 18 56 23 74 22 90 20 72

12 22-Oct-91
23-0ct-91

23 84 21 78 23 86

24-Oct-91 24 86 22 78 24 70
13 29-Oct-91

30-Oct-91
31-Oct-91

25

26

88

92
25 12

(Judging S ession  -  +  4  m onths) 

Figure 26: Intelligibility Scores by Week, Date and Session 
The protocol called for each subject to have two intelligibility tests a week

with at least a day in between the sessions (see Section 2.3). This was designed to

avoid fatigue when daily therapy was started and the subject would have therapy and

intelligibility testing in the same day. Thus the only instances in which this twice-

weekly pattern was not observed were for VG and RP in the first two weeks of the

study when there was no therapy but the intelligibility tests were being taped to

establish a baseline. Fatigue was not considered to be a factor. At all subsequent
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points the routine was rigidly followed. It should be remembered that the session 

numbers do not represent every time the researcher saw the subject: from week three, 

when VG started therapy, every subject was seen every day for either therapy or a 

social visit to control for the possible effects of increased time with the researcher. 

Thus session number refers to sessions in which intelligibility testing occurred and, as 

mentioned above, after the first two weeks this was invariably two sessions a week.

In Figure 26 each subjects’ scores were labelled by consecutive session but it 

can be seen that a given session number may not be on the same date for each patient. 

For instance session 6 was on 20 August for VG and RP but on 22 August for WR 

and EB and 23 August for GF. The session numbering was chosen as a way of 

presenting time conveniently for comparison across all subjects as the actual dates do 

not lend themselves to this comparison. There are two factors that prevent the session 

numbers being the same in each week for all the subjects. The first is the situation 

already mentioned where early in the study more than two baseline points were taken 

in week two for subjects VG and RP, giving them each an extra session that took them 

out of synchronisation with the other three subjects. Also while WR was still 

producing baseline intelligibility scores and receiving social control visits on the other 

days of the week, she went on holiday for a week. Similarly VG left for a two week 

holiday after a month of therapy (August 16 to September 16, 9 taping sessions): 

therefore his session 15 is at a considerably later date than the other subjects. While 

efforts were made at the beginning of the project to establish that patients would be 

available throughout the project, situations changed in way that the researcher could 

not control. In neither case did the holiday affect any conclusions able to be drawn 

about individual scores since WR gave further baseline points after her holiday that
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were not different to those before and then proceeded on to therapy. VG had a month 

o f therapy before his holiday which as prescribed in the protocol.

VG: Figure 27 displays VG’s performance on the initial dysarthria

assessment. Appendix J contains VG’s completed Frenchay Assessment. Dysarthria 

diagnosis was of a severe mixed dysarthria with spastic and ataxic components. Oral 

tasks are more impaired than speech tasks:

___________________ VG Performance on Motor Speech Tasks - Summary___________________
M od erately  im paired upper extrem ity  function  

S ev ere ly  im paired low er extrem ity  function  

M oderate d ysp h agia , m anaged

•  M oderate im pairm ent o f  co-ord in ated  m o v em en ts o f  ja w  lips and tongu e
d ecreased  range co -ord in ation  and accu racy  o f  m o v em en ts  

increased  tone
d ia d och ok in etic  rates (w ith ou t vo ic in g ):

/p^ / 7 .6 5 /3  se c  /tV  6 .2 /3  se c  /k V  3 .4 /3  se c  /p^ t ^k^/ 2 .3 3 /3  sec

•  M oderate v e lop h aryn gea l in su ffic ien cy
nasal air e sca p e  on held  breath 

/m / /b / alteration ach iev ed
nasal air e sca p e  and hypernasality  in con sisten tly  in con versa tion

•  S ev ere ly  im paired laryngeal control
can  sh o w  tw o p itch  ch an ges w ith  great effort 

can im itate un idirectional p itch ch an g es

•  Inability to vary lou d ness, habitually  reduced  lou d n ess
m axim um  p honation  tim e 2 to 3 se co n d s
6 to  8 seco n d  exh alation  w ithout v o ic e , f lo w  interrupted and rate varied  
3 breaths in cou n tin g  to 2 0  but very rushed and inarticulate  

c lav icu lar  breath ing w h en  effort required  

sp eech  in itiated at lo w  v o lu m e s, g o e s  to residual air con sisten tly  
reduced  respiratory drive and unab le to sustain  (flick er in g  y e llo w )

•  Oral v o litio n a l m o v em en ts prom pt but s lo w

•  U se s  C anon  C om m u n icator for ex ten d ed  con versa tio n s —  sin g le  to  tw o  w ord  breath grou p s the on ly  

v iab le  o n es  for in te llig ib ility  —  poor s e l f  m onitorin g

•  S ev ere  M ix ed  D ysarthria —  both Spastic  and A ta x ic  com p on en ts

•  R espiration , p honation  and reson ance m ost a ffec t in te llig ib ility .___________________________________________

Figure 27: VG Perform ance on M otor Speech Tasks - Sum m ary

Figure 28 displays the intelligibility scores for VG with columns one and two

presenting the information from Figure 26 paired with the further information of the

scores achieved by the same judge listening at plus 20 months and plus 29 months

post intelligibility testing. On all three occasions the same equipment, setting,

randomisation procedures and multiple choice listening format was used by the

listener. This was designed to be a reliability check on the listening results and will be

discussed subsequently. A single subject was chosen, as this was the subject of the
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three available who at the first judging showing obviously improved intelligibility. 

The total number of intelligibility tests listened to on the second listening represents 

23% of the tests from all the subjects available from the first listening series, which is 

a more than adequate percentage of sessions upon which to show interjudge 

reliability. Additionally by choosing to listen to the single subject rather than a variety 

of sessions from several subjects it was possible to see if the pattern o f improved 

results during therapy would be reproduced:

Repeated Listenin
Session + 4 months 1 + 20 months + 29 months

1 46 48 42
2 62 46 52
3 56 52 50
4 32 42 36
5 46 46 50
6 46 36 50
7 50 50 46
8 32 42 44
9 46 40 40
10 70 64 68
11 62 68 62
12 78 70 70
13 72 70 68
14 68 66 72
15 52 50
16 52 46
17 46 46
18 56 50

Figure 28: VG Intelligibility Scores, R epeated Listening

Figure 29 graphically displays VG’s intelligibility scores taken from Figure 28:
100

1 2 3 5 6 7 10 124 8 9 11 13 14 15 16 17 18

Session

- + 4 months • + 20 months " •  " + 29 months

Figure 29: VG Intelligibility Scores
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The vertical line between sessions 5 and 6 marks the start of daily therapy and 

there is a clear therapy effect after two weeks (intelligibility test sessions 6 to 9). Day- 

to-day variability in performance is noticeable during both baseline and therapy. A 

mean baseline performance of about 45% intelligibility compares to a therapy mean 

performance after the first fortnight of around 70%. This same pattern was 

reproduced on all three listenings performed as a reliability check. Thus VG shows a 

change in mean performance level fi*om baseline to therapy and a shift in level with a 

latency of 4 testing sessions or 2 weeks of therapy. There is a negative trend during 

the baseline phase which changes to positive during therapy and back to negative 

during the second baseline. Thus on all criteria for visual inspection of single case 

study data (Kazdin 1982) VG shows a change in performance during the therapy 

phase.

Session 5 was not held in VG’s bedroom as all other sessions were, but in the 

researcher’s office which still met the location criteria (see Section 3.4.3). The 

intelligibility score for this session is very close to the baseline mean for VG, showing 

no effect from changing location. All sessions were within one hour of the target 

time. No other variations in protocol are recorded.

RP: RP’s performance on the motor speech tasks during the initial assessment 

is shown in Figure 30. Initial and final Frenchay assessments are in Appendix J.
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RP Performance on Motor Speech Tasks - Summary
M ild  to m oderate upper extrem ity  im pairm ent 
M od erately  im paired  low er extrem ity  fun ction  

N o  d ysp h a g ia  

Palate fun ction  in n o n n a l range
n o  air esca p e  noted  
/m / /b / alternation ach iev ed  

M ild  in v o lv em e n t o f  lip s and ja w  and tongu e
d iff icu ltie s  w ith  co -ord in ation  and sp eed  rather than strength and accu racy  a ch iev ed  

w ith  tim e.
d iad o ch o k in etic  rates:
/p^/ 3.1/3 sec /t /3 .1/3 sec /k^/ 2.5/3 sec /p"" t"" k""/1.1/3 sec

M oderate laryngeal im pairm ent
v o ic e  quality  husky, freq u en cy  hab itually  low  
m atched  p itch  patterns w ith  effort  
cou ld  slid e  up sca le  but not hit n o tes d iscrete ly  

m axim u m  phonation  tim e 1 8 .2 4  seco n d s  

A b le  to vary lo u d n ess gro ssly
habitual lou d n ess adequate  
no c lav icu lar  m ovem en ts  
cou n t to 3 0  in on e breath
o n ce  sp o k e  to residual breath —  started late on  breath
severa l tim es p honation  started on  to o  high vo lu m e
respiratory drive adequate but f lo w  d ifficu lt to  control (red, y e llo w , g reen )

Oral v o litio n a l m o v em e n ts prom pt but abrupt

Rate o f  sp ee ch  in co n versa tion  6 8  w ords per m inute —  slo w

M ild -m od erate predom inantly  A tax ic  D ysarthric.

A rticu lation  and p rosod y  m ostly  a ffect in te llig ib ility .______________________________________________________

Figure 30: R P ’s Perform ance on M otor Speech Tasks - Sum m ary

RP’s intelligibility scores obtained using the transcription format of judging

are presented in Figure 31 :

100

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 231 2 3 4

Session

Figure 31: R P Intelligibility Scores

RP shows no change in the mean intelligibility scores during baseline (72%) 

and therapy (80%). Intelligibility improves to over 80% but this improvement can be 

seen to have started before therapy commenced. There is a positive trend in the data
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during baseline but no change in trend or slope of trend, or shift in level of the data 

with the onset of therapy.

Session 2 is out of protocol as RP did not have a private room and on that day 

the usual location was unavailable. The score on this day is very usual and is 

seemingly uninfluenced by the location. Sessions 11 and 19 are also not in the 

habitual location although still in a location that fulfils the criteria and neither point is 

out of keeping with the surrounding data points. All data points were recorded within 

an hour of the same time every day so no effects of time of day variation need be 

considered. Sessions 7, 8 and 9 were recorded amidst great jubilation as the patient 

had won a photography competition, complete with ribbon and exhibition, and was 

generally very inspired and positive. The diary shows session 13 to have been a day 

when RP was very upset with another patient on his ward -  on all other occasions RP 

is listed as co-operative or keen. Not knowing the results at the time the researcher 

would have expected RP to have shown a therapy effect. It might be argued that with 

therapy RP achieved his best speaking abilities as evidenced on the first taping session 

when all was new and he was probably producing his best speech and sessions 7, 8 

and 9 taped at a time of personal confidence and fulfilment. His scores during the last 

weeks of therapy show almost 4 weeks of sustained optimal performance with there 

being no other reason to explain this “best performance” but therapy. However it 

must be stated that there is not an obvious therapy effect despite the researcher’s 

subjective impression that it would be otherwise.

GF: GF’s initial and final Frenchay Assessments are in Appendix J. Figure

32 summarises GF’s performance on motor speech tasks from the initial assessment: 

(Appendix J).
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GF Performance on Motor Speech Tasks - Summary
Severe upper extremity impairment 
Severe lower extremity impairment 
Severe dysphagia-gastrostomy 

Lips, tongue, jaw movement relatively more intact, moderate impairment
obvious attempt to co-ordinate movements that are slow with range and accuracy
relatively better.
some weakness noted, tone not pronounced.
diadochokinesis rates:
/p^/ 2.92/3 sec /t^/ 2.6/3 sec /k'^/ 3/3 sec /p^ t^ k ^ /1.4/3 sec

Moderate velo-pharyngeal insufficiency — elicited more strongly on tasks than in speech 
/m/ /b/ achieved initially but fades
small amount of nasal air escape on held breath — oral escape more prominent (weak 
lips)

Severe laiyngeal involvement.
no cough or throat clear.
1 pitch achieved unable to vary 
no pitch patterns followed.
maximum phonation time 3 seconds. Repeat attempts difficult.

Unable to vary loudness.
habitually inadequate loudness — often de-voiced. 
clavicular breathing.
count to 8 in one breath or 5 breaths to get to 20.

Oral volitional movements awkward and slow — weak not apraxic
Phonation, respiration and to a lesser extent resonance most affecting intelligibility.
Severe Mixed Dysarthria — Spastic and Cerebellar

Figure 32:GF’s Performance on Motor Speech Tasks - Summary
Figure 33 displays the intelligibility scores for GF on repeated listenings using

different judging formats and a second listener:

Repeated Listenings
Session SI

Multiple Choice, 1̂  Listener
S2

Transcription, 1̂  Listener
S3

Transcription, 2'̂  Listener

1 60
2 56
3 72
4 76 36
5 88 60
6 80 40
7 64 36 28
8 72 60
9 86 46
10 84 70 58
11 88 44 52
12 78 60
13 8 12
14 76 60
15 76 52 56
16 62 54 50
17 86 66 44
18 90 70 60
19 84 48 46
20 76 62 60
21 80 74 58
22 90 80 66
23 84 72 66
24 86 74 62
25 88 78 66
26 92 70 64

Figure 33: GF Intelligibility Scores
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The first column lists the session number and the second column SI is the 

multiple choice format for judging intelligibility. Subjectively GF’s intelligibility is 

quite impaired and she was difficult to understand in conversation without listener 

effort. Frenchay Test results show her to be closest to VG in ability (see Appendix J). 

In most activities of daily life she is severely impaired. Thus the original choice with 

GF was to use a multiple choice listening format as suggested by Yorkston and 

Beukelman (1981):

“...the multiple choice task tends to result in a wide distribution 
of scores, whereas scores from the sentence transcription task 
tend to cluster in the 0 to 10% correct range for severely 
involved individuals.” (pp. 18)

It was originally thought that GF was so severely dysarthric that multiple 

choice would give the most sensitive indication of subtle differences in performance. 

Once this decision was made, then all intelligibility tests were listened to using that 

format. As the tests were not scored until all the tests had been transcribed it was not 

realised that with the multiple choice format, GF would score consistently in the top 

of the range. It was later decided to re-listen to GF’s sessions using a transcription 

judging format that places more demands on the listener, is closer to “normal”, and 

should, according to Yorkston and Beukelman and common sense, result in scores 

lower down the available range. Thus in Figure 33, column three, S2 gives the 

intelligibility scores when the original listener transcribed the tests without having the 

choice of words in front of her as with the original listening. Column four, S3, is the 

scores obtained by a second listener using transcription in the same manner as the first 

listener. It should be clear that any judgement about subject improvement is being 

made by comparing the baseline and therapy portions of the same judge with the same 

listening format. Comparing the different judges and the different listening formats 

gives interesting information about intelligibility testing and the effect of different
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listener variables on intelligibility scores. However subject performance is only 

discussed within a single listener and transcription format. The curves in Figure 34 

shift up the y  axis because of manipulation of listener variables. Subject performance 

is judged moving along the x axis of a given curve.

Figure 34 graphically displays GF’s intelligibility scores for both the multiple 

choice and transcription listening formats, and for two listeners as presented in Figure 

33:
100

'js
'.9
«3C

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

S e ss io n

■ - Multiple Choice 1st Listener -Transcription 1st Listener - • - a - ■ - Transcription 2nd Listener

Figure 34: G F Intelligibility Scores

During therapy there is a decrease in variability and an increase in performance 

level which is beyond the previous best obtained over a long baseline. For GF the 

improved performance is after 3 taping sessions or a week and half of therapy; very 

similar to the 4 sessions evidenced by VG. The transcription format o f listening 

reveals improved performance that is clearer than the multiple choice format. The 

mean of the speech performance improves from about 50% intelligibility to about 

70% and the trend moves from flat or slightly positive during baseline to much more 

positive during therapy. Thus GF shows a therapy effect similar to VG’s although less 

in magnitude and with a reduction of variability that was not seen with VG.

Sessions 1 and 2 were recorded in the afternoon before it was established the 

GF was less fatigued in the morning. Both of these are low performances for her,
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although not her lowest, but it must be considered that there may be a time of day 

effect in these two points. Session 13 had no obvious variation in the protocol being 

in the usual location and time but the patient was very fatigued and struggling and 

taping was stopped.

WR: WR became very upset about her communication abilities as a result of 

involvement in the research project. The focus that daily therapy put onto her speech 

and the effort involved in the taping sessions made WR, who is quadriplegic, very 

conscious of the vulnerability of her speech as one of her last functioning systems. 

Thus from session 13, while the format of daily therapy visits and respiration 

exercises was continued as before, a great deal of feedback and encouragement was 

given to WR about speech and communication beyond the limits of the protocol. WR 

was assisted with both phonation and articulation in an attempt to alleviate her 

anxiety. It is interesting her performance remains stable despite both her emotional 

volatility and the intense level of therapy involvement. These results will be 

eliminated from further consideration:

100

^ DU
■f 40 
I  30

2 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 221 4

Session

Figure 35: WR Intelligibility Scores
EB: Therapy was instituted with EB from session 12. After a week, therapy 

was abandoned as EB could not get a consistent enough lip closure on any of the 

number of mouthpieces tried on the therapy equipment. Thus oral leakage prevented 

any respiratory work. It was decided to continue to tape EB as an observation against 

some unspecified group effect or the effect of involvement in the study. While these
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issues are addressed within the multiple baseline format itself, EB was willing to be a 

further control. EB’s performance is marked in its daily variability, something noted 

with many MS patients both subjectively and in these test results. Despite controlling 

for variability introduced by procedures, location, season, and time of day, speech 

performance of patients varied considerably. Sessions 2, 6, 10, 14 and 25 cannot be 

treated as outliers but are indicative of the variability of MS speech behaviour as 

evidenced by three of the five subjects:
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Figure 36: EB Intelligibility Scores
Sessions 19, 22 and 24 were all sessions in which EB was not propped up in 

bed -  her habitual position, but was sitting in her chair. Two of these sessions were 

EB’s best performance and thus it must be considered whether a change in posture 

was influencing her performance on these points (see Section 3.4.4). As with RP’s 

improved speech performance upon winning a photography competition, EB only 

wanted to be out of bed when she was feeling particularly energetic. Thus it may be 

that while these high intelligibility scores reflect her upright posture they may also just 

reflect a particularly good day.

4.3 Statistical Analysis

There is no single statistical test that can be readily applied to the data 

produced in this study, so caution must be exercised in all statistical interpretations of 

the results. The significance of the statistical analysis of these results is discussed
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further in the next chapter (see Section 5.1). This section will simply present the 

statistical calculations made. Four statistical techniques were used to analyse the 

results: two-sample paired t-tests to examine the means in the baseline and therapy 

phases; correlation coefficients to examine any trend in the baseline and therapy data; 

a Mann test to determine trends in the data; and the C statistic to examine trends in 

both the baseline and the overall results.

A statistical test of the data needs to demonstrate that the mean intelligibility 

scores for the baseline and therapy phases are different and support the visual 

evidence of a therapy effect. To accomplish this a two-sample paired t-test was used 

to demonstrate that the mean scores for the baseline and therapy phases had shifted. 

In addition an auto correlation statistic was calculated to demonstrate the 

independence of the data in the baseline and therapy periods. The Pearson product 

moment correlation coefficient was used to determine any trend.

For subject VG there were an unequal number of data points in the baseline 

and therapy phases. This problem was resolved by using the five therapy phase data 

points (sessions 10 to 14) and comparing these to the initial five baseline points. To 

derive the Pearson correlation coefficient each data point in the baseline phase was 

paired with the following data point to form two sets of data. The Pearson correlation 

coefficient calculated in this manner establishes to what extent one data point can 

predict a subsequent one: auto correlation (Kazdinl982, pp.318).

The Pearson correlation coefficient was calculated using the formula:

^ ^  C o v (x ^ ^  where x  represents the scores in the first data set and y

represents the scores in the second data set.
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The auto correlation for VG during baseline was r=-0.03 and r=-0.39 during 

therapy, which was judged to show these data points to be independent of each other. 

Thus the condition of data independence for the t-test was met.

The t-test was performed using the data for sessions 1 to 5 (baseline) and 

sessions 10 to 14 (therapy) and tested at the 95% confidence interval. The results are 

summarised in Figure 37.

Statistic Description Sessions 1 to 5 (Baseline) Sessions 10 to l4  (Therapy)
M ean 4 8 .4 70

V ariance 130.8 34

O bservations 5 5
Pearson Correlation -0 .2 8 4 9 1 1 7
H ypothesised  M ean D ifference Zero
D egrees o f  Freedom 4
t Stat. -3 .3 9 1 6 0 1 2
P (T <=t) one-tail 0 .0 1 3 7 4 4 7
t Critical one-tail 2 .1 3 1 8 4 6 5
P (T <=t) tw o-tail 0 .0 2 7 4 8 9 4
t Critical tw o-tail 2 .7 7 6 4 5 0 9

Figure 37: VG t-Test Statistics
The null hypothesis that there was no difference in the mean scores for the 

baseline and therapy phases had to be rejected and the mean intelligibility scores 

during therapy and baseline were found to be significantly different.

The data for GF was analysed in a similar manner. The Pearson correlation 

coefficient for the baseline period was calculated as r=-0.36 and r=-0. 30 for the 

therapy phase and this was taken to show that the data points were independent. 

Again the condition of data independence for the t-test was met. An identical two- 

sample paired t-test was performed comparing the mean intelligibility scores for the 

baseline and therapy phases for GF.

The t-test was performed using the data for sessions 11 to 17 (baseline) and 

sessions 21 to 26 (therapy) and tested at the 95% confidence interval. The results are 

summarised in Figure 38. The null hypothesis that the mean intelligibility scores for 

baseline and therapy were equal was very narrowly rejected so the t-test confirmed a 

significant difference in the mean scores, but not as decisively as the data for VG:
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Statistic Description Sessions 11 to 17 (Baseline) Sessions 21 to 26  (Therapy)
M ean 77.666667 86.666667
V ariance 85.466667 18.666667
O bservations 6 6

Pearson Correlation -0.1936132
H ypothesised  M ean D ifference Zero

D egrees o f  Freedom 5

t Stat. -2.0158237
P(T <=t) one-tail 0.0499506
t Critical one-tail 2.0150492
P(T <=t) tw o-tail 0.0999011
t Critical tw o-tail 2.5705776

Figure 38: GF t-Test Statistics
A Mann test was used to examine the data for trends during the baseline and 

therapy phases. The Mann test is a non-parametric test of trend that measures the 

strength of the trend and assesses the probability that the sequence of scores was 

merely random. The scores are ranked and values p  and q assigned to the number of 

data points that greater or less than the value being examined. The values assigned to 

p  and q are summed and the excess of Ep - Iq is called S. The value of S can be 

compared to the values given in the Mann tables and the significance of the trend 

established.

An equal number of scores is required in the two series of data: baseline points 

were counted back from the onset of therapy and therapy points from the end of 

therapy until no more matched pairs could be created. The calculations for subject GF 

are set out in Figure 39

Sessions

Baseline
Score 46 70 44 60 12 60 52 54 66
P 6 0 5 2 4 1 2 1 0 21

q 1 7 1 3 0 2 0 0 0 14
7

Therapy
score 70 48 62 74 80 72 74 78 70
P 6 7 6 3 0 2 1 0 0 Sp 25

q 3 0 0 2 4 1 1 1 0 2a 12
2p-2q 13

Figure 39: Mann Test Calculations for Subject GF
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Thus the initial baseline points for GF were not used in this analysis. For GF

in the baseline phase, an S score of 7 was calculated (Sp = 21, Zq = 14). During

treatment an S score of 13 (Zp = 25, Zq = 12) was calculated. The excess of the sum

of p 's  over the sum of ̂ ’s is unlikely to be random and is indicative of a positive trend

during therapy. The critical value for significance at p=0.01 level (n=8, one-tailed) is

15, thus the baseline phase quite clearly is not significant and the treatment phase just

misses significance. This result can be seen as an indication of a treatment effect

since the trend in baseline is not significant and the one in treatment clearly

approaches significance at a stringent confidence interval of p=0.01.

There are not enough data points to perform a similar calculation for VG.

The final approach taken to the statistical analysis was to calculate a C statistic

which measures whether there is a trend in a set of data or whether it is random. The

C statistic developed by Tryon (1982) has the following formulae for its calculation:

Y 2 n + 2 C
c = 1 -  — and s, = -, ■■ ■■ and z = — , where d  is the

difference between successive results, is the difference between an individual

score and the mean score, and z is the Z score used to establish significance.

The analytical approach is to first calculate a C statistic for the baseline

results to determine whether there is a trend for this phase of the experiment and

second to calculate the C statistic for the baseline and therapy phases to determine if

there is a trend in the overall data.

Mathematically the standard error for the C statistic can be shown to follow a

normal distribution and thus a Z statistic can be used to measure the degree of

significance of the apparent trend. The calculations for the C statistics for VG, RP

and GF are set out below in Figure 40,

Figure 41 and
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Figure 42. The overall results are summarised in Figure 43.

VG Baseline C Statistic VG Baseline and Therapy C Statistic
Intelligibility Score 2SW Intelligibility Score 2S(%)

46 256 5.76 46 256 75.94
62 36 184.96 62 36 53.08
56 576 57.76 56 576 1.65
32 196 268.96 32 196 515.94
46 0 5.76 46 0 75.94

Sum 1064 1046.4 46 16 75.94
C -0.01682 50 324 22.22
Sc 0.54006 32 196 515.94
z -0.03114 46 576 75.94

70 64 233.65
62 256 53.08
78 36 542.22
72 16 298.80
68 256 176.51

Sum 2804 5433.7
C 0.53107
Sc 0.24807
z 2.14083

Figure 40: Summary of C Statistic Calculations for Subject VG

RP Baseline C Statistic RP Baseline and Therapy C Statistic
Intelligibility Score 2S(%) Intelligibility Score 2SW

82 196 100 82 196 30.25
68 4 16 68 4 72.25
66 64 36 66 64 110.25
58 0 196 58 0 342.25
58 256 196 58 256 342.25
74 36 4 74 36 6.25
80 36 64 80 36 12.25
86 100 196 86 100 90.25
76 4 16 76 4 0.25

Sum 696 1648 78 4 2.25
C 0.580097 80 0 12.25
Sc 0.37081 80 400 12.25
z 1.564406 60 484 272.25

82 16 30.25
86 64 90.25
78 36 2.25
84 0 56.25
84 16 56.25
88 36 132.25
82 16 30.25

Sum 1768 3406
0.485614

Sc 0.212398
2.286341

Figure 41: Summary of C Statistic Calculations for Subject RP
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GF Baseline C Statistic GF Baseline and Therapy C Statistic
Intelligibility Score 2S(%) Intelligibility Score 2SW

36 576 188.08 36 576 465.06
60 400 105.80 60 400 5.93
40 16 94.37 40 16 308.54
36 576 188.08 36 576 465.06
60 196 105.80 60 196 5.93
46 576 13.80 46 576 133.75
70 676 411.51 70 676 154.62
44 256 32.65 44 256 184.02
60 2304 105.80 60 2304 5.93
12 2304 1422.37 12 2304 2076.19
60 64 105.80 60 64 5.93
52 4 5.22 52 4 30.97
54 144 18.37 54 144 12.71
66 16 265.22 66 16 71.15

Sum 8108 6125.74 70 484 154.62
C -0.3236 48 196 91.49
Sc 0.286446 62 144 19.67
Z -1.12971 74 36 270.10

80 64 503.32
72 4 208.36
74 16 270.10
78 64 417.58
70 154.62

Sum 9116 12031.3
0.24231

Sc 0.20348
1.19077

Figure 42: Summary of C Statistic Calculations for Subject GF
The C statistic approach strongly suggests that there is a trend in the data for

RP: a therapy effect. However, the trend commences before therapy starts and is 

consistent with the visual analysis that concludes that there is no therapy effect for 

subject RP. The C statistic shows a significant change in trend during therapy for VG 

but does not show significance for GF until the 90% confidence level. These results 

are summarised below:

Subjects Baseline Measures Baseline and Therapy
V G Z =  -0 .031 , not significant at the 95%  

confidence level. Therefore the data does not 
show  a trend

Z =  2 .141 , significant at the 95%  confidence  
level. Therefore the data show s a trend

RP Z =  1.564, not significant at the 95%  level, 
therefore the baseline is stable.

Z =  2 .286 , significant at the 95%  confidence  
level. Therefore the data show s a trend

GF Z =  -1 .130  not significant at the 95%  
confidence level. Therefore the data does not 
show  a trend

Z =  1.191, not significant at the 95%  
confidence level. Therefore the data does not 
show  a trend.

Figure 43: Summary of Z Scores Results for Tryon’s C Statistic
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4.4 Reliability Testing

The reliability of the judging was examined in a manner similar to that which 

Yorkston and Beukelman report in their research for the development of their 

Intelligibility Test (1981). Intra-judge reliability was addressed by having the same 

judge listen to the same taped intelligibility tests using the same equipment and 

procedures at three different times. This is illustrated graphically in Figure 29 using 

data from Figure 28. It can be seen that all three listenings followed the same pattern, 

with a noticeable improvement in speech intelligibility between sessions nine and ten 

and a reasonable clustering of repeat scores for each of the sessions during baseline 

and therapy. A Pearson product moment correlation calculated between the sets of 

scores yielded a correlation of 0.8601 between the first and second listening, 0.8883 

between the second and third listenings and 0.9035 between the first and third 

listening.

Figure 44 presents the dispersion of scores calculated by pairing each of the 

scores for a given Intelligibility Test and noting the percentage difference between 

them:

Score Difference 0 2 4 6 8 10 12 14 16 18 20 22
Number of Points 6 8 11 12 2 4 1 1 1 0 0 0
% of total 13.04 17.39 23.91 26.09 4.35 8.70 2.17 2.17 2.17 0.00 0.00 0.00
Cumulative % 13.04 30.43 54.35 80.43 84.78 93.48 95.65 97.83 100.00 100.00 100.00 100.00

Figure 44: Intrajudge Dispersion - Multiple Choice Format VG
Thus a score of 46% on one listening and 50% on another would count as a

4% difference. Row one present the percentage score difference. Row two, “Number 

of Points”, of Figure 44 displays the number of occasions each score difference occurs 

and the next row the percentage of the total number of comparison points that score 

difference contains. The last row reports the percentage of the data points accounted 

for at each percentage difference. Thus 80.43% of the data was included in a 6% or 

less difference in the scores. It can be seen that the dispersion of intrajudge of scores
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obtained in this study was not as good as that obtained by Yorkston and Beukelman 

(Figure 45):

Format RANGE (points) |
10 8 6 4

Multiple Choice 100 98 93 80
Transcription 98 95 92 80

Figure 45: Intrajudge Dispersion - Yorkston and Beukelman
(Yorkston and Beukelman: Assessment of Intelligibility 
of Dysarthric Speech, pp.42)

Yorkston and Beukelman accounted for all of their data points within 10% 

difference while this study still had three outlying data points and accounted for 

93.5% of their points at 10% difference. At all levels of difference from 2% up, this 

study accounts for less of its data than did Yorkston and Beukelman at a similar point. 

However intrajudge reliability in this study was still judged to be good.

There is no evidence that any one listening to VG by the same listener 

produced better scores than any other. To test this a single factor Analysis of 

Variance (ANOVA) was performed which confirmed that there were no significant 

differences between the repeated listenings:

SUMMARY
Groups Count Sum Average Variance

f* Listening 14 766 54.714286 208.98901
2"̂  Listening 14 740 52.857143 148.13187
3'̂ '’ Listening 14 750 53.571429 147.18681

ANOVA
Source of SS df MS F P-value F crit
Variation

Between Groups 24.571429 2 12.285714 0.0730846 0.9296492 3.2380996
Within Groups 6556 39 168.10256

Total 6580.5714 41

Figure 46: ANOVA Single Factor VG Listening Scores
The listening sessions that were four months after the completion of data 

collection did not produce consistently higher or lower intelligibility scores than those 

which were 20 or 29 months later. Thus the listener’s familiarity either with the word
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pool or the dysarthric speakers did not fade with time or give an undue advantage to 

the first listening. Instead, as was hypothesised, an equal ability was being applied 

equally and randomly across all sessions.

Interjudge reliability was examined in a similar way. All of GF’s sessions 

were transcribed by the first judge and then 15 of the 23 sessions (65.2%) were 

transcribed by a second judge. Figure 34 presents these results and Figure 33 shows 

the underlying data for the graph.

A Pearson product moment correlation calculated between the two judges’ 

scores gave a correlation coefficient of 0.7281. For four points, sessions 11, 15, 19 

and 20 the second listener had the same score or higher than the first listener. For all 

other sessions the second listener was consistently about 8 per cent lower than the first 

listener. A single factor ANOVA performed on this data concurs with the visual 

impression that there is a significant difference between the two sets of data: 

SUMMARY
Groups Count Sum Average Variance

Column 1 
Column 2

12
12

800 66.666667 
698 58.166667

110.06061
59.969697

ANOVA
Source of 
Variation

SS df MS F P-value F crit

Between Groups 
Within Groups

Total

433.5
1870.3333

2303.8333

1 433.5
22 85.015152

23

5.0990911 0.0341964 4.3009436

Figure 47: ANOVA Single Factor Series 2 to 3
One listener is consistently better than the other although the pattern of their 

results, shown by the correlation of 0.7300, is similar. This is understandable given 

that the first listener was a speech therapist who manages dysarthria and was familiar 

with the word pool of the test. However as long as differing individual abilities are 

applied equally and randomly across all the sessions then this is a perfectly valid way 

of showing a change in an individual’s speaking ability. These two listeners are not
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compared to each other for the purposes of the multiple baseline test but only to their 

own scores. Both listeners show a therapy effect at the same point, hearing less 

variation in speech intelligibility at scores that are the highest GF received.

Figure 48 presents the difference between repeat scores for the first and second 

listener of GF’s tests, calculated and presented as described for Subject VG in Figure 

44:

Score Difference 0 2 4 6 8 10 12 14 16 18 20 22
Number o f  Points 0 2 2 2 2 1 3 1 1 0 0 1
% o f total 0.00 13.33 13.33 13.33 13.33 6.67 20.00 6.67 6.67 0.00 0.00 6.67
Cumulative % 0.00 13.33 26.67 40.00 53.33 60.00 80.00 86.67 93.33 93.33 93.33 100.00

Figure 48: In terjudge Dispersion, T ranscrip tion  F orm at GF

It is notable that at 10% difference only 60% of the data is accounted for in

comparison to 93.48% for a single listener. The dispersion of scores is across a wider 

range (to 22% difference) and is less focused in the lower percentage difference when 

compared with Figure 44.

Figure 49 presents the intelligibility test sessions that were listened to by 

several different listeners in the manner described previously (see Section 3.5). The 

information is presented by subject and date with the scores obtained by the first 

listener and the comparative scores obtained by all the 29 different listeners each of 

whom listened to a single session:

VG

RP

GF

31-Jul 06-Aug 07-Aug 13-Aug 15-Aug 09-Sep

40 46 22 62 50 V, 56 42 32 20 78 52

.. 28 48 22
#

46 f  52 46 42 24 70 66

?
36 42 34 « 50 36 70

07-A ug 12-Aug 20-Aug

68 28 66 46 - A 74 54

40 30 44

WR

30-Jul 06-Aug 08-Aug

46 48 -  ' 60 66 W-56 50

50 66 30

66

06-A ug

78 50

66

Same Listener 
29 Different Listeners

Figure 49: M ultiple L istener - Intelligibility Scores
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The original intention was to have each test listened to by three listeners and 

the result averaged to a score for that session. This was abandoned for reasons 

discussed previously (see Section 3.2.2). The dispersion of scores for multiple 

listeners is shown in Figure 50:

Score Difference 0 2 4 6 8 10 12 14 16 18 20 22
Number of Points 4 1 4 0 1 1 4 1 2 0 1 0
% of total 21.05 5.26 21.05 0.00 5.26 5.26 21.05 5.26 10.53 0.00 5.26 0.00
Cumulative % 21.05 26.32 47.37 47.37 52.63 57.89 78.95 84.21 94.74 94.74 100.00 100.00

Figure 50: Multiple Listener Dispersion
Again Yorkston and Beukelman account for all of their scores within a 10%

dispersion range:

Form at RANGE (points)

10 8 6 4
M ultiple Choice 98 96 93 82
Transcription 100 94 92 78

Figure 51: Interjudge Agreement - Yorkston and Beukelman
(Yorkston and Beukelman: Assessment of Intelligibility 
of Dysarthric Speech, pp.42)

However the interjudge dispersion for multiple listeners (Figure 50) results

show only 57.89% of the data points are within 10% of each other. 100% of the

comparative points are accounted for only at 20% difference between the scores. It is

interesting to note that the dispersion of scores for two listeners across a variety of

sessions is the same as 29 different listeners listening to an assortment of sessions.

For example at 10% difference between the scores, where Yorkston and Beukelman

account for 100% of their data, multiple listeners in this study account for 57.89% of

the data and 2 different listeners across all the sessions (Figure 48) account for 60% of

the data. In other words the variation between the same two listeners is similar to the

variation between any other two pairs of listeners. The dispersion of these multiple

listeners’ scores is across a much greater range than listening by a single listener.
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Figure 52: C um ulative Score Differences

Figure 52 displays this another way and shows clearly the reason the decision 

was made to have a single listener across all the sessions: Otherwise an improvement 

in speech could well be lost in a dispersion of results across 22% percentage points for 

the same session. It can clearly be seen that the reliability of scores for the same 

listener is better than that for either a second listener or multiple listeners, both of 

whom perform in a very similar manner.

4.5 Error Analysis

The errors made by judges when listening to the YB Intelligibility tests were 

examined to determine if there was an observable change in the distortion of a 

subject’s speech from baseline to therapy. Did different judges make the same errors? 

Were the same errors made upon repeated listenings? Was there evidence of less 

guessing of words during therapy? Were incorrect choices phonemically closer to the 

target word during therapy? This analysis provides further support for the evidence of 

increased speech intelligibility following therapy. The actual errors made on words 

are detailed in Appendix I.

VG: The same listener judged each of VG’s intelligibility tests on three

occasions: four months after data collection, 20 months after data collection and 29 

months after data collection. The errors made on each occasion were tabulated
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producing a master list of the word VG was attempting to produce and the choice, 

from a group of twelve, of the word heard by the listener (Appendix I). This was done 

to assess the regularity with which the same errors were repeated by the listener on 

subsequent listenings to a tape.

To facilitate analysis of the errors the sessions with VG have been combined 

into three groups. Group A is sessions 1 to 5 which were baseline sessions when 

intelligibility was tested before therapy started. Group B1 is sessions 6 to 9 after the 

therapy was started but before there was any change in speech intelligibility. Group 

B2 is sessions 10 to 14 when therapy was well established and the effect of the 

respiratory exercises can be seen on intelligibility test scores (see Figure 25, pp. 147). 

It was anticipated that there would be a lag between the beginning of therapy and any 

effects being seen, although the length of this lag was not predictable. An 

approximately two week lag between onset of therapy and effects being seen was 

evident for patient GF as well. Arguably group B1 could be considered either as part 

of group A since no intelligibility change has yet been seen or as part of group B2 

since therapy had been introduced. However both combinations might obscure any 

pattern to be seen in the results and it is more satisfactory to view all three conditions 

separately: group A, baseline; group B l, therapy with no intelligibility effects; group 

B2, where speech intelligibility is affected.
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SESSION TOTAL
ERRORS

3 ERRORS 3/3 THE 
SAME

2/3 THE 
SAME

2 ERRORS 2/2 THE 
SAME

1 ERROR Session
Groups

1 33 21 8 8 7 5 5
2 32 16 5 9 7 5 9
3 33 15 5 6 8 3 10 A
4 41 18 4 10 16 8 7
5 32 18 11 3 11 4 3
6 38 11 4 4 16 3 11
7 40 14 4 5 15 8 11
8 39 22 8 11 8 5 9
9 41 17 9 3 12 5 12 Bl
10 23 10 1 4 6 3 7
11 22 13 8 2 6 3 3
12 22 8 5 1 3 3 11
13 22 9 7 2 5 3 8 B2
14 28 6 3 2 7 4 15
1 63.64% 21.21% 15.15%
2 50.00% 21.88% 28.13%
3 45.45% 24.24% 30.30% A
4 43.90% 39.02% 17.07%
5 56.25% 34.38% 9.38%
6 28.95% 42.11% 28.95%
7 35.00% 37.50% 27.50%
8 56.41% 20.51% 23.08%
9 41.46% 29.27% 29.27% Bl
10 43.48% 26.09% 30.43%
11 59.09% 27.27% 13.64%
12 36.36% 13.64% 50.00%
13 40.91% 22.73% 36.36% B2
14 21.43% 25.00% 53.57%

Mean Group A 48.03% 30.47% 21.50%
Mean Group Bl 44.09% 28.34% 27.57%
Mean Group B2 39.45% 22.16% 38.39%

1 38.10% 38.10% 71.43%
2 31.25% 56.25% 71.43%
3 33.33% 40.00% 37.50% A
4 22.22% 55.56% 50.00%
5 61.11% 16.67% 36.36%
6 36.36% 36.36% 18.75%
7 28.57% 35.71% 53.33%
8 36.36% 50.00% 62.50%
9 52.94% 17.65% 41.67% Bl
10 10.00% 40.00% 50.00%
11 61.54% 15.38% 50.00%
12 62.50% 12.50% 100.00%
13 77.78% 22.22% 60.00% B2
14 50.00% 33.33% 57.14%

Mean Group A 37.06% 40.49% 47.58%
Mean Group Bl 31.97% 35.84% 51.88%
Mean Group B2 62.95% 20.86% 66.79%

Figure 53: Error Analysis VG
The top section of Figure 53 shows the raw error rates for sessions 1 to 14 for

subject VG. Each row in this section would be read as follows using session 1 as a

specific example. In Session 1 the 3 listenings to the 50 words in the YB

Intelligibility Test produced a total number of word items errors of 33 (see Appendix 

I). 21 words had errors on all 3 listenings, an additional 7 words had errors made on
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listenings and a further 5 words had errors on 1 listening (21+7+5=33). For the 21 

words with errors made on all 3 listenings, 8 had the same error on all 3 occasions, 

and 8 had 2 of the 3 errors the same. Of the 7 words with errors on 2 listenings, 5 of 

the errors were the same word.

The middle section of Figure 53 converts the raw error rates to percentage 

figures. These sum to 100% across the rows. Thus for session 1, 63.64% of the 

words had an error made on all 3 listenings. 21.21% had errors on two of the 

listenings and 15.15% had errors made on only one of the listenings 

(63.64+21.21+15.15=100%). The error rates are summarised as mean figures for each 

group of sessions. A, B1 and B2.

The lower section of Figure 53 converts the same item error to percentage 

figures. This provides a measure of the relative frequency of these items. These error 

rates are summarised as mean figures for each group of sessions A, B1 and B2.

The means of group A, group B1 and group B2 for the second and third 

section of Figure 53 are displayed graphically in Figure 54. Figure 54 (pp. 176) shows 

the composition of the errors in each group of sessions. A, B l, or B2. The graph is 

not affected by the fewer total number of errors in group B2 when the subject is in 

therapy, speech intelligibility is better and fewer listening errors are made by the 

judge. If the different number of errors in each session group A, Bl or B2, are treated 

as 100% then the relative amounts of the different types of errors in a session group 

can be compared between the session groups.

Thus the bar graph shows the relative frequency of words with an error on all 

3 listenings, words with an error on 2 of the 3 listenings and words where only 1 of 

the three listenings produced an error:
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Figure 54: Frequency of M ultiple Listening E rro rs

Figure 54 illustrates there is a decreasing number of items in which all three or two of

the three listenings produced an error from baseline session groups A and for therapy 

session B2. There is also an increase in the number of items in which there is an error 

only on one item during the therapy sessions, group B2.

Thus, in non-therapy sessions, there are a greater percentage of items that are 

so deviant that not one of the three listenings produced an approximation to the 

original. Similarly there was a larger percentage of items where the distortion was 

such that two of the three sessions produced an error. During the therapy sessions 

(B2) there were a larger number of errors that consisted of only one of the three 

listening sessions producing an error, suggesting that while the speech might have 

been distorted it was possible to approximate an answer closer to the target. Thus not 

only did the total number of errors fall from the baseline to the therapy sessions but 

this analysis would suggest that the deviancy of the speech of the patient also reduced 

since it became easier to guess at the target word shown by the relative increase in the 

number of times a word was wrong on only a single listening.
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Figure 55 is a further breakdown of the error patterns of the three session 

groupings. Analysis was made of the error patterns of the words where either all three 

of the listenings produced an error or two of the three listenings produced an error. 

The errors were examined and the number of times the same mistake was made on all 

three or two of the three listenings was calculated: for example “beep” was chosen on 

all three occasions for target word “beat” or the target word “planner” produced 

“brother”, “brother” and “bother”. The probabilities of this happening by chance are 

Ps/3^  ^/l728 ^ 2/3= ^/i4 4  respectively. Similarly on the items when two of the

listenings produced incorrect answers but one listening produced the correct answer 

the instances of the same incorrect choice being made were tabulated: for example 

target word “meat” produced “meat” on one listening but subsequent listenings 

produced “beat” and “beat”.

To compare these errors the number of items with 3 listening errors became 

100% and the percentage calculated of all 3 errors the same, 2 out of the 3 errors the 

same and of all three choices being different (data in lower section of Figure 53). 

Similarly the total number of items with 2 errors became 100% and the percentage 

calculated where the 2 errors were the same. These are presented graphically in 

Figure 55:

70,00

60 00

50.00

Ü 30 00

20 00

10.00

3/3 Same 2/3 Same 0/3 Same

Session Groups I  Sa ■ Bl

Figure 55: Frequency of the Same E rro r
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There is an increase during the therapy sessions, in both 3 errors where all 

three listenings produced the same word (3/3 Same), and in 2 errors where the same 

mistake was produced each time (2/2 Same). If it is accepted, as discussed above, that 

the fewer number of intelligibility errors during the therapy sessions and the decrease 

in multiple errors and increase in single errors suggest decreasing speech distortion, 

then it can be suggested that Figure 55 fits this pattern of decreasing speech 

distortion. The sharp increase in the instance of all three of the errors being the same 

during therapy (3/3 Same, B2) might suggest that while the target is not being 

reached, something more consistent with the perception of “normal” English words is 

being produced. This pattern also holds with 2 errors when both errors are the same 

but one of the listenings produced the target word (2/2 Same, B2). Similarly the 

multiple errors when either all three or all two of the mistakes are different (0/3 Same, 

0/2 Same), in other words when a different word was chosen on each listening 

occasion, fit this pattern since the percentage of these decrease from the baseline 

session to the therapy sessions. Here the differing errors can be seen as situations 

where the distortion of the word encouraged more guessing, and these decreased with 

therapy. However this does not indicate how to deal with the situation when three 

listenings produced an error and 2 of the errors were the same (2/3 Same) which 

decreases from baseline to therapy. It might be expected that these would increase as 

3 errors the same or 2 errors with 1 correct did. However 3 errors with 2 the same and 

the third an incorrect guess could represent greater distortion, more like words that are 

so distorted that they are guessed as a different word each time they are listened to 

which did decrease during therapy. 2 errors the same and the third on target must 

represent a closer approximation to the target and less distorted speech than 2 errors 

the same and the third listening also an error and thus the first increases with therapy
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and the second decreases. Similarly 3 errors the same must represent less distorted 

speech then 2 errors the same and third different and predictably the first increased 

with therapy and the second decreased.

Figure 55 then can be seen as a consistent interpretation of decreasing speech 

distortion from baseline to therapy. The differing errors and mistakes off-target can 

be seen as situation where the distortion of the word encouraged more guessing and 

these decreased with therapy. Consistent error perception increased during therapy, 

suggesting less guessing and more real word perception. However while Figure 55 

may provoke interesting discussion, its implications are less certain than both the 

decreasing total number of errors in the intelligibility results (Section 4.5) or the 

decreasing number of multiple errors seen in Figure 54.

GF: The analysis of the error data for GF was initially approached in the

same manner as for VG. There were three data series for most of GF’s intelligibility 

tests. The first data series was produced using a multiple choice format. The second 

data series was obtained using transcription by the same listener who performed the 

multiple choice listening. The third data series was generated by a second listener 

also using a transcription format. As with VG a list was made of the target words and 

the errors made in each instance for the purpose of comparing error patterns 

(Appendix I).

Session Group Total
Errors

Average Error 
Items per Session

3 Errors 2 Errors 1 Error

A 199 33.16 33 90 76
100.00% 16.58% 45.23% 38.19%

B l 87 29.00 14 36 37
100.00% 16.09% 41.38% 42.53%

B2 140 23.30 18 45 77
100.00% 12.86% 32.14% 55.00%

Figure 56: GF Error Frequency
GF’s sessions were banded into three groups. Group A is sessions 1 to 17 in 

which the baseline was being established. GF had a very long baseline period and it
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was unnecessary to re-judge every session on subsequent listenings. Thus a selection 

of baseline sessions including the highest and lowest points, was re-examined. There 

are six baseline sessions where all three data series are available and it is these 

sessions that were included in the error analysis. The sessions in group Bl are the 3 

sessions after the onset of therapy but before any change in speech intelligibility is 

noted. Group B2 comprises sessions 21 to 26 when daily therapy is having an effect 

on intelligibility (Figure 34).

Figure 56, column 2 shows the total number of items with errors for each of 

the session groups A, Bl or B2 and column 3 the average errors per session group. 

The average number of items with errors drops by almost 10 between the group A 

sessions and the group B2 sessions. The average errors for group Bl lies between 

groups A and B2 but closer to group A which is to be expected since therapy has been 

started but it was anticipated that there would be a delay until any therapy effect 

would be seen. While all calculations are performed and presented for this group 

there are only three sessions in the group Bl. Thus little time will be spent analysing 

group Bl results.

The next three columns in Figure 56 show the number and percentage of 

words on the intelligibility tests where an error was made on each of the three 

listenings, (columns 4), on two of the three listenings (column 5) and on only one of 

the listenings (column 6). It should be remembered that the total number of errors 

will not affect these percentages as the total errors in each group of sessions A, Bl or 

B2 becomes 100% and then the percentage of each error configuration calculated for 

that group. Thus it is possible to compare the relative configuration of the errors 

between the session groups. The number of items where there was an error on all 

three or two of three listenings fell for GF from Baseline (group A) of 16.58% to
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12.86% during therapy (group B2) as it did for VG. Also in a similar manner to VG 

the percentage of items where only a single listening produced an error, rose for GF 

from baseline of 38.19% to therapy at 55.0%. The same conclusion is drawn for GF 

as for VG: that this can be interpreted as decreasing speech distortion since a word 

that is heard incorrectly on all three occasions with varying formats and listeners must 

be very distorted. Likewise two out of three listenings producing an error shows a 

high level of distortion. When only one of the three listening occasions showed an 

error then the amount of distortion on that word must be seen as less and it is this 

pattern of errors of less distortion that increases with therapy. Thus while the graph of 

GF’s intelligibility scores shows an improvement in intelligibility for the number of 

correct answers, an examination of the error patterns confirms a decrease in amount of 

speech distortion with therapy even though an error is still made.

At this point, the analysis of the errors for GF differs from that for VG. VG 

had homogeneity of listeners and listening formats which the multiple data series for 

GF do not present. Thus further analysis of the error patterns for GF involved looking 

at the pattern of the errors taking into account the multiple choice and transcription 

listening formats and the two listeners. Figure 57 shows a breakdown of errors with 

the same answer:

Section 1 2 3
Total Number 

of Errors
2 Errors 3 Errors 3 Errors

Pattern o f  Errors 2 Errors 1 
The Sam e Correct

2 Errors 1 
The Sam e Error

3 Errors 
The Sam e

Listener Pattern 1 & 2 1 & 3 2 & 3 1 & 2 1 & 3 2 & 3

4
A

S ession s 1-17 2 1 22 4 6
B l

Session s 18-20 1 9 1 3 4
B 2

Session s 21 -2 6 4 1 13 3 1 5 3

Figure 57: GF Same Error Analysis
The data in section three shows the number of items where all three listener 

patterns (Listener Pattern 1-1^ listener multiple choice. Listener Pattern 2 - 1 ^  listener
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transcription and Listener Pattern 3 - 2"  ̂ listener- transcription) produced the same 

wrong answer. The data in section two shows where every listening produced an 

error but only two of the listenings produced the same answer. The data in section 

One shows where two errors were produced and one listening produced the correct 

answer. Predictably this analysis shows that the second listening pattern agrees far 

more often with the third listening pattern than with the first. In other words, the first 

listener using the transcription format agrees far more often with the second listener 

also using the transcription format, than with herself using the multiple choice 

format. Thus the format of answering is shown to be a stronger influence in the 

homogeneity of the answers than the same listener using different formats. However 

it is interesting to note that although care was taken to familiarise the second listener 

with the voice of the dysarthric speaker and the choice of words from which he would 

be speaking, the first listener who is very familiar the YB Intelligibility Test was more 

inclined to make an error when transcribing that was one of the multiple choice items. 

This is shown in Figure 57 in the relatively more frequent occasions (14 vs. 4) when 

the first listener produced the same answer on multiple choice and transcription 

(listener pattern 1 and 2) than the second listener did (listener pattern 1 and 3). 

However there are comparatively few occasions when this combination of errors 

occurs.

In summary the overwhelming conclusions from Figure 57 are that the same 

judging format produced more similar results than the same listener on different 

formats and secondly, and less strongly, that despite the best attempt to familiarise the 

second listener, the first listener has a stronger knowledge of the word base from 

which the sample is chosen. This is also confirmed in the relatively higher data
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points, that the first listener produced for all the intelligibility tests (Figure 34) and 

was a predicted result (see Section 3.2.2).

Further analysis was made of the errors made by the first and second listeners 

both using transcription judging format. In this case the errors did not have to 

produce the same answer as in the previous analysis. Figure 58 shows the percentage 

of transcription errors in which both the first and second listeners made an error:

1 2 3 4

Sessions 1 & 2 Wrong Listener 1 Wrong Listener 2 Wrong
A 58.24% 14.30% 27.50% = 100% o f transcription errors
B l 53.80% 18.75% 27.50% = 100% o f transcription errors
B2 38.00% 17.50% 43.70% = 100% o f transcription errors

Figure 58: GF Listeners 1 and 2, Transcription Errors
It should be remembered here that the same format, equipment and procedures 

are being followed by each listener. This can be seen as an expansion of Figure 56 but 

here the mixture of listener and formats is being dropped. Similarly to Figure 56 the 

percentage of words where both the listeners made an error dropped from baseline to 

therapy (column 2) and again this is argued to be because of decreasing distortion in 

GF’s speech. The second listener shows a dramatic increase in the percentage of error 

items that are accounted for by him having an error on an item when the first listener 

did not make an error (column 4). The first listener is consistent in the percentage of 

items that are accounted for by her producing an error when the second listener did 

not have an error on that item (column 3). Again this suggests the relatively greater 

sophistication of the first listener’s knowledge of dysarthria and the testing format. It 

should be emphasised that the tapes of the intelligibility testing sessions were listened 

to randomly and that the second listener was familiarised with both the speaking voice 

and the choice of words before he listened to the sessions. The relative abilities of the 

two listeners were applied equally and randomly across the sessions and despite the 

listeners’ differing sophistication with the task they showed a similar perception of the 

change in GF’s speech intelligibility with therapy.
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Finally the errors made by the two judges using the same transcription format 

were examined for the number of errors that were only one phoneme off the target 

item: for example target word “hark” produced the answer “hard”. Unlike the 

multiple choice format which limits the possible answers, there is an unlimited choice 

of answers available to the listener using the transcription format. It was hypothesised 

that with therapy there might be an increase in the number of errors that were only a 

single phoneme off the correct answer, perhaps a further measurement of less 

distortion. The analysis was performed by calculating the percentage of a listener’s 

errors during baseline and therapy that were only one phoneme off target. In the event 

this measure was stable across all conditions and did not show any increase.

Session Listener One % of errors 1 Listener Two % of errors
Group phoneme off target 1 phoneme off target

A 37.86% 27.70%
B l 40.00% 23.90%
B2 40.80% 32.40%

Figure 59: GF - Percentage of Errors One Phoneme Off Target
In conclusion the pattern of error results for GF is similar to that for VG and

shows evidence of decreasing speech distortion with therapy. In addition differences 

in listener performance, consistent across all sessions are suggested in this analysis.

4.6 Therapy Results

Daily therapy results were recorded for the four subjects. All the daily 

sessions were about ten minutes in duration which was considered to be an 

appropriate amount of time to work upon purely respiratory exercises without fatigue 

or distress to the patient. The range was 6 to 12 minutes. Figure 60 summarises the 

results of the therapy tasks by showing the maximum consistently achieved:
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VG GF R P

G o a l
First
Week

Last
Week

First
Week

Last
Week

First
Week

Last
Week

1. Increase number o f  m is 
inhaled

500 1000 200 5 0 0 -7 0 0 2 5 0 0 -3 0 0 0 2 5 0 0 -3 0 0 0

2. Increase number o f  
repetitions o f  1. above

2 0 30 14 23 3 x  10 4 x 1 0

3. H old  3 secon ds at point 
o f  m axim um  inhalation.

none 10 none 2 1 set 4  sets

4. O btain im proved breath 
pressure

w avering
y e llo w

w avering
green

y ellow green red-yellow
green

green

5. extend length o f  tim e  
can exhale

2 6 3 6 12 12

6. Im prove number o f  
repetitions o f  5 above

2 6 5 15 4 9

Figure 60: Subject Performance on Therapy Goals
VG: VG shows a noticeable improvement in the repetition of maximum 

inhalation using the inspiratory spirometer. During the first week of therapy VG 

could inhale 300 to 700 mis. consistently for 15 to 20 repetitions. By the last week 

VG was able to consistently target 1000 mis. for 30 repetitions, with a range between 

750 mis. and 1500 mis. Initially VG could not cause a pause on the inhalatory 

spirometer when he had to maintain a static pressure at the maximum inhalation. By 

the end of therapy he could sustain at least a three second pause for an entire set of 10 

repetitions. Initially on exhalatory exercises, a maximum exhalation of 1.6 seconds 

was achieved for 2 repetitions with the respiratory drive indicator light being a 

“wavering yellow” indicating air pressure not in the optimum range for speech. By 

the last week VG was able to exhale for 6 to 8 seconds, 5 to 6 times each session. In 

addition the pressure that was achieved on the respiratory drive indicator was 

consistently green to red.

VG was co-operative and enthusiastic about the therapy regime. His mother 

and a nurse made unsolicited comments about his speech being easier to understand. 

His physiotherapist, when questioned directly, noticed no improvement in either 

communication or physiotherapy activity.
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GF: GF had a very limited inhalatory capacity at the start of therapy and

was capable of 500 mis. on a single inhalation but only 200 mis. to 300 mis. could be 

sustained for about 15 repetitions. By the end of therapy GF was capable of 20 to 25 

repetitions of 500 mis. to 700 mis., a considerable improvement in both capacity and 

repetitions. GF found it difficult to sustain a pause at the top of her capacity and 

while it was attempted every day this continued to be a difficult exercise for her. 

Initially on the exhalatory exercises GF could only get only get enough breath pressure 

to activate the yellow light on the respiratory drive indicator which after a week 

progressed to flickering green and yellow. From the third week GF consistently 

achieved “mostly green”. GF moved from a 3 second inhalation to a consistently 6 

second exhalation in the last two weeks of therapy. Initially only 4 or 5 exhalations a 

session could be performed but by the end of therapy 15 repetitions a day were 

accomplished. Thus GF achieved improvement on all the respiratory tasks and also 

recorded improved speech intelligibility.

There are no comments noted in GF’s diary of comments from other members 

of staff or GF’s family about any change in speech that they had noticed. GF herself 

wanted perfectly normal speech produced with no effort and could really take no 

comfort in an improvement that at best only moved her speech back along a 

continuum of disability.

RP: RP started with measures of respiratory capacity that were within the

normal range and therefore he did not have a large scope for improvement. Initially 

he was capable of three sets of ten repetitions at his maximum inhalatory ability which 

improved only by one set by the end of a month of therapy. Similarly RP started with 

a reasonable exhalation time of 12 seconds which did not change by the end of 

therapy. In fact the average from the first and last week remained the same at 12

186



seconds although RP did increase the number of exhalation repetitions from 4 to 9. 

Thus on the major goals of therapy as stated previously (see Figure 5 pp.66) RP does 

not improve. Where RP did show improvement is in the co-ordination and control of 

his breath. By halfway through therapy RP could sustain his breath with a pause of at 

least three seconds at the point of maximum inhalation for all sets of deep inhalations. 

Similarly RP initially had great difficulty controlling the pressure reading on 

exhalation, with the respiratory drive indicator light flickering from excessive pressure 

at red through green to inadequate pressure at yellow, throughout the 12 seconds of 

the exhalation. By the second week RP was able to control breath pressure and 

consistently target breath pressure in the optimum speech range (green light).

It is interesting to note that while RP learns to be completely proficient at the 

therapy tasks, his actual respiratory capacity in terms of quantity and ability to sustain 

maximum performance proves to be optimised at the beginning of the therapy 

sessions. Word intelligibility may not be a difficult enough task to measure any 

improvement that the therapy regime may have had for RP. RP was the least 

handicapped of the subjects and he also taped the more difficult sentence level 

intelligibility tests through all his sessions which might have shown some 

improvement. Unfortunately RP’s reading was poor and his sentence intelligibility 

tests are compromised because of this. Both RP and the researcher felt that there had 

been an improvement in RP’s speech although it is not supported objectively. RP 

shows very little significant improvement on the respiratory therapy tasks in 

comparison to VG and RP who improve on all goals and it is also RP who shows no 

speech intelligibility changes.

The initial dysarthria assessments and dysarthria assessments carried out at the 

cessation of therapy are included in Appendix J, for subjects VG, RP and GF. As
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noted previously, the high variability in performance of these MS patients on a single 

task, intelligibility testing, means that extreme caution must be used in interpreting 

single before and after therapy measures such as these.

There is only one observation from the Frenchay Assessments in Appendix J 

that is made for all three patients. The scores on the respiratory tasks stay consistently 

within one bloc of each other pre- and post- therapy as do the other tasks. The tasks 

that show at least a two bloc improvement are those in the laryngeal section and the 

measurement of MPT on sustained /a/. It is not respiratory tasks themselves that seem 

to coincide with intelligibility improvement but more efficient valving at the laryngeal 

level that the improved respiratory capacity allows.
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5. DISCUSSION

5.1 Statistical Analysis

There is no single statistical test that can be readily applied to the data 

produced in this study, so caution must be exercised in all statistical interpretations of 

the results. The analysis of the results of single case study research was originally 

developed and implemented using predominantly visual inspection of the data to 

determine the outcome of intervention (Kazdin 1982). This analysis is based on three 

main criteria. First, that visual analysis can detect a change in the mean values of the 

data between the baseline and therapy phases. Second, that a change in the level of 

performance can be discerned when there is shift in performance level at the onset of 

therapy. Third, that a change in the trend of the data is found across each phase. The 

data in this study was examined visually and this is described Sections 4.1 and 4.2.

For a therapy effect to unequivocally pass a visual examination the effect must 

be dramatic and large. The decision about whether a change of lesser magnitude is 

acceptable lies with the interpretation of the person assessing the data and the goals of 

the study. Thus this study claims the therapy effect with VG and GF to be an 

acceptable improvement within the limits of the single therapy technique employed 

and the general measurement tool used.

If the level of change shown in this study is reproduced upon replication with 

appropriate patients then it is argued that respiratory muscle training (RMT) is an 

effective therapy tool and that disuse atrophy is a clinical reality. However the results, 

especially for GF, are not uncontroversial and given RP’s lack of response to therapy 

additional indications of efficacy could be helpful.

Statistical analysis can be used to examine the effect when the change from the 

baseline level is not big enough to allow uncontroversial acceptance of the evidence of
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therapeutic change. In traditional between-group research, the therapy effect can be 

measured by computing the performance between groups and examining the 

difference statistically. Statistical techniques (principally Analysis of Variance) have 

been developed which are suited to these conditions and are only in the process of 

being adapted for the differing conditions inherent in many clinical case study designs. 

The various analyses that have been suggested are controversial because data from 

single case research often violates some of the assumptions upon which the various 

statistical tests depend (Kazdin 1982; Pring 1986; Tryon 1982).

Thus the primary method of data evaluation in this study was visual 

inspection. Various statistical tests were applied to the data, as suggested in the 

literature but all have their limitations and should be interpreted with knowledge of 

these caveats and as part of the total picture of which visual inspection of the data as 

described previously plays a primary part.

The difficulty of statistically testing for the significance of the differences in 

the means of the therapy and baseline phases was addressed by calculating a 

conventional two sample paired t-statistic using auto correlation calculations to 

establish the independence of the data. For VG the issue of the unequal number of 

data points (in the baseline and therapy phases) meant that the 5 therapy phase data 

points (sessions 10 to 14) were compared to the last 5 baseline points before therapy 

was instituted. Thus the baseline is being compared to what was called the B2 phase, 

in the error analysis (see Section 4.5). The number of data points is small, which 

cannot be changed, but this does not necessarily invalidate the test. Again the results 

must be interpreted with an awareness of these limitations. The difficulty of 

establishing the independence of the data points, a precondition of a t-test, was 

addressed by performing an autocorrelation calculation. Each data point was paired
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with the subsequent data point to form two sets of data and then a Pearson correlation 

coefficient was calculated to establish to what extent one data point can predict a 

subsequent one (Kazdinl982, pp.318). The auto correlation for VG during baseline of 

-0.03 was judged to show these data points to be independent of each other. Without 

definite guidelines a correlation coefficient, during therapy, of -0.38 was judged to be 

sufficient to establish that the data was not serial and thus a t-test was performed (see 

Section 4.3, Figure 37).

The null hypothesis that there was no difference in the means of baseline and 

therapy had to be rejected and the means during therapy and baseline were found to be 

significantly different.

A similar t-test was performed comparing the means of the baseline and 

therapy phases for GF in a manner similar to that just described for VG. Auto 

correlation of -0.36 for baseline and -0.3 for therapy was taken to show non-serial 

data. The null hypothesis that the means of baseline and therapy were equal was very 

narrowly rejected so the t-test resulted in significantly different means for baseline and 

therapy but not with the clear margin displayed by VG (see Section 4.3, Figure 38).

These t-tests reinforce the visual inspection of the data. However it must be 

noted that a correlation of between 0.3 and 0.4 exists in the data for 3 of the 4 sets of 

data points involved in the analysis (therapy VG, and baseline and therapy GF) which 

may be considered to be serially dependent data. The correlation at which data is 

judged to be serially dependent is not specified. A correlation of, on average, 0.35 

would not generally be considered a high correlation but it does show some level of 

predictability in the data. The result of this is that error variance in the t-test is 

underestimated and the evaluation of the results is biased towards significance by the
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underestimation of error. Therefore the results of the t-tests must be viewed with 

caution, especially that for GF which just approached significance.

Time series analysis can provide information about changes in level and trend 

across the phases of a study. Effectively t- or F-tests are computed that take into 

account the nature of the serial dependency in the data. A major limitation of this 

analysis is that the number of data points necessary for a reliable result is debated in 

the literature but thought to be between 50 to 100 observations (Kazdin 1982; Pring 

1986; Tryon 1982). This is completely beyond the scope of this study and it is hard to 

envisage any single case study design for study of dysarthria therapy that might ever 

meet this level of repeat measures in each phase.

Pring (1986) suggests as an alternative the use of a Mann test which is a non- 

parametric test of trend that measures the strength of the trend and assesses the 

probability that the sequence of scores was merely random. A low probability 

therefore would indicate a significant result and the trend:

“is unlikely to the a result of random fluctuation in the patient’s 
performance” (pp. 112).

Thus a change in the trend of the data during treatment can be shown to be 

significant even if a trend already exists in the baseline data. An equal number of 

scores is required in the two series of data: baseline points were counted back from the 

onset of therapy and therapy points from the end of therapy until no more matched 

pairs could be created. Thus the initial baseline points for GF were not used in this 

analysis. For GF in the baseline phase, an S score of 7 over 8 sessions was calculated 

according to the instructions of Pring (1986). During treatment an S score of 13 is 

unlikely to be random and is indicative of a positive trend during therapy. The critical 

value for significance at 0.01 level (n=8, one-tailed) is 15, thus the baseline phase 

quite clearly is not significant and the treatment phase just misses significance. This
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result can be seen as an indication of a treatment effect since the trend in the baseline 

is not significant and the one in treatment clearly approaches significance at a 

stringent confidence interval of p=0.01. The pattern of results from the Mann test is 

one that reinforces the conclusions previously drawn from the visual inspection of 

GF’s data. There is a small but acceptable improvement in her performance with 

therapy.

There are not enough data points to perform a similar calculation for VG but 

the visual inspection of his data has already provided a strong case for therapy effect 

and the need for statistical analysis is not so demanding.

The Mann test of trend was applied to the results for RP. The S score for 

baseline was 6 and for treatment was 10 neither of which approached significance at 

S=15 (p= 0.01, n=9, one-tailed test). Because of the similarity in the trends of the two 

sets of data, the baseline score was subtracted from the corresponding treatment score 

as suggested by Pring (1986) which produces a new series that reflects the difference 

in the two trends. This new series produced an excess of q’s over p’s or a negative S 

of 8. This is a result of the number of same scores ties in the difference data. If 

instead of treating the ties as against the trend, as Pring suggests, which renders the 

test more conservative, the tied scores are distributed evenly among the greater than 

scores (p), and the less than scores, (q). The S statistic becomes +2 which still does 

not approach significance of 15 but is a closer approximation of the observed trends. 

This method compares the trends of baseline and therapy rather than testing them 

separately as done with GF because there is already a trend apparent in the baseline 

phase of RP. The lack of significance in the result confirms the visual impression that 

therapy continues baseline performance for RP.
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Another form of time series analysis is suggested by Tryon (1982), which he 

developed to resolve the difficulties of relatively small data-sets in single case study 

experiments. The basis of Tryon’s method is the C statistic which measures the 

deviation of time series data from being random and thus whether there is a trend in a 

set of data. Mathematically the standard error for the C statistic can be shown to 

follow a normal distribution and thus a Z statistic can be used to measure the degree 

of significance of the apparent trend. Tryon recommends combining the baseline data 

with the therapy data to obtain the ‘strongest’ evidence of a therapy effect.

The data for VG, RP and GF was analysed according to Tryon’s methodology 

(see Figure 43).

The C statistic approach suggests that there is a trend in the data for RP: a 

therapy effect. However, the trend commences before therapy starts and is consistent 

with the visual analysis that concludes that there is no therapy effect for subject RP. 

The C statistic shows a significant change in trend during therapy for VG but does not 

show significance for GF until the 90% confidence level. Thus the therapy effect for 

GF must be seen as weaker on which all analyses, visual and statistical concur.

There is no single statistical technique that can be applied elegantly to these 

results. The methods applied all have limitations on their validity which must be 

taken into account. It is most useful to look at the total picture of t-tests with auto

correlation measures, Mann tests of trend, modified time series analysis and primarily 

visual inspection of the data which concludes that this study has shown evidence of a 

therapy effect for VG and cautious evidence of efficacy of therapy for GF.

5.2 Conclusions —  The Research Question

This section will discuss several aspects of the experimental results as they 

relate to the research question asked. First the graphs of the multiple baseline study

194



are examined and related to the hypothesis of disuse atrophy. Next the gap of time 

from the onset of therapy to an improvement in performance for VG and GF are 

examined with possible reasons for such a gap. Next the goals of the respiratory 

therapy and the individual therapy performances of VG, GF and RP are examined 

with specific reference to their dysarthria profiles and disuse atrophy. Finally RP’s 

failure to show a change in speech performance is examined and possible reasons for 

this considered.

The critical criterion for unambiguously demonstrating the effect of 

therapeutic intervention with a multiple baseline experimental design is that each 

baseline changes only when the intervention occurs. In this study an improvement in 

intelligibility scores from baseline to therapy is taken as evidence of the effectiveness 

of respiratory exercises in improving speech intelligibility. It is further hypothesised 

that the effectiveness of respiratory exercises is because a sedentary lifestyle and 

fatigue have placed little demand upon the respiratory system of the subject and thus 

function that is available is not being used.

For both VG and GF the last two to three weeks of therapy show speech 

intelligibility scores that are higher than any they achieved before intervention. VG’s 

lowest score during the therapy stage is the same as his previous highest score. The 

other scores are a minimum of 6% and a maximum of 16% (average 8%) higher than 

the previous best score. VG’s average intelligibility score during baseline is 46.2% 

versus 70% during therapy intervention. Visual examination of Figure 29 shows a 

quite obvious shift in VG’s intelligibility.

As noted previously using the multiple choice listening format most of GF’s 

scores were in the top 20% to 25% of the scale. It was decided to re-listen to her tapes 

using the more demanding transcription format where the choice of words is not
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available to the listener (see Section 4.2, pp. 157). With this format there is also a 

more noticeable positive shift with the lowest score during therapy matching the 

previous highest baseline score and the average intelligibility of baseline and therapy 

being 40.94% and 74.60% respectively (Figure 34). This is very similar to the 

baseline 46% and therapy 70% achieved by VG. However due to the variability of 

GF’s performance, GF’s baseline performance more often approaches the lowest 

score achieved during therapy than VG does. An examination of Figure 29 shows a 

more obvious vertical shift for VG during therapy — performance is noticeably 

improved and statistically verified during the last weeks of therapy. A second listener 

to GF’s intelligibility tests, also using transcription, shows the same pattern as the 

first listener: in the same final 6 sessions during therapy the lowest score is actually 

two per cent higher than any baseline score achieved no matter how good the day, and 

the other therapy scores are consistently above the previous highest. Thus for VG and 

GF performance improves only during the therapy period, as is necessary in the 

multiple baseline format to draw conclusions about the effect of therapeutic 

intervention. Since improvement in performance cannot reasonably be said to have 

been a reversal of neurological status, the respiratory exercises must be seen as 

maximising respiratory capacity not habitually used but available — targeting “disuse 

atrophy”.

It is important to be clear that the different judging formats, multiple choice or 

transcription, are not being mixed but that one listening performance is only being 

compared to itself. By choosing to make the task harder for the judge the reasoning 

that Yorkston and Beukelman (1981) applied in giving 2 alternative forms of listening 

is being reversed. Yorkston and Beukelman found that for severely dysarthric 

subjects sentence transcription scores cluster in the 0 to 10% range. However these
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individuals are unlikely to be speaking in sentences and such a measure has limited 

use. By using a single word multiple choice format the listener may be able to use 

some of the information available from the degraded speech to venture a more 

informed guess at the correct word. Thus while a test might score poorly when 

transcribed if some information is given then this might allow a more accurate choice. 

With GF the multiple choice scores were consistently in the top quarter of the range. 

It was hypothesised that by taking the extra information away that the multiple choice 

format provided, in effect making the judges task harder, that this might make a more 

pronounced differentiation between sessions where speech was more or less 

intelligible. The result showed that the same pattern of improvement was heard in 

both multiple choice and transcription by the same listener: the same sessions were 

judged to be more intelligible. However with transcription there is a slightly more 

pronounced distinction between the scores seen in baseline and therapy. Making the 

judging format harder appears to have accentuated the difference between speech 

during baseline and therapy.

GF’s baseline performance is variable and marked by day to day fluctuation. 

This pattern of variable performance is shown with both the multiple choice and 

transcription judging format by the same listener and by a second listener replicating 

the transcription judging format (Figure 34). Even discarding Session 13 as an 

unexplainable outlier, intelligibility scores vary by as much as 16% from one day to 

the next with the average being 8.9%. With all three listening scenarios, the 

variability of performance is noticeably lessened after the first week and a half of 

therapy. The maximum difference from one day to the next after this is 6% with an 

average of only 3%. This in itself is a positive benefit of therapy as a reduction in 

variability would mean that GF could rely on her speech being available to her when
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she needs it rather than being a matter of chance. Although VG’s intelligibility scores 

during baseline show less day-to-day variation than GF’s during baseline the 

variability of his daily performance is still greater than RP (see Figure 25). After 

session 6 RP keeps a reasonably consistent performance across 18 data points or 9 

weeks with only one point, Session 13, being out of keeping with the rest. Thus while 

VG shows a larger magnitude rise in intelligibility scores firom baseline to therapy, GF 

shows an improved consistency of performance that practically might be of equal 

benefit to her.

Variability of performance can be interpreted in the context of disuse atrophy 

and fatigue. If the respiratory therapy was encouraging maximum use of available 

respiratory capacity and pressure then it would be consistent to see both a best 

performance and a consistent performance at close to maximum ability as evidence 

that the limits of the disease had been reached and any functional overlay, at least of 

respiratory capacity, had been neutralised. Speech performance is consistent because 

it is somewhere close to maximum ability which is a fixed point. Fatigue, poor 

motivation and non-optimal habitual use could encourage any number of lesser 

performances — variability. It is interesting that RP who did not show a 

demonstrable therapy effect does show a very consistent performance across the 

almost six weeks of therapy. In this context this can be seen as suggesting that he was 

performing at close to his maximum ability. In other words disuse atrophy was not 

apparent with RP.

There is no obvious explanation of why the pattern of intelligibility scores for 

VG and GF during therapy seems to show approximately a fortnight of baseline 

behaviour before there is a relatively abrupt movement to best intelligibility scores. A 

more gradual improvement in speech intelligibility as respiratory control and capacity
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extended, might have been expected. There are no published studies of a similar 

nature with which to draw comparisons. Olgiati et al.’s (1988) study involved before 

and after measures of PImax, PEmax, M W  and VC in 8 MS patients after a month of 

respiratory muscle training. He does not report any intermediate stages to show the 

pattern of improvement in respiratory capacity. Perhaps there was improved 

respiratory capacity and control for GF and VG before the fortnight but until the 

behaviour became well established it was not generalised to speech. Alternatively 

perhaps the daily therapy sessions at first limited the breathing to the ten minutes of 

therapy but the subject began with time to generalise the behaviour and to breathe 

deeply and well outside the sessions. Specific instructions were not given to the 

subjects to do additional practice but several subjects reported practising (especially 

holding the air at maximum inhalation) and the exhalatory spirometers were left on 

the subject’s wheelchair tray, so that, if they were inclined to, it was possible to 

practice. Finally perhaps the fortnight represents the time needed to overturn a 

previously lethargic respiratory pattern and to re-leam and use the new pattern.

A clue may be obtained in the subjects’ performance on the therapy tasks as 

recorded in Appendix D and Section 4.6. While the therapy results should not be 

treated as respiratory measures in the accepted sense of a series of volumes and 

pressures obtained using a standardised and accepted methodology they do provide 

information on the performance of these subjects on respiratory tasks that target both 

respiratory volumes and sustained pressures. It should be remembered that therapy is 

daily but that intelligibility was tested twice-weekly. Thus there are several therapy 

sessions between the intelligibility tests. If VG’s therapy results in Appendix D are 

examined using the information from Figure 26 it can be seen that VG’s speech 

intelligibility improves after session nine which is August 29. The next intelligibility
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test is September 3 and VG is now at a higher level of speech intelligibility. Several 

therapy tasks show a change in performance between August 29 and September 3. 

The number of mis. of air that VG can repeatedly inhale is recorded at 750 to 1000 

mis. from 500 to 700 mis. From August 26 on, the number of deep breaths that VG 

takes each session has moved up to about 30 from about 18 the first week. 

Additionally August 29 shows a change in the number of repeats that VG could make 

of the maximum time of exhalation from an average of 2 to 3 previously to an average 

of 6. Thus while VG shows consistent improvement from the onset of therapy there is 

a more abrupt movement in some respiratory skills in therapy about the same time that 

intelligibility improves.

GF shows a movement in her speech intelligibility scores after session 21 with 

session 22 being October 17 (see Appendix D and Figure 26). Like VG at about this 

time GF shows a small improvement in the maximum inspiratory volume on repeated 

inhalations from 500 to 750 mis. 500 mis had been achieved consistently previously 

but it is in session 21 that the maximum of 750 mis is first recorded. Also it is that 

week that the pressure GF exhales stops flickering down to yellow (0 to 5 cm H2O) 

and is recorded as mostly green (5 to 10 cm H2O) on the respiratory drive indicator. 

While there is no abrupt change in the length of time that this pressure can be exhaled, 

during the last two sessions before the intelligibility change the number of repeats of 

the maximum exhalation improves abruptly. Thus it can be seen that both VG and GF 

show a change in the respiratory tasks of maximum inspiratory capacity achieved on 

repetition and the number of repeats of maximum exhalation. Other tasks improve at 

a more consistent rate or at a time unrelated to the recorded change in speech 

intelligibility (see Appendix D). This is a stronger claim for the implied connection 

between respiratory ability and speech intelligibility. If the demands upon and
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performance of the respiratory system have been increasing in the 6 to 10 days of 

therapy before the speech intelligibility change, then it is reasonable to suppose that 

the effects of disuse are being reversed and closer to maximum abilities utilised.

When the results of therapy are examined it can be seen that, by the end of 

therapy, both VG and GF improved on all the goals of therapy articulated in Figure 5. 

The goals for inhalation were to increase the number of mis. inhaled, increase the 

number of repetitions at this maximum and to maintain inhalatory pressure for up to 3 

seconds. The goals for exhalation were to attain target breath pressure and to extend 

the time exhaling at the target pressure (5 to 10 cm H2O). Both VG and GF improved 

on all goals by a minimum of 60% from initial to final performance to a maximum of 

300% improvement (see Figure 60). VG and GF improve in a similar pattern across 

the therapy goals except for the goal of maintaining inhalatory pressure within the 

target arrows of the spirometer. This requires continual adjustment of the muscles of 

inspiration and is not an all or nothing shot at maximum inspiration. Speech involves 

the continuous interplay of the muscles of inspiration and expiration (Netsell and 

Daniel, 1979). Thus it might be supposed that maintaining inhalatory pressure within 

the arrows was an inspiratory task with direct consequences for speech. VG gains 

considerably more adeptness at this task than GF. Both start out unable to perform the 

task and by the end of therapy VG can do 10 repetitions and GF still finds it difficult 

but can now do 2 repetitions. It could be then that this task reflects the difference in 

their speech performance with VG showing a more pronounced change in his speech 

behaviour. However this is also the only task that RP shows considerable 

improvement on and his speech does not improve on the speech measures used in this 

study. While this may seem to negate this point it is noted that RP and the researcher 

both felt subjectively that RP’s speech was clearer and had improved.
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There are other possible interpretations of the relative therapy gains of the 

subject in the context of “disuse atrophy”. VG and GF improved across every therapy 

task. RP only improves in the two tasks that require continuing control: sustaining 

inhalatory pressure and consistently targeting exhalatory pressure (see Figure 60 and 

Appendix D). He did not change the time he could exhale at this pressure or his 

maximum inhalation—these were maximised before therapy. Instead after five 

sessions he was able to maintain a consistent exhalatory pressure rather than flickering 

between the red, yellow and green pressure levels during exhalation. The capacity of 

his respiratory system did not change as VG and GF’s did but his control of pressure 

did. The subjective impression of RP having improved speech would seem to have 

more to do with imposing control than maximising performance. This is consistent 

with the cerebellar locus to his dysarthria (see Figure 30). Thus if, as is suggested, 

disuse atrophy was not apparent in RP then the disuse may be reflected in the therapy 

tasks which are tasks of maximum performance rather than of sustained performance. 

Both maximum and sustained performance tasks improved with VG and GF. Perhaps 

disuse is more apparent in the capacity tasks, maximising inhalatory pressure and 

maximising the target exhalatory pressure. Thus GF and VG improved but since RP 

is hypothesised not to have disuse atrophy, his performance changes only on tasks 

related to control of movement.

If the multiple baseline study was limited to GF and VG a clear, unambiguous 

therapy effect could be claimed, even if the magnitude of the change for GF was not 

as great as for VG. Given that therapy was restricted solely to respiration exercises, 

the change in GF’s performance is a very acceptable display of the benefit of such an 

artificially isolated therapy technique. A very dramatic change in speech behaviour 

was not expected. It must be remembered that only respiration in the complex process
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of speech was targeted by therapy. It is known that other speech processes in addition 

to respiration are affected by MS in these patients. Improvement is limited by the 

dysfunction imposed by the disease and by the very limited scope of the therapy. 

When the nature of the intervention is considered, the change shown is most 

acceptable. However RP does not show the same pattern but improves during 

baseline before therapeutic intervention commences and therapy at best can claim to 

stabilise his speech at his previous top performance. It is noted that the very high 

scores pre-therapy are associated with time of great personal self confidence and the 

high scores during therapy have no similar explanation but that is the strongest claim 

that can be made for the effect of therapy on RP.

Kazdin (1982) when discussing the problem of intervention showing an 

inconsistent effect across subjects notes that the most serious case is if only two 

baselines, the minimum number, are included in the design and one shows 

improvement and the other does not. The result then is too ambiguous and the 

internal validity of the investigation is compromised. However he continues:

“The effects of the intervention may still be quite clear from the 
two, three or more behaviours that did change when the 
intervention was introduced. The behaviours that did not 
change are exceptions. Of course the fact that some behaviours 
changed and others did not raises questions about the generality 
or strength of the intervention but the internal validity of the 
demonstration, namely, that the intervention was responsible 
for change, is not at issue. In short the pattern of the data need 
not be perfect to permit the inference that the intervention was 
responsible for change. If several of the baselines show the 
intended effect an exception may not necessarily interfere with 
drawing causal inferences about the role of the intervention”
(pp. 142).

With this comment in mind is there any possible explanation for RP’s 

difference in performance when compared to VG and GF? RP was the least impaired 

of all the subjects. The very high intelligibility scores that he was achieving.
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consistently in the top 20% of the scale, are for the transcription format so there is no 

way of making the judging task harder as was done with GF to see if the resulting 

intelligibility scores will increase in range. RP’s scope for improvement is limited 

when pre-therapy scores are already clustering in the top of the range. RP may 

demonstrate a performance ceiling on the task. The sentence intelligibility section of 

the YB Intelligibility Test might have shown RP’s speech performance improving on 

a more difficult task but they were compromised by RP’s reading ability, especially 

with the longer sentences. Initially he found reading the sentences quite a chore even 

with the researcher reading them aloud first. RP would race to repeat the sentence on 

a single breath before he forgot rather than have the bother of trying to read it. If he 

were slowed down and encouraged to read the words the result was very halting. Pre- 

morbidly RP was not a good or regular reader. During the study he became more 

proficient with reading after imitation on the shorter sentences, but this was 

improvement on the actual task which was not what was being measured. Sentences 

were never transcribed as it was felt that speech intelligibility could not be separated 

from improved proficiency with the task and from confused and halting reading. Thus 

it is possible that the task, transcription of single words, was not difficult enough to 

demonstrate a change in RP’s speech intelligibility behaviour, if it existed.

Another possible explanation for RP’s apparent lack of response to therapy is 

in the subjects’ dysarthria profile. Both VG and GF presented with severe mixed 

dysarthria, showing both spastic and ataxic components (see Figure 27 and Figure 32). 

Phonation and respiration are differentially the most affected. GF has less spastic tone 

and is more cerebellar than VG. VG is more equally spastic and ataxic. RP on the 

other hand has moderate ataxic dysarthria with articulation and prosody most affected 

(see Section 4.2 and Appendix D). There is a confounding factor of severity as well
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as the locus of the neurological and speech symptoms. As well as being the least 

impaired RP was also more ataxic than the other two. It may be that as his dysarthria 

progresses it may become more spastic as with GF and VG. Indeed since it is 

probable that the dysarthria will worsen as the disease progresses (Darley et al. 1972) 

then increased involvement of upper motor neurons is likely. The traditional view of 

MS dysarthria as predominantly ataxic could well be a description of the dysarthria in 

its early to moderate stages. This is also consistent with the evidence of Netsell and 

Kent (1976) about the purely ataxic nature of the paroxysmal form of the dysarthria 

that can be an early manifestation of MS symptoms. At this time there is no 

longitudinal series that traces MS dysarthria development. However, without this 

longitudinal information it is equally probable that RP has a dysarthric configuration 

where cerebellar control of articulation and prosody is predominant and will continue 

to be so. Murdoch et al. (1991) looked at 12 patients with cerebellar disease of which 

9 had MS. These patients were severely physically disabled although the parameters 

on this are not stated. All patients are dysarthric although severity levels are not 

indicated. One of Murdoch’s most interesting observations was the discoordination of 

muscles of the ribcage and diaphragm. He hypothesised the decrease in the excursion 

of the chest wall that he found in these ataxic subjects was a compensatory 

mechanism to avoid a breakdown in co-ordination. Thus it is also possible that 

respiratory therapy for RP would have a limited effect since maximum excursion of 

the muscles would simply induce discoordination. Thus work on maximising 

respiratory capacity in a predominantly ataxic dysarthric might be expected to have a 

lesser or even a deleterious effect. The discussion above about RP’s limited response 

to the various therapy tasks is recalled. The tasks he improved upon were tasks of 

imposing control and not tasks of improving capacity. It was suggested earlier that
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disuse atrophy may be most apparent in tasks of capacity. It could also be that the 

ataxic focus to RP’s dysarthria discouraged his attempts at capacity tasks.

Another possible explanation of RP’s lack of speech improvement following 

respiratory therapy is that RP was simply less severe and therefore not subject to 

disuse. He has a higher Kraft mobility rating and lower and upper extremity ratings 

show him to be less involved at all levels (see Figure 3). RP uses a self propelled 

wheel chair, has no dysphagia and was the most intelligible of the 5 initial subjects. 

Because he was less impaired and propelling a wheel chair perhaps he was not in fact 

subject to disuse atrophy, because he was still placing exercise demands on his 

respiratory system. As Olgiati et al. (1986) phrases it, “detraining” had not occurred.

Another possible explanation is that RP was the least dysarthric of the subjects 

and had very good respiratory ability initially, with no differential effect of his 

dysarthria upon his respiration (see Frenchay dysarthria profiles. Appendix J). Both 

VG and GF show phonation and respiration and to a lesser extent resonance to be the 

levels of speech most compromising intelligibility. The Frenchay dysarthria profiles 

of both GF and VG show respiration as among the most impaired speech functions. 

RP had normal to very good inhalatory and exhalatory capacity. He was dysarthric, 

had limited mobility and had been in a wheelchair for some time and thus would seem 

to be a candidate for “disuse atrophy”. With hindsight this was probably not sufficient 

to make him an appropriate candidate for this therapy. RP was a Country and Western 

singer, and had had singing lessons and had thought about and worked upon his 

respiration before becoming ill. RP may have been an inappropriate candidate for 

speech therapy with purely respiratory goals. Subjects may well need to show a 

dysarthria profile which shows respiration impaired at least to the level of the rest of 

the dysarthria or even differentially more so, as both GF and VG did. There is logic in

206



having to show respiration differentially disabled, since the argument is that lack of 

use imposes disability beyond the limits of neurological dysfunction. While this 

effect may be common in MS in the more advanced stages there is no reason to 

believe that it is universal.

An explanation for RP’s improved performance during baseline may be a 

“placebo” effect that is not uncommon in MS research.

“The difficulties in establishing efficacy for a treatment [for 
MS] are enormous.... a highly significant placebo effect can 
occur, even extending to improvement during the phase of a 
trial when patients are simply being entered into the trial and 
followed neurologically prior to receiving either placebo or an 
active agent.” (Silberberg 1988, pp.98)

The baseline with RP coincided with a time when he won a photography competition 

and he was feeling successful and good about himself. RP and the researcher had a 

very positive relationship and were meeting on a daily basis: the improvement during 

baseline may have been a “feel good” effect that generalised to speech. Contact with 

the therapist on such an intensive basis can bring an improvement in a behaviour that 

the subject knows the therapist is interested in, just because the subject wishes to 

please. It is interesting that RP’s intelligibility starts to decrease after a long sustained 

period of good intelligibility scores after session 20 when he finished speech therapy. 

RP was starting to see the event ending and the drop might reflect a more negative 

feeling about life and speech therapy. That RP’s performance improves during 

baseline demonstrates a strength of this methodology; there is no confusion between 

therapeutic effect and extraneous improvement. The two are shown to be separate. 

The importance of the baseline data collection phase is re-inforced as this “feel 

good”/placebo factor needs to be accounted for in order for valid inference to be 

drawn about the efficacy of therapeutic intervention: demonstrably enough points 

were collected during baseline so that all of the subjects’ average performance are
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well established before therapy is introduced. The introduction of therapy involved no 

more time being spent with a subject as the subjects had already had daily sessions 

with the therapist during baseline whether their speech was being taped or not. Thus 

improved performance due to daily contact with the researcher would be expected to 

show during baseline, as it did with RP.

Thus it is possible to conclude that the study provides cautious indications of 

the positive effects of respiratory exercises on speech with the benefits of intervention 

demonstrated by VG and GF being quite clear. However as noted by Kazdin (1982) 

the generality or strength of the intervention is compromised by RP’s lack of 

improved speech intelligibility during therapy. Various reasons for RP’s failure to 

improve during therapy have been explored. Perhaps the ataxic focus to his dysarthria 

made him less capable of change in capacity tasks. Perhaps his respiratory capacity 

was maximised before therapy started and he was an inappropriate subject for 

respiratory therapy. It is suggested that in future the selection criterion for such 

exercises should be a mixed dysarthria with respiration as impaired or more impaired 

than the other levels of speech as with VG and GF. Finally, and perhaps most simply, 

RP may not have improved because the single word intelligibility task did not show 

speech changes that were achieved. Additionally the improvement in RP’s speech 

behaviours while still in baseline is discussed as a possible placebo effect.

Disuse atrophy is demonstrated by the subjects VG and GF’s improved 

performance on all the respiratory tasks used in therapy. Speech intelligibility 

improved in conjunction with the improved respiratory capacities and pressure 

control. The improved respiratory capacity and control available to these subjects was 

utilised after about a week and a half to two weeks and was reflected in improved 

speech intelligibility.
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5.3 Conclusions —  Case Study Methodology

Single case analysis is an experimental methodology especially suited to efficacy 

studies in speech-language therapy. As noted previously there is usually an inadequate 

number of appropriate subjects for a particular therapy technique available at the same 

time for the traditional between group experimental designs (see Section 3.1). Single 

case designs, as in this study, provide the opportunity not only to validate the individual 

performance of the subject and the therapist, but also to draw conclusions beyond that 

single instance to the corpus of knowledge of therapeutic intervention with a particular 

client group. The sophistication and experience of the profession in the use of these 

techniques must develop to allow and to demonstrate the best provision of service to 

clients. Thus conclusions about the use of the multiple baseline across subjects 

methodology to address the question of disuse atrophy in MS patients are relevant 

beyond this experimental question to the profession as a whole.

Because of the hypothesis that lack of use is a component of respiratory 

dysfunction of MS dysarthria, there was a need to be highly specific and focused in the 

therapy techniques chosen: respiration was targeted completely in isolation even though 

within the usual course of therapy, respiration would be just one of several therapy 

goals. Since respiration in isolation was targeted a multiple baseline across subjects was 

chosen rather than a single subject multiple behaviour baseline such as LeDorze et al. 

used in their 1992 study on speech therapy with Parkinson’s Disease. LeDorze et al. 

(1992) wanted to show the efficacy of general speech therapy vrith several specific 

behavioural objectives with Parkinson’s patients. This would be a profitable study to 

replicate with MS patients to attempt to illustrate both the efficacy of therapy with these 

patients and the need for their referral for speech therapy. However this thesis had a 

specific hypothesis about the effects of lack of use upon the respiratory system and it
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was inappropriate to have therapy that impacted on any aspect of speech other than the 

parameter of interest, respiration. Thus the multiple baseline across subjects presented 

the most elegant methodology to examine the question. However the very process of 

narrowing down so specifically to respiration that generated the multiple baseline across 

subjects design, also proved to be one of the major shortcomings: by actively seeking to 

avoid interference from multiple treatments and isolate a single symptom, in fact the 

complexity of therapy and of speech was ignored. The researcher was constantly aware 

that giving the subjects increased respiratory capacity and not placing this ability in the 

context of total speech by teaching them how to use the capacity to generate loudness, to 

co-ordinate phonation with respiration, to combine with forceful phonation and accurate 

articulation left the job half done. In fact the hypothesis made, assumes a passive link 

between respiration and speech: that as respiration became more shallow, as less 

demand was put on the respiratory system due to immobility and encroaching disease 

then by implication less air and less respiratory efficiency was available to speech. 

Speech itself is not seen as enough work or drive on the system. Thus the focus on 

respiration in remediation in this study was assuming the same passive connection in 

reverse -  that as respiratory capacity became available it would automatically be used 

and thus intelligibility, a global speech measure, would show change. Perhaps the effect 

of the therapy might have been much more pronounced and uncontroversial had the 

study gone on to give the subjects specific strategies for implementing the improved 

capacity. While it was necessary to isolate therapy and the particular parameter to 

investigate the hypothesis, the actual process of isolation was felt to limit the clinical 

and therapeutic reality of the situation and perhaps also to limit the potential benefit to 

the subject of daily respiratory therapy.
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Perhaps this was also the reason that the subjects were unaware of any change in 

their speech even if others did notice (see Section 4.2). By design the therapy exercises 

the subjects were doing did not involve speech and therefore did not improve their 

awareness of what they were doing orally. While a subject might, as a result of the 

exercises and modelling, have tried some deep breathing on their own during the day, 

which in fact did happen, any effect on speech was gratuitous, not by the volition of the 

subject. Rehabilitation of speech for patients with progressive diseases usually focuses 

on conscious compensation of a disabled behaviour by manipulation of a more intact 

one. With the therapy used in this study the conscious link was lost for the subject, and 

since the speech improvement was not, nor was it ever expected to be, dramatic, the 

subject was unimpressed by it. This appears to have been part of the problem with the 

subject WR whose results were dropped from consideration. The daily intervention 

from the speech therapist focused her upon her speech and her anxiety level rose as this 

suggested to her that her speech was vulnerable; WR quite rightly saw this as a 

frightening prospect for someone with no hand and leg use and who is independent only 

by the use of a chin switch on an electric chair. WR needed to have very deliberate 

connections made between therapy and how it was strengthening her communication 

and when these were made for her she was no longer appropriate to the study protocol.

The multiple baseline methodology might have proved a tedious one for the 

subject as it involved weeks and, for some subjects, months, of baseline data point 

gathering before therapy was started. Kazdin (1982) sees this as an important ethical 

limitation of the multiple baseline across subject design (pp. 144). Concern about the 

tediousness of the technique proved to be unnecessary; the subjects’ perception of being 

part of trying to make things better outweighed the basically unexciting nature of the 

intervention. Also the intervention in this study was not a procedure that was usually
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available to subjects and thus there was no question that the long baseline was delaying 

treatment. Finally these subjects are resident in a long term care institution where life is 

busy but interaction can become quite routine. This methodology as well as providing 

active therapy and testing had a control component that required daily visits to the 

subjects even when they were not in therapy. Thus participation in the study became a 

positive outlet for social interaction. However the necessity of complete understanding 

and co-operation with the goals of a study is particularly important with a methodology 

as lengthy as this.

Omniscience suggests that the multiple baseline format could well have been 

combined with an ABAB design as can be seen particularly with VG’s results. As 

Figure 29 illustrates VG shows an improvement at session 10, two weeks after the onset 

of therapy and that the end of therapy coincided vvith a two week holiday with a 

subsequent return to baseline performance. Had therapy been reinstated after the 

holiday the second therapy series would have completed the ABAB design. However as 

the intelligibility tapes were not transcribed until 4 months after the end of the study it 

was not known that such a pattern existed at that time. This was to prove a cumbersome 

shortcoming of this methodology. Without the results of the intelligibility testing being 

known as the study unfolded, this opportunity was missed. However it was also not 

possible to make decisions about when to introduce therapy because the baseline was 

stable or how long to keep somebody in therapy because it was or was not having an 

effect on intelligibility. The protocol prescribed an arbitraiy time period for baseline and 

therapy in the absence of this information. Had intelligibility scores been available 

concurrently, RP might have been kept in baseline longer to see if his performance 

returned to the lower level exhibited before winning the photography competition. Then
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his performance during therapy might well have been a therapy effect if it stabilised 

performance at previous best performance.

The multiple baseline format chosen would have benefited from the repeat 

design of a single subject ABAB design by charting the return to baseline function or the 

re-emergence of disuse atrophy. Farmakides (1961) notes that despite the gains her MS 

patients demonstrate in therapy within three months the gains were no longer apparent. 

The multiple baseline across subjects is a strong design because of what Pring (1986) 

describes as the “built in” replication component across subjects that has the potential of 

allowing a strong statement about the generality of the treatment effect. However an 

ABAB design in consort with this might have allowed further comment on the timing, 

re-emergence and indeed clinical reality of disuse atrophy in the individual.

The original intention was to have each session listened to by three listeners and 

their results averaged to provide a score for that session. This could have been done 

concurrently with the ongoing subject sessions. Thus information would have been 

available on an ongoing basis to assist with the decision of when to stop baseline and 

introduce therapy, and vice versa. However it quickly became apparent that the 

dispersion of scores from multiple listeners was large enough to mask any potential 

therapy change and thus it was decided to use the single judge format before the first 

subject, VG, had even started therapy (see Section 3.5). While this was the right 

decision to have made for this study it was a solution that produced less flexibility in the 

protocol and did not allow capitalisation on opportunities such as reinstating therapy for 

VG after his holiday to complete an ABAB single case study design. An ABAB study 

in addition to the multiple baseline could have provided an additional examination of the 

thesis question for relatively little additional work.
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Three of the five subjects show a great deal of daily variation in intelligibility 

despite the many controls (same time of day, posture, task, equipment, etc.) for ensuring 

comparable performances (see Section 3.2). Variability in behaviour with MS patients 

is a well-known clinical phenomenon affected by fatigue, emotional upset or 

exhilaration, seasons, heat, amount of sleep etc. These results confirm that performance 

on a particular task is highly variable for reasons that are beyond experimental control. 

Several observations arise from this. One is the necessity of having more than the 

minimum three points generally considered necessary to establish baseline stability in 

the single case study format (Kazdin, 1982). The variability of performance with 

multiple sclerosis patients necessitates a longer baseline period to establish what the 

limits of performance on a behaviour are before being able to judge that the performance 

level has changed. The difficulty of measuring a baseline behaviour over a longer 

period of time in many clinical settings is noted. There are ethical problems with 

withholding treatment for days or weeks while baseline is being established and 

potentially huge problems with subject motivation and subject therapist relationships. 

Secondly the variability in performance is most noted with the three most severely 

impaired subjects GF, VG and EB. RP and WR both of whom performed well in the 

transcription format and had perceptually the best speech, also had the most consistent 

performance. There is a suggestion here that as a person’s dysarthria becomes more 

severe speech performance also varies more. Finally the variability in the subject’s 

performance also shows the futility, in the clinical setting, of single before and after 

measures to show the efficacy of a particular therapy. Such measures are at the same 

level as an “impression” that things are better or worse and can have no validity even if 

the difference between the two measures is dramatic. The limits of the behaviour pre-
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therapy must have been established first to show that a post-therapy measure is, in fact, 

different.

5.4 Conclusions —  Measurement Of Intelligibility

Several observations about the objective measurement of intelligibility are made 

from these results. These results did not replicate Yorkston and Beukelman’s reliability 

measures published with their Assessment of the Intelligibility of Dysarthric Speech 

(1981). Yorkston and Beukelman had five listeners providing multiple scores for a 

single subject’s test and similarly they had the same listeners re-listen to the taped 

intelligibility test at a different time and then examined the differences in the scores. All 

the paired intelligibility scores fall within a 10% difference. This study provides similar 

sets of paired listening results for a single test. There are three different listenings for 

each of VG’s intelligibility tests by the same listener giving measures of intrajudge 

reliability. Also 58% of GF’s tests, 15 sessions, were listened to by first one listener and 

then another to provide measures of inteijudge reliability. Finally 13 tests from all 5 

subjects were listened to by 2 to 3 listeners -  a total of 29 different listeners. Then the 

performance of a listener was paired with another listener (inteijudge) or with himself 

on a previous occasion (intrajudge) on a given test and the difference in the scores 

calculated (see Section 4.3). Neither the intrajudge nor the inteijudge dispersions 

patterns reached the level reported by Yorkston and Beukelman above. This study 

found a greater dispersion of scores both inter and intra judge. Inteijudge dispersion was 

across of range of 16 % and intrajudge across a range of 22 % (Figure 44 and Figure 48). 

At the 10% level that Yorkston and Beukelman account for all their data both intra and 

inter judge, in this study only 60% of inteijudge points were accounted for and 94% of 

intrajudge points. The observation made from this study is that the use of different 

judges to measure speech change clinically must be approached with caution. Using the
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same judge to show change in a subject’s intelligibility scores is indicated. An 

awareness of the dispersion levels of judges’ scores must be used when several judges 

are used either to rank order subjects or to estimate functional speech levels.

Yorkston and Beukelman (1981) showed higher correlations or predictability in 

the data for different listeners than for the same judge on repeated listenings to the same 

result (pp.41-42). The results of this study showed similar intra judge correlation levels 

as Yorkston and Beukelman: 0.89 and 0.90 respectively. However inteijudge 

correlation in this study was considerably less than Yorkston and Beukelman’s: 0.77 

versus 0.975. While it is reasonable to assume that listeners do hear roughly the same 

thing, Yorkston and Beukelman themselves note that two of their listeners showed a 

statistically different (F = 4.2, df. = 4,32, p = 0.01) and consistent difference in their 

ability to distinguish degraded speech: they are consistently better than the other 3 

listeners across the range of listening events. In this study the two listeners for GF show 

a similar pattern with the second listener consistently about 8% points below the first 

although not on every point: there are 2 of the 15 sessions where listener two actually 

scores higher than listener one. The pattern is shown to be statistically significant 

(Figure 47). Both listeners are hearing the same pattern within the limits of then- 

individual differences and show a rise in intelligibility at the same point and of about the 

same magnitude. Thus there is a reasonable correlation between the two listener results 

(0.77) and both are hearing a therapy effect. However these results show an imperfect 

relationship in that the difference between their scores is not uniformly maintained at 

every point in the data and moreover the same person listening to the same intelligibility 

test under the same conditions at different points in time shows a more consistent 

predictability between the resulting test scores than two different listeners judging the 

same test: the dispersion of data is less and the correlation is higher intra rather than
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inter judge. Intuitively this makes sense as one would expect the same listener to have a 

performance more similar to his own previous one than to another listener doing the 

same task. However Yorkston and Beukelman (1981) report a higher correlation 

interjudge than intrajudge which is not explained (pp.41- 42). In conclusion the results 

of this study while not in keeping with Yorkston and Beukelman seem more easily 

explained.

The relationship of the intelligibility improvement as measured by the YB 

Intelligibility Test to functional speech performance is not an obvious one. It is not to be 

expected that a huge functional difference will result even from an obvious shift in 

intelligibility scores such as VG displayed. VG’s improved speech performance was to 

an average of 70% intelligibility when the listener was presented with a closed choice of 

12 words. VG’s functional intelligibility would be much lower since seldom would 

such a limited scope of possible choices be offered to the listener. Thus even with the 

improved intelligibility score much of the time VG would continue to be unintelligible. 

It is interesting though that VG was the subject for whom two individuals made 

unsolicited comments about finding VG’s speech easier to understand. One was a nurse 

who cares for VG on a daily basis the other was his mother. Individuals who did not 

spend time with VG and dealt with his communication only sporadically, may not have 

found the shift in multiple choice intelligibility made much difference: to them VG 

would still have been unintelligible most of the time. VG was moved back along a 

continuum of severe impairment. The disease makes him dysarthric but the contention 

of this paper is that there is a functional overlay. Therapy reclaimed the functional 

overlay, possibly to the limits the disease imposed and therefore maximised 

performance. The benefit has to be seen as one of maximising available abilities while 

accepting that improvement may be in the margins of performance. There are no
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comments recorded in GF’s diary that anyone spontaneously noticed a change in her 

speech and nor was she herself that impressed with the results of therapy. What she 

wanted was effortless, loud speech: she wanted perfect speech and not simply a place 

less far along the still largely disabled continuum. However clearly articulated the 

expectations and goals of therapy it is always possible and perhaps probable that the 

subject will want more.

Interestingly RP did have the perception that his speech had improved, as did the 

researcher. An examination of what RP actually achieved in therapy (see Section 4.6 

and Appendix D) shows that he brought the control of exhalatory air pressure under 

volitional control but that respiratory capacity never really improved and that it was 

within the normal range in the first place. However RP did gain the ability to control a 

median level of effort in exhalation rather than a jerky alternation between maximum 

and minimum pressures. Initially RP could only alternate between the red and yellow 

lights on the respiratory drive indicator and could not stabilise at the optimum green 

speech pressure. By the seventh session RP could accomplish this task. Subjectively 

RP’s speech seemed more measured in conversation even though this had no effect on 

intelligibility scores. RP was perhaps capable of more control in his speech but had not 

used it until participation in this study focused him on this function. Scripture’s 80 year 

old description of the “scanning” speech of MS as an effort to control excess variability 

is called to mind. Perhaps RP unintentionally internalised a compensatory mechanism 

even though he was shown to be an inappropriate candidate for much of this therapy.

Intelligibility did prove to be a global indicator of speech function as was 

anticipated and was an appropriate repeat measure. While therapy focused on 

respiration the repeat measure was in fact, speech, a composite effort of which 

respiration is only a single component. However feeding into one level changed the

218



composite indicator with the two very disordered subjects, VG and GF. Thus Olgiati et 

al.’s (1989) observation of improved respiratory capacity following respiratory training 

extended to improved speech following respiratory training as he suggested it might:

“RMT maybe an additional method of rehabilitation in selected 
patients with MS when respiratory muscle weakness 
contributes to exercise intolerance, coughing and talking 
impairment” (pp.50).

There is a suggestion from this study that respiratory muscle training will 

support speech and that disuse atrophy is a clinical reality for some MS patients.
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6. RECOMMENDATIONS FOR FURTHER RESEARCH

Farmakides and Boone (1969) suggest that there is “disuse atrophy” of the 

muscles of speech and feeding in some patients with MS and that perhaps speech 

therapy is reversing this atrophy. Olgiati et al. (1986) call this “detraining” due to 

reduced activity with increasing disability in MS patients and suggest that addressing 

detraining can improve the speed and endurance of walking. The study reported in 

this paper was done both as an efficacy study on the use of respiratory muscle training 

to improve the speech of MS patients and as an investigation into whether there is a 

functional overlay to the dysarthria of multiple sclerosis that can be reclaimed. The 

indication of this study is that respiratory muscle training can marginally improve 

speech performance in selected patients and this should probably be routinely 

considered in patients for whom there is a long term reduction in walking and other 

activities of daily living.

Areas of further research indicated by this study are:

1. Replication of this study with appropriate subjects is necessary. Replication is 

the only way for single case study formats to gain clinical acceptance and to establish 

the wider applicability of a therapy technique. Single subjects studies using an ABAB 

design are clinically more viable than the methodology reported here since a group of 

appropriate subjects is unlikely in most settings. Using the presenting dysarthria as 

the basis for subject selection is necessary. Hartelius et al. (1995) when summarising 

the acoustic analysis of the voice of 5 MS patients say that in further studies:

“Dysarthric MS speakers selected for study should be very 
carefully described and sub-grouped according to a clinically 
relevant and valid classification” (pp. 117).

While the pathophysiology that underlies the presenting dysarthria symptoms 

and therefore the classification of the patient according to the locus of symptoms.
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spinal, cerebellar, etc. is necessary to many research questions in MS, efficacy studies 

for dysarthria therapies must include a clear and unambiguous presentation of the 

presenting dysarthria symptoms. Disuse atrophy follows from disability and is not a 

primary symptom of the disease therefore the disuse will be a symptom of the 

dysarthria and will not reflect the pathophysiology of the disease.

The ideal subject for this therapy would have MS and no complicating chest or 

respiratory complaints. Speech is likely to have the characteristic habitual low 

volume and inability to vary volume that is often observed with MS speech. It is 

necessary when the dysarthria is assessed that respiration be affected at least to the 

same severity as articulation and phonation: respiration may be differentially more 

adversely affected. The subject will be moderately to severely dysarthric with a best 

performance of 50% to 70% intelligible in single word intelligibility using 

transcription judging format. The subject will be sedentary and even perhaps 

immobilised and will have been for some time. Shortness of breath will probably be 

reported upon exertion of any magnitude.

2. Multiple baseline across behaviour studies are needed to put respiratory 

muscle training into the context of total speech rehabilitation. The studies would need 

to address respiratory muscle training, the co-ordination of respiration and phonation 

to maximise air use, the use of effortful phonation and articulation and resonance as 

appropriate to the patient’s dysarthria configuration. Thus the efficacy of referral to 

speech therapy for patients with dysarthria and MS could be addressed in a methodical 

way both to maximise effective therapy for the patient and to facilitate appropriate 

referral from sceptical medical and paramedical practitioners. As frustrating as it is to 

deal with a single component in isolation as this study did, in fact replication of this 

study as suggested above should precede studies of multiple behaviours which include
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RMT so that the component can be shown to have some validity on its own before 

additional experimental speech behaviours are added where the effects on speech will 

necessarily be cumulative.

3. Noting Olgiati et al.’s (1986) work on the exertional costs of walking for MS 

sufferers and on treadmill work assisting walking by reversing detraining, 

collaborative work with physiotherapists on detraining and cardiopulmonary fitness in 

persons with lessened mobility is indicated. RMT also forms part of the range of 

therapies of physiotherapy and might most effectively be addressed as part of a daily 

physiotherapy routine. Collaborative studies combining pulmonary function testing, 

fatigue, mobility and speech measures coupled with respiratory muscle training to 

maximise available function are indicated.

4. “Disuse atrophy” logically may generalise to other patients for whom mobility 

is decreased on a habitual basis and lack of use further compromises already 

compromised ability. Thus the question of whether the same disuse atrophy can be 

found in Parkinson’s Disease, ALS or any patient for whom habitual activity levels 

are changed by a disease process is raised.

5. The ethical and practical issues of developing an effective and acceptable case 

study methodology for assessing efficacy of treatment for dysarthria as part of clinical 

routine needs to be addressed. The difficulty of repeatedly assessing patients during 

baseline without giving treatment needs to be examined when developing a viable 

procedure. Assessment must not be too similar to treatment to avoid a training effect 

but not too remote since no effect may be measured. Intensive treatment regimes 

rather than weekly sessions are almost necessarily indicated. Thus even clinical 

organization needs to be addressed to develop the most adaptable and viable research 

methodologies.
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6. The measurement of intelligibility continues to prove a fruitful ground for 

investigation. Several issues became prominent in this study:

Some listeners appear to be consistently better than others. What factors affect 

listening ability: sex? fatigue level? education/reading level? type of employment? 

environment in which listening is being done?

By investigating the good listener, the factors that the dysarthric will need to 

manipulate in bis listener to facilitate maximum communication may be identified.

7. The intelligibility tests currently available need to be modified so that it is 

viable to use intelligibility as a repeat measure in case study methodologies and 

intelligibility is not measured simply on a before and after treatment basis. While a 

change in a specific speech act or component may be an appropriate repeat measure, 

the functionality of speech should also be monitored. Intelligibility testing needs to 

become a simpler and more flexible tool. Thus the minimum sample necessary to 

reflect the larger intelligibility test, whether daily testing and conversely weekly or 

fortnightly sampling reflects usual performance, all need to be addressed.

8. Following from the initial laryngograph study reported in this paper, the 

performance of a large number of MS dysarthric speakers on standard dysarthria tasks 

or a dysarthria profile would be useful. Darley et al. (1975) described MS speech in 

terms of deviant perceptual parameters and this coupled with performance on specific 

assessment tasks in general clinical use would assist in giving further information 

about the hetero/homogeneity of the dysarthria and provide relevant criteria for patient 

classification and selection of therapy techniques.

9. Related to the previous item would be the development of an assessment 

protocol with tasks sensitive to increasing dysarthria severity that is likely to display
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change of the dysarthria symptoms of MS over time. Thus either the course of the 

disease could be monitored or, potentially, the emergence of disuse atrophy noted.
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upper Extremity Function:

I can,

1. shake hands.

2. turn the bathtub taps on.

3. pour water from a jug using two hands.

4. pour water from a jug using one hand.

5. pick up a coin.

6. write legibly although not my usual script.

7. write as I have always written.

Source: Occupational Therapy Department, Queen Mary’s Hospital, Roehamptom, London.

Mobility Levels in Multiple Sclerosis:

1. I have no restrictions on activities of normal employment and/or domestic life, but 
I am not necessarily symptom free.

2. I am able to walk on level surfaces using no aides for short distances only (for about
15 minutes) before I must stop and rest. I can climb stairs.

3. I am able to walk alone but must use aids (walls, furniture, cane, crutches, walker, 
braces).

4. I can walk a few steps but I usually use a wheelchair. I can transfer from a chair.

5. Same as 4 above but I cannot walk at all.

6. I use a wheelchair exclusively but I cannot transfer.

7. I must be in bed most or all of the time.

Source: Kraft et al. 1981. pp.56.
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CE H IS T O R Y
i j e c t : ------------------- -
i f - R e o o r t

TAPE

lu h ave  a  cold or c h e s t  infection n o w ?
F r e q u e n t  co ld s /r e sp ir a to ry  infection?

ou s u b j e c t  to pneumonia?

a s t h m a ?
a l l e r g i e s / h a y f e v e r ?  

s i n u s i t i s ?

YES NO
YES NO

YES NO

YES NO
YES NO

YES NO
YES NO

)U a w a r e  of any c h a n g e  in your s p e e c h  or voice  s in ce  the d ia g n o s is  of MS? YES NO APPARENT

L e s s

Strength  M o r e  

Control

S:

Lfijti

H ig h e r

Lower

Control

Aftic.

Slurring
Fo re ig n
Accent
S p e c i a l  S o u n d s

ler s  n o t i c e ?  YES NO SOMETIMES  

w h a t  c i r c u m s t a n c e s  is this most  app arent?

Early Morning ---------

Ev en in g  ---------

Tired ______

High Use ----------

months a g o  _________  m o n t h s  p o s t  d ia gn os is

e o p l e  yo u d o n t  know understand y o u ?  YES NO 

o u  e x p e r i e n c e  difficulty in using t h e  te lephone? YES

you a w a r e  of  v o ic e  fat igue? YES

At the  e n d  of the day?

n did y o u  first notice  a ch a n g e ?

NO

/ h e n ? After ex te n d ed  u s e ?

t o w  d o e s  this manifes t  itself? 
H i g h e r  

Lower

Control

L ess

More

Control

Slurring

Artie. Fo re ig n  
Accent

S p e c i a l  S o u n d s

y o u / h a v e  you ever  sm oked?

S, h o w  much? 0 - 5  
5 - 1 0

w h e n ?
10  -  20

< 1 year  

1 - 3  years  

3 - 5  years  
5 - 1 0  years

YES

20 -  30  

30 p l u s

10 years
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)ICE H IS T O R Y

S u b j e c t
t i f - R e p o r t

fou h a v e  any difficulties in sw al l ow in g?  -----------------------
e a t i n g ?  (Which fo o d s ? )

n a s a l  r e g u r g i t a t io n ?  
c h o k i n g ?  -----------------
s e v e r a l  a t t e m p t s  to swal low?  
c e r t a in  f o o d s  more diff icul t?-  

ce r ta in  f o o d s  eas ier?  _______

YES NOlis a  c o n c e r n  to  y o u ?

8 y o u  h a d  a s s i s t a n c e  in deal ing with the  problem? YES NO
-LWHOg;

AJENCING FACTORS

T a f t  J U o t) / /J tv  f f a t i n a : t i n n e r  F i^ tr e m itu  R a tfn n .'

4 o w  U u c f i  P f iy s i c a J  A c t f v f t y  D o  Y o u  G e t ?

N ot
A f fec ted

P r e s e n t
N o w In Past C o m p e n s a t e s

N o n
F u n c t i o n a l

V O f^

A S T / C / T Y '

T /G U E

\ d / c a t f o n s .

\ a m Î 3  ^ Tfj  \ / r o / d ? H n r m n n e  T r e a t m e n t ?

f r o / d  T r e a t m e n t ?  A /o k v ? lA /fian  /  a c t ?

f t h : P o s t u r e  : 

2 4 8



Name.:- 
Date :

8 d

FRF.NCHAY
DYSARTHRIA ASSESSMENT

A d d i t i o n a l  Motor S pe ech

NOT
TAPEO

Maximum p h o n a t i o n  time _ /a /
  1^1

R EF L EX RESP. LIPS JA W PALATE LA R Y N G E A L T O N G U E

------------ —

— — — — — —

—

— — — - — — — — — —

—  1

l 2 l

se e s

se c s

s e c s

[Count on maximum inhalation

Air e s c a p e  on hold breath *^asaj____
oral

/m/  / b /  alternation

Diad. / p " / __

2 2  / ( " / __

/ k - /  __

/ p " /  / t " /  / k - /

-Ok-

W/WwW/WWnW/W/WW/ Pitch:

Imitate patterns YES NO

/ YES NOFubciculution?IQiihJi__
Widely

ruiT
— Clififiks

YES NO
' o a r t e d ?

P r o tr u d e  v s .  P r e s s u r eJoen vs
Cough:rtef l e xproHaiine

NormalI n t o r n a l  F..1 e.vat'.ior]

neffective
ORAL VOLITIONAL MOVEMENTS B i t e  your  l i p D e c r e a s e d  in Strength

- ic k  your  l i p s
A b s e n tC l e a r  yo u r  t h r o a t

C h a t t e r  ymir tmmtk



ilC E  S A M P L E

u b j e c t :
L ( x )  S w i t c h — Normal  
A d j u s t  Mic and L ( x )  G a i n s

ustain Vowel w ith  g oo d  b rea th  support

/ a / / i / !uj

/ a / IM /u/

d G rand fa th er Passage and Rainbow  Passage

serve Respiration
a u d i b l e  Inha lat ion  

s h o r t n e s s  o f  breath

i n f r e q u e n t  i n h a l a t i o n ____

u p p e r  t h o r a c i c  breathing  

d i a p h r a g m a t i c  breathing

c la v ic u la r  br ea th ing  -----

s h a l l o w  b r e a t h i n g  ______

str idor  ------------------------------

p h o n a t i o n  o n  residual air

olce Q u a lity :

late: Reading

air e s c a p e  a t  the initiation of phonat ion  

normal r o u g h  hoarse strained breathy

wpm Speaking wpm

)eak  fo r  2 m in u tes  on a to p ic
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BACKGROUND

S u b j e c t :
l e a l  N o t e s

Name :

Ward :

D a t e  o f  B i r t h :

When A d m i t t e d  t o  RHHP

Age :

P r e v i o u s  a d d r e s s :

D i a g n o s i s  :

W he re  d i a g n o s e d :  

D a t e  o f  D i a g n o s i s : Age o t  O n s e t Time from O n s e t

C o u r s e  o f  d i s e a s e  a v a i l a b l e  f r o m  n o t e s :

C u r r e n t  s y m p t o m a t o l o g y :  

M o b i l i t y  :

Hand F u n c t i o n :  

C o g n i t i o n  :

B o w e l / B l a d d e r  F u n c t i o n :  

V i s i o n  :

S p a s t i c i t y  :

F a t i g u e :

O t h e r  :

M e d i c a t i o n s  : 

D r u g D o s e S c h e d u l e Comments
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THERAPY HISTORY 

S p e e c h  N o t e s — O t h e r  

Subject:  ------- :------

When f i r s t  s e e n  :

When d i s c h a r g e d :

R e f e r r e d  by: Reason

R e - r e f e r r e d ?

D i a g n o s i s  :

T h e r a p y  A c t i v i t i e s :

A r e a s  o f - f o c u s :

R e s p i r a t o r y  F u n c t i o n  a d d r e s s e d

P h y s i o t h e r a p y  :

D t h e r  T h e r a p i e s / A c t i v i t i e s
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MY GRANDFATHER (Rev.)

You WISH TO KNOW ALL ABOUT MY GRANDFATHER. WELL, HE IS 

NEARLY 93 YEARS OLD, YET HE S T IL L  THINKS AS SWIFTLY AS EVER,

He DRESSES HIMSELF IN AN OLD BLACK FROCK COAT, USUALLY SEVERAL 

BUTTONS MISSING, A LONG BEARD CLINGS TO HIS CHIN, GIVING THOSE 

WHO OBSERVE HIM A PRONOUNCED FEELING OF THE UTMOST RESPECT.

When he s p e a k s , h i s  v o i c e  i s  j u s t  a b i t  c r a c k e d  and  q u i v e r s  

A B IT .  Tw i c e  each  day  he p l a y s  s k i l l f u l l y  an d  w i t h  z e s t  upon

A SMALL ORGAN, Ex CEPT IN THE WINTER WHEN THE SNOW OR ICE PREVENTS 

HE SLOWLY TAKES A SHORT WALK IN THE OPEN AIR EACH DAY. We HAVE 

OFTEN URGED HIM TO WALK MORE AND SMOKE LESS, BUT HE ALWAYS ANSWERS

"BANANA o i l ! "  Gr a n d f a t h e r  l i k e s  to b e  modern  i n  h i s  l a n g u a g e .

THE RAINBOW PASSAGE

When  t h e  s u n l i g h t  s t r i k e s  r a i n d r o p s  i n  t h e  a i r ,

THEY a c t  L IKE A PRISM AND FORM A RAINBOW. T h E 

RAINBOW IS A D IV IS IO N  OF WHITE LIGHT INTO MANY 

BEAUTIFUL COLOURS. THESE TAKE THE SHAPE OF A 

LONG ROUND ARCH, WITH ITS PATH HIGH ABOVE, AND 

ITS TWO ENDS APPARENTLY BEYOND THE HORIZON.

Th e r e  i s , a c c o r d i n g  to l e g e n d ,  a b o i l i n g  p o t  of

GOLD AT ONE END. PEOPLE LOOK, BUT NO ONE EVER

F IN D S - IT .  When  a  man l o o k s  for  s o m e t h i n g  b e y o n d

HIS REACH, HIS FRIENDS SAY HE IS LOOKING FOR THE 

POT OF GOLD AT THE END OF THE RAINBOW.
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Date Inhalation 
maximum mis.

No. of 
inhalations

Repeated
mis.

No. of Total 
repeats of Number of 

repeated mis. Deep Breaths

Deep breath 
with pause

Respiratory 
Drive Indicator 

Light

Maximum 
Length of 

Time

Repeated 
Length of 

Time

No. of Repeats 
of Repeated 

Length of Time

Total
Time

(minutes)
Aug 19 1500 1 300

700
2x10
1x5

26 wavering yellow 
(w-y)

3 sec 2 3 8 min

Aug 20 1800 1 500-700 2x7 16 w-y 3 2-3 3 10
Aug 21 500

800
200-400

1x5
1x3
1x10

18 CND
6

Aug 22 1500 2 1000 1x10 12 CND 8
Aug 23 1200

1000
1
3

600
500-900

1x10
1x10 24 w-y>green

2 1-2 3 9

Aug 26 1500
1000

2
3

500-750 3x10
35 lx2sec.

green to red 6 3 3 11

Aug 27 800 300-600 3x10 30 3 green to yellow 5 3 8 10
Aug 28 500 300-500 3x10 30 5 red to yellow 6 3 4 9
Aug 29 700 500-700 3x10 30 5 green to red 6 6 5 11
Aug 30 1000 1 500-750 3x10 30 10 green to red 8 6 6 11
Sep 2 1100 1 600-1000 3x10 30 10 green to red 8 8 5 10.5
Sep 3 1700 1 750-1000 3x10 30 10 green to red 11 8 3 11
Sep 4 1000 1 500-750 3x10 30 10 red to yellow 9 7-8 4 10
Sep 5 750 1 500-750 3x10 30 <10 red to green 6 6 5 9
Sep 6 1000 500-1000 3x10 30 5 red to yellow 6 5.5 4 10
Sep 9 1200 2 1000 3x10 30 10 green 7 5 4 11
Sep 10 1500 2 1000-1500

1000
1x10
2x10 30

<10 red to green 6 5 4 7

Sep 11 1100 1 1000 3x10 30 10 yelloe to green 6 5 6 10
Sep 12 1200 1 1000

500-1000
1x10
1x10 30 5

green 6 5 6 10

Sep 16 1500 5 1000-1500
750-1000

2x10
1x10

30 >10 green 8 6-8 6 11

Sep 17 1000 1000 3x10 red 6 5-6 5 10

VG Therapy
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Date Inhalation No. of Repeated No. o f repeats o f Total Number o f Deep breath Respiratory Maximum Repeated No. o f Repeats of Total
maximum mis. inhalations mis. repeated mis. Deep Breaths with pause Drive Indicator 

Light
Length of 

Time
Length o f  

Time
Repeated Length 

o f Time
Time

(minutes)
Sept 2 3000 3000

2500
1x10
2x10

30 yellow to red 12 6 5 9

Sept 3 3500 5 3200
3000

2x10
1x10

30 red to green 12 10 4 10

Sept 4 3500 2 3000 3x10 30 red to green 10 6
10

3
2

11

Sept 5 3000 4 2500-
2750

3x10 30 4 red to green 10 10
4-10

1
4

11

Sept6 3000 5 1500-2000 1x5
1x10

20 8 red to green 7 6 6

Sept 9 2000 2000-1750 2x10
1x10

30 1 set 
3-4 sec

green 7 7
4

3
2

11

Sept 10 2000 3x10 30 1 set green 8 5 4 12
Sept 11 2000-2500 1x10 30 2 sets green 6 5.5 6 11
Sept 12 2000-

2500
2x10
1x10

30 2 sets 
3-4 sec

green 10 5-6 6

Sept 16 2500
2000-2500

1x10
1x10

30 2 sets 
3-4 sec

green 11 6-10 6 11

Sept 17 2000
2400

1x10
1x10

20 1 set green 6 6 5

Sept 18 2000-
2500

3x10 30 3 setsl green 12 9-10 5 11

Sept 19 2000 10x3 30 3 sets green 12 6-12 5 12
Sept 20 2500-

3000
10x3 30 3 setsl green 13 6-13 6 11

Sept 23 2500-
3000

10x3 30 3 sets green 13 8-13 7 12

Sept 24 2500 10x3 30 3 sets green 15 8-15 8 11
Sept 25 2500 10x3 

1x10 end
40 3 sets green 12 7-12 9 12

Sept 26 2500 10x3 
1x10 end

40 4 setsl green 15 8-15 7 12

Sept 27 1500-
2000

3x10 30 1 set red to green 6 3-6 6

Sept 30 1500-2000
1500

3x10 
1x10 end

40 3 sets red to green 11 5-9 7 10

Oct 1 2500-3000
2500

3x10 
1x10 end

40 4 sets green 11 6-11 11

RP Therapy
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Date Inhalation 
maximum mis.

No. of 
inhalations

Repeated
mis.

No. of 
repeats of 

repeated mis.

Total 
Number of 

Deep Breaths

Deep breath 
with pause

Respiratory 
Drive Indicator 

Light

Maximum 
Length of 

Time

Repeated 
Length of 

Time

No. of Repeats 
of Repeated 

Length of Time

Total
Time

(minutes)
Sept 30 500 3 200 3x5 18 green-yellow 3 2 4-5
Octl 500 2 250 1x5 7 yellow 3 2.5 4 15
Oct 2 500 3 250 8 12 green-yellow 4 3-4 5
Oct 4 250-500 3x5 15 green-yellow 4 3-4 8 in bed 

10
Oct 5 750 1 500

300
3x5
1x5

16 red-green yellow 5 4-6 7 10

Oct? 250 3x5 15 green-yellow 1-3 8 10
Oct 8 800 1 250 1x6 7 green-yellow 1-2 4
Oct 9
Oct 10 500-600 3x5 15 green-yellow 5 3 3
Oct 11 500-600 3x5 15 2x

2x
12

Oct 14 500-600 3x5 15 green-yellow 6 4-6 4
Oct 15 500 4x5 20 green-yellow 4-5 3
Oct 16 500 3x5 15 green-yellow 5 3 12 10
Oct 17 250

500
2x5
1x5

15 mostly green 5 3-5 8 12

Oct 18
Oct 21 750 2 500-750 3x6 20 mostly green 4-6 10 11
Oct 22 500-750

750
4x5
1x3

23 mostly green 6 3-6 14 11

Oct 23 500-750
500

3x5 
1x5 end

20 mostly green 4-6 11

Oct 24 500-750 4x6 24 mostly green 5x2 2-5 14
Oct 25 500-750 4x5 20 mostly green 6 3-6 15 10
Oct 28 500 4x5 20 mostly green 3-5 17 9
Oct 29 500-750 4x5 20 mostly green 6 4-6 16 11
Oct 30 500

650-700
4x5
1x5

25 mostly green 6 3-6 15 11

GF Therapy
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; T H E N  ATI  ON AL HOSPITAL S 
C 5  L L ÉG E G F SPEECH SCIENCES

Chandler House, 2 Wakefield Street, London WCIN IPG 
Telephone: 071-837 0113 Fax: 071-829 8720

CONSENT FORM

I consent to take part in the study "Respiration and the 
Dysarthria of Multiple Sclerosis".

I understand that I will be seen daily for non-invasive 
speech/respiratory therapy for about a month and (Till have 
various speech tests administered for several weeks either side 
of this month.

I understand that all results will be anonymous and in any 
reports arising from this research I will not be referred to by 
name.

I consent to this testing and therapy.

Subject

Date

(Witness or on behalf of 
subject, as appropriate.)
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PROCEDURAL RELIABILITY
INTELLIGIBILITY TESTING PROTOCOL

CREATE SINGLE WORD AND SENTENCE KEY USING RANDOM NUMBERS LIST

CLOSE WINDOW

PUT "QUIET-RECORDING" NOTICES ON BOTH DOORS

ADJUST SUBJECT’S POSTURE ________________

POSITION MICROPHONE--MEASURE DISTANCE ___

TURN TAPE RECORDER ON

VERBALLY RECORD SUBJECT'S NAME AND DATE

SUBJECT TALK--ADJUST V-U METRE

TAPE RECORDER PAUSE

VERBAL INSTRUCTIONS:
"I want you to read a series of words. I'll say the number 
then you say the word I point to. Say each word as clearly 
as you can but don't say anything else. O.K.?"

SUBJECT INDICATES CONSENT

TAPE RECORDER ON

SAY NUMBER : POINT TO WORD ...50 WORDS RECORDED

TAPE RECORDER PAUSE

REINFORCEMENT:
"Well done , half way there.I'11 just recheck this 
microphone." _________________

REMEASURE MICROPHONE DISTANCE __________________

262



VERBAL INSTRUCTIONS:
"Now the second part involves reading sentences. Follow 
along as I read these sentences . Then I'll turn the 
recorder on, say the number and you read the sentence. 
O.K.?" __________________

SUBJECT INDICATES READINESS __________________

ISOLATE SENTENCE WITH TEMPLATE

READ THE SENTENCE ALOUD--DRAWING FINGER ALONG LINE

TAPE RECORDER ON

READ NUMBER; SUBJECT READS SENTENCE; SMILE, NOD

TURN RECORDER OFF

PERIODIC VERBAL REINFORCEMENT; " Well done " or "Good". 

ISOLATE SENTENCE WITH TEMPLATE...

TURN RECORDER OFF __________________

CONCLUDE :
"Well done. Thank- you. How did you find that ?

SUBJECT RELAX, RESPOND.
"Well thank- you again . Shall I take you back t o . ..

Conversation while transporting-as clinician centred as possible 
Attempt to ask questions that require little elaboration.
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PROCEDURAL RELIABILITY
JUDGING PROTOCOL

TAPE IN MACHINE

■QUIET ROOM, NO DISTRACTIONS, DOOR CLOSED, PHONE OFF 
HOOK

Thank-you for agreeing to assist me

"What is required is for you to listen to a tape of a person 
talking and for you to write down what you hear. There will be 
single words and then sentences. This should take about thirty 
minutes."

"Please tell me if you are unsure what to do. If I sound formal 
it is because I am trying to make sure that each judge is given 
the same instructions."

"First of all we will listen to some words spoken one at a time. 
Here is a sheet of paper where you will write down the word that 
you think that you hear. GIVE JUDGE TRANSCRIPTION
SHEET

You will hear me saying a number then a person saying a word. 
Do guess if you are unsure what the word was."______________

(Since this is the first time you have been a judge ...... Here
is the list of words from which the spoken words has been chosen. 
Please read the list through two times so you know the kind of 
words that you will hear." JUDGE GIVEN WORD POOL_______________ )

JUDGE READS WORDS

"Ready to go? Just write the word you hear next to the 
number."

"Is this a comfortable volume?"

ADJUST TAPE MACHINE USING DATE AND SUBJECT 
IDENTIFICATION_________________

"O.K.?" SUBJECT INDICATES REAl^^ESS



START TAPE, GO TO END OF SINGLE WORDS.

NO REPLAY OF SINGLE WORDS ALLOWED 

'Well done, thank-you very much."______________

The last part is similar but involves listening to sentences and 
writing them down." TURN TRANSCRIPTION SHEET OVER__________________

11 listen to the sentence completely once. Then you can 
listen to it again using the pause button to stop it when you 
want to write the words down."

"See , Press pause to stop and then press it again to keep 
going" DEMONSTRATE ON THE TAPE MACHINE

"So w e ’ll listen to it completely once and then w e ’ll listen a 
second time when you can stop it if you want to as you are 
writing down what you hear."_____ ___________

"Ready to go?" JUDGE INDICATES READINESS

RESEARCHER PLAYS SENTENCE, REWINDS TAPE,STARTS TO REHEAR 
CLINICIANS VOICE SAYING THE NUMBER OF THE ITEM AND HITS PAUSE- 
JUDGE CONTROLS THE PAUSE BUTTON.......

"Thank-you very much."
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THERAPY PROTOCOL

WARM-UP 
Greet patient.
Find a quiet space.
Adjust posture.
Clean mouth, glasses etc. as needed.
Demonstrate diaphragmatic breathing 
Deep breaths, long exhalation.

THERAPY ACTIVITIES
Respiratory Drive Indicator:

Use feedback wand to allow patient to attempt 5 cm.H20 for 
5 seconds. Adjust red and yellow lights to allow a degree 
of "window" appropriate to each patient. Decrease "window" 
and increase time as patient improves.
5 minutes from patient's first attempt.

Incentive Spirometer:
Use for inspiration and expiration. Note previous efforts. 
Use these as volume and time goals.
5 minutes from patient's first attempt.

WARM DOWN
Deep breathing, long exhalation
Discussion of session— to maintain interest and motivation. 

REINFORCEMENT
Verbal reinforcement on varying schedule as needed and indicated 
for each subject. No negative reinforcement; all efforts will be 
reinforced and the goals of time or volume articulated by 
researcher for the patient. Any amount of pressure gets the 
yellow light on the Drive Indicator and all efforts on the 
Spirometer will be built on.

INSTRUCTIONS
Verbal instruction with accompanying demonstration. Once the 
patient has attempted the activity and succeeded in getting a
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response from the equipment the therapy time will be deemed to 
have started and instruction/préparâtion terminated.
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PROCEDURAL RELIABILITY
SINGLE JUDGE PROTOCOL

QUIET ROOM, NO DISTRACTIONS, DOOR CLOSED, PHONE OFF HOOK 
TAPE MACHINE PLUGGED IN,EAR PHONES ON

TAPE LIFTED OUT OF BOX AT RANDOM

SUBJECT AND TAPE DESIGNATION RECORDED ON DAILY LISTENING RECORD

TAPE INSERTED INTO MACHINE

CLOSEST NON-TRANSCRIBED SESSION FOUND

DATE RECORDED ON DAILY LISTENING RECORD

NOTE ON TAPE COVER THAT SESSION HAS BEEN TRANSCRIBED

ADJUST VOLUME AND GAIN DURING INTRODUCTION

WRITE JUDGE, SUBJECT, JUDGING DATE AND SESSION NUMBER ON TOP OF Y-B 
ANSWER SHEET

LISTEN AND TRANSCRIBE, STOPPING AFTER EACH ITEM-TW O REPEATS 
ALLOWED AS DESIRED

RECORD ANY COMMENTS ON DAILY LISTENING RECORD AT END OF SESSION

PUT TAPE BACK INTO BOX

CHOOSE NEXT TAPE, REPEAT ABOVE

REST AFTER EACH FIVE SESSIONS AT MOST
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APPENDIX G

Forms For The Yorkston Beukelman Assessment Of The 
Intelligibility Of Dysarthric Speech
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% i i k & è & i i i & & è & & & & è » ë & » * * » »
ASSESSMENT OF INTELLIGIBILITY OF DYSARTHRIC SPEECH

SINGLE WORD INTELLIGIBILITY/TRANSCRIPTION ANSWER SHEET

S p eaker :  

D a te :____

N u m b e r  Correc t:

©  C o p y r i g h t  1 9 8 1 ,  C . C.  P u b l i c a t i o n s ,  Inc.  
P. O.  B o x  2 3 6 9 9 ,  T i g a r d ,  O r e g o n  9 7 2 2 3  

P r i n t e d  in U . S. A .

#:

Judge:

Percent:

1. 14. 27. 40.

2. 15. 28. 41.

3. 16. 29. 42.

4. 17. 30. 43.

5. 18. 31. 44.

6. 19. 32. 45.

7. 20. 33. 46.

8. 21. 34. 47.

9. 22. 35. 48.

10. 23. 36. 49.

11. 24. 37. 50.

12. 25. 38.

13. 26. 39.

T h i s  f o r m  m a y  b e  d u p l i c a t e d .



Speaker;  

D a t e : ___

ASSESSMENT OF INTELLIGIBILITY OF DYSARTHRIC SPEECH 
SENTENCE INTELLIGIBILITY/TRANSCRIPTION ANSWER SHEET

 # : _______________________________
Judge:

Duration: W P M ; # of inte l l ig ib le  Words:

Inte l l ig ib il i ty  (%):

# of U n in te ll ig ib le  Words:  

C o m m e n t :________________

Efficiency Ratio  ( IW P M /19 0 ) : .  

I W P M : _______________________ U W P M :

Key
  5A.
  5 B .  .
  6A. .
  6B. .
  7A.
  7B. .
  8A.
 8B. .
  9A.
  9B. .
 10A.
 10B. .
 11A.
 11B. .
 12A.
 12B.
 13A.
 13B.
 14A.
 14B.
 ISA.
 __ 15B.

Tota l Correct:

Number
Correct

'(,1 C o p y r i g h t  1 9 8 1 , 0 . 0 .  P u b l i c a t i o n s ,  i n c .  

P C.  B o x  2 3 6 9 9 ,  T i g a r d ,  O r e g o n  9 7 2 2 3  

P r i n t e d  in U . S . A . T h i s  f o r m  m a y  b e  d u p l i c a t e d .



T̂ TXXTTTTTTTTTTTTTTXTTXTTîTXTTXTXIT
ASSESSMENT OF INTELLIGIBILITY OF DYSARTHRIC SPEECH

Single Word Intelligibility Form;

Speaker: ___________________________

Date: _____________________  Judge:

Key Multiple Choice Answer Sheet

  Speaker Task: Reading Imitation

  Judging Format: Transcription Multiple Choice

Number Correct; 

Percent Correct:

© C o p y r i g h t  1981 ,  C.C.  P u b l i c a t i o n s ,  Inc.  
P.O.  B o x  2 3 6 9 9 ,  Ti gar d,  O r e g o n  9 7 2 2 3  
Pr i n t e d  in U.S. A.

(1) (2) (3) (4) (5)

f o r m c o r n d o o r ra i d r a k e t rai t h e a r b e a r c h e e r g r o u p w h o o p t o o t ( i t t i ng h i t t i ng b i t t e n

b o r n lor s t o r m rai n t r a d e r a g e m e r e s h e a r d e e r l oo p s u i t ( rui t wi t t y k n i t t i n g s i t t i ng

s t o r e s w a r m t or n t r a m r a n g e r a v e t e a r n e a r w e  re b o o t c o u p e d r o o p w r i t t e n c i ty k i t t e n

w a r m h o r n s w o r e r a t e r a c e t r a c e s t e e r pee r (ear t r o o p s n o o p roo t p r e t t y m i t t e n pi t t i ng

(6) (7) (8) (9) (10)

s p a r k da r t b a r n d r e a d b e d Med q u i c k e r wi cke r bi t t er c o u r t s n o r t (ork s t r e t c h s a i d s h r e d

ca r l h a r p n a r k b r e a d s a i d r ed t i cker Sit ter l i quor s or t c o r k q u a r t s k e t c h s h e d b r e a d

s t a r t d a r k p a r t t r e a d r e s t n e s t s i c k e r s l i cker l i t ter tor t p o r k s p o r t ( ed d r e a d t h r e a d

p a r k h e a r t d a r n d r e s s b e s t d e a d d i c k e r w i c k e d gl i t t e r lor t s h o r t por t t h r e a t r ed d e a d

(11) (12) (13) (14) (15)

b e e l b e e p s e a t c e n t e r b e n d e r l e n d e r c o r n s h o r t war t why w i n e w e e p n a v a l l a d l e ( a b l e

r e e l s e a m b e a m m e m b e r s e n d e r l e n d e r c o u r t t e r m b o r n wi p e w a s t e w i v e s s t a b l e s a b l e a b l e

n e a t b e a t m e a t b u m p e r t i mb e r t e m p e r l o r m h o r n s or t w h i p w i s e win c a b l e t a b l e r a t t l e

b e a s t r e a p P e t e t e n d e r e m b e r r e n t e r t o r n tort b u r n w i d e wi th w e a v e M a b e l s a d d l e g a b l e

(16) (17) (18) (19) (20)

v a m p s a t r a m p big b a n b a s h d i e (oil (eel p a s t e p a g e s p r a y o wl (all s t a l l

b a t t a p vat b o g b o u g h t b e g tool p h o n e ( mal p a i n s p a d e pa i n t bal l c r a w l all

s a p m a t n a p b o a t b a n k b o o t l i nd l u n n e l (ell s p a c e p a i d S p a i n wal l hal l tall

m a p rat d a m p b a g b a t b e a t p a n e l (ill (all p a c e p a l e s p r a i n ca l l s h a w l mal l

(21) (22) (23) (24) (25)

lull p o l e b owl s c r e e c h e a c h s h e e t g r a m p a i n g a u g e l ed lit s l i m d u s k m u s t rut

m o l d c o l d pul l c r e a t u r e b e a t s t r e e t ra i n s a n e t r a m lip l i mb lid r u s t b u t j u d g e

m o l e s o l d t ol d n e a t r e a c h t e a c h b r a i n r a n g e s t r a n g e slit l i sp s l i p ( u d g e )USt m u s k

bul l (old s o u l p r e a c h p e a c h s e a t g r a n g e r a g e g r a d e list s l id l e s s d u s t b u s t s h u t

T h i s  f orm m a y  b e  d u p l i c a t e d .



o c c u r

r e s e r v e

s u p e r

a b s u r d

(26)

r e f e r

o b s c u r e

o b s e r v e

p r e s e r v e

c o n v e r g e

c o n s e r v e

d e s e r v e

s e r v e

c o m p r e s s

d e p r e s s

I m p r e s s

c o n t r a c t

(27)

d e t r a c t

s u p p r e s s

c o n t a c t

r e p r e s s

s u b t r a c t

c o n t r a s t

r e t r a c t

i n t a c t

p o r c h

s t o r e

lo r e

t o r c h

(28)

s c o r e

w o r e

s c o r c h

m o r e

s h o r e

co u r t

p ou r

s o

b oa t

b o n e

bowl

b o a s t

(29)

B o o n e

bill

b o o t h

b o o t

bln 

b o t h  

b o o k  , 

bit

g r o p e

g r o a n

g l e a m

g r o v e

(30)

g l i b

g r o w

g r o s s

g r a v e

g l o w 

g l o b e  

g r a i n  

 ̂ g r a p e

r a t e

b r a c e

t rai l

g r a c e

(31)

t r a c e

wai t

r ak e

p a c e

w a s t e

r a c e

p r a i s e

w a k e

qui t

st i ff

sl ip

twi s t

(32)

sit

list

swi f t

kni t

m i s t

w h i p

s ip

wit

wi n e

t wi ne

wi l e

twi c e

(33)

w i s e

wi de

q u i t e

w i p e

whi l e

wh i t e

why

wi re

s h a r p

s h o c k

s he l l

s h o o t

(34)

Shor t

s he l l

s h o e

s h a r k

s h i p

s h o r e

s h o t

s h o p

c a r v e

t i r ed

c a r p

c a r e

(35)

t e a r

p e a r

c a r

t o r e

p o u r

t a r r e d

ca r t

p a r

(36) (37) (38) (39) (40)

o f f e r o f f s i d e s o p t i o n c r o s s b o s s cal l g l o w s e w p o l e c a p e m a t e l a t e t e x t u r e r a p t u r e c r e a t u r e

o f f b e a t a f t e r o f f i c e l o s s f l aw c l a w Mow bowl low a p e m a k e t a p e g e s t u r e p r e a c h e r r u p t u r e

h o n e s t o f t e n a w k w a r d law c l o t h R o s s co a l b e l o w d o e bai l l a k e r a k e d e n t u r e m i x t u r e f ix t ur e

a u t h o r a wf u l o u g h t c o u g h s a u c e c r a w l b l o w b l o w n sou l h a t e r a t e l a ke l e c t u r e c l o s u r e t e a c h e r

(41) (42) (43) (44) (45)

e y e by t i de di v i de d e b a t e d e c i d e l e a p l i mb lip b a n n e r m a t t e r p l a n n e r s c r e a m s t r ee t gr ind

s i g h s i d e h i d e d e s i g n d e f e n d d iv i ne l eak l e an l e av e S a n d e r o t h e r b a t t e r s c r a p s c r a m s t r e a m

r ide t ie w h y d e f e a t d e f i n e d e c a l l e a s t l e a s e lit b o t h e r m o t h e r b r o t h e r s c r u b g r e e n s c r e e c h

h i g h d i e lie d e v i s e d e n y d e f y l ea l l e a s h live m a n n e r b u t t e r t a n n e r s c r e e n s c r a t c h g r ab

(46) (47) (48) (49) (50)

ar t m a r c h pa r k g a m e g r a b g l o w m a d e s h a d e p a i d c a v e c a p e p a g e pier h e a r s t e e r

b a r k d a r k ark g a n g g r o w g a g ( ami p a y m a y c a n e p a v e c a s e we i r d we ' r e s p e a r

lark a r c h da r t g r a p e g a u g e g r e a t d a y v a g u e ray t a p e c a g e t a s t e leer f i e r ce s e e r

h e a r t tar t s p a r k g a m g r a i n g l a s s l a d e ra i d l a d e c a k e t a k e p a c e p i e r c e b e e r n ea r

T h is  fo rm  m a y  b e  d u p l ic a te d .
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BASELINE RECORD

DATE;
INTELLIGIBILITY TESTED 
TIME STARTED:
SUBJECT'S AFFECT:

YES NO
LOCATION:

TIME FINISHED

DEVIATIONS FROM PROTOCOL:

OTHER COMMENTS

DATE :
INTELLIGIBILITY TESTED: YES NO
TIME STARTED:
SUBJECT'S AFFECT:

LOCATION

TIME FINISHED

DEVIATIONS FROM PROTOCOL

OTHER COMMENTS:

DATE:
INTELLIGIBILITY TESTED; 
TIME STARTED:
SUBJECT'S AFFECT:

DEVIATIONS FROM PROTOCOL:

YES NO
LOCATION

TIME FINISHED:

:

• ... ry

OTHER COMMENTS:
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THERAPY RECORD

DATE: LOCATION:

TIME STARTED: TIME FINISHED

SUBJECT’S AFFECT:

SPECIFIC ACTIVITIES WITH REPETITIONS AND TARGET PRESSURES OR 
TIMES:

Posture :

Breathing :

Chest Expander:

Respiratory Drive Indicator

Maximum Phonation Time: 

Blowing Exercises:

TOTAL TIME ON RESPIRATION EXERCISES:
SESSION FOLLOWS INTELLIGIBILITY TESTING? YES NO

d e v i a t i o n s  FROM PROTOCOL:

OTHER COMMENTS
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D a i l y  L i s t e n i n g  R e c o r d

D a t e  :

T o t a l  number  o f  h o u r s :

TAPE 
ESIGNATION

SUBJECT DATE OF 
SESSION

MARK ON TAPE 
TRANSCRIBED

COMMENTS

277



APPENDIX I 

Error Analysis Subjects VG And GF
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ERROR ANALYSIS-VG

A blank column indicates a correct decision.
—  and ” " indicate an inability to make even a guess.
Target words are not given where all three listenings produced the correct answer.

Session Date Target
Word

1st 2nd 3rd

Aug 6

Aug 7

storm store
race raid raid raid
we’re bear
city kitten kitten
park part part part
said dead dead dead
pork port port
shed "cheap" --- "ship"
beat beep beep beep
with whip win whip
saddle fable fable sable
ramp nap "vop" vamp
final funnel
page paid pain paid
mold bull bull bull
peach preach preach
brain "plim" pain pain
tore pour pour
bin bit bit
gleam grape glib grape
rake brace rate praise
quit slip swift sip
twine twice
cough sauce sauce sauce
take tape bait
closure ----- texture
divide defy defy defend
leaf lip leap leap
planner brother brother bother
scratch scrap scrap scrap
dark spark art
grow
may paid paid paid

trace trade trait trait
peer deer deer deer
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Aug 13

troop snoop snoop suit
fitting city

dam dark
bread bed "bin" dread
glitter wicker wicker flicker
sport sort sort
bread dread
meat beat beat beat
lender bumper bender
tom court
win whip whip with
fable table table table
fall phone phone
spray Spain space Spain
hall all all all
pull pole bowl
strange gauge
list lisp lit lisp
dusk bust but dust
occur obscure occur obscure
knit "bit" "bit"
shark shore short shore
tarred cart
after often
sew doe
make bait bait bait
lecture rapture
design defy defy
matter brother bother bother
bark park park

swarm storm storm storm
range rain raid raid
bear peer peer peer
knitting mitten bitten bitten
wicked liquor litter wicker
quart fort sort sort
Pete beep
term bum
weep whip whip whip
sable table stable table
ramp vamp vamp
bought boat
feel fill
page paste pace
ball all wall
reach each
list left lisp
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Aug 15

judge dust dust
pour tore store
grave grove
grace trace
quit swift slip slip
shock shot
awkward often often often
crawl call call claw
low blow bowl doe
rake lake bait
creature preacher
high hide hide
Sander tanner
grab scram scrub scrap
vague paid paid paid
case tape take taste

train rate "paper" trade
fitting pretty pretty
hark heart heart
sitter sicker sicker
short tort tort sort
threat said sketch
beat beast beam beam
sender centre
term bum
wine wives wide whip
rattle "pineapple" Mabel gable
nap map map
bog boat bought
foil fell fell fell
sprain pain paid paid
street beat seat
sane "stronger"
less lip limb lip
judge "prawn" "pram" "prawn"
preserve conserve deserve
intact retract
wore pour
bin bit bit Boone
grope grape glib grape
pace praise praise
wit whip
shock shore shore short
care par tear tarred
claw flaw flaw flaw
glow low low
take tape tape tape
creature preacher mixture
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5 Aug 16

6. A ug20

sigh
decal

tie tie
"bill"

side

brother bother bother
screen screech street screech
dart dark dark art
game grape grape grape
shade faint fade
page tape page
pierce pier pier pier

trait
shear

raid trade rate
cheer

droop loop loop loop
glitter wicker sicker liquor
fort pork pork port
sketch dread shed
why
stable

wide
sable

wine wide

map vamp nap
final funnel panel
spray pace pail
crawl fall fall fall
full pull pull pull
creature reach screech each
rain brain pain
lisp lid list lisp
just dust dust dust
occur obscure obscure
shore store store
boat book bit bill
glow grow grow
brace race race race
shell ship ship ship
care car car
eye
decide

ride why
design

leash lease lease lease
screen scream stream scream
bark dart dark
gang gag gag gag
raid may may may
page pave pave pave

swore floor swarm
trade raid trait
steer shear cheer
group
bitten
dam

loop snoop
mitten
dart

282



7 Aug 23

litter bitter ticker
port tort
red bread
paste pace pace
teach sheet
rage gauge grain grain
left left
bust but
store tore tore
bin bone
gross glib glib glib
rake pace pace pace
whip swift swift swift
while "fall" twice
shot short short short
tarred carp carp cart
call flaw law claw
blown "neep" ---

bait apr make
lecture mixture mixture mixture
ride "no" die "no"
decal design design
leap lip
march bark
gang gain gag
vague paid raid made
cage cave

store tom tom
race rave rain
bear mere mere
toot "stoop"
pitting bitten bitten
park dark
quicker ticker sicker
snort sort sort sort
stretch said sketch shed
beam meat
sender tender tender
term tom
with whip whip whip
Mat map map
phone find find
page pain paste
owl hall wall crawl
full pull pull
teach peach
strange gauge train
lip lid

283



Aug 27

must musk
court score
both booth bin
wake wait
wipe wine wine while
pear par tarred
cross cloth cough cough
blown below "mow" below
lake late bait make
creature teacher teacher
sigh tie tide tide
devise decide decide decide
leash live leave leaf
batter Sander matter
scream stream
arch heart art heart
faint paid paid paid
taste pace
steer seer near pier
floor horn horn horn
rain rave rave raid
city sitting
dam dart dart dart
bread bed bed best
short sort sort sort
threat fed shed thread ^
beam beep beep
lender temper temper bender
term sort sort short
weep whip whip whip
boat bog bought
find final final
fall ball ball
bull pull
reach beat beat
rage pain pain pain
lip limb
must but
suppress contact compress compress
more wore wore wore
race pace brace praise
sit quit
wife wipe wipe wipe
shot shock shock shock
par pour
option offer
law claw "bore" boss "bore
glow low soul
cape ape
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divine define devise define
leaf lip leap leap
matter mother mother batter
screen street stream scream
arch art art ark
made paid pay paid
cave cake --- cape
hear near leer

VG Aug 29 swarm storm storm storm
raid rake rain
mere near near
boot fruit "big"
bitten mitten mitten
park dark
nest rest
slicker flicker flicker
short snort snort snort
bread red
beef meat reap neat
tender bender
wart bom form bom
with whip whip whip
sable cable
tap damp
pace space pale
call fall
mola mole mole mole
strange grain grain grain
lisp slit limb
bust must must must
super preserve deserve
suppress impress impress impress
porch torch
bin bit
grove grope grope grope
trait wait wake race
knit whip sip
sharp shop
often offer offer
coal soul
make mate mate mate
texture denture lecture
tide side hide side
devise defy defy defy
least live live leaf
butter brother mother bother
grow grow
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10 VG 3 Sept

11 VG Sept 5

take page page
seer hear hear hear

tread dread
glitter litter litter wicker
court fort fort fort
neat meat seat beep
ember member
short tort
wide wine wipe wide
rat ramp nap
fold pole pull pull
seat teach teach
grade grain
lid lip
retract intact intact
quit swift whip wipe
wide wine white wipe
office offbeat offbeat office
cough call call cough
sew soul
divide define defend divine
leap lit lip
screech street street
shade fade
leer pier near

rave trait
fitting pretty pitting
dart dark dark dark
rest dress dress dress
glitter wicker quicker
tender fender fender fender
weep whip wipe whip
ramp vamp vamp vamp
boat boot boot
fold full soul full
lisp lip left lisp
booth boot boot boot
grave grape glib grape
wit whip whip whip
white wipe wipe
awful offer
crawl call call call
soul sew sew sew
ride why why
scrub scrap
game grape grain
spear fierce fierce pier
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12 VG Sept 9

13 VG Sept 11

14 VG Sept. 16

rain raid raid raid
dread dead
fort fork fork
navel Mabel
nap tap tap
bag big big big
sprain Spain paint pain
full pole preach preach
grain grade grade
fudge bust rut "paint"
brace pace
shock shot
tear pear
crawl call call call
doe glow
rate rake
gesture denture
devise divide
tart park park park
grab grape
pace pave pave pave
pierce pier
swarm storm
fear peer peer
said tread
slicker quicker flicker
tort court sort
shred thread
bender bumper
wide win win wipe
gable cable
rat ramp ramp ramp
big bag
page paint pain pain
preach teach
slid slim slim slim
reserve preserve preserve preserve
repress depress depress depress
so tore tore tore
glow grow grow
swift slip
bowl blown
decide design design
arch art art art
raid made made made

rave trade train
troop toot
bam dam
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glitter wicker liquor wicker
shred dread stretch
beat beep beep
vamp ramp ramp
foil file
space spade
tMl call
pole pull pull
lid limb limb limb
occur observe
shore score
grove grow glib glow
knit list wit
teacher preacher
lip limb
grab scram scrap scrap
grain game grape game
may made
cape tape tape tape
beer near
gag grain
bowl bül
glow grow grow
deer sheer
lip loop
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ERROR ANALYSIS-GF

A blank column indicates a correct decision.
—  indicates a guess.
Target words are not given where all three listenings produced the correct answer.

Session Date

7 Aug 27

Target Multiple Transcription Transcri
Word Choice Listener 1 Listener

peer pear
suit sweet freeze
knitting written music missing
hark hard home
tread train friend
fort port ports wards
threat treat red
reef waif
bender building winter
sort salt sword
saddle several several
sap vamp fib step
boat bought fault broad
file fell
spray Spain
call t i l
mole know mill
grain train drain drain
but bust bath bath
converge ------------

pour pall pull
bowl ball hurl
glib glebe -----
sit fed fit
wire why wire w—

shelf shell south
cart tired cards card
call claw pall
glow declare -----

rake wig ring
texture taster taste
tie tide
devise wise arise
live wives
scrub scram succumb -----
lark park narc -----
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10 Sept 5

11 Sept. 10

grow tray ----

vague paid fig rig
tape deep
steer still slipper

store storm straw straw
mere mare
coupe coop
spark smog smart
pork porch
beep beef beef beef
bom horn horn pawn
with wave
tap dab
bat pat pad
file foul
Ccdl pole coal
pull bull
sane feign
lisp list
super ----

contact content
war wear wear
grave brave
trace faith
wife wipe wipe wipe
shock shark
pole pearl pearl
closure preacher pleasure pleasure
least released
scrap scram
grain green
near leer now

form for faU
rake rig rig
hear hare hair
fruit droop bridge boot
knitting punting natty
flicker liquor
pork porp poured
shed fed shrimp -----

seam thing thing
sort thought sword
sat vat that fat
fool bull ball
all pull hall
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15 Sept. 25

seat feet feet
train stream
slid slip sleep
shut machel ----

obscure oxtail ----

porch watch
boot look weep
waste whist
stiff step
shark charge
cart guard guard
cloth puft
pole pull pall
creature feature
devise divine device
matter letter
day daze daze
weird wear wear
pain paint
beat bait

store storm sauce
cheer jail jail
quicker creature equator
short sort suit
said fed
beat bid bid
timber tender temper
tom pond
wives wise
saddle sable several saddle
bat vat bad
big beige bays
fill bill bill
sprain spring spread
bowl bow
range whinge
converge command converge
shore shrew
gross grape Chris grass
brace grace
knit lip nip
while will
shore shawl
par pile
cloth trough
low play allow
lecture fixture venture ledger
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16 Sept 27

17 30 Sept

tie tide tide tang
design define
leave leap
Sander sudden thunder
spark spike spike
gain game again

tom tawny
mere mare near
hitting pitting hitting -----

ticker dicker deeper
snort sort smart smart
beast piste
fender sender
sap sat sat -----

beat peat
space face
preach fridge
slid split speed
rust crust
refer repair repair
scorch ----

boot purse purse
whip wipe
shelf shell shoe
ought wart wart
call flaw gall full
coal cull cow
cape tape tape
texture teacher taste
side fight find
deny defy tray try
leave leap live -----

manner moment
street restrict
gauge court court
paid pace
pier bill bear
bam pond

mere mill
mitten mission mission
dam dull
said fed fed
court could
wart wood
whip web
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fool
seat
judge
contract
scorch
bone
globe
steer
pitting
sicker
brace
wire
raid
bam
side
shoot
crawl
pole
side
devise
bother
scrap
case
renter
court
pierce

contact

bin

praise
while

call

scram
cave

pool
feet

contact

pain
glebe

praise
while

should
call
pearl
fire
tabathe
puddle

cave

pull
feat
fudge
content
squash
bum
glib
stare
petting
thicker
praise

pun
find

call

thigh

puddle
scraps

ranter
caught
path

18 Oct. 2 raid
seam
damp
boot
fill
bull
beat
sane
slit
refer
subtract
sew
boast
gleam
rate
after
blow
side
lit
brother
scrap

rain

vamp

seat

glib

bother

rain
thing

newt

ball
bait
feign
slate
revere

burst

reed

blue
fight
lid
bother

rain
thing

boots

bowl
bid
feign

require
subjects
fare
greatest

reach
lobster
prayer
fine
net
bother
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19 Oct 8

20 Oct 10

glass grass grass

com clone
we’re will wear
root newt
dread drain
cork corker
red rain rain
beam table
tender tidell pendal
vat bat badge bat
big pig baker
file foil pile pile
page paint paid bait
tall twall
pole pull pearl pull
beat bait bait
lit late rates
fudge bunch budge
refer infirm
tore tall
booth both
gross grace press
sit fit
carve carp carp carp
awful ----
claw call
glow glare igloo
lake leak
rapture rapture
side fight fight
decide pesticidi
lean clean
planner banner ben fan
bark bug bug
vague beg big
cape cave gape camp

floor for flaw
race wreath
hear yell
toot tweet treat
cork fork fork fork
pete beat beat
sort thwart
weave reave weep
gable cable cable
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21 15 Oct

fall fill forth
wall all war
soul so
left wet rat
rut route
serve sad
bit net
grave rave rave
stiff step
pour pall
honest office ----

ross cross rust rust
coal calm
cape wicked
rapture writer
decal dissolve dresser
leash leak
banner panel panel
gang gain game
faint paid paint paint
page paint

com call tom
raid create red
cheer tear
suit seat
kitten ----

dead dread
quart court court
threat thread thread thread
reef reap reap reap
term town
vat first fat
bag beg
foil final
full all fall
just dust
occur ----

shore shawl shuffle
boat boot bit
glow glib gleam gleam
quit grit
shell show
below blow ---- ----
mate neat
rapture grouchy
eye high ----
leash leak
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screen
bark bog

scream

22 Oct 17 rake
hark
meat
term
mat
funnel
told
range
lip
converge
sew
globe
quite
shock
tarred
offbeat
lecture
tide
defy
Sander
dark
weird
serve

rage
lid

define

ark
mate
tap
net

rage
lead

fright
shrug
tart

thunder

break
arch

tap

struggle

sale
clap
fright

dart
orbit
pleasure
tight

thunder
tug
we’re
sow

23 Oct 22 swore
mitten
neat
fender
tom
wine
gable
beat
fell
call
full
brain
less
rut
shore
grow
flow
lecture
least

swarm

bender

cable
big
fill

pull

glow

swarm

tong
wind
cable
bait
pal
crawl
pull

shaw

nectar
beast

squall
bitten
need
render

wind

bid
pall

pall
frame
breath
route
floor
prayer

letter
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fade
page

paid bait bathe
paint

24 Oct 24 floor
fear
dam
said
court
thread
sort
weave
vamp
bog
foil
stall
super
grave
twine
ship
car
call
pole
side
lark
gag
made
tape

tort
shred

weep
damp

fall

carp
claw

flaw

cord

thought
reap
damp

boil

crave
kind

calm

pearl

like
tack
need

near
dumb
fed
cord

thought
weep
pump
bike
boil
storm
slipper
crave
train
shape
calm

beside
like
tag

cape

25 Oct 29 train
Ned
tort
thread
ember
bash
wall
full
each
occur
porch
bone
groan
quite
claw
bowl
late
batter
lark

dread

all
pull

bin
grain

mate

chain
need
taught

mycurt
bought
pain
grind

bill

biter
mark

chain
need

bread

badge

pull
hitch

pain
grime
white
cloth

butter
mug
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grab
cane
fierce
side

crab
king
faith
find

26 Oct 31 storm
fear
shred
port
shred
centre
com
saddle
vat
bowl
grain
lit
musk
refer
score
Boone
car
boss
bowl
texture
tanner
dark

store

bat

lid

store
fill

boat
thread
fender
con

bat
bell

rater

revile
school
bum
calm
bust
bell

feel
thread

thread

sandal
bat

rain
litter
mask

bum
calm
bus
bell
textile

dug
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APPENDIX J 

Subject Frenchay Dysarthria Assessment Profiles
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