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Abstract

This study explores the nature of sign production in individuals with neurogenic 
movement disorders. The research goals are to broadly define the phenomenon of 
dysarthria in signed language; to determine whether anything other than the set of 
articulators involved differentiates it from dysarthria in spoken language; and to 
delineate the differences between sign dysarthria and apraxia, and between sign 
dysarthria and disruption of simple limb movements. In the same way that hearing 
people may exhibit speech dysarthria in the absence of oral apraxia, deaf signers may, 
in some cases, exhibit sign dysarthria in the absence of higher level ideomotor 
impairments. Conversely, just as many movement disorders are more apparent in speech 
than in simple limb movements, sign dysarthria may also arise in the absence of severe 
impairment of simple movements, such as reaching or pointing. An ancillary question 
that this research addresses is the establishment of articulatory measures of sign 
dysarthria, and of normal signing.

Findings from this study indicate that dysarthria, as distinct from apraxia, 
aphasia, and loss of simple movement, does manifest itself in sign language, which 
suggests that speech motor control research should eschew models of dysarthria framed 
around specific articulators, in favour of those that emphasize patterns of movement. 
However, just as dysarthria is not articulator-specific, it is also not fundamentally 
linguistic in nature. The reason that dysarthria can occur in either a vocal or a manual 
language modality is because both use very rapid, complex, co-ordinated movements. 
The movement speed and complexity facilitate the rapid information transfer that is 
necessary for any linguistic system, but that does not make disruptions to it inherently 
linguistic. One would predict that subjects with dysarthria would also be impaired at 
any task with similar motor demands, but since few normal activities require such a 
high level of movement precision, deficits manifest themselves primarily in speech or 
sign.
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1 Introduction

This study explores the nature of sign production in individuals with neurogenic 

movement disorders. While the focus is on a small and atypical group of people, the 

implications of the research go well beyond the details of their cases to bear on broader 

issues of motor control, sign language structure, and the biological basis of language. 

Those implications, the relevant terminology, a short review of previous research on 

sign language and the brain, the research questions, the design of the study, and the 

structure of the thesis will be briefly sketched in this chapter.

There have been many studies over the course of many decades indicating that 

signed languages are full human languages with all the grammatical complexity, 

sublexical structure, and expressive potential of spoken languages (Fischer, 1988;

Klima & Bellugi, 1979; Petitto, 1994; Stokoe, 1960). This study addresses a different 

issue, and is not concerned with the legitimacy or linguistic status of signed languages; 

in fact, it takes those questions as firmly resolved. As such, earlier research on the 

linguistic nature of signed languages was the necessary precursor to the research 

questions addressed here. From that research, it is clear that, contrary to earlier belief, 

language can be produced either via an auditory-vocal medium (as in spoken language) 

or a visual-manual medium (as in signed language). The overarching question that this 

study then seeks to address is whether there is such a thing that can be described as 

articulation in signed as well as spoken language; articulation as a modality-independent 

phenomenon is a new concept and will be explored in depth in this chapter. To put the 

question another way, are the movements of the hands during signing organised and 

structured in a comparable way to speech movements, or are they structured more like 

other, non-linguistic hand movements, such as gesturing, pointing, or picking up an 

object?

The subjects in the study are Deaf1, British signers, who developed a movement 

disorder as the result of brain damage occurring in adulthood. Subjects were all fluent in 

British Sign Language (BSL) and used it as their preferred language prior to 

experiencing any motor control deficits. It is necessary to be explicit on this point, 

because there is a body of educational research showing that modified sign systems can 

be used to facilitate learning and communication in children with developmental motor

1 This thesis follows the convention of using an upper case ‘D’ in the word ‘Deaf’ to refer to a cultural 

group who use a sign language, and a lower case ‘d’ in the word ‘deaf’ to refer to the clinical state of 

being unable to hear. Hence, a deaf individual may or may not be a member of the Deaf community.
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or cognitive impairments (Grove, 1990; Grove & Dockrell, 2000). Consequently, 

because there are two lines of research related to both sign and motor control, their 

methods and objectives can be easily confused. In effect, this study is the inverse of the 

educational studies, in that it examines individuals who used BSL prior to any 

disruption to movement or cognition, and then subsequently experienced a disruption to 

their sign production as a sequela of neurological damage. Other studies referred to 

above focused on individuals who use signs or gestures to compensate for a pre-existing 

movement deficit and would not have used signs except for that reason.

1.1 Sign Language

Sign languages are the natural languages of Deaf people throughout the world. 

Although the majority of the world’s Deaf children are born into hearing families and 

do not learn sign language from their parents, sign languages are nonetheless languages 

that have evolved naturally from the interactions of groups of Deaf people. Contrary to 

popular belief, sign languages were not invented by educators as a pedagogical device; 

in most cases, sign languages have developed in spite of the efforts of educators rather 

than because of them. Also contrary to popular belief, there is not a universal sign 

language common to all Deaf people. While signed languages, like spoken languages, 

borrow vocabulary from each other, they are nonetheless distinct from one culture or 

nation to another. Putting aside any question of the universality of grammar, no one 

would propose that spoken languages should share specific lexical items, morphological 

devices, or sound inventories on the grounds that those structures are universal. So, 

assuming that signed languages are prone to the same biological, psychological, and 

social constraints as spoken languages, there is no reason that they should be alike at the 

most superficial level. On a related point, sign languages are distinct from gestural 

communication systems that are used in narrowly-defined situations in which speech is 

forbidden or somehow difficult to use, like the gesture systems used by Cistercian 

monks and by the widows in Warlpiri communities (Barakat, 1975; Kendon, 1984).

To clarify some terminology, ‘sign language,’ ‘signed language,’ and ‘sign’ 

have distinct (but potentially overlapping) meanings. Essentially, they are expressing 

different perspectives on the same phenomenon and differ in where they place 

emphasis. Signed language is analogous to the term spoken language, i.e. it highlights 

the physical structure of the language modality. Similarly, sign, as it is used here, is 

analogous to speech. There is no exact analogy to the term ‘sign language’ as it is meant 

here; however, it is a reference to the form that the language takes, but not necessarily at
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the level of articulation. It can also be used, for example, to refer to syntactic or 

morphological forms that are particular to the sign modality.

A defining feature of signed language is that it uses the hands and arms, rather 

than the vocal tract, as its primary articulators. While the implications of this basic 

structural difference between sign and speech have been discussed at length (Meier, 

2002; Sandler, 1993), there is still much to do in outlining the full extent of the 

differences between sign and speech and clarifying which of those are primarily the 

effect of the set of articulators that the two language modalities use, rather than the 

effect of perception modality or of abstract linguistic structure. An analysis of the 

physical structure and the underlying neural basis of sign and of speech is presented in 

Chapter 2.

1.2 Research on sign language and the brain

Relative to linguistics and other branches of the behavioural sciences, sign 

language research is an extremely young field, beginning in earnest only in the 1960s 

and 1970s, with studies by William Stokoe and others (Klima & Bellugi, 1979; Stokoe 

et al., 1965; Stokoe, 1960). Perhaps because the field emerged when it did, 

psycholinguistic and neurolinguistic studies of sign language began very early in the 

history of sign language research. A core group of researchers in the USA were 

interested in psycholinguistics and the implications of sign language for the neural basis 

of language, so research projects were established to study ASL signers with various 

types of brain damage (Corina et al., 1992b; Poizner et al., 1987). The central over-

arching question of these and most other studies of sign language and the brain has 

been: how does the brain process sign in comparison to speech, given that the two use 

different articulators, different sensory perception channels, and, to some extent, 

different grammatical structures (e.g. use of word order vs. physical space to express 

grammatical relations)? Particular questions to be addressed by studies of brain-

damaged signers included: does the brain use the traditional language areas or 

visuospatial cognition areas for processing spatialized grammar?; and can sign aphasia 

occur independently of limb apraxia, and vice versa? The latter question was motivated 

in large part by an earlier claim that apraxia and aphasia were one and the same thing in 

the context of a visual-gestural language (Kimura, 1977).

Poizner, Klima, and Bellugi (1987) were the first to document a dissociation 

between aphasia and apraxia in Deaf signers. The study included six signers: three with 

left hemisphere lesions and aphasia, and three with right hemisphere lesions whose
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language function remained intact. Of the three signers they reported with aphasia, only 

one was impaired on pantomime production and imitation; and none of the signers was 

impaired on pantomime recognition. In addition to documenting a dissociation between 

sign aphasia and apraxia, Poizner et al. (1987) were the first to compare and contrast 

cases of anterior, posterior, and mixed aphasia in sign language, and to document that 

they pattern more or less the same in ASL as they do in English. In both sign and 

speech, aphasia caused by damage to anterior left hemisphere structures results in 

phonological disruptions, limited and non-fluent language production, and relatively 

preserved language comprehension. Aphasia caused by damage to posterior structures 

usually results in fluent speech or sign that lacks semantic content, and more severe 

disruption of comprehension. Rather than forming a third distinct category of linguistic 

deficit, mixed aphasias take various forms and share features of both anterior and 

posterior aphasia.

Corina et al. (1992a) and Kegl & Poizner (1997) also reported dissociations of 

aphasia and apraxia in Deaf subjects with left hemisphere lesions. The subject described 

by Corina et al. (1992a) had poor sign comprehension and fluent, agrammatic sign 

production, which is typical of language users with a posterior lesion. By contrast, he 

could produce and understand non-linguistic gestures, as well as imitate sequences of 

gestures, suggesting that his praxic skills remained largely intact, and his deficit was 

purely linguistic. The subject reported by Kegl & Poizner (1997) had a left parietal 

lesion and exhibited severe comprehension deficits and mild sign production deficits, 

mostly at the level of syntax. Despite his signing deficits, however, he performed 

normally on tests of pantomime recognition and ideomotor apraxia, including on 

kinematic measures of joint co-ordination. As with the cases reported by Poizner et al. 

(1987), and consistent with the tendency in hearing aphasics, these two cases of aphasia 

without apraxia were both individuals with posterior lesions. Similarly, Hickok et al. 

(1996) found no significant correlation between aphasia scores and apraxia scores in a 

group of subjects with left hemisphere damage, as assessed by the Kimura gestures task 

(Kimura, 1993).

More recently, research on Deaf signers in the UK who had strokes has 

supported some of the same findings as the early case studies in the USA. Marshall et 

al. (under review) and Marshall et al. (2004) reported two cases of Deaf subjects with 

left hemisphere damage and aphasia, who showed differential impairment across sign 

and gesture tasks. In particular, Marshall et al. (under review) reported a Deaf signer 

with an anterior lesion who was severely aphasic, with severe comprehension deficits
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and no spontaneous language production. Although she showed evidence of apraxia on 

the Kimura box task and Kimura gesture task (Kimura, 1993), her comprehension of 

gesture was far better than her comprehension of sign. Marshall et al. (2004) reported 

another aphasic signer with anomia, good comprehension of single signs, and heavy use 

of non-linguistic gesture. He showed evidence of apraxia, based on the Kimura box 

task; however, his comprehension and production of gesture were far better than his 

comprehension and production of signs. Unlike earlier studies, the UK Deaf Stroke 

Project was careful to control for the role that iconicity might play for a signer with 

impaired language ability. To that end, tests of sign language comprehension were 

designed to include a possible visual distractor, such that if a signer perceived a sign as 

a gestural representation of a physical object, they might choose the distractor in place 

of the correct sign. Interestingly, in the two cases reported in Marshall et al. (under 

review) and Marshall et al. (2004), although both subjects performed better on gesture 

comprehension tasks than on sign comprehension tasks, neither of them confused BSL 

signs with gestures representing the object they might be depicting. So although 

subjects could rely on an iconic strategy to comprehend gestures, they did not apply this 

strategy to their comprehension of signs.

In addition to documenting the dissociation of aphasia and apraxia in Deaf 

signers with left hemisphere damage, Poizner et al. (1987) were also the first to report 

preservation of linguistic function in signers with right hemisphere damage. This was 

noteworthy because right hemisphere damage, and in particular damage to the right 

parietal lobe, is known for causing disruption to visuospatial processing; and signed 

languages rely on spatial relationships between signs to mark grammatical relations. For 

example, once a sign representing an agent is placed at a particular point in the signing 

space, verbs and pronouns referring back to that agent have to move toward or away 

from that point (Sutton-Spence & Woll, 1998; Cormier, 2002). As a result, it is 

important for a signer to be able to keep track of where signs are located in space in 

order to know how those signs are related to other signs in the discourse. However, in 

spite of this demand on visuospatial processing, Poizner et al. (1987) reported two 

signers with right hemisphere damage and visuospatial processing deficits who could 

nonetheless understand and produce complex signed sentences. By contrast, the 

subjects’ ability to depict real objects’ physical locations relative to each other was 

severely impaired, suggesting a dissociation between general visuospatial processing 

and syntactic spatial processing.

Several studies have confirmed the initial finding of Poizner et al. (1987) that
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visuospatial processing deficits in right hemisphere damage and syntactic deficits in left 

hemisphere damage were independent of each other. Hickok et al. (1996) showed a 

double dissociation between aphasia in subjects with left hemisphere damage and 

visuospatial deficits in subjects with right hemisphere damage. Other cases of preserved 

syntax and disrupted visuospatial processing have been reported on an individual basis 

in subjects with Williams syndrome (Atkinson et al., 2002) and in subjects with right 

hemisphere damage (Corina et al., 1996; Poizner & Kegl 1992; Loew et al 1997; 

Emmorey et al., 1996). Additionally, a recent group study of signers with strokes in the 

UK has shown that subjects with left hemisphere damage are more impaired on 

grammatical tests in general, whereas subjects with right hemisphere damage are more 

impaired on reversible locative sentences (e.g. the pen is on the paper) (Atkinson et al., 

in press). So while both groups had difficulties with sentences that expressed 

topographic relations between objects, subjects with left hemisphere damage also had 

difficulties with other sentences, and subjects with right hemisphere damage did not. 

The authors suggest that processing of topographic space requires an intact left 

hemisphere as well as right hemisphere.

Although most researchers agree that the left hemisphere serves a more 

fundamentally linguistic function for both signed and spoken language, there has been 

some debate in the literature over the role of the right hemisphere in sign language 

(Emmorey et al., 2002; Hickok et al., 1998; MacSweeney et al., 2002b; Paulesu & 

Mehler, 1998a, 1998b). This arose in large part from an imaging study suggesting that 

the right hemisphere showed more activation during processing of ASL than during 

processing of English (Corina et al., 1996; Neville et al., 1998), which was the first 

result to challenge earlier findings based on lesion data which had suggested that the 

right hemisphere was no more important for sign than it was for speech. Neville et al. 

(1998) found greater recruitment of right hemisphere areas in the processing of ASL by 

Deaf signers than in the processing of English by hearing signers. However, the stimuli 

used for the two tasks were videotaped ASL utterances and written English. Paulesu and 

Mehler (1998a, b) and MacSweeney et al. (2002b) suggested the differential activity 

could be explained by the presence of prosodic information in the signing task and 

absence of it in the reading task. In a recent study, MacSweeney et al. (2002b) found 

that recruitment of right hemisphere areas was equal for BSL processing and the 

processing of spoken English presented audiovisually, suggesting that the findings of 

Neville et al. (1998) and Corina et al. (1996) may have been either task- or medium- 

dependent.
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Consistent with research on signers with neurological damage, functional 

imaging research on healthy signers has supported the idea that the right hemisphere 

serves an important role in the processing of topographic space in sign language 

comprehension. MacSweeney et al. (2002a) found that for Deaf subjects topographic 

sentences caused more activation in both the right and left occipitotemporal junction, 

posterior middle temporal gyrus, and inferior frontal gyrus. Non-topographic sentences 

recruited right hemisphere structures less. Similarly, in an imaging study on ASL, 

Emmorey et al. (2002) found more activation of the right supramarginal gyrus for 

spatial prepositions than for sentences containing no spatial information. The authors 

went on to conclude that the right hemisphere was more involved during expression of 

spatial relations in ASL. Additionally, a behavioural study by Emmorey et al. (1995) 

supported the idea that there is differential processing of topographic and non- 

topographic information in sign language, because subjects were better able to 

remember locations of signs placed topographically than locations of signs placed 

syntactically. Although this study did not address localization of the function, it did 

support the dissociation of processing of topographic and non-topographic sentences, 

which in turn means that the right hemisphere could play an important role in the first 

case but not the second.

Others have suggested that right hemisphere damage can cause pragmatic or 

discourse deficits in sign language users, such as inability to process prosodic 

information related to negation (Atkinson et al., 2004). Loew et al. (1997) reported a 

subject with a right parieto-occipital lesion, who had intact phonological, 

morphological, and syntactic function, but exhibited an inability to implement role shift. 

They proposed that this deficit may be pragmatic in nature, which would complement 

earlier findings on the role of the right hemisphere in pragmatic function in spoken 

language. Hickok et al. (1999) also reported two subjects with right hemisphere damage 

who had discourse level disorders: one had difficulty maintaining topical coherence, 

and the other had difficulty employing spatial discourse devices (e.g. referring back to 

antecedents indexically rather than re-using the full noun phrase). Despite their 

differences in discourse abilities, both subjects from these studies had impairments on 

non-linguistic spatial tasks, suggesting that spatial discourse function and more general 

cognitive spatial function are separate.

With the increased availability of functional brain imaging as a research tool, 

more studies have set out to examine the neural basis of sign in greater anatomical 

detail. Early research focused exclusively on atypical signers, whose area of brain
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damage could only be identified in broad terms (i.e. anterior or posterior regions of one 

cerebral hemisphere); whereas recent imaging research has placed more emphasis on 

the parts of the brain that healthy signers use while processing or producing various 

components of their language. Current techniques in functional brain imaging allow 

researchers to ask much more narrowly defined questions about which parts of the brain 

are responsible for sign language function across tasks, individuals, and categories of 

signers (e.g. hearing vs. Deaf). As a result, researchers have tried to identify areas of 

activity that might be different across spoken and signed language tasks, with the 

expectation that left hemisphere language areas will still predominate, and that both 

hemispheres will serve some role for both modalities. In effect, researchers in these 

studies were looking for functional differences within a cerebral hemisphere, and often 

within a lobe or a gyrus.

Many studies have demonstrated the activation of traditional language areas, 

including the inferior frontal lobe (Levanen et al., 2001 ; MacSweeney et al., 2002a; 

MacSweeney et al., 2002b; Neville et al., 1998; Petitto et al., 2000) and the superior, 

posterior temporal lobe (Braun et al., 2001; MacSweeney et al., 2002a; MacSweeney et 

al., 2002b; Nishimura et al., 1999), during sign language processing and production. 

Additionally, researchers have found brain activation in other areas not typically 

associated with language function, or not typically associated with sign language 

specifically. One finding that has recurred across several studies is the recruitment of 

the superior temporal gyrus during sign language processing (Braun et al., 2001 ; 

Emmorey et al., 2003; Levanen et al., 2001; MacSweeney et al., 2002a; MacSweeney et 

al., 2002b; Neville et al., 1998; Nishimura et al., 1999; Petitto et al., 2000). This was of 

interest because the superior temporal gyrus is an area that has traditionally been 

associated specifically with auditory function (Brodai, 1998), and yet it seems to have 

adapted to serve a role in visually-perceived language in Deaf signers. Petitto et al. 

(2000) found bilateral activation of the superior temporal gyrus in Deaf signers of ASL 

and Québécois sign language (LSQ) watching signs and phonologically possible non-

signs, and less activation of the same areas in sign-naive subjects watching the same 

stimuli. In addition, Petitto et al. (2000) found activation of the adjacent left planum 

temporale in Deaf signers performing a lexical retrieval tasks from sign stimuli and in 

hearing subjects doing the same task from a written English word. Emmorey et al. 

(2003) also found bilateral activation of the superior temporal gyrus on a similar lexical 

retrieval task performed by ASL signers.

A few studies have explicitly examined brain function for sign language in deaf
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signers compared to hearing signers, who were usually hearing children of Deaf parents 

who continued to use sign language regularly in a professional and/or family context 

(MacSweeney et al., 2002a; Neville et al., 1998; Soderfeldt et al., 1994). Activation of 

the superior temporal gyrus has been one difference identified across the two groups, 

with Deaf signers showing more consistent activation than hearing native signers. One 

study collected data from Deaf signers perceiving BSL, hearing native signers 

perceiving BSL, and hearing non-signers perceiving English presented audiovisually 

(MacSweeney et al., 2002b). The authors reported that hearing native signers do not 

recruit the superior temporal gyrus as much for sign language processing as Deaf 

signers do, presumably because the area maintains its auditory function in hearing 

signers rather than adapting to respond to a different type of sensory input, or 

alternatively because there is greater variation in areas of activity in hearing signers and 

therefore less of a group effect. Neville et al. (1998) reported a similar finding, but with 

activation in the more delimited superior temporal sulcus. Additionally, one study that 

only examined native hearing signers found that they showed more activation of the 

superior temporal gyrus for speech perception than for sign perception (Soderfeldt et al., 

1997). Two other studies found greater activity in superior temporal areas in Deaf 

signers perceiving individual signs than in hearing non-signers doing the same task 

(Levanen et al., 2001; Petitto et al., 2000), which both sets of authors attribute to the 

difference in linguistic experience across the two groups. Despite a few differences in 

area of activation and task design across these studies, it seems clear from their 

combined results that secondary auditory areas can take on a non-auditory, linguistic 

function in Deaf signers.

Another question that has emerged in the study of sign language and the brain is 

the activity of visual areas during sign language processing. In particular, if auditory 

areas can adapt to process sign language stimuli, then what role do visual areas serve in 

sign language processing? The findings related to this question have been less 

consistent; although many studies have reported activation of visual areas in the 

posterior temporal and parietal lobes during sign language perception, the details of 

specific areas, relevant tasks, and differences between subject groups have varied 

considerably across studies. MacSweeney et al. (2002b) found that, relative to 

audiovisually-presented speech, sign language perception relies more heavily on 

posterior visual processing areas. In an ASL lexical retrieval task, Emmorey et al.

(2003) found activation of some of the same areas, in particular, the occipitotemporal 

junction and the inferior temporal lobe. In a study on topographic sentences in BSL,
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MacSweeney et al. (2002a) found several visual processing areas (the left and right 

occipitotemporal junction, the left and right posterior middle temporal gyrus, and the 

left parieto-occipital sulcus) which were activated more by topographic than by non- 

topographic sentences, in both Deaf and hearing signers.

In other studies comparing Deaf and hearing signers, the findings are a bit less 

clear. Neville et al. (1997) found greater activation of temporo-occipital areas in Deaf 

than in hearing native signers, during performance of a semantic anomaly judgment. 

Similarly, Soderfeldt et al. (1994) found more activation of the right parieto-occipital 

junction in Deaf than in hearing signers. By contrast, Levanen et al. (2001) found 

greater activation of parieto-occipital areas in hearing non-signers than in Deaf signers, 

during passive perception of signs. While these last two findings do not directly 

contradict each other since the two hearing groups differed in their language experience, 

it is also not clear how the two findings can be explained in relation to each other; it is 

not apparent why hearing subject with no sign language experience in one study would 

pattern like Deaf native signers but not like hearing native signers from another study. 

Finally, in a case study of a subject with left occipital damage extending into the 

posterior section of the corpus callosum, Hickok et al. (1995) found what they described 

as sign blindness. The subject had intact production but extremely impaired 

comprehension, which the authors suggested resulted from the disconnection between 

the language areas of the left hemisphere and the right visual cortex. However, it is not 

immediately obvious that the deficit did not simply result from damage to left 

hemisphere visual processing areas.

Several studies have found activation of the left parietal lobe during sign 

language processing tasks, and some have found activation of the right parietal lobe as 

well. In an ERP study of Deaf and hearing ASL signers, Neville et al. (1997) found 

greater activation of both the left and right parietal lobes in native Deaf and hearing 

signers than in hearing late-leamers of ASL. MacSweeney et al. (2002b) also found 

greater activation of the left inferior parietal lobe during perception of BSL signs than 

during perception of audiovisually-presented English. Perception of BSL signs also 

caused activation of the right inferior parietal lobule, but it was much less extensive and 

more isolated than the left parietal activity. In a related study, MacSweeney et al. 

(2002a) found more parietal activity while processing topographic as compared to non- 

topographic sentences, and the difference was greater for Deaf than for hearing signers. 

In addition to these perception studies, a study of narrative production in ASL and 

English in hearing native signers found activation of both the left and right parietal
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lobes in both English and ASL (Braun et ah, 2001). MacSweeney et al. (2002a) 

proposed that inferior parietal areas may have been engaged more by sign language 

processing because of their importance for the imagery of hand movements (Gerardin et 

al., 2000) and hand position discrimination (Hermsdorfer et al., 2001); however, this 

explanation alone cannot account for the heightened parietal activation during narrative 

production in both ASL and English, reported by Braun et al. (2001). Neville et al. 

(1997) suggested that the parietal activation they found in Deaf and hearing native 

signers was a reflection of grammatical processing for sign language, but did not try to 

relate that function to previously reported functions of the left or right parietal lobe. It 

would seem that more research is called for to establish the validity and specificity of 

parietal lobe activation in sign language processing and to explain how it might be 

related to other functions of the parietal lobe, i.e., why that area in particular would be 

well-suited to sign language processing.

Most research on sign language and the brain has focused on sign language as a 

linguistic or cognitive task; however, several studies have also sought to understand 

sign language articulation. The majority of these studies collected data from subjects 

who had motor control disorders, primarily Parkinson’s disease, but one research group 

also described sign articulation in a subject with right hemisphere damage (Loew et al., 

1997; Poizner & Kegl, 1993). Research on signers with Parkinson’s disease suggests 

that their language deficits tend to be articulatory rather than linguistic in nature 

(Brentari & Poizner, 1994; Kegl & Poizner, 1992). Broadly speaking, signers with 

Parkinson’s disease (PD) tend to under-articulate: their sign production is smaller, 

slower, and prosodically reduced. In particular, PD signers have a reduced and lowered 

signing space (Loew et al., 1995; Poizner & Kegl, 1992, 1993): relative to 

neurologically-intact controls, they do not use as much of the space in front of the body 

to produce signs, even though they are capable of reaching distant locations with their 

hands and arms. Additionally, signs located in neutral space and on the body are 

lowered with respect to where they would be produced in citation form (Loew et al., 

1995).

On a related but distinct point, PD signers produce signs with distal articulators; 

for example, on a sign that is normally initiated from the elbow, a signer with PD might 

produce it from the wrist or from the fingers (Brentari & Poizner, 1994; Tyrone et al., 

1999). Poizner & Kegl (1993) described this tendency as a disruption of joint use. 

Additionally, the distal articulators of the hands and wrist are often laxed during sign 

production, so that the handshape and orientation of signs are less articulatorily
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contrastive than they would be normally (Loew et al., 1995; Tyrone et ah, 1999; 

Brentari et ah, 1995; Brentari & Poizner, 1994). In some cases, PD signers also delete 

handshape or orientation change from a sign or a fingerspelled word (Brentari & 

Poizner, 1994; Tyrone et ah, 1999), which is another form of reduced articulation.

The dynamic as well as the static features of signs are disrupted by Parkinson’s 

disease- Brentari and Poizner (1994) stress this point and conclude from it that an ASL 

feature inventory should include dynamic as well as static characteristics of signs. 

Several articles have documented that signers with PD show a disruption in the timing 

of movements across articulators (Brentari et ah, 1995; Tyrone et ah, 1999; Poizner & 

Kegl, 1993; Brentari & Poizner, 1994). For example, if a sign requires both movement 

and handshape change, signers with PD are more likely to completely synchronise or 

completely serialise the two movements, rather than producing them in a partially 

overlapping manner, as control signers do (Brentari et ah, 1995). A less frequent 

dynamic error produced by PD signers, which occurred in both sign and fingerspelling, 

was handshape mirroring on the non-active hand in one-handed signs (Loew et ah, 

1995; Poizner et ah, 2000; Tyrone et ah, 1999). PD signers did not produce a two- 

handed sign in place of a one-handed sign, but rather replicated the movements of just 

the active hand on the non-active hand.

To recapitulate, based on existing data, PD signing is monotonous, reduced in 

size and speed, and characterized by disruption to the relative timing of multiple 

articulators. As stated above, most research on sign articulation deficits has focused on 

Parkinson’s disease, because of its common occurrence in the elderly and because of its 

minimal impact on linguistic function. Apraxia, by contrast, often co-occurs with 

aphasia in both Deaf and hearing individuals, so it can be difficult to differentiate the 

two disorders; and some have argued that the two are not distinct from each other 

(Kimura, 1977). No study to date has documented a case of a Deaf signer with apraxia 

but not aphasia, so it is impossible to assess the effects of apraxia alone on signing as 

opposed to non-linguistic gesture. The only other neurological disorder to have been 

examined in terms of articulation is right hemisphere damage. Poizner & Kegl (1993) 

described the effects of right hemisphere damage on one individual’s signing; the same 

subject is described in Loew et al. (1997). Both articles mentioned that the signer with 

right hemisphere damage showed movement lagging in his affected left arm during 

signing. When he produced two handed signs, movement initiation was delayed in the 

left hand relative to the right hand. Poizner & Kegl (1993) analysed this as a deficit in 

motor neglect. However, neglect resulting from right hemisphere damage typically
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manifests itself spatially rather than temporally: subjects make fewer movements to (i.e. 

they neglect) the area of space contralateral to the lesion. Movement lagging in the 

affected limb seems more likely to be the result of mild hemiparesis, which the authors 

report that this subject shows as well. Because this is the only case study describing sign 

articulation deficits resulting from right hemisphere damage, more research is required 

to better understand the nature of the deficit that Poizner & Kegl (1993) identified.

A few recent imaging studies of neurologically-intact Deaf signers have 

explored questions related to movement or articulation in signing and fingerspelling. In 

a study of ASL lexical retrieval, Emmorey et al. (2003) found that retrieval of 

fingerspelled words activated the supplementary motor area- a region that is important 

for movement planning. The authors suggested that the movement sequencing demands 

of fingerspelling may have caused activation of that area, as the subjects rehearsed or 

simply imagined the requisite fingerspelled words.

In a study more explicitly designed to investigate articulation, Corina et al. 

(2003) explored a relatively basic but previously unexplored issue: whether left handed 

signing still activates left hemisphere frontal structures, as well as other structures 

relevant for motor control for speech articulation. The researchers found left inferior 

frontal (and right cerebellar) activation during sign production in right handed subjects, 

even when productions were made with the left hand. This finding is consistent with 

earlier studies by Wise et al. (1999) and Dronkers et al. (1996) suggesting that the 

anterior left hemisphere plays an important role for speech articulation. Clearly, in 

speech it is not possible to test how closely this function is tied to the lateralization of 

motor control, since speakers cannot control the two sides of the vocal tract completely 

independently.

To summarize, early research on sign language breakdown in subjects with brain 

damage following stroke made two important findings; first, even though the right 

hemisphere serves an important function for visuospatial processing, the use of space 

for sign language grammar is nonetheless mediated by the language structures of the left 

hemisphere. The second finding was that apraxia and aphasia could be dissociated, even 

though the relevant articulators, and sometimes the relevant movements, were the same; 

apraxia is a gestural and not a linguistic deficit. Brain imaging studies of neurologically- 

intact signers confirmed the first finding; and recent research on sign language and 

stroke in the UK has confirmed the second finding as well. Additionally, brain imaging 

studies found that sign language processing activates auditory processing, visual 

processing, and higher level association areas, to differing degrees in Deaf and hearing
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signers.

Research on sign articulation has revealed that signers with movement disorders 

show articulatory deficits in the absence of linguistic breakdown, and those deficits 

pattern similarly to deficits exhibited in non-linguistic movements. In addition, recent 

imaging studies on sign production and lexical retrieval have indicated that the same 

areas that are activated during speech articulation are also activated during sign 

articulation despite the fact that the two modalities use a different set of articulators.

1.3 Articulation as a modality-independent concept

Up until now, articulation has been considered as either synonymous with 

speech or, in the speech motor control literature, as a component of speech (Darley et 

al., 1975). To answer the question of whether or not sign movements are like 

articulation, it is necessary to first consider what articulation is, independent of the 

particular set of muscles that enact it. At a basic, physical level, articulation is made up 

of very rapid, complex, co-ordinated movements—in fact, the movements required for 

speech are the most demanding in the human behavioural repertoire in terms of speed 

and co-ordination (Fry, 1979; Kent, 1997; Lieberman & Blumstein, 1988), yet notably, 

not in terms of effort or physical strain. Sign is not produced as rapidly as speech 

(Klima & Bellugi, 1979); however, apart from speech, it is probably the most co-

ordinated, complex motor behaviour that humans engage in spontaneously, on a day-to- 

day basis, and without explicit instruction. Like speech, sign is also not particularly 

effortful or tiring for fluent signers.

Similar to being rapid and complex, articulation is multi-dimensional, both in 

terms of production and perception: the reason that it requires precise co-ordination is in 

large part due to the fact that it has many physical subcomponents that are 

independently controlled. Looked at from the perspective of the recipient of the 

articulatory signal, articulation can be broken down into subcomponents that can be 

interpreted at least partially independently of one another, as in the case of pitch and 

loudness of speech. Consequently, articulation is well-adapted to presenting multiple 

streams of information simultaneously. In addition to being multidimensional and 

conveying multiple streams of information at once, articulation is also sequential and 

allows individual movements to be combined serially in very rapid order. In fact, it is 

more sequential in nature than any other complex human motor behaviour. For these 

reasons, in terms of its physical structure, articulation is unlike spontaneous, speech- 

accompanying gesture, which tends to be both holistic and paradigmatic in nature, and
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cannot consistently be divided into structural components that can be analysed 

meaningfully. Nor can spontaneous gestures be combined sequentially in any systematic 

or meaningful way (McNeill, 1992).

Articulation must have communicative potential that is applicable in a broad 

variety of contexts; in other words, it must be possible to use articulation to convey 

complex, specific, new information. Articulation and communication are not the same 

thing. It is possible both to articulate without communicating and to communicate 

without articulating. What is unique about articulation is not that it is communicative 

per se, but that it is well-adapted to linguistic communication in particular. What 

distinguishes articulation from other types of movements is the number and speed of 

perceptually salient contrasts that it is able to transmit in the information signal. By 

extension, then, it facilitates linguistic communication by providing an effective means 

of conveying information.

The form that articulatory productions take is narrowly determined by the 

physical structure of the relevant effectors as well as by the neural mechanisms 

controlling their movements. On the first point, regarding the physical structure of the 

effectors, to say that articulation is determined by the physical structure of its effectors 

is not the same as saying that use of a given set of effectors is by definition articulation, 

while use of another set is not articulation. Nonetheless, the shape, size, and orientation 

of articulatory muscles bear a close relationship to the physical structure of the 

behavioural output. It only takes slight variation in movement or articulatory 

configuration to convey a completely different meaning or communicative intent. 

Articulation as such is not limited to a given set of effectors, but its physical form, and 

by extension, its perceptual salience, is determined by the actual anatomy and 

kinematics of its effectors; whereas simpler, non-communicative movements are not by 

necessity so tightly governed by the effectors that they use. To illustrate the point with a 

contrast, any skeletal muscle in the body can be gradually stretched to its greatest 

comfortably-extended length, but whether that is done with the dorsal interosseus or the 

latissimus dorsi, the behavioural output is effectively identical, both at the level of 

electrophysiological activity of the muscles and at the level of the communicative 

potential of the action as a whole. The broader point is that the movements of 

‘articulators’ are highly differentiable and as such they have the capacity to produce a 

broader range of behavioural output, which can then be modified and combined in a 

variety of ways to make quick transmission of information (and hence human 

communication) possible.
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Clearly, the example of a non-articulatory movement described above is an 

extreme; however, the general principle still applies. Unlike other types of movements, 

articulation combines speed, precision, broad applicability, communicative potential, 

and behavioural salience. It is unique in that it is simultaneously natural, easy, acquired 

without instruction, and yet not automatic, reflexive or intuitive in the same way as 

walking, or chewing, or (in a different respect) crying. Simply put, it is a complex 

behaviour that must be learned but is learned successfully by all neurologically-intact 

members of the species.

Additionally, the form that articulation takes is governed in part by the brain 

mechanisms controlling it. In other words, it is not reflexive, like motor behaviours 

governed at the level of the spinal cord or brainstem; nor is it automated like walking, 

chewing, and other rhythmic behaviours governed by brainstem mechanisms. There are 

rhythmic, automated movements that are a precursor to articulation (MacNeilage et al., 

1999; Meier, 2000), but in its fully developed form, articulation is more structurally 

complex and varied than babbling or similar automated behaviours. That being the case, 

articulation must be learned, and by extension, can break down at the level of 

knowledge of how to perform the necessary movements, as opposed to breakdown at 

the level of weakness, paralysis, or co-ordination (Square et al., 1997), which can affect 

any and all movement.

Finally, articulation consists of movements that are highly and/or differentially 

susceptible to breakdown in the context of a movement disorder. It is not uncommon for 

high-level movement disorders to affect speech but not limb movements (Wertz et al., 

1998), or vice versa (Goldenberg et al., 2003), or to actually affect speech in one way 

and limb movements in a completely different way, as in the well-known case of 

general movement slowing but rapid speech in Parkinson’s disease (Theodoros & 

Murdoch, 1998b). Traditional descriptions of disruptions to speech motor control have 

treated it as qualitatively different from disruption to simpler movements of the limbs 

(Enderby, 1983), and rightfully so; but is speech qualitatively different because of the 

articulators it employs or because of the motoric demands it imposes? Prior to recent 

research on sign and movement, these two factors were not dissociable.

1.4 Dysarthria

Broadly defined, dysarthria in hearing populations is a disruption to speech 

motor control. While it has been known for a long time that speech production could 

break down in the absence of language impairment, Darley et al. (1969b) were the first
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to recognise that there were different forms of dysarthria that could be categorized

according to their specific features. Their definition of dysarthria is as follows:

a collective name for a group of speech disorders resulting 
from disturbances in muscular control over the speech 
mechanism due to damage of the central or peripheral nervous 
system. It designates problems in oral communication due to 
paralysis, weakness, or incoordination of the speech 
musculature, p. 246.

There are many important implications of this definition. First of all, as stated 

above, dysarthria is distinct from aphasia. Although this had been recognized long 

before, because it can be difficult to distinguish disorders of speech from disorders of 

language, particularly when the two co-occur, it is a point worth reiterating. Second, and 

less obviously, dysarthria is distinct from apraxia, which disrupts movement in the 

absence of weakness, paralysis, or inco-ordination. Dysarthria and apraxia both disrupt 

movement, but even within that delimitation, they do so at different levels.

Additionally, despite being a lower level disorder than apraxia, dysarthria is distinct 

from speech disruption at the level of the muscle, bone, or tendon. As Darley et al. 

(1969b) point out, dysarthria results from damage to the nervous system. Finally, 

according to their definition, dysarthria is differentiable into subtypes that can be 

analysed methodically and described systematically. It may seem like a minor point, but 

prior to the research by Darley et al. (1969b), earlier researchers and clinicians had used 

holistic, impressionistic terms such as ‘explosive’ or ‘hot potato’ speech to describe 

disruptions to speech motor control. So, clearly their research provided an analytical 

framework that simply had not existed beforehand.

What Darley et al. (1969b) do not state explicitly is that dysarthria may or may 

not be accompanied by a movement disorder affecting the limbs, or other parts of the 

body. They take it as a given that speech is unique, and as such, the effects of disrupted 

motor control on speech may differ from the effects of disrupted motor control 

elsewhere; the two disruptions are simply not considered to be in the same category. 

Dysarthria is not treated as a component of a broader movement disorder, but as an 

independent symptom of a given type of neural damage.

Additionally, for Darley et al. (1969b), dysarthria by definition is a disruption to 

oral communication. Their choice of the term ‘oral communication’ is probably 

intended to convey that the phenomenon they are describing is not fundamentally 

linguistic in nature; however, at the same time, it does not necessarily affect non-speech 

oral movements as well as speech movements. Moreover, it does not necessarily affect
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all forms of communication—their choice of words is probably also intended to exclude 

apraxia and other disruptions to gesture. Because they did not consider the possibility of 

disruption to a linguistic system that does not use the vocal tract, they did not have to 

allow for what might distinguish dysarthria from other movement disorders apart from 

the set of effectors that are implicated. As this study is concerned with precisely that 

question, the definition of sign dysarthria used here is based on the definition put 

forward by Darley et al. (1969b), but modified to apply to a different set of articulators, 

while excluding disruption to language and disruption to movement at a simpler level. 

The working definition of sign dysarthria for purposes of this research is: a disruption of 

sign production caused by damage to neural mechanisms governing movement. The 

implications of this definition will be explored in more detail in Chapter 3, which 

describes the various documented forms of dysarthria.

1.5 Research Questions

The research goals of this study are to broadly define the phenomenon of sign 

dysarthria; to determine whether anything other than the set of articulators involved 

differentiates it from dysarthria in spoken language; and to delineate the differences 

between sign dysarthria and apraxia, and between sign dysarthria and disruption of 

simple limb movements. In the same way that hearing people may exhibit speech 

dysarthria in the absence of oral apraxia, deaf signers may exhibit sign dysarthria in the 

absence of higher level ideomotor impairments. Conversely, just as many movement 

disorders are more apparent in speech than in simple limb movements, sign dysarthria 

may also arise in the absence of severe impairment of simple movements, such as 

reaching or pointing. An ancillary question that this study addresses is the establishment 

of articulatory measures of sign dysarthria, and of normal signing. The research 

questions and means of addressing them will be discussed briefly here. Additionally, a 

full description of the research methodology, including the rationale behind the overall 

design of the study is presented in Chapter 4.

In order to develop a definition of sign dysarthria, it is necessary to compare 

subject groups, individual subjects within a group, and linguistic and non-linguistic 

behaviours of those subjects as assessed by relevant tasks. The first comparison to be 

made is between Deaf subjects who participated in this study and hearing subjects 

described in the speech motor control and motor control literature. In particular, it is 

important to test whether Deaf subjects’ performance across tasks resembles what has 

been reported in hearing speakers with dysarthria, and if so, in what way. Moreover, it
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is of interest to know if signers with movement deficits perform similarly to hearing 

subjects with movement deficits on tasks unrelated to sign or speech. It is remotely 

possible that frequent use of a conventionalised, complex system of limb movements 

could influence Deaf signers’ performance of movement tasks unrelated to sign; so 

although comparison of Deaf and hearing subjects on simple movements is not the 

primary focus of the study, it deserves some consideration in the discussion of 

dysarthria across the two modalities.

In order to define sign dysarthria broadly enough, it is necessary to test 

similarities and differences across Deaf signers with a range of movement disorders, in 

addition to contrasting them with hearing subjects with dysarthria, Deaf control 

subjects, or Deaf signers with aphasia. Previous research on sign language and motor 

control has compared movement disorders with linguistic disorders, but few studies 

have directly compared the nature of articulatory disruption to sign production across 

subjects with different types of motor control deficits. Comparison of signers with 

different types of motor control deficits is an important component of this study, 

because sign is a complex motor act and as such it is apt to break down in a multitude of 

ways. In part, this study is intended to identify the ways in which sign can break down 

as the result of a movement disorder, above and beyond how signs do break down in 

one subject or in one type of movement disorder. As in the case of spoken language, it 

is expected that sign dysarthria will take different forms in subjects with different 

movement disorders, and those forms can be differentiated along a small set of 

articulatory measures.

It is only possible to claim that there is such a phenomenon as sign dysarthria if 

it can be shown that subjects’ performance on signing tasks is somehow distinct from 

their performance on non-linguistic movement tasks. It is for this reason that Deaf 

signers were tested on a range of linguistic and non-linguistic limb movement tasks. It 

has traditionally been assumed that speech movement deficits are distinct from 

movement deficits more generally, simply because a different set of effectors is 

involved. Given that it is now widely accepted that language can be produced with 

either the vocal tract or with the hands and arms as primary articulators, it is possible to 

look for a dissociation between linguistic and non-linguistic limb movements for signers 

or a strong similarity between motoric disruptions to sign and speech, or possibly both.

To address these research questions, a small number of subjects with different 

neurogenic movement disorders have been investigated in depth as a series of case 

studies. The subjects are not intended to represent a uniform group, but rather to
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highlight the differences in various possible forms of sign dysarthria. The set of subjects 

comprises one signer with Parkinson’s disease, one with progressive supranuclear palsy, 

one with cerebellar damage, one with right anterior cerebral damage, and one with left 

anterior cerebral damage. Additionally, there are control data from two age-matched 

signers without movement disorders. Individual subjects and the rationale for their 

inclusion in the study will be discussed in detail in Chapter 4.

Testing was carried out in subjects’ homes and recorded on videotape. While 

there are sign language and motor control research methodologies that capture more 

spatial and temporal detail, it was decided that videotape would be preferable for two 

reasons. First, because this study is the first to attempt to describe a range of disruptions 

to sign articulation, it was necessary to analyse multiple physical aspects of signing at 

once to determine where and how impairments might manifest themselves. In a sense, 

the data from kinematic or electromyographic studies are too specific to be useful in 

addressing this research question. Second, the lack of a body of normative data on the 

kinematics or physiology of signing would render those types of data on impaired 

signing relatively meaningless.

Linguistic tests were designed to elaborate the nature of subjects’ fingerspelling 

and signing deficits, and allow comparison of those deficits to each other. 

(Fingerspelling is a system for borrowing words from spoken language, in which the 

written letters are represented sequentially by distinct configurations of the hands and 

fingers. As such, fingerspelling is more rapid and motorically demanding than signing). 

The linguistic tests also serve as a baseline of performance that can be compared to 

performance on non-linguistic motor tasks. As discussed above, the comparison of 

linguistic to non-linguistic data in Deaf signers with movement disorders is critical to 

the discussion of sign dysarthria. The schema for coding the linguistic data was 

developed on the basis of research in sign phonology (Brentari, 1998; Friedman, 1976), 

signing and movement deficits (Brentari et al., 1995; Loew et al., 1995; Tyrone et al., 

1999), gesture co-occurring with speech (McNeill, 1992), hand movements (Kimura, 

1993; Rothi et al., 1997), and speech motor control (Duffy, 1995; Love & Webb, 2001). 

Individual signs and fingerspelled letters were coded for the linguistic parameters of 

handshape, orientation, and location, as well as the non-linguistic parameters of 

repetition, involuntary movement, bimanual co-ordination, and co-ordination of 

proximal and distal articulators.

Non-linguistic tasks were designed to give an approximate sense of the nature of 

subjects’ motor control disorders, e.g. inability to appreciate how to use an object as
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opposed to the inability to physically manipulate it, or inability to accurately scale a 

movement as opposed to a loss of range of movement. The tasks consist of: symbolic 

tool use, pointing to images, copying object manipulation, copying meaningless hand 

configurations and performing a series of actions on a semi-standardized movement task 

(Kimura, 1977). The coding scheme for the non-linguistic data was developed on the 

basis of earlier motor control research (e.g., Kimura, 1993; Wiesendanger et al., 1994; 

Timmann et al., 2001). Individual movements were coded according to: presence of 

involuntary movement, targeting errors, co-ordination errors, handshape selection 

errors, disruptions to integration of proximal and distal movements, and disruptions to 

movement initiation, continuation or termination. The tasks, procedures, and coding 

schemes for the linguistic and non-linguistic data are described in greater detail in 

Chapter 4.

In addition to the specific research questions outlined here, there are broader 

theoretical and practical implications of research on sign and movement. First, because 

of the nature of the data, this study and others like it allow a more sophisticated 

comparison of movements used for language production and other movements of the 

hands and arms. Past studies have compared speech movements with simpler limb 

movements and reached conclusions about the fundamental nature of the effectors 

themselves on that basis (Ackermann et al., 1997; Lieberman, 1995). By examining sign 

movements and other limb movements, this study is comparing like with like in a way 

that earlier studies comparing articulatory and non-articulatory movement could not 

have done. While it is certain that language and gesture, and for that matter, articulation 

and gesture, are structurally different, gesture is not something accomplished only by 

the hands, nor is language accomplished solely by the vocal tract. Taking that point into 

consideration will go a long way toward clarifying the fundamental differences between 

linguistic and non-linguistic communication, and by extension, the necessary precursors 

to human language.

1.6 Preview of Findings

It will be argued here that dysarthria, as distinct from apraxia, aphasia, and loss 

of simple movement, does manifest itself in sign language, which suggests that speech 

motor control research should eschew models of dysarthria framed around specific 

articulators, in favour of those that emphasize patterns of movement. However, just as 

dysarthria is not articulator-specific, it is also not fundamentally linguistic in nature.

The reason that dysarthria can occur in either a vocal or a manual language modality is
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because both use very rapid, complex, co-ordinated movements. The movement speed 

and complexity facilitate the rapid information transfer that is necessary for any 

linguistic system, but that does not make disruptions to it inherently linguistic. One 

would predict that subjects with dysarthria would also be impaired at any task with 

similar motor demands, but since few normal activities require such a high level of 

movement precision, deficits manifest themselves primarily in speech or sign.
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2 The Physical Structure of Sign and Speech

The aim of this chapter is to delineate the motor control mechanisms for speech 

and sign language in order to identify where they converge and diverge, and thereby 

allow for speculation regarding differential effects of damage to various components of 

those mechanisms. Many researchers have pointed out that because speech and sign use 

different production modalities, they must, by necessity, be perceived differently, at 

least at the most basic level (Klima & Bellugi, 1979; Poizner et al., 1987), and some 

researchers have gone further to speculate about the linguistic and behavioural effects of 

those perceptual differences (Brentari, 2002; Meier, 2002). Though perception modality 

almost certainly has as much effect on the form (if not the linguistic processing) of 

speech and sign as production modality, because the focus here is on production, the 

neurological and physiological basis of language perception will not be discussed.

2.1 Neurology of motor control

The human motor control system is composed of the portions of the brain, 

brainstem, spinal cord, and peripheral nerves controlling movement, as well as the 

striated muscles that execute movements. In this discussion, the focus will be on the 

first and last of these, because they are where the relevant implications for speech and 

sign production are most likely to emerge.

2.1.1 Pyramidal tract

There is a direct projection from motor areas of the cortex to the spinal cord, 

which is commonly referred to as the pyramidal tract (Gray, 2000). Although there 

remains some disagreement on exactly what the pyramidal tract does (i.e. what 

behavioural phenomena the activity of an individual motor neuron corresponds to), it is 

generally agreed that it is particularly important for fine-grained, voluntary movement, 

such as the individuated movements of the fingers necessary for handling objects. There 

is a broad range of evidence supporting this idea, including the fact that the pyramidal 

tract is very late to become completely myelinated in human infants (around 2 years of 

age); and consequently, young infants do not have adequately fine-grained motor 

control to produce complex, voluntary movements (Brodal, 1998). Additionally, it is not 

uncommon for precise movements of the affected hand to be disrupted in mild cases of 

hemiparesis following damage to the motor cortex. Finally, in broader terms, cortical 

control of movement occurred very late into phylogeny—for most mammals,
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movements are controlled through descending brainstem mechanisms that facilitate 

automatic, over-learned movements like walking or chewing (Kandel et al., 1991).

What is known about the physiology of the pyramidal tract suggests that 

populations of cortical neurons encode the direction of movement. Additionally, 

broadly speaking, motor areas of the cortex are divided somatotopically, i.e. sections of 

motor areas of the cortex control movement for specific parts of the body. As the 

pyramidal tract descends, it can be subdivided into the corticospinal and corticobulbar 

tracts. The fibres of the corticospinal tract descend through the cerebral hemispheres 

and the ventral brainstem. Then in the lower medulla, the majority of fibres cross, or 

decussate, to the contralateral side of the brainstem and descend from there to the spinal 

cord (Figure 2.1). In the spinal cord, the corticospinal fibres synapse onto the neurons 

that form peripheral motor nerves. Because most of the fibres of the corticospinal tract 

decussate in the medulla, one hemisphere of the brain controls movements for the 

opposite side of the body. The corticobulbar tract also originates in motor areas of the 

cortex, but rather than projecting to the spinal cord, projects to the cranial nerve motor 

nuclei in the brainstem. The cranial nerves arise from these motor nuclei and control the 

movements of the head, neck, eyes, and vocal tract. Unlike the corticospinal tract, the 

projections of the corticobulbar tract are largely bilateral. In other words, with few 

exceptions, both cerebral hemispheres control movements of both sides of the vocal 

apparatus in almost equal proportions.

Contrary to earlier speculation, the corticospinal and corticobulbar tracts include 

diffuse projections of fibres from multiple motor and somatosensory areas, not just from 

the primary motor cortex (Carpenter, 1991). The implications of this are twofold: first, 

damage to a small area of the cortex can have widespread peripheral motor symptoms, 

because of the spreading of the fibres in the brainstem and spinal cord; and second, 

damage to areas of the cortex other than the primary motor area may result in paralysis 

or paresis of the contralateral limb. Additionally, the somatotopy of the motor areas of 

the cortex may be less strictly delimited (or more functionally-based) than researchers 

have assumed (Meister et al., 2003; Rijntjes et al., 1999).
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Figure 2.1: The Corticospinal Tract (from Gray (2000))
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2.1.2 Extrapyramidal structures

There is far less consensus on the role of non-neocortical structures in 

controlling movement, quite simply because it is less apparent2. Neither the cerebellum 

nor the basal ganglia is directly responsible for movement generation (i.e. initiating the 

command to peripheral effectors to move), but rather for shaping voluntary movement 

so that it is accurate, natural, well-timed and co-ordinated (Brooks, 1986; Hallett & 

Khoshbin, 1980; Lang & Bastian, 2002). Exactly how either structure accomplishes 

these functions is not entirely clear. It has been proposed for both that they might 

integrate or convert relevant sensory information (Jueptner et al., 1996; Lidsky & 

Brown, 1999; Zia et ah, 2000), provide feedforward or feedback information to cortical 

motor areas (Iansek et al., 1995; Quaia et al., 1999), or select muscle synergies 

appropriate to the desired task (Jueptner & Weiller, 1998; Timmann et al., 2001). 

Additionally, both structures play a role in modifying muscle tone, balance, and posture, 

probably through projections to brainstem nuclei. Anatomically, although both the 

cerebellum and basal ganglia include somatotopic maps of the body like motor areas of 

the cerebral cortex, they tend not to function in an effector-specific way; and there is no 

direct projection from either the cerebellum or the basal ganglia to lower motor neurons 

in the brainstem or spinal cord (Carpenter, 1991). Both the cerebellum and the basal 

ganglia do, however, receive (direct or indirect) input from motor areas of the cortex 

and project back to cortical motor areas via the thalamus (Figure 2.2). Finally, in trying 

to determine the functions of these structures, it should be remembered that there is no 

reason to assume a one-to-one relationship between structure and function.

2.1.2.1 Basal ganglia

The basal ganglia comprise a network of subcortical nuclei that are closely 

linked functionally and electrophysiologically: the caudate, putamen, globus pallidus, 

and substantia nigra. The first two of these comprise the corpus striatum but are often 

discussed as independent entities in research on humans. The individual nuclei of the 

basal ganglia will not be discussed in any detail here; however, earlier studies are 

described here that do discuss those nuclei individually. The basal ganglia receive input 

from motor as well as other areas of the ipsilateral cerebral cortex, and project back to

2 Though there are several subcortical nuclei involved in motor control, the only two brain structures to be 

considered here are the cerebellum and basal ganglia, both because their functions have been extensively 

studied and because their related pathologies are not uncommon in humans.
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the ipsilateral supplementary motor area via the thalamus (Brodal, 1998) (See Figure 

2.2). Furthermore, the basal ganglia’s connections to peripheral sensory or motor nerves 

are extremely indirect: two synapses removed, at best. So, perhaps not surprisingly, 

there is no tight correlation between muscle activity and neuronal activity in the 

striatum or the globus pallidus, and even less correlation with activity in the substantia 

nigra. While it is impossible to analyse normal basal ganglia activity in great detail in 

humans, single cell recordings in monkeys indicate that globus pallidus neurons fire 

after movement onset and not consistently beforehand (Brotchie et al., 1991a). 

Consequently, the basal ganglia have been assumed to have a fairly high-level function 

in motor control (Brotchie et ah, 1991b; Georgiou et ah, 1994), removed from the 

actions of individual effectors, and possibly related to providing task-relevant 

information to motor areas of the cortex.

Issues related to PD research

A large body of research on basal ganglia function has focused on Parkinson’s 

disease as an indicator of what human motor control may be like in the absence of the 

basal ganglia. As Marsden (1984) pointed out, it is comparatively rare that an idiopathic 

condition directly affects such a sharply delimited brain structure; and in the early 

stages of the disease, the sensorimotor component of the basal ganglia is affected to a 

greater degree than other components. Nonetheless, Parkinson’s disease research has its 

problematic aspects. First, the motor symptoms of the disease are superficially very 

disparate, so it is difficult to posit a single motor function underlying all of them (and 

indeed there may not be one) (Marsden, 1984). Second, the view of Parkinson’s disease 

as a model for motor control without the basal ganglia implies that the disease only 

exhibits negative symptoms, which is clearly not the case. While analyses of basal 

ganglia function on the basis of Parkinson’s disease research should not be rejected out 

of hand, these limitations should be given due consideration.

The particular symptoms of Parkinson’s disease will be discussed in depth in 

later chapters on subjects with Parkinson’s disease and similar disorders; however, a 

few clinical findings will be mentioned here for their implications for basal ganglia 

function, bearing in mind the broader problems with Parkinson’s disease as a model for 

basal ganglia dysfunction. Early research showed that individual ballistic movements of 

patients with Parkinson’s disease are often undershot and slow, and went on to suggest 

that ballistic movements were selectively impaired (Hallett & Khoshbin, 1980;

Marsden, 1982). It is unclear precisely what the neural underpinnings of this
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phenomenon are; however, it is consistent with the idea that the basal ganglia are more 

relevant to pre-planned movements than to modification of movements on the basis of 

sensory feedback (Wing & Miller, 1984). It was later argued that damage to the basal 

ganglia differentially impacts movement sequencing (Graybiel et ah, 1994; Weiss et ah, 

1997), particularly in well-learned, automatic tasks (Brotchie et ah, 1991a; Iansek et ah, 

1995). While it is widely agreed that patients with Parkinson’s disease show deficits in 

movement sequencing, it is not clear whether this represents a fundamental function of 

the basal ganglia, or as Wing & Miller (1984) argued, that the effect of Parkinson’s 

disease on sequencing is secondary to a more general deficit in execution of pre-planned 

movement.

Low-level functions

Human behavioural and imaging studies have suggested that the basal ganglia 

are responsible for generation of force (Brown & Marsden, 1999a; Corcos et ah, 1996; 

VanGemmert et ah, 1999), or selection of effectors to execute a movement (Jueptner & 

Weiller, 1998). However, more detailed anatomical and physiological data would not 

seem to support these findings. First, as outlined above, the basal ganglia do not have 

very direct contact with elements of the motor system governing the lowest level of 

muscular activity (Brodal, 1998). In addition to this, though, single cell recordings have 

shown that the neural activity of the globus pallidus relative to activity in the 

supplementary and primary motor areas and relative to movement onset is not well- 

suited to controlling low-level aspects of movement execution (Brotchie et ah, 1991a). 

Jueptner & Weiller (1998) reported that the anterior striatum and dorsolateral prefrontal 

cortex are active during movement learning, and the posterior striatum and sensorimotor 

cortex are active during execution of automatic movements. Nevertheless, the relative 

order of these recorded neural activities and the movements themselves must be taken 

into account for the functional implications of the data to be clear.

Internal cues/representations

Attempts to classify basal ganglia function at a higher level fall into two groups: 

those which have proposed that the basal ganglia generate or store internal information 

related to movement, and those which have proposed that they respond to external 

stimuli. Interestingly, Gentilucci & Negrotti (1999) took an intermediate view and 

suggest that the basal ganglia are involved both in storing a plan of action and 

controlling its implementation. Among those suggesting that the basal ganglia provide
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internal triggers for movement, Georgiou et al. (1994) found that Parkinson's disease 

subjects rely more on external cues in completing a sequential button-press task and 

conclude from this that the basal ganglia may function to generate internal cues for 

releasing successive stages of a predefined sequence of movements. While this 

conclusion does not follow immediately from the empirical finding, it is supported by 

other human and animal studies (Iansek et al., 1995; Yaguez et al., 1999). On the basis 

of single cell recordings in monkeys, Brotchie et al. (1991b) proposed that movement is 

initiated in the premotor or supplementary motor area; then after it has started, the basal 

ganglia take over running it to completion, and allow transitions from one movement to 

another.

Figure 2.2: Cerebral connections of the basal ganglia 

and cerebellum (from Kandel et al., 1991)

Extemal/sensorv processing

Another school of thought has proposed that the information that the basal 

ganglia provide to motor areas of cortex is external or sensory, rather than stored 

internal models or cues. It is not clear whether or not this is a contributing factor, but 

interestingly, most studies indicating a relationship between basal ganglia function and 

sensory processing are animal studies. Of course, that may simply be due to the fact that 

animal studies allow more detailed assessments of the relationship between external 

stimuli and neural activity.
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There is a substantial body of research suggesting a role for the substantia nigra 

dopaminergic system in coding reward stimuli (Schultz, 1998; Spanagel & Weiss, 1999; 

Waelti et al., 2001), which clearly would involve the processing of information external 

to the central nervous system. However, no clear parallel to this function has been found 

in the human basal ganglia, meaning either that it simply has not been discovered, or 

that the substantia nigra has taken on a different function in humans, in much the same 

way that the hippocampus has done.

Studies on sensorimotor function in animals have suggested that the basal 

ganglia may support sensory-guided movements by responding to behaviourally- 

relevant sensory information (Lidsky & Brown, 1999), or converting sensory 

information to egocentric co-ordinates (Graziano & Gross, 1993). However, research on 

sensory processing in the basal ganglia in humans has been contradictory, with 

behavioural data indicating that subjects with Parkinson’s disease have an impaired 

sense of still joint position (Zia et al., 2000), and imaging data showing that the basal 

ganglia are active both during movements that depend on external sensory cues and 

during those that do not, in contrast to the cerebellum, which is only active during tasks 

that depend on sensory cues (Jueptner et al., 1996).

2.1.2.2 Cerebellum

The cerebellum receives input from the spinal cord, the brainstem, and indirectly 

from the primary motor cortex. It projects out to the brainstem, indirectly to gamma 

motor neurons controlling tone, and indirectly to the motor areas of the cortex (Figure 

2.2) (Brodal, 1998). The spinal cord projections to the cerebellum are largely 

ipsilateral, while the cerebrocortical projections to and from the cerebellum are largely 

contralateral; the overall effect of this being that the cerebellum primarily affects 

movement and co-ordination on the ipsilateral side of the body. In broad terms, the 

cerebellum is a large structure with many (albeit indirect) connections to the neocortex 

and to the periphery, and an extremely high ratio of incoming to outgoing fibres: 40 to 1 

in humans (Brodal, 1998). Consequently, it is well-situated to integrate information 

from different sources (e.g. sensory and motor information) and to perform 

computationally-demanding tasks. Additionally, it is clear from electrophysiological 

data that there is a tight temporal relationship between cerebellar firing patterns and 

gamma motor neuron activity (Timmann et al., 2001).

Several potential functions have been proposed for the cerebellum, many of 

which are similar or potentially co-existent. It is generally agreed that the cerebellum is
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involved in motor learning, and possibly in procedural learning more generally 

(Hikosaka et al., 1999). There are anatomical as well as behavioural data to support both 

of these theories (DeZeeuw et al., 1998; Thach et al., 1991; VanAlphen et al., 2002). 

However, it is unlikely that this is the cerebellum’s sole function, because individuals 

with cerebellar lesions show deficits on routine, overlearned tasks such as speech 

articulation (Ackermann & Hertrich, 2000), as well as on motor learning.

Multijoint movement

One theory that would explain deficits in familiar but complex tasks such as 

speech is that the cerebellum is important for the co-ordination of multiple effectors at 

once. Timmann et al. (2001) suggested that cerebellar damage impairs multijoint 

movements more severely than single-joint movements, but they ascribed this to its role 

in quickly implementing antagonist muscle activity. Because subjects with cerebellar 

damage showed variability in finger position while throwing a ball, but not while 

dropping it, Timmann et al. proposed that the deficit lies in the inability to implement 

the activity of the antagonist muscles, which are not involved if one is simply dropping 

a ball against gravity. As with the case of the basal ganglia and selection of appropriate 

effectors, it seems counterintuitive that a structure with the cortical and peripheral 

connections and computational capacity of the cerebellum would be chiefly responsible 

for modulating the activity of antagonist muscles. By contrast, Thach et al. (1992) 

proposed that the problem with multijoint movements is due to the cerebellum being 

specifically adapted to coordinating movement by combining multiple, simple motor 

synergies into more complex ones.

It is worth pointing out that it is unclear if what has been described as a 

multijoint disorder is literally that or if it is a multi-effector disorder, because 

experimental tasks have focused solely on the limbs. If it is the former, then one would 

predict that speech would be affected less than limb movements; however, if it is the 

latter, speech would probably be affected as much, if not more so.

Timing

It has also been proposed that the cerebellum might provide a general timing 

function, rather than doing anything motor-specific (Keele & Ivry, 1990). In other 

words, the cerebellum might serve as a sort of pacemaker to correctly time behavioural 

events relative to each other. Because observable behavioural events necessarily have a 

motor component, this hypothesis is extremely difficult to test. However, the theory is
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supported by anatomical data on the nature of the projection from the inferior olive to 

the cerebellum (DeZeeuw et al., 1998). Others have taken a more conservative approach 

and suggested that the cerebellum supports the timing of motor behaviour, rather than 

behaviour in general (Welsh et al., 1995).

Memorv/internal models

Analogous to theories of a basal ganglia internal cuing function, it has been 

suggested that the cerebellum may contain stored models of learned movements (Lang 

& Bastian, 2002; Lu et al., 1998) which would allow predictive or feedforward 

information pertaining to movement to be passed on to motor areas of the cortex. It has 

also been suggested that the cerebellum serves as the site for internal models of the 

peripheral motor apparatus and load (Wolpert et al., 1998). In a study by Timmann et al. 

(2001), subjects with cerebellar damage patterned similarly to untrained control 

subjects, which supports the claim that the cerebellum is important for the storage of 

learned motor synergies.

Comparing real and intended consequences/sensorv processing

Similarly, it has been proposed that the cerebellum may compare internal 

models of movement with movement consequences and make appropriate adjustments 

(Blakemore et al., 2001; Jueptner et al., 1996; Jueptner & Weiller, 1998). So, rather than 

serving solely a feedforward role, the cerebellum would act as a feedback mechanism as 

well. Consistent with this, Quaia et al. (1999) proposed a model wherein the cerebellum 

controls both accuracy and consistency of eye movements, and presumably other 

movements as well, thus functioning as both a feedforward and feedback mechanism. 

However, DeZeeuw et al. (1998) argued that the anatomical data do not support this 

theory, at least not for the projection from the inferior olive to the cerebellum.

2.1.2.3 Summary of extrapyramidal structures

To recapitulate briefly, both the cerebellum and the basal ganglia exchange 

projections with the motor areas of the cerebral cortex, and hence both structures 

probably play a high level function in motor control. The cerebellum also receives 

information directly from the spinal cord, though the basal ganglia do not; and both 

structures project indirectly to lower motor neurons via brainstem nuclei. Consequently, 

one would expect damage to either structure to affect multiple effectors, disrupt 

movement at a high level, and potentially to have a differential effect on movements
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that rely on sensory information for their execution. Finally, one might expect damage 

to the basal ganglia to have a greater impact on sequential or ballistic movements.

2.1.3 Muscles of speech and sign production

The muscles of the oral tract and of the hands are similar in that they both have a 

high ratio of motor nerve endings to muscle fibres, and also they both have large 

somatotopic representations throughout the motor structures of the brain. The high 

proportion of nerve endings and the configurations of the muscles themselves give the 

hands, the arms and the tongue a wide range of possible movements. But at that point 

the similarities end. The two systems of muscles differ greatly, particularly in terms of 

proprioceptive feedback. The muscles of the hands (and arms) all have muscle spindles 

which send information back to the central nervous system, indicating the degree to 

which a muscle is stretched. By contrast, most of the facial muscles (including muscles 

of the lips) do not have spindles (McComas, 1998) but rely on external sensory 

receptors for proprioceptive feedback. The muscles of the jaw and tongue do have 

spindles, though their distribution is uneven (Appenteng, 1990; Cooper, 1953). 

Additionally, the muscles of the hands and arms operate in conjunction with multiple 

sets of joints, which provides another channel of proprioceptive information to the 

central nervous system.

The mechanical configuration of muscles, bones and joints also puts loads on the 

muscles of the limbs, and causes them to be arranged in agonist-antagonist 

relationships. By contrast, the muscles of speech production only have to displace the 

mandible, and to a lesser extent, the hyoid bone. The tongue, the lips, the larynx and the 

velum move almost fully independently of any bone structure (Ackermann et al., 1997). 

Hence, they carry less weight, collect less proprioceptive feedback, and are unaffected 

by the activity or inactivity of opposing muscles. Interestingly, in spite of all the 

mechanical differences, the basic kinematics of simple movements in the two systems 

are reported to be very similar (Hertrich & Ackermann, 1997; Ostry & Cooke, 1987). 

Comparisons of more complex movements across the two systems have yet to be made.

2.2 The Mechanics of Speech

The speech production mechanism is divided into three basic components: an 

energy supply (the lungs/respiratory system), a vibrating sound source (the larynx), and 

a resonance chamber (the supralaryngeal vocal tract) (Fry, 1979). Pneumatic pressure 

from the lungs provides a source of energy that is controlled and released by the
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opening and closing of the larynx. Because the energy source is crucial to speech and to 

breathing, speech production units are to some extent framed by respiratory patterns: 

one can only phonate for so long without having to pause to breathe. Additionally, to 

produce fluent speech, the three components and their separate articulators must move 

quickly and with accurate timing relative to the others.

Though the larynx and lungs are necessary for speech production and shape 

speech at the level of phrasing and prosody, the movements of the supralaryngeal vocal 

tract do more to differentiate one phoneme from another. Not coincidentally, the 

supralaryngeal articulators, and the tongue in particular, have a broader range of 

movement than the larynx or lungs which can only move symmetrically and along one 

axis.

Regarding the nature of the movements of the supralaryngeal vocal tract, 

Ackermann et al. (1997) have claimed that speech uses primarily ballistic movements. 

No one seems to have shown this empirically, but the configuration of the system, 

including the paucity of spindulated muscle fibres, suggests that it is a plausible 

hypothesis. One articulator that would probably use a combination of ballistic and 

guided movements, however, is the jaw. MacNeilage et al. (2000) have suggested that 

the jaw acts as a primary oscillator in the speech system, as illustrated by the babbling 

movements of infants, thereby creating a framework for later syllable structure.

2.3 The Mechanics of Sign Compared to Speech

Because signed languages use a visual-gestural production medium, the number 

of possible sign articulators is extremely high. The chief practical limitations are that 

articulators be visible to interlocutors and allow a range and speed of movement that 

facilitate a productive lexicon and minimal memory/perceptual demands. Much of the 

upper body is used in the articulation of signs, including: the head, torso, shoulders, 

upper arms, lips, and eyebrows. However, one could argue that the two hands are the 

primary articulators, because it is their movements that do the most to differentiate one 

sign from another. Like the supralaryngeal vocal tract, the hands can take on an wide 

variety of configurations; whereas the shoulders and the larynx cannot. The orientation, 

internal configuration, movement and location of the hand are the main phonological 

parameters that have been identified and analysed (Brentari, 1998); and it is worth 

noting that findings from psycholinguistic research have indicated that these 

phonological parameters of signs are psychologically real (Dye & Shih, in press; Klima 

& Bellugi, 1979).
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The above description implies that the two hands/arms must function in a co-

ordinated manner, or as Meier (2002) stated, “the articulators are paired,” but the 

demands on the system actually go beyond just that. First, it should be pointed out that 

co-ordination does not imply symmetry. While some signs do require the two limbs to 

move symmetrically, others require asymmetrical, and consequently more complicated, 

co-ordination (Wiesendanger et al., 1994; Wiesendanger et al., 1996). While at a 

phonological level, signs are said to have a symmetry constraint (Battison, 1974; 

Sutton-Spence, 1999), the two arms can carry out the same movement alternately, 

without violating this constraint. But purely in terms of movement and co-ordination, 

this type of sign is more demanding. Moreover, the symmetry constraint only applies to 

individual signs and does not disallow the production of two signs simultaneously, one 

on each hand. Similar alternating or simultaneous forms do not arise in spoken 

language, because the production system is not capable of them (Meier, 2002). 

Additionally, the movements of the hands must be co-ordinated with those of the other 

articulators, putting more co-ordination demands on the sign production system. While 

speech also has to co-ordinate multiple sets of articulators (e.g. the lips, the jaw, the 

larynx), those articulators are easier to co-ordinate because they do not have as many 

degrees of freedom in their movements; in fact, some, like the jaw can scarcely move 

along more than one axis.

Co-ordination of manual and non-manual elements of signs do not necessarily 

serve to differentiate one sign from another, but rather to produce well-formed syntactic 

and prosodic phrases. In this last respect, one could draw a parallel between the function 

of non-manual sign articulators and one function of the larynx and lungs in speech 

production, namely, the division of extended discourse into prosodic phrases. However, 

some have argued that non-manual articulators do much more than encode prosody, and 

that they serve important syntactic and lexical functions (Antzakas & Woll, 2002;

Neidle et al., 2000). But also, at a physiological level, the two sets of structures are 

extremely dissimilar. While the movements of the head and face must be co-ordinated 

with movements of the hands and arms to form normal, fluent signing, speech itself 

cannot exist in the absence of laryngeal and respiratory function. There is no analogous 

single energy source for signing, only the generalized muscle function of all the 

necessary articulators.
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2.3.1 Sign as multichannel production system

Meier (2002) proposed that because of how they are perceived, the vocal- 

auditory channel is inherently one-dimensional, while the visual-gestural channel is 

four-dimensional. (As an aside, it should be pointed out that if the latter is four-

dimensional, then the former must be at least two-dimensional because it makes use of 

changes in sound over time.) However, taking as a given the premise that signed 

language makes use of a multichannel system, the explanation of that could be as much 

production- as perception-based. While it is true that it is easier to perceive co-occurring 

visual phenomena than their auditory analogues, it is also true that it is easier to produce 

multiple, simultaneous articulatory units with effectors that are largely independent of 

each other, as the two arms are. Patterns of errors in signed language reveal its 

multichannel structure. Klima & Bellugi (1979) described slips of the hand that pattern 

basically along the same lines as slips of the tongue in speech: metathesis, anticipation 

and perseveration of individual phonological features. More recently, though, slips of 

the hand have been analysed in terms which more clearly illustrate the multichannel 

structure of signing (Hohenberger et al., 2002). Unlike in speech, two neighbouring 

signs can combine to form one sign, in what the authors referred to as a fusion error. 

What is distinct about this is that it is possible for features of two signs to be present 

simultaneously, one on each hand, which is not possible in speech. These slips reflect 

the greater physiological independence of individual articulators, which makes it 

possible for multiple phonological features to be produced at once. Hohenberger et al. 

(2002) also pointed out that stranding errors, in which two syllables or morphemes swap 

word-initial positions (e.g. talking Turkish -> turking talkish), do not occur in signed 

languages because sign segments occur simultaneously rather than sequentially, which 

supports the idea of sign being a multichannel production system.

2.3.2 Movement speed in sign

Relative to speech, sign uses very large articulators (Meier, 2002), which as 

described above, bear considerably more weight than speech articulators. Hence, signs 

are articulated at a much slower rate. Klima & Bellugi (1979) found that ASL/English 

bilinguals produce spoken words at approximately twice the rate of individual signs, 

with a mean rate of 4.7 words/second and 2.37 signs/second; although the rate of 

proposition production is roughly equal for the two modalities. However, there are 

many additional factors potentially influencing speed of articulation in signed language 

(Table 2.1). In comparing speech with non-linguistic limb movements, Ackermann et al.
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(1997) claimed that speech movements are likely to be quicker because they are 

smaller: not only that the articulators themselves are smaller, but that movement 

trajectories are shorter. Although Ackermann et al. (1997) were not examining 

comparable tasks across the two modalities, the basic principle probably still holds true 

for sign production as well as non-linguistic limb movements.

Table 2.1: Factors contributing to sign speed

Articulator size 

Movement size

Targeting demands / Sensory feedback 

Movement complexity

Additionally, the number of possible locations in space that sign articulators can 

move to is effectively limitless, which could easily be a computational burden and slow 

down production. Undoubtedly, the linguistic production system employs strategies to 

reduce the number of possible (or likely) articulatory targets; however, it still seems 

probable that distinctive articulatory targets in signed language greatly outnumber 

analogous targets in speech. And as previously mentioned, the sign articulators provide 

much more sensory feedback (both proprioceptive and visual), allowing movements to 

be guided rather than ballistic, which also contributes to sign production being slower.

Finally, the mere complexity of sign movements could render sign production 

slower. It is a well-established principle of psychophysics that there is a trade-off 

between the speed and precision of movements (Fitts & Peterson, 1964), but there are 

not yet enough data to compare the physical precision of articulatory targets (either 

locations in space or configurations of articulators themselves) in sign as opposed to 

speech (Cormier et al., 1999). It is known, however, that sign movements require the 

co-ordination of multiple articulators, which unlike speech, are controlled largely 

independently. Additionally, because sign production is a multichannel system, the 

signer transmits many separate pieces of information in the production of an individual 

sign, using multiple movement parameters, which are both computationally and 

biomechanically demanding.
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INTERLIMB COUPLING FOR 
BIMANUAL ARM MOVEMENTS

Figure 2.3: Wiesendanger et al. (1996) model of bimanual 

co-ordination (RF: reticular formation, SC: spinal cord,

MN: motor neuron, CPG: central pattern generator)

2.3.3 Oscillators

Meier (2002) referred to the proposal that speech has a predominant oscillator

(MacNeilage et al., 2000; Meier et al., 1997) and suggested that signed language

probably does not. Meier pointed out that basic, automatic human movements such as

walking, chewing, and vocal babbling are oscillatory in nature and reiterated

MacNeilage’s suggestion that speech articulation might develop from this automatic

movement pattern; additionally, he speculated that there is no analogous automatic basis

for the development of sign articulation. It is not completely clear what the implications

of this claim for adult, synchronic sign production would be; but putting that question

aside, it is also not clear that signed language does not have a predominant oscillator

similar to the one for speech. Wiesendanger et al. (1996) have outlined a model of

bimanual co-ordination that allows for both tight temporal coupling and flexible control

of movement (Figure 2.3). According to this model, more complex movements employ
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a central command structure, while simple rhythmic movements are co-ordinated at the 

level of the brainstem or spinal cord. The highest level probably picks the roles that 

each hand will play in a bimanual task (e.g. to hold or to manipulate an object). It has 

also been found that proximal limb movements are more tightly synchronized than 

distal limb movements (DiStefano et al., 1980). The synchronization of proximal 

movements could be the underlying mechanism for rhythmic bilateral arm movements 

in infants, not unlike the rhythmic jaw movements described by MacNeilage et al. 

( 2000).

2.3.4 Sensory feedback

One of the most striking inherent contrasts between the two linguistic 

modalities, and one that seems to have gone completely overlooked, is the nature of 

sensory feedback to the signer or speaker. Signers can use visual feedback to guide or 

plan movement, while speakers cannot use auditory feedback to guide speech 

movements effectively. Also, because proprioceptive feedback from speech is limited, 

speakers probably cannot make use of it to execute guided, rather than ballistic 

movements. In effect, feedback is more ongoing for sign than for speech: it is 

comparatively easy to assess where your hand is at any given instant during signing, 

either visually or proprioceptively, and alter its position accordingly. By contrast, a 

speaker cannot hear what her articulators are doing prior to their having done it, except 

by slowing down considerably and distorting the speech signal. On a related point, 

anecdotal evidence suggests a greater role for non-proprioceptive sensory feedback in 

sign than in speech, as illustrated by the effects of Usher Syndrome on signing space.

Perceptual psycholinguistic research has indicated that there is not a lot of form- 

based language processing in signed language, but rather sign features are perceived 

more gradiently (Corina & Hildebrandt, 2002). In other words, features of signs are not 

automatically perceived as fitting into one phonological category or another with no 

productions seen as being “in between” categories. Corina & Hildebrandt suggested that 

this may be related to the nature of the output mechanism and how it is consequently 

perceived. Additionally, they suggested that there may be a more direct mapping 

between articulatory gesture and perceived form, rendering the articulatory gesture 

more transparent to signers. There are two other possible interpretations of gradient as 

opposed to categorical perception of phonological features. First, it may be that 

phonological features are more variable from one production to another, because signers 

can easily modify language production (and hence phonological form) online, whereas
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speakers cannot, assuming their movements are largely ballistic. Second, sign 

phonology features could be perceived gradiently for the same reason that spoken 

language vowels are perceived more gradiently than consonants: they are longer and 

slower. What Corina & Hildebrandt described as a modality effect may in fact be solely 

an effect of speed. Sandler (1993) also argued that the movement (in a phonological 

sense) of a sign is the most sonorous component of the sign syllable, in part because it 

has perceptual salience by virtue of presenting motion. It should be noted, though, that 

sign movements also have longer duration than static elements of sign, which in itself 

could make the movements more salient.

2.3.5 Complexity but redundancy?

Another modality difference between sign and speech is that signers can use 

different articulators to produce the same sign and still be comprehensible. For example, 

in the BSL sign THROW (see Appendix A), a signer can move either from the wrist or 

from the elbow, and not really change how the sign is perceived. Signers are reported to 

produce the same sign using variably more distal or proximal articulators across 

multiple productions (Crasborn, 2001). Data from children acquiring sign language as a 

first language have suggested they frequently use more proximal articulators than the 

adults from whom they are learning the language (Meier et al., 1998), so it may be that 

there is not a one-to-one mapping between a sign and its designated articulators. Also, 

as Brentari (1998) pointed out, the non-dominant hand in a symmetrical two-handed 

sign can be left out without affecting intelligibility or even well-formedness. So, while 

the production of signs would seem to require more complex co-ordination, and could 

consequently be disrupted more easily, there may in fact be enough redundancy in the 

system that sign intelligibility is actually more difficult to disrupt. Another way of 

viewing this is that the range of acceptable forms of a sign may be broader than that for 

acceptable forms of a spoken word, or that the constraints governing acceptability may 

run along articulatory parameters that have yet to be examined.

2.3.6 Fingerspelling

A discussion of the physical form of signed languages would be incomplete 

without a description of fingerspelling and its physical form. For the sake of clarity, it 

should be noted that this discussion of fingerspelling does not include lexicalized forms 

that contain only a single fingerspelled letter, as in the BSL sign MEMBER, or forms 

that take on the morphophonological properties of signs, as in the ASL sign A-L-L.
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Though fingerspelling can (but does not necessarily) take drastically different forms in 

different signed languages (Sutton-Spence, 1994), there are commonalities across 

fingerspelling systems, as well as consistent differences between the structure of 

fingerspelling and the structure of signing. The structure of fingerspelling is probably 

shaped to a large extent by its function in signed languages. Fingerspelling systems 

have developed to allow words to be borrowed from spoken language; what a signer 

does when fingerspelling is to represent the written form of a word, letter by letter (in 

the case of an alphabet). Most of western Europe and North America and much of the 

New World use a one-handed fingerspelling system of European origin, with different 

hand configurations for the letters of the Roman alphabet. However, Britain and many 

of its former colonies use a two-handed system, in which the dominant hand makes 

contact at different points on the non-dominant hand in different configurations to 

represent individual letters. So while one-handed fingerspelling systems rely primarily 

on contrasts in handshape, two-handed systems use a combination of contrasts in both 

handshape and location. It should be stressed that despite the fact that fingerspelling 

systems are by their nature sequential, there is a lot of articulatory overlap in fluent 

fingerspelling (in either one-handed or two-handed form), with features of one letter 

continuing into the next letter or preceding the completion of the previous letter 

(Akamatsu, 1983; Tyrone et al., 1999; Wilcox, 1992).

Because fingerspelling depicts words approximately according to their written 

form, the necessary rate of information transfer is often much higher than in the 

production of signs3. Although signs can be broken down into sublexical units, those 

units are not usually produced serially, and never with more than three units in sequence 

in one sign. By contrast, fingerspelling consists of sequences of individual units 

corresponding to ordered sequences of graphemes, which can include many units per 

production, or per word (Battison, 1978; Wilcox, 1992).

As suggested by the name, fingerspelling systems use only the hands and fingers 

as their articulators. There is no inherent reason why this must be the case, though it 

probably facilitates rapid production speed (Sutton-Spence, 1994), but it seems to be 

consistently true. Because the fingers are relatively small and highly innervated 

articulators, they can move quickly, so perhaps they could easily meet the demands of a 

rapid production system. Also, despite the fact that some fingerspelling systems use one

3 While all fingerspelling systems are grapheme-based, most of the ones studied to date are alphabetical, 

but ideographic and syllabic fingerspelling systems exist as well (Zhou, 1980).
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hand and others use two, they all seem to use highly delimited areas of signing space 

(Battison et al., 1975), which again would facilitate rapid production. It has been 

suggested that because of its rapid, serial nature, fingerspelling production might reveal 

motor control deficits earlier or to a greater degree than sign production (Poizner et al., 

2000; Tyrone et al., 1999).

2.4 Concluding remarks

It is not unusual for speech motor control researchers to discuss the relative 

speed and co-ordination demands of speech movements and limb movements, despite 

the fact that the two sets of tasks typically being compared are completely different in 

terms of familiarity, complexity, and difficulty. Ackermann et al. (1997) stated that limb 

movements are slower than speech movements. Based on the biomechanics of the two 

motor apparatuses, this is probably true; however, it would be informative to examine 

limb movements that approximate the speed and complexity of speech. It is also 

important to tease out the role of sensory feedback in the two modalities, since 

standardized motor control tasks for the limbs require vision and speech does not. 

Despite the extent to which it differs in physical structure from speech, sign language 

production will nonetheless be the most comparable task that uses the hands and limbs.

In ordinary non-linguistic bimanual tasks, the movements of the two limbs are 

tightly coordinated, not at all points of an action sequence, but at the critical times for 

accomplishment of the task (Weiss et al., 2000), suggesting that motor tasks are 

structured in terms of goal achievement rather than the actual dynamics of separate 

movements. This is likely to be true for sign production as well, but would be an 

interesting question to explore, given the temporal and co-ordination demands of 

signing relative to non-linguistic arm and hand movements.

On the basis of the neural systems governing movement and the physical 

structure of the output mechanism itself, one would predict that bilateral co-ordination 

is more likely to break down in sign dysarthria, because the two limbs are controlled 

independently but often have to act either symmetrically or in some more complex form 

of co-ordination. While speech also requires bilateral co-ordination, its movements can 

only be symmetrical; besides which, speech output structures get more bilateral 

innervation and are hence less affected by unilateral cerebral damage.

Damage to the pyramidal tract has the capacity to affect either speech or signing, 

given its importance for fine-grained movement. Additionally, recent findings 

contradicting the idea of a strict somatotopic division of motor areas suggest that, for
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example, sign language production could be disrupted by damage to areas typically 

thought of as controlling movements of the mouth (Meister et al., 2003). However, the 

fact that the speech articulators receive more bilateral input from motor areas of the 

cortex suggests that speech breakdown following damage to only one side of the brain 

is more likely to lead to mild or very high level disruption, perhaps at the level of 

movement schemata. Apart from the question of lateralization of innervation patterns, it 

remains a possibility that sign could break down independently of speech or vice versa, 

but it is only the rare case that would allow researchers to identify a lesion affecting one 

modality but not the other.

Because they are both implicated in complex (i.e. multijoint or sequential) 

movements, movement timing and co-ordination, the cerebellum and basal ganglia are 

likely to play an important role in sign language as well as speech production. Also, the 

fact that neither structure seems to have an effector-specific function renders them both 

more likely to serve a cross-modal function in language production. The specific role 

that either structure is likely to play, however, is far from clear.

Duffy (1995) pointed out that speech is motorically complex and susceptible to 

disruption from neurological injury because it requires symmetric movements of 

bilaterally innervated structures. Signed language, however, is also motorically 

complex, in some ways even more so than speech, and requires not only symmetric but 

also asymmetric movements of contra/atera/Zy-innervated structures, which can move 

completely independently of each other. So if the nature of speech renders it highly 

susceptible to disruption from injury, what can be said of sign’s susceptibility to similar 

disruption? Is the sign production system more robust and less susceptible to breakdown 

due to its inherent productive flexibility? These are among the most important questions 

that research on the physical basis of signing can hope to answer.
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3 Dysarthric Speech
3.1 Introduction

3.1.1 Dysarthria as motor disorder and neurogenic

Before exploring the nature of sign dysarthria, it is necessary to first describe 

what has, up until now, been the only recognized form of dysarthria, namely, disrupted 

speech. Much of the definitive work on describing the fundamental articulatory 

characteristics of different types of dysarthria was done quite a while ago. As Kent 

(2000) pointed out, the basic classification scheme currently in use for the dysarthrias is 

based almost entirely on two papers from over thirty years ago (Darley, Aronson & 

Brown, 1969a, b). Research on dysarthria over the past decade has focused on 

correlating dysarthria to other factors, such as brain pathology (Urban et al., 2003;

Kluin et ah, 2001) or the effectiveness of various treatments (Pinto et ah, 2003; Schulz 

& Grant, 2000); or on exploring non-articulatory measures of the disorder, such as 

acoustics, neurophysiology or small-scale kinematics, or combinations of those three 

(Goozee et ah, 2001). Various researchers have argued that acoustic, neuroanatomical, 

and kinematic measures are more relevant, objective, and/or precise than the perceptual 

measures developed by Darley et ah (1969a, b); however, no one has substantively 

questioned or reframed those perceptual measures, with the possible exception of 

Enderby (1983), who described roughly the same measures in more anatomical terms as 

part of a formalized dysarthria assessment. In other words, no one has developed a 

framework of different perceptual measures, rather than trying to define dysarthria in 

terms of another category of measures altogether (e.g. acoustic rather than perceptual). 

Moreover, the measures established by Darley et ah (1969a, b) are still in widespread 

use among speech and language clinicians and researchers (DeBodt et ah, 2002; 

Ozsancak et ah, 2000).

The perceptual measures developed by Darley et ah (1969a, b, 1975) and their 

relation to other studies and methodologies will be explored later in this chapter. 

However, it is worth noting that because the primary purpose of this chapter is to 

describe the different types of dysarthria, where older studies, such as those by Darley, 

Aronson, and Brown, remain the most relevant, they are the ones that are referred to, 

rather than newer studies addressing issues that are secondary to basic description and 

classification of varieties of dysarthria.

Kent (2000) defined dysarthria as “speech disorders that result from neurologic 

impairments associated with weakness, slowness, or incoordination of the musculature 

used to produce speech.” This definition is consistent with those presented by other
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researchers (Hartman & Abbs, 1988; Duffy, 1995). One important aspect of the 

definition is that it covers a potentially broad range of deficits due to the range, variable 

extent, and possible combination of specific disruptions that it includes (e.g., mild 

slowness and severe inco-ordination of the vocal tract mechanism in the absence of 

muscular weakness). Moreover, Kent (2000), like Darley, Aronson and Brown (1975), 

explicitly stated that by definition, dysarthria is a neurological symptom. Often this 

point is not stated outright; however, researchers and clinicians agree that dysarthria 

stems from some neurological aetiology, either central or peripheral. Furthermore, 

dysarthria is a disorder of speech, not of language, precisely because it is a movement 

disorder.

Although they were not the first to recognize that speech could be disrupted in 

the absence of linguistic or cognitive impairments, Darley, Aronson, & Brown (1969a) 

were the first to pursue the idea of there being different varieties of dysarthria, 

depending on the type and location of neurological damage, which could be 

distinguished and categorized, provided that speech was assessed according to suitable 

parameters. Those parameters are described briefly in section 3.1.2 below. It should be 

noted that the existence of different types of dysarthria does not imply that a specific 

type cannot occur in combination with others. In particular, given the fact that the type 

of dysarthria is determined in part by the nature of the underlying neurological damage, 

it stands to reason that damage to more than one area will cause a combination of more 

than one form of dysarthria. Similarly, although it is solely a movement disorder, 

dysarthria can also occur in combination with other linguistic or cognitive disorders.

For purposes of this thesis, dysarthria is defined to be neurogenic but not 

psychogenic; hence, there will be no descriptions of mutism caused by psychological 

trauma, for example. Additionally, while dysarthria can occur as a result of damage to 

peripheral nerves, those cases will also be excluded from discussion here, first because 

their implications for non-orofacial articulators are not as great, but also because such 

cases are very nearly unique in their capacity to affect individual muscles or articulators 

in isolation. Any dysarthria that is by definition effector-specific, like spasmodic 

dysphonia, will be excluded from discussion for the same reasons. Finally, the 

discussion will be limited to the dysarthrias of adulthood, in order to exclude conditions 

that may impact on an individual’s ability to learn the patterns of motor execution 

necessary for language production, or that may impact on development more generally. 

However, a description of apraxia of speech is included in this discussion, despite it not 

being clear whether or not to consider it as distinct from dysarthria. It is included here,
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in large part, to explore that question. For that reason, and because of how apraxia of 

speech has traditionally been defined and typologized, the section on apraxia will take a 

slightly different structure from the other sections. Within this framework, each of the 

different forms of motor speech disorders will be summarized, with a description of 

how they are typically analysed and a discussion of potential problems with those 

analyses.

3.1.2 Measures of dysarthric speech

Because speech itself is an extremely complex motor act, its measures are by 

necessity complex and multi-dimensional as well. But apart from the question of 

complexity, there are many methodologies for measuring speech, because there are 

many aspects one can measure. The most common approaches are to measure: speech 

articulators’ movements, the acoustic stream generated, or a listener’s perception of the 

speech produced. Most studies have examined one of these sets of measures alone, 

though a few studies have compared multiple measures to assess how they may be 

related (DeBodt et al., 2002; Weismer et al., 2001).

In order to precisely measure the movements of articulators during speech, it is 

necessary to attach instruments to track articulator movements over space and time. 

However, because most speech articulators remain within an enclosed space, i.e. the 

vocal tract, it can be difficult to measure their movements precisely. Kinematic systems 

can be used to measure speech movements (Ackermann et ah, 1997), but those that are 

optoelectronic are only used to record the movements of one or two articulators at once, 

usually the lips and jaw (Forrest et ah, 1989). Another type of kinematic technique is 

electromagnetic articulography, which uses magnetic coils attached to the tongue to 

record movements during speech (Goozee et ah, 2000; Jaeger et ah, 2000). However, 

this method is not often applied to atypical speakers, and is more often used to assess 

normal speech processes. As a result, at this point, it is difficult to assess co-ordination 

of multiple articulators in dysarthria in any detail on the basis of existing literature, 

which is problematic given that many types of dysarthria appear to disrupt co-ordination 

specifically. Furthermore, the large amount of data collected in a short period by a 

kinematic system also dictates that researchers collect very limited sets of data, such as 

repetition of a single syllable, rather than a closer approximation of natural speech.

Spectrographic recordings can be used to measure the acoustic output of speech 

production over time. Spectrograms allow measurement of both the absolute values and 

variability of: pitch, voicing, loudness, spirantization, and segment duration (whether
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the segment being analysed is a phoneme, a syllable, or a word) of continuous speech. 

Unlike direct measures of articulation, spectrographic recording does not interfere with 

speech movements; however, an acoustic measure can only ever be an indirect measure 

of those movements. It is not easy, and sometimes not even possible, to infer articulator 

movement from an acoustic correlate.

Finally, clinicians or researchers can record their observations of someone’s 

speech patterns according to established measures. Unlike the first two methodologies 

described, perceptual measures of speech do not require the use of especially elaborate 

equipment. As long as the speaker’s voice is audibly recorded and the observer is 

trained, data can be collected and analysed. Exact measures or the assignment of their 

values may vary from one institution to another, but broadly speaking, the speech 

components are the same as those laid out by Darley, Aronson, and Brown (1975):

■ Articulation4

■ Pitch

■ Uoudness

■ Prosody

■ Voice quality

■ Resonance/nasality

■ Respiration

As with acoustic analysis, any of these can be assessed for relative as well as absolute 

value. In addition to being assessed by these measures, speech is often also described in 

terms of a holistic, subjective measure of intelligibility. As stated above, many 

assessments and methodologies have been developed for analysing dysarthria since 

these categories were created, but no separate set of articulatory measures has been 

proposed. Moreover, most studies of intelligibility which are implemented by clinicians 

rely on this framework.

Several studies have tried to compare different measures of dysarthria (acoustic, 

articulatory, perceptual) for the same subjects. As the number of such studies has 

increased, researchers have found more contradictions between perceptual and physical 

data, as well as physical measures that bear no relationship to the functional measures of

4 It is necessary to include a note about terminology here. Darley et al. use articulation to mean co-

ordinated movements of the supralaryngeal articulators. However, the term articulator in this chapter is 

intended to refer to any effector or set of effectors in the speech production mechanism.
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intelligibility and naturalness (Forrest et al., 1991; McFIenry, 2001; Weismer et al., 

2001; Zeplin & Kent, 1996). In some cases, researchers have noted acoustic results that 

supposedly reflect components of a motor speech disorder but also contradict perceptual 

results (Wertz et al., 1998). This highlights the importance of including a variety of 

measures in the examination and categorization of subjects with dysarthria.

For the reasons outlined, the focus of this chapter will be on perceptual and 

articulatory measures, though consideration of other types of measures will be included. 

Ideally, the best way to go about analysing and categorizing types of dysarthria would 

be to compare perceptual, acoustic, and instrumented articulatory measures with the 

subject’s own perceptions. However, in the absence of such comparative studies, 

perceptual observations best capture the differences across the dysarthrias as well as the 

breadth of individual dysarthria types. Additionally, perceptual and articulatory 

measures are the most comparable to the types of measures to be used in analyses of the 

sign language data.

There is concern on the part of some researchers that perceptual measures are 

not sufficiently objective or precise (Kent et al., 2001; Zeplin & Kent, 1996), and 

clearly they do not reach the level of physical precision of acoustic or kinematic 

measures. However, what perceptual measures offer is a more holistic analysis of 

speech which no physical measure can yet accomplish, and which arguably has more 

bearing on the communicative limitations of an individual with a motor speech disorder. 

That said, the real difficulties with perceptual measures are twofold: the tendency to 

conflate perceived behaviour with underlying pathology, and the tendency to incorrectly 

equate a component of speech with a specific set of articulators.

3.1.3 Disruption to speech vs. disruption to articulators

Because most neurogenic disruptions to speech simultaneously affect more than 

one component of the physical articulation mechanism, it is worthwhile to focus on how 

speech as a co-ordinated act is disrupted, rather than looking at the impacts on 

movements of components of the vocal tract in isolation. It has been suggested that the 

dysarthrias as a whole have global effects on multiple components of speech, rather 

than focal effects on individual components (Kent et al., 1998). Similarly, there is often 

an unclear relationship between dysarthric subjects’ performance on speech tasks and 

on non-speech tasks (Kent et al., 2000; Ziegler & Wessel, 1996), which also suggests 

that the actions of individual articulators are not always the most important factor to 

examine in describing a given type of dysarthria. Articulator-specific dysarthria is most
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often the result of dysfunction of peripheral nerves, which has been excluded from this 

analysis as outlined above. When dysarthria is a manifestation of the inability of 

multiple articulatory systems to act in concert, it would be misguided to focus on the 

movements, strength, or tone of individual articulators. As Ludlow & Bassich (1983) 

put it: “Walking is no more the direct result of the strength of the biceps femoris than 

speech impairment can be directly reflected by the strength of contraction of the 

orbicularis oris.”

In the list of perceptual speech measures above, most of the measures can be 

(and usually are) equated with a single articulator or set of articulators, even when such 

equations seem plainly oversimplified (e.g., loudness as a reflection of respiration). The 

main exception to this is prosody, which by anyone’s definition requires the co-

ordinated movement of multiple sets of articulators. Another measure, not included in 

this list, though frequently used by clinicians and researchers, is stress, which also 

requires the simultaneous interaction of multiple articulators. At least anecdotally, both 

stress and prosody are psychologically real: it is easy to describe a person’s speech as 

monotonous or flat, in ordinary conversation as well as in a clinical or research context. 

However, researchers have had limited success in defining exactly what they mean by 

prosody or stress, not because definitions are not possible, but because they have placed 

their measures within an anatomical framework that is artificially restrictive. An 

anatomical framework can be used, but it has to be multi-dimensional, if it is to capture 

the full range of disruptions to speech motor control.

3.1.4 Disruption to speech vs. damage to the brain

Along similar lines, some characteristics of speech as well as some categories of 

dysarthria have been described in terms of their underlying pathology rather than their 

behavioural manifestation. For instance, in some versions of the schema of speech 

characteristics listed above (e.g., Duffy (1995)), one form of pitch disruption is 

classified as myoclonus, which is a movement disorder, not a property of sound. Using 

the two categories of terms indiscriminately is imprecise, because one can only be an 

indirect measure of the other. While it is true, as Darley et al. (1975) stated, that 

dysarthria is a neurological symptom and should be categorized as such, that is not to 

say that a given type of dysarthria should be defined according to its neurological basis 

to the exclusion of, or even in preference to, other criteria. It should be remembered that 

broadly speaking, the functioning of the human brain is at least as poorly understood by 

researchers as the nature of speech motor control, if not more so. Thus,
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neurophysiological data should not automatically be interpreted as being more scientific 

or having greater explanatory value than easily observable behaviour. Second, while 

researchers are simultaneously trying to better understand the nature of different 

dysarthrias and the functions of different parts of the brain, to conflate the measures or 

the terminology of the two fields only serves to make both tasks more difficult. In their 

review, Kent et al. (2001) provided a summary of documented relationships between 

lesion site and type of dysarthria, suggesting a more or less one-to-one relationship 

between the two. This is often not the case. It is not always clear, for example, in the 

case of unilateral upper motor neuron dysarthria (described below), why damage to 

exactly the same neural structures results in a specific type of dysarthria for one 

individual but not for another. As long as dysarthric symptoms are categorized 

according to neural correlates instead of behavioural symptoms, it will be difficult to 

address this question.

3.2 Types of Dysarthria

The section that follows will outline the well-known forms of dysarthria in terms 

of anatomy, accompanying non-dysarthric symptoms, and speech characteristics, with 

relevant comments included on the clinical and experimental basis for those 

characterizations. A short list of the speech symptomatology of different types of 

dysarthria is included in Table 3.1.

3.2.1 Ataxic Dysarthria

Ataxic dysarthria is a manifestation of unco-ordinated movements and hypotonia 

of the speech muscles. Speech is generally perceived as slow and imprecise, with 

irregular variations in pitch and loudness, and a “scanning” rhythm (Kent et al., 2000). 

Ataxia is almost always the result of damage to either the cerebellum, its incoming 

projections, or both. A few researchers have tried to assign specific speech functions to 

more narrowly-defined regions of the cerebellum (Ackermann & Hertrich, 2000; Darley 

et al., 1975; Urban et al., 2003), but such approaches are incomplete, because clinical 

cases of damage to limited areas of the cerebellum are comparatively rare.

Most researchers agree that ataxia impacts multiple groups of speech articulators 

at once, rather than specific sets of articulators in isolation (Kent et al., 1997; Murdoch 

& Theodoros, 1998; Sheard et al., 1991). Additionally, clinical observation has 

suggested that speech co-ordination and timing are affected to a greater degree than 

strength or mobility of the speech musculature (Duffy, 1995). A few comparative
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studies have suggested that perceptual ratings of ataxic dysarthria reflect a combination 

of speech components rather than a single acoustic measure (Sheard et ah, 1991), and 

that broad-based measures of intelligibility and naturalness do not correlate with any 

acoustic measure (Kent et ah, 2000; Linebaugh & Wolfe, 1984), even though ataxic 

subjects get low intelligibility ratings (Liss et ah, 2000).

Symptoms

Broadly speaking, the general motor symptoms of ataxia parallel those of ataxic 

dysarthria. Darley, Aronson, and Brown (1975) probably captured ataxia best in lay 

terms when they said that finger movements are “clumsy, slow, and fumbling,” while 

more proximal movements are “jerky, irregular, and inaccurate.” More specifically, 

generalized motor symptoms include: reduced muscle tone, slowness, dysmetria, 

intention tremor, hyporeflexia, dysrhythmia, and dysdiadochokinesia (i.e. impairment of 

alternating sequences of movements) (Darley et ah, 1975). Impairments to specific 

effectors or specific types of movement include: wide-based gait, postural tremor, and 

nystagmus (i.e. loss of control of eye movements) (Trouillasa et ah, 1997).

Although the cerebellum is best known for its role in movement, it also has non-

motor functions, which have not been explored in as much detail. An increasing number 

of non-motor functions of the cerebellum are being documented, but there is limited 

agreement about their nature and even their existence. Research has suggested that 

cerebellar damage may cause disruptions to language as well as speech (Fabbro, 2000; 

Fiez et ah, 1996; Marien et ah, 2000) and disruptions to neuropsychological functions 

such as learning and memory (Lalonde & Botez-Marquard, 2000; Timmann et ah,

2002).

Speech characteristics

Despite the general agreement on the nature of ataxic dysarthria, there are 

disagreements about which speech characteristics are most prevalent. Additionally, even 

individual measures of speech characteristics appear slightly contradictory, at least 

superficially. For example, some acoustic and perceptual studies have suggested that 

subjects with ataxic dysarthria have more variable pitch and loudness (Darley et ah, 

1975; Kent et ah, 1979; Kent et ah, 2000), while others have suggested that subjects 

have a lack of variability in pitch and loudness (Darley et ah, 1975; Kent et ah, 1979). It 

may be that all of these analyses are correct, but they are capturing different 

components of the speech signal. Liss et ah (2000) summarized earlier findings by
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saying that ataxic dysarthria is characterized by excess and equal stress, and excessive 

loudness; in which case, the co-occurrence of equal but excessive values could reflect 

the presence of both variability and consistency in pitch and loudness. Darley et al. 

(1975) proposed that there are subtypes of ataxic dysarthria which exhibit distinctive 

clusters of symptoms; however, later research suggested that pitch and loudness are 

variable on held syllables but show reduced variability from one syllable to another 

(Ackermann & Hertrich, 2000; Murdoch & Theodoras, 1998). Because it is unclear 

what clinical data Darley et al. were relying on, it is impossible to say whether the 

seemingly contradictory findings represent two subgroups of subjects or two 

articulatory phenomena, which are perhaps task-specific, in a homogeneous set of 

subjects.

Other specific characteristics of ataxic dysarthria described by Darley, Aronson, 

and Brown (1969a) include: exaggerated respiratory movements, harsh voice quality, 

prosodic excess, excess and equal stress, long syllables and phonemes, reduced rate, 

imprecise vowels and consonants, and irregular articulatory breakdown. Subsequent 

studies cite these findings frequently and none has yet contradicted any of them.

3.2.2 PD/Hypokinetic Dysarthria

The defining feature of hypokinetic dysarthria is considered to be a limited 

range of movement, which manifests itself in monotonous, aprosodic, but rapid speech. 

By far, the most common form of hypokinetic dysarthria is that resulting from 

Parkinson’s disease (PD) (Theodoras & Murdoch, 1998b); and because it is the most 

common, it is also the most studied. Hypokinetic dysarthria can also be caused by 

vascular or traumatic accident, or by any of the other degenerative conditions described 

below. Unfortunately, early research grouped together all forms of hypokinetic 

dysarthria, under the assumption that they were all characteristically alike, when in fact 

they are not (Darley et al., 1969b; Nielsen, 1962). Because documented cases of 

Parkinson’s disease so greatly outnumber those of any other form of hypokinesia, this 

section will list the different types of hypokinetic disorders, then describe the 

characteristics of what has been referred to simply as hypokinetic dysarthria, and then 

outline the characteristics that can differentiate PD and other forms of hypokinetic 

dysarthria from each other. It should be noted that documented hypokinetic speech 

characteristics probably primarily represent the speech characteristics of PD, though the 

two should not be viewed as co-extensive.
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Darley, Aronson, and Brown (1969a) associated hypokinetic dysarthria solely 

with subcortical components of the extrapyramidal system, which they defined as 

consisting of the basal ganglia and subthalamic nucleus. It should be noted, however, 

that hypokinetic dysarthria can result from pathologies that affect additional parts of the 

central nervous system as well, for example, the brainstem and the cerebellum. It is 

entirely possible that hypokinetic dysarthria is caused specifically by damage to the 

aforementioned subcortical nuclei, but thus far the data are inconclusive.

Types of hypokinetic disorders

■ Parkinson’s disease is an idiopathic, degenerative disease of the basal ganglia, 

affecting between 0.1 % and 1 % of the population. The disease causes the dopamine- 

producing neurons in the substantia nigra to deteriorate, which in turn causes a 

chemical imbalance in the basal ganglia, disrupting its projections to motor areas of 

the cortex. The characteristic symptoms of PD include resting tremor, slowed 

movement, muscular rigidity, impaired postural reflexes, movement initiation 

difficulties, and a general reduction in spontaneous movement.

■ Parkinsonism, a condition similar to PD, can occur secondary to encephalitis or 

head trauma impacting the substantia nigra. The symptoms are essentially the same, 

though the course and aetiology are different, and research on “Parkinsonian” 

dysarthria often groups idiopathic Parkinson’s disease together with Parkinsonism 

indiscriminately.

■ Progressive supranuclear palsy (PSP) is a degenerative disease causing neuronal 

atrophy primarily in the brainstem and less in the cerebellum. Though it is rare, it is 

the most common cause of hypokinetic dysarthria, after PD and Parkinsonism 

(Duffy, 1995). Its symptoms include reduction in the size and speed of movements, 

but do not include tremor. Also, unlike PD, one of PSP’s characteristic symptoms is 

progressive loss of eye movement.

■ Wilson’s disease is a rare metabolic disorder causing degeneration of the lentiform 

nucleus of the basal ganglia. Characteristic symptoms include proximal arm tremor, 

slowed movement, axial rigidity, ataxia, and altered facial expression.

■ Shy-Drager syndrome is a degenerative disease of the autonomic and central 

nervous systems, which directly impacts the basal ganglia and cerebellum. Its 

symptoms include rigidity, slow movement, and resting tremor.
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Speech characteristics of hypokinetic dysarthria in general

It is generally agreed that hypokinetic subjects exhibit harsh, breathy voice 

quality, short rushes of speech, inappropriate silences, variable speech rates, reduced 

stress, and aprosodia (Darley et al., 1975; Weismer, 1984). Additionally, hypokinetic 

dysarthria is unique in that one of its characteristics is apparently rapid speech (Netsell 

et ah, 1975). Darley et ah (1975) claimed this was a reflection of acceleration within an 

utterance rather than a consistently high velocity. Weismer (1984), on the other hand, 

suggested that hypokinetic speech may be perceived as rapid because individual 

phonemes are short and acoustic contrasts such as voicing and frication are blurred. In a 

study that directly compared speech and articulation rates, hypokinetic subjects were 

found to have a very high speech to pause ratio (Nishio & Niimi, 2001), which could 

explain why their speech is perceived as rapid. Less commonly reported symptoms of 

hypokinetic dysarthria include mild hypernasality (Kent & Rosenbek, 1982) and 

impaired breath support (Theodoros & Murdoch, 1998b).

As in the case of ataxic dysarthria, there are disagreements on the relative 

importance of specific speech characteristics as well as inconsistencies in the results 

across studies, perhaps because of changes and improvements in observational 

techniques or a more careful subcategorization of types of hypokinetic dysarthria. On 

the basis of perceptual and acoustic data, Darley et al. (1969a) identified imprecise 

consonants as a characteristic feature of hypokinetic dysarthria, but later clinical as well 

as perceptual and acoustic data show breathy, harsh voice quality and reduction in pitch 

variation to be more common than imprecise consonants or vowels in hypokinetic 

dysarthria. Some researchers have suggested that these speech characteristics may be 

the result of a problem with the larynx specifically (Hartman & Abbs, 1988; Schulz & 

Grant, 2000). However, it is unclear how damage to neural structures that influence 

motor patterns in general would result in dysarthric symptoms confined to a single 

articulator. What is more likely is that the problem identified as disrupted laryngeal 

function is a component of a more widespread muscular rigidity that is common in 

Parkinson’s disease. (See Luschei et al. (1999) for a discussion of Parkinsonian rigidity 

in laryngeal and skeletal muscles.)

There are also apparent inconsistencies in findings related to the pitch and 

intensity of hypokinetic speech. Some studies have reported uniformly reduced intensity 

(Hartman & Abbs, 1988; Illes et al., 1988), while others have reported reduced intensity 

range (Darkins et al., 1988; Ludlow & Bassich, 1983; Ludlow & Bassich, 1984). 

Additionally, early perceptual studies suggested that hypokinetic subjects exhibited
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monotonous, low pitch (Darley et al., 1975), and later acoustic studies suggested they 

exhibited elevated pitch (Goberman et al., 2002; Ludlow & Bassich, 1983; Sanabria et 

al., 2001). In an attempt to explain this, Duffy (1995) proposed that what listeners were 

perceiving as low pitch may have instead been monotonous or quiet speech.

Beyond the question of accuracy of specific measures or consistency across 

measures, there are external factors that could explain some of the inconsistencies in 

results across studies. First, few researchers have addressed or even mentioned disease 

stage when collecting data from Parkinsonian subjects. PD is a progressive disease, and 

it is well-known that some symptoms only emerge in the later stages of the disease 

(Hoehn & Yahr, 1967). An additional factor that few studies have addressed is the 

effect of Parkinsonian medication on speech. Though the effects of Parkinsonian 

medication on motor control in general are significant and well-documented (Duvoisin 

& Sage, 2001; Fahn et al., 1998), its effects on speech are not clear. Some research has 

indicated that measures of PD dysarthria improve while subjects are on levodopa 

(Gallena et al., 2001; Goberman et al., 2002; Sanabria et al., 2001); however, 

pharmacologic treatment in isolation does not consistently improve dysarthric 

symptoms of PD (Schulz & Grant, 2000). Studies not explicitly examining the effects of 

medication have often not controlled for medication status when testing (Liss et al., 

2000), so comparing results across studies can be problematic.

To summarize briefly, dopaminergic medication used for the treatment of PD 

causes patients to experience irregular, uncontrolled movements or dyskinesias of the 

limb and face muscles. Because of how the medication is metabolized, patients 

experience on and off phases, in which the side effects are at their worst or non-existent, 

respectively. Given that dyskinesias are common to many individuals with PD, it is 

important to know a subject’s medication status during testing, and thereby to know 

whether a deficit being measured is a symptom of the disease or a side effect of 

medication. It is quite possible that the presence of dyskinesias, or even the temporary 

abatement of Parkinsonian symptoms, could explain the differences in findings on pitch 

and intensity in hypokinetic dysarthria.

Finally, an early study suggested that hypokinetic dysarthrics exhibit palilalia, or 

a tendency to repeat entire words or phrases uncontrollably (Nielsen, 1962). However, 

Darley, Aronson, and Brown (1975) found that, contrary to what Nielsen had suggested: 

“The seemingly different phenomenon palilalia... was noted in none of the 32 

(hypokinetic) subjects.” This likely stems from the fact that most studies up to that point 

(and even today, to a lesser extent) grouped hypokinetic subjects together, even though
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the accompanying dysarthria may take a different form, depending on disease 

pathology. Interestingly, the few researchers who have directly compared different 

forms of hypokinetic dysarthria have found palilalia to be one of the symptoms of PSP 

that can be most easily used to distinguish it from Parkinson’s disease (Hartman & 

Abbs, 1988; Metter & Hanson, 1991; Testa et al., 2001).

Comparisons of different hypokinetic dysarthrias

As stated previously, cases of non-PD hypokinetic dysarthria are not very 

numerous, either in the literature or in clinical settings. Nonetheless, extant data suggest 

that there may be characteristic distinctions between different hypokinetic pathologies. 

PD subjects pattern more or less according to the early description of hypokinetic 

subjects, with a few exceptions. First, imprecise consonants are not very prevalent in 

Parkinson’s disease (Muller et ah, 2001). The grouping together of hypokinetic subjects 

with and without Parkinson’s disease could explain why imprecise consonants and 

palilalia were identified as a symptom in some studies but not others, as described 

above. In addition, PD subjects are reported to exhibit reduced intensity, higher pitch, 

reduced pitch range, reduced stress, and harsh and breathy voice quality, relative to 

other hypokinetic subjects (Gentil et ah, 2001; Hartman & Abbs, 1988; Lu et ah, 1992; 

Muller et ah, 2001).

In addition to palilalia, subjects with PSP exhibit imprecise articulation, reduced 

intensity, low pitch, reduced pitch range, hoarse voice quality, hypernasality, and slow 

speech rate (Hartman & Abbs, 1988; Lu et ah, 1992). The last two characteristics (and 

possibly also the imprecise articulation) are what most clearly distinguish it from PD. 

Also, in broader terms, dysarthria is more likely to be a presenting symptom or to 

appear at all in PSP than in PD (Lu et ah, 1992; Muller et ah, 2001).

Shy-Drager syndrome and Wilson’s disease are rarer than PSP, so it is more 

difficult to generalize about them. It is also difficult to speculate on how their 

characteristics may influence perceptions of hypokinetic dysarthria generally, if at all. 

Bearing those precautions in mind, the most characteristic dysarthric symptoms of Shy- 

Drager syndrome reported are: reduced pitch range (Ludlow & Bassich, 1983), 

imprecise articulation, disrupted phonation, slow speech rate, and atrophy of the larynx 

(Hanson et ah, 1983). The last two of these clearly distinguish it from PD, but the 

muscular atrophy is more striking because it makes Shy-Drager syndrome unique 

among all central nervous system dysarthrias. Finally, the speech characteristics judged 

to be most severe in Wilson’s disease overlap considerably with those of PD: reduced
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stress, reduced pitch variation, reduced intensity variation, and imprecise consonants 

(Hartman & Abbs, 1988).

3.2.3 Hyperkinetic Dysarthria

While hypokinetic dysarthria’s defining quality is a reduction in the magnitude 

of voluntary movements, hyperkinetic dysarthria does not traditionally refer to 

excessively large or rapid voluntary movements, but rather to the presence of 

involuntary movements in speech (Darley et al., 1975; Theodoras & Murdoch, 1998a). 

As a category, hyperkinetic dysarthria is extremely heterogeneous, in part because 

individuals can present with hyperkinetic dysarthria secondary to a condition causing 

another, more predominant variety of dysarthria, e.g. dystonia secondary to Parkinson’s 

disease. Common neurological pathologies that can cause primary hyperkinetic 

dysarthria include Huntington’s disease, Tourette’s syndrome, cerebral palsy, and 

essential tremor. Because of its heterogeneity and because it has no direct bearing on the 

research subjects described in this study, hyperkinetic dysarthria will not be covered in 

detail in this discussion. A list of the characteristic features of different types of 

hyperkinetic dysarthria are included in Table 3.1; and a thorough discussion of its 

clinical manifestation and symptomatology can be found in Theodoras & Murdoch 

(1998a). It should be mentioned in passing that hyperkinetic movements in the limbs 

often occur as a side effect of the medications prescribed for Parkinson’s disease; 

however, such pharmacologically-induced dyskinesias have not been documented in 

speech, so there is no literature to refer to for the variety of hyperkinesia most relevant 

to subjects in this study.

3.2.4 Spastic Dysarthria

Spastic dysarthria is a manifestation of heightened muscle tone and impairment 

of skilled movement, usually resulting from bilateral damage to fibres of the pyramidal 

tract. Speech is perceived as slow, effortful, and imprecise (Darley et al., 1975; Klasner 

& Yorkston, 2000; Nishio & Niimi, 2001). According to Duffy (1995), spastic 

dysarthria causes impaired movement patterns rather than muscle weakness, thus 

simultaneously affecting multiple components of speech. Darley et al. (1975) suggested 

that spastic dysarthria reflects four components of muscular dysfunction: spasticity 

(heightened muscle tone), weakness, limited range of movement, and slowness. Unlike 

the other forms of dysarthria described, there is no common degenerative disease that 

selectively causes spastic dysarthria; it is often the result of vascular or traumatic
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accident, but can also be caused by diseases with diffuse distributions, such as multiple 

sclerosis or motor neuron disease. Clinically, spastic dysarthria may in some cases be 

the only indication of bilateral damage following stroke (Duffy, 1995).

Symptoms

Because spastic dysarthria results from pathologies with unpredictable 

distributions, it is potentially problematic to generalize about accompanying non-speech 

symptoms. However, given that it is usually the result of damage to motor structures 

from both cerebral hemispheres, spastic dysarthria is often associated with bilateral limb 

involvement (Duffy, 1995). The movements of the limbs, as well as the tongue and lips, 

may be reduced in range and force, with a loss of fine-grained, skilled movement, which 

is most pronounced in the hands and fingers (Brodal, 1998; Enderby, 1986). 

Additionally, in some cases, there is a lack of co-ordination of respiration and laryngeal 

function, causing dysphagia and breathing problems (Enderby, 1986). Spastic dysarthria 

may be accompanied by generalized hypertonia, hyper-reflexia, and involuntary 

repetitive muscle contractions in the limbs (Duffy, 1995). Although non-motor 

symptoms vary greatly according to distribution of damage, Darley et al. (1975) cited 

frequent occurrences of involuntary, misrepresentative emotional responses, such as 

laughing or crying.

Speech characteristics

Based on clinical data, Darley et al. (1975) reported that the distinguishing 

characteristics of spastic dysarthria were slow but regular speech rate, and 

harsh/strained voice quality. They reported both reduced and excessive stress and 

prosody, on the basis of both acoustic and perceptual data. A study of Japanese patients 

reported slow speech with an abnormal articulation rate in spastic dysarthria (Nishio & 

Niimi, 2001), but this could be due to the difference in syllabic structure in Japanese 

and English. Additional speech characteristics of spastic dysarthria include: long 

syllables (Linebaugh & Wolfe, 1984), hypernasality (Enderby, 1986), imprecise 

consonants and distorted vowels (Klasner & Yorkston, 2000), low pitch and reduced 

pitch range, reduced intensity range, pitch breaks, and breathy voice quality (Darley et 

al., 1975). Researchers have also reported generally decreased intelligibility in spastic 

dysarthria (Klasner & Yorkston, 2000; Linebaugh & Wolfe, 1984).
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3.2.5 Unilateral UMN Dysarthria

Unilateral upper motor neuron dysarthria is unique among the central nervous 

system dysarthrias for being named for the location of a lesion rather than a description 

of its perceivable qualities. In fact, some researchers have treated unilateral UMN 

dysarthria as a subcategory of spastic dysarthria, because it results from similar 

pathologies but with damage to only one side of the brain (Thompson-Ward, 1998). As 

the name implies, it results from damage to fibres of the pyramidal tract on one side of 

the central nervous system. It is also unique among the dysarthrias in that even its 

occurrence is highly variable across patients with identical lesions (Kent et al., 2001).

Symptoms

It is difficult to make broad statements about the general symptomatology of 

unilateral UMN damage, because it does not often occur in isolation. Additionally, 

because the most common aetiology is vascular, the region of possible damage is not 

strictly delimited. However, clinical data have shown that the most frequently occurring 

non-speech symptoms accompanying unilateral UMN dysarthria include: mild 

dysdiadochokinesia, hemiplegia/paresis, tactile deficits, clumsy hand syndrome, and 

unilateral weakness in the lower face, tongue, or palate (less common). Although the 

non-speech symptoms are variable, it is extremely uncommon for unilateral UMN 

dysarthria not to be accompanied by other disorders. In fact, the speech characteristics 

of UMN dysarthria are often masked by more severe manifestations of aphasia, apraxia, 

or aprosodia (Duffy, 1995).

Speech characteristics

On the whole, unilateral UMN dysarthria is thought to be mild, both in relation 

to other dysarthrias and in relation to its accompanying non-speech symptoms (Kent et 

al., 2001). Duffy (1995) suggested that unilateral UMN dysarthria primarily affects 

articulation and probably reflects muscle weakness and inco-ordination, though it has 

also been reported to cause dysphonia. Acoustic and perceptual studies have suggested 

that unilateral UMN dysarthrics exhibit mild articulatory imprecision (Thompson-Ward, 

1998), slow speech rate (Nishio & Niimi, 2001), and mild hypemasality (Thompson & 

Murdoch, 1995).
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Table 3.1 Characteristic Dysarthric Symptoms
Spastic: harsh and strained voice quality, reduced/increased stress and prosody, 
slow speech rate
UUMN: mild hypernasality, slow speech rate, mild articulatory imprecision 
Ataxic: exaggerated respiratory movements, harsh voice quality, +/- variability in 
pitch and loudness, excess and equal stress, long syllables and phonemes, slow 
speech rate, imprecise consonants and vowels, irregular articulatory breakdown 
Hypokinetic:

PD: harsh and breathy voice quality, reduced intensity, high pitch, reduced 
pitch range, reduced stress, rapid speech rate
PSP: hoarse voice quality, reduced intensity, low pitch, reduced pitch range, 
hypemasality, slow speech rate, imprecise articulation, palilalia 
Shy-Drager syndrome: reduced pitch range, disrupted phonation, slow 
speech rate, imprecise consonants and vowels
Wilson’s disease: reduced pitch variation, reduced stress, reduced intensity 
variation, and imprecise consonants 

Hyperkinetic:
Chorea: harsh and strangled voice quality, variable pitch, mild 
hypemasality, variable speech rate, imprecise consonants and vowels, 
irregular articulatory breakdown
Dystonia: audible inspiration, voice stoppages, hypernasality, slow speech 
rate, imprecise consonants and vowels
Myoclonus: voice fluctuations and arrests, hypemasality, slow speech rate, 
sporadically imprecise consonants and vowels 
Essential tremor: intermittent breathiness, quavering voice quality, 
intermittent voice arrests, reduced pitch and loudness variability, variable 
intensity, slow speech rate
Tourette’s syndrome: involuntary vocalizations, coprolalia, echolalia, 
palilalia, and variable speech rate

3.3 Apraxia of Speech

Apraxia of speech (AOS) is fundamentally, qualitatively different from 

dysarthria, despite also being a speech motor control deficit; however, the differences 

between the two can be difficult to describe precisely, in part because descriptions of 

dysarthria tend to focus on individual articulators and acoustic correlates rather than 

patterns of movement. There is considerable disagreement about the nature of apraxia of 

speech, and to some extent, even about its existence. AOS is not simply limb apraxia 

transposed onto the speech articulators, because there is a distinct disorder specifically 

affecting non-speech movements, known as non-verbal oral apraxia. Limb apraxia and 

AOS often co-occur clinically, but there have been cases of each independent of the 

other (Wertz et ah, 1998).

In general, apraxia of speech is thought to be a “higher level” speech motor 

disorder than dysarthria, though researchers have had difficulty setting out criteria that 

would distinguish the two. Indeed, as Croot (2002) has pointed out, all of the symptoms
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that have been reported in AOS have been reported in dysarthria as well. Proposed 

distinctive criteria of AOS vs. dysarthria include: ability to execute volitional vs. 

automatic speech (Wertz et al., 1998); impairment of motor speech programming vs. 

execution (Darley et al., 1975); disruption of speech vs. non-speech movement (Square 

et al., 1997); variability vs. consistency of speech symptoms (Wertz et al., 1998); 

symptoms that are progressive vs. stationary (Kent et al., 2001); and disruptions at a 

phonological vs. phonetic level (Wertz et al., 1998).

Briefly put, the typical, albeit not necessarily distinctive, speech characteristics 

of AOS include speech initiation problems (Croot, 2002; Wertz et al., 1998), extended 

aprosodia (McNeil et al., 1997; Wertz et al., 1998), equal stress and reduced intensity 

(Darley et al., 1975), slow speech rate (Darley et al., 1975; McNeil et al., 1997; Ziegler, 

2002b), inco-ordination of multiple articulators (Duffy, 1995), and imprecise 

articulation (Darley et al., 1975).

Anatomy and Symptoms

Clinically, AOS (or for that matter any form of apraxia) is almost always the 

result of damage to the left cerebral hemisphere. While neurological lesions rarely affect 

only a single functionally-defined brain area, Dronkers (1996) reported that the one 

pathology shared by all cases of AOS reported thus far is damage to the left insular 

cortex, which is consistent with the finding that the left insula is active during speech 

articulation (Wise et al., 1999). This finding should be interpreted with caution, 

however, because it merely identifies the area that was common across multiple cases of 

AOS and not all areas that could possibly be related to AOS. While AOS can occur in 

isolation, it is often accompanied by other symptoms correlated with anterior left 

hemisphere damage, such as aphasia, dysarthria, limb apraxia, right hemiparesis, 

hypertonia, hyper-reflexia, and somatosensory deficits. Several of these symptoms 

(particularly the first two) can make AOS more difficult to identify.

Duffy (1995) stated that there are “important conceptual similarities and 

differences” between AOS and limb apraxia, although he did not elaborate on them. 

Apart from any structural differences between AOS and dysarthria, AOS is distinct 

from dysarthria in that there is a related clinical phenomenon that goes by the same 

name, which is exhibited in another part of the body (i.e. limb apraxia). However, it is 

difficult to know exactly how to compare limb apraxia and AOS, beyond the difference 

in affected body parts. Non-linguistic limb movements do not have the structural or 

sequential demands of linguistic orofacial movements; and non-linguistic orofacial
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movements do not have the possible range or combinatorial possibilities of any upper 

limb movements. As it is typically defined, limb apraxia refers to an inability to produce 

or copy meaningful gestures, i.e. to match an object or an action to a movement. But 

what is supposedly retained in AOS is the semantic content of the speech being 

produced; when this is lost, the patient is not only apraxic but aphasic. So in the case of 

limb apraxia, there appears to be an impaired semantic function, which in contrast 

remains intact in apraxia of speech. As a result, the position of AOS between dysarthria 

and aphasia remains unclear.

Volitional vs. automatic speech

Wertz et al. (1998) defined AOS as “a neurogenic phonologic disorder resulting 

from sensorimotor impairment of the capacity to select, program, and/or execute in 

coordinated and normally timed sequences, the positioning of the speech musculature 

for the volitional production of speech sounds.” The idea of a breakdown in volitional 

but not automatic speech in AOS is appealing, because it is consistent with the pattern 

of movement breakdown often reported in limb apraxia (Ziegler, 2002a). However, it is 

not clear precisely what in this definition differentiates AOS from dysarthria. All of the 

aforementioned forms of dysarthria are neurogenic and sensorimotor; many of them 

directly impact co-ordination, programming, and sequencing of speech movements, as 

well as positioning of the speech musculature. As for the differential impairment of 

volitional as opposed to automatic speech movements, this criterion is scarcely ever 

mentioned in the context of dysarthria research, so it is difficult to know whether or not 

dysarthric subjects are impaired on it. Additionally, the claim bears an unclear 

relationship to the early finding by Darley et al. (1969a) which suggested that AOS 

subjects were differentially impaired on imitation tasks as opposed to spontaneous 

production. Depending on the nature of the experimental task, a spontaneous production 

could be either more automatic or volitional/rehearsed.

Motor speech programming vs. execution

Code (1998) and Wertz et al. (1998) also reiterated the idea proposed by Darley 

et al. (1969a) that AOS reflects a disruption in speech motor programming, while 

dysarthria reflects a disruption to execution of speech movements. This theory rests on 

the observation that individuals with AOS are often unimpaired on low-level measures 

of muscular ability. However, as previously stated, the nature of a motor speech 

disorder often bears little relationship to the strength and tone of individual muscles in
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the speech production mechanism. The fact that subjects with dysarthria exhibit low 

level deficits in muscle tone or strength does not by necessity imply that those deficits 

fully explain their dysarthria. If it did, one would not expect dysarthric subjects to show 

the types of differential performance on speech compared to non-speech tasks that have 

been reported (Ziegler, 2002b).

Disruption of speech vs. non-speech movements

Duffy (1995) suggested that one of the distinctive characteristics of AOS is that 

it does not show symptoms in oral non-speech movements, or a loss of strength, tone, or 

range of movement in speech musculature. However, Netsell (1975) referred to cases of 

Parkinsonian dysarthria impacting speech but not non-speech oral movements.

Similarly, Ziegler (2002b) reported dysarthric subjects who showed differential 

performance on linguistic and non-linguistic tasks. Irrespective of these findings, 

though, a discrepancy between speech and non-speech movements could simply reflect 

the speed or complexity of the required movements, rather than a qualitative difference 

in the disorder. Setting disruption to speech but not non-speech movements as a 

defining quality of AOS is also problematic because it rules out the possibility of non-

verbal oral apraxia. It is widely acknowledged that AOS and non-verbal oral apraxia 

can co-occur, but by this criterion such a case would automatically become defined as 

dysarthria.

Variability vs. consistency of speech symptoms

Darley et al. (1969a) claimed that dysarthric speech symptoms tend to be present 

consistently, rather than appearing on some productions but not others; while apraxic 

speech symptoms present almost arbitrarily on particular productions of a word or 

syllable but not other productions of the same word or syllable. However, many features 

of dysarthric speech (in particular of ataxic or hypokinetic speech) do not seem to 

present consistently, either in perceptual or acoustic data (Ho et al., 1998; Kempler & 

Van Lancker, 2002). Given the degree of inconsistency in those findings, it is difficult 

to say that another motor speech disorder is inconsistent in comparison.

Disruptions at a phonological vs. phonetic level

Wertz et al. (1998) claimed that apraxic errors are errors of substitution, while 

dysarthric errors are errors of distortion. In other words, apraxic errors are phonemic 

and dysarthric errors are phonetic. First of all, this was contradicted by the acoustic data
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from the same study, which revealed distortion errors not shown by the perceptual 

measures. But more critically, the question is complicated by the fact that apraxia is 

frequently accompanied by aphasia (Flynn et al., 1999; Nielsen, 1962). As outlined 

previously, if apraxic errors are phonemic, then what is the difference between it and 

mild forms of Broca’s aphasia?

Symptoms that are progressive vs. stationary

In their review on the relationship between anatomical and behavioural findings 

on speech movement disorders, Kent et al. (2001) grouped AOS together with 

progressive dysarthria. On the one hand, this conflates the nature of the movement 

disorder with the course of the condition. But beyond that, it contradicts earlier findings 

that AOS is more likely to be transitory and improve with time (Duffy, 1995).

Speculations about anatomy

Because apraxia of speech ostensibly represents a high-level motor speech 

disorder, researchers have primarily explored questions surrounding the function of 

parts of the brain associated with AOS, rather than describing the relationship between 

anatomy and function in terms of pyramidal or extrapyramidal structures, and activation 

or suppression of components of the motor system. Darley, Aronson and Brown (1975) 

put forward the idea that AOS results from a problem with the motor speech 

programmer. Their view is that the motor speech programmer is influenced by input 

from “sensory feedback, the basal ganglia and cerebellum, the reticular formation and 

thalamus, the limbic system, and the right hemisphere.” Additionally, Duffy (1995) 

proposed that the motor speech programmer is in the left cerebral hemisphere.

These analyses are problematic for a few reasons. First, as previously implied, 

the absence of peripheral weakness seems to encourage researchers to look for 

explanations of AOS outside the bounds of established models of motor control. 

Although it is possible that the source of AOS does lie outside those models, it would 

be preferable to search for explanations within that framework first, rather than 

proposing entirely new functions and a hypothetical anatomical structure, which 

interacts with nerves, muscles, and the corticospinal tract only very tangentially. 

Looking beyond the theoretical approach to some details of its logical implications, 

Duffy’s (1995) proposal that the motor speech programmer is in the left cerebral 

hemisphere is so broad that not much is gained by stating it. All the evidence to date 

suggests that the left hemisphere plays a greater role in both speech and language than
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the right hemisphere; besides which, the left hemisphere as an entirety is not a 

functionally-meaningful anatomical unit. Finally, on an intermediate level between 

anatomy and theoretical framework, it is not clear how the motor speech programmer 

proposed by Darley et al. (1975) relates to either anatomical or theoretical structures, 

because it is described alternately in terms of one or the other. Consequently, it is 

unclear what lies within the bounds of the speech programmer and what is structurally 

or functionally external to it. For instance, are the basal ganglia a part of the motor 

speech programmer, or do they simply project to it, and what would be the implications 

of one versus the other? From the opposite perspective, how can possible anatomical 

correlates of the motor speech programmer be hypothesized, when the structures 

providing input to it are described in functional rather than anatomical terms?

3.4 Summary

This chapter has explored the varieties of dysarthric speech in order to allow for 

speculation about similarities and differences between them and possibly analogous 

forms of sign dysarthria. Up until now, motor control disorders of speech and of 

movement more broadly have formed two more or less distinct areas of research, and 

attempts to combine the two will require the basic assumptions of both to be re-

examined and perhaps re-framed.

According to traditional definitions, apraxia was a disorder of the hands, and 

aphasia and dysarthria were disorders of the mouth and vocal tract. While aphasia is no 

longer thought to pertain exclusively to the mouth/vocal tract, nor apraxia exclusively to 

the hands, dysarthria is still defined primarily in terms of specific articulators, despite 

being “a neurological symptom.” If the other two disorders can be re-framed in terms of 

function or behaviour, then it should be possible, and in all likelihood more accurate 

and informative, to re-frame current models of dysarthria as well.

It is clear that there are significant physical differences in disruptions to motor 

control for speech and disruptions to motor control for sign. As outlined in the previous 

chapter, the two language production modalities differ in important ways at every level 

of the production mechanism, from the projections of the cerebral cortex to the fibres of 

the relevant muscles. As a result, there will likely be entire categories of dysarthria that 

can exist in one modality but not the other. However, it is necessary to delineate the 

inherent differences in the two modalities and not be misled into focusing on differences 

that are mere artefacts of a theoretical framework or data coding scheme.
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Finally, it is hoped that looking at dysarthria in a new modality will yield new 

insight into the nature of dysarthria in the modality in which it was originally described, 

and help to integrate speech motor control research into motor control research more 

broadly. A productive beginning for this would be the establishment of measures that 

are articulator-independent, and consistent within a particular measurement scheme 

(rather than, for example, describing a behavioural phenomenon in anatomical terms). 

For instance, researchers could analyse patterns of voluntary movements, reflexes, and 

tone in terms of whether or not they are particular to spindulated muscles rather than 

being particular to the tongue or larynx (Luschei et ah, 1999). Similarly, speech 

movements can be described in terms of their timing and co-ordination demands instead 

of their particular articulators (Ho et ah, 1998). In this way, the implications of research 

findings would have much larger significance. As a beginning toward that goal, the 

following chapter will outline the considerations in developing a methodology to 

investigate sign dysarthria and describe the methodology that was used for this study.
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4 Methodology
4.1 Background and Research Issues

One of the most difficult but fundamental tasks in linguistics as well as 

behavioural science generally is to collect and record informative, representative 

behavioural data from human subjects. Unlike data examined in the physical and 

biological sciences, human behavioural data take no long-term physical form, leave no 

physical trace, and are subject to variation caused by an abundance of uncontrollable 

factors (physical, social, psychological, or other). Despite the difficulty of the task, 

methodologies have been devised by linguists to extract as much information as 

possible about the elusive data produced by humans as language. Above and beyond the 

difficulties of capturing linguistic data, however, the sign language researcher faces the 

additional challenge of capturing, interpreting and analysing data in a medium that is 

under-represented in linguistics. Because of the particular difficulties inherent to 

research on the physical structure of signed language, the first section of this chapter 

will discuss methodologies previously used in linguistics, motor control, speech motor 

control, and sign language research, and their applicability to the research questions 

posed here. The remainder of the chapter will then describe the methodologies used for 

this study (including the research subjects, procedures, tasks, measures, and coding 

schemes) and the rationale behind their use.

4.1.1 Sign language structure and data capture

4.1.1.1 Sign vs. speech

While linguists have well-established techniques for recording and transcribing 

the data relevant to them, many of these techniques cannot be easily applied to a 

language that uses no sound and has no commonly-used written form. In signed 

language research, no equivalent has been developed to parallel representations of the 

physical form of language (such as spectrographic analysis), written transcription 

systems (such as international phonetic alphabet), or establishment of relevant units of 

measure (such as fundamental frequency), which are standardized in spoken language 

research. Thus, describing the physical form of sign language is a particular difficulty, 

because there is no commonly agreed upon representation of the physical signal, 

transcription system, or set of phonetic measures for sign languages.

As outlined in the previous chapter, the physical structure of signed language is 

strikingly different from that of spoken language. Unlike speech, which uses an 

auditory/vocal production medium, signed language uses a visual/manual medium, with
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the hands and arms as its primary articulators. Because the articulators are much larger, 

sign uses a large articulatory space relative to speech, which means that sign data must 

be captured from a broad area of space. Because there are many sign articulators that 

can act independently of each other, data capture must allow for multiple streams of 

information to be recorded at once. Sign uses a visual medium, which means that the 

capture system must be able to capture data that are four-dimensional, with dissociable 

x, y, and z co-ordinates measured over time. The one parameter along which sign is 

easier to capture than speech is speed: because signs are produced more slowly than 

spoken words, the necessary rate of data capture is slightly slower (Klima & Bellugi, 

1979).

Given the physical differences between sign and speech, it is likely that the most 

suitable measures as well as the most suitable data capture techniques will be different 

for the two modalities. Moreover, the measures for sign are going to be new and often 

not easily comparable to measures for speech. It is far too easy to fall into the trap of 

looking for speech analogues in sign language production, which, particularly at the 

level of articulation, may simply not be there. The fact that researchers have identified 

the phenomenon of fundamental frequency in spoken language is no reason to search 

for something in signed language upon which to affix the same label.

4.1.1.2 Data capture techniques

Given the physical structure of signed language, it is worth considering the 

different methodologies for recording and measuring the movements of the hands and 

arms, some of which are preferred by motor control researchers, others by sign language 

researchers, and a few by both. (A short list of the advantages and disadvantages of 

various movement capture techniques is presented in Table 4.1.) While some motor 

control research has focused on speech articulation, none has yet examined signed 

language purely as a movement task, independent of linguistic function. Up to this 

point, motor control researchers’ only interest in hand and upper limb movements has 

been in non-linguistic contexts, such as pointing or grasping, which are much simpler 

than signing. Consequently, data capture techniques used by motor control researchers 

to examine limb movements are well adapted for the sign language medium but not the 

signal itself, while capture techniques used in phonetics are well adapted to rapid, 

precise articulation but cannot be applied to sign movements.

Capture techniques used by sign language researchers are more geared towards 

preserving the linguistic content of the data, irrespective of the technique’s suitability to
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the signal or the medium. Videotaping is the most widely used capture technique in sign 

language research (Atkinson et al., 2002; Hickok et ah, 1995; Hickok et ah, 1999); 

though it is not widely used in motor control research, outside of research on apraxia 

(Halsband et ah, 2001; Sunderland & Sluman, 2000). The temporal and spatial 

resolution of videotape are greatly limited (25-30 Hz frame rate, and variable spatial 

resolution, depending in large part on the researcher), particularly given the speed and 

precision with which signs and fingerspelled words are produced. Nonetheless, 

videotaping has its advantages as a capture technique. It is only minimally intrusive 

relative to other techniques, can be used anywhere (an important consideration for 

clinical subject groups), and the collected data are easily stored and retrieved. 

Additionally, the simple fact that videotaping is not spatiotemporally precise means it 

allows movements to be recorded and described more broadly than techniques that can 

capture more detail.

Unlike video, kinematic systems record data from markers placed on the body, 

using basic principles of physics, coupled with rapid processors. Optoelectronic systems 

use a set of cameras in conjunction with a set of light sources to track movement; for 

example, the Optotrak™ system (Northern Digital Inc.) uses a set of diodes that emit 

infra-red light. The diodes are placed on subjects’ bodies (usually the hands) and a set 

of two or more cameras are able to record emissions of light from the diodes and 

compute the 3D co-ordinates of their locations over time. Optoelectronic systems can be 

very spatiotemporally precise (450-750 Hz, depending on software; 0.1-0.15 mm) but 

because they are optical, they cannot record data when anything opaque comes between 

a diode and the cameras. This includes instances where the hand changes orientation so 

that part of the hand itself comes between the diode and the cameras. Another type of 

optoelectronic system (Vicon™, www.vicon.com), rather than using diodes, uses 

markers placed on the body that reflect infra-red light emitted by a strobe around the 

camera lens. The reflected light is received by the electronic cameras, and the locations 

of the markers are tracked over time. This type of system has lower temporal resolution 

(60 Hz), though it does have a means of extrapolating a trajectory from one point in 

space to another, which makes occlusions less problematic.

Optoelectronic systems with diodes are used by speech (Ackermann et al., 1997; 

Ostry et al., 1996), motor control (Gentilucci & Negrotti, 1999; Lang & Bastian, 2002), 

and sign language researchers (Brentari et al., 1995; Poizner et al., 1987). Strobed 

systems are used by fewer researchers on the whole, but the researchers are from both 

sign language (Cormier, 2002) and motor control research (Krystowiak et al., 2003;
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Park et al., 2003). Notably, within motor control research, strobed systems are more 

often used to measure gait or posture: i.e., movements that are less fine-grained than 

hand and arm movements (Defebvre et al., 1996). However, optoelectronic systems in 

general are spatiotemporally precise enough that it is problematic to use them to 

compare movements from many independent articulators across multiple signed 

productions. The number of data points generated by such an experimental design is 

simply too large. Optoelectronic, and kinematic systems more broadly, are very well- 

suited to comparing the movements of a few markers (e.g., placed on the thumb, wrist, 

and elbow) during repetitions of the same action, but not for describing how articulators 

act as a group across several distinct sets of movements.

Kinematic systems can also employ a large magnet in combination with a group 

of small magnets: the small magnets are attached on the body, and when they move 

through space, they disrupt the magnetic field generated by the large magnet and their 

positions can be tracked. Magnetic systems have an advantage over optoelectronic 

systems in that data are not occluded when the markers face away from the cameras. 

Magnetic tracking is less temporally precise than the most precise optoelectronic 

systems (60-120 Hz) (www.polhemus.com). However, there is still the same 

computational problem of not being able to compare many independent articulators 

across many productions, because of the spatiotemporal precision of the measurements. 

Magnetic capture systems are used by both sign language (Bangham et al., 2000) and 

motor control researchers (Laffont et al., 2000), as well as by phoneticians and speech 

motor control researchers (Ellis & Hardcastle, 2002; Honda et al., 2002). Magnetic 

speech capture systems use a methodology called electromagnetometry (EMA), in 

which magnetic coils are attached to the tongue and palate, while the head remains in a 

fixed position. However, with a few exceptions (e.g., Goozee et al., 2000), EMA is not 

in widespread use among researchers investigating speech dysarthria.

83

http://www.polhemus.com


Table 4.1: Considerations for different movement capture techniques

C a p tu re
T ech n iq u e

A d v a n ta g e s D is a d v a n ta g e s R e se a rc h
A re a s

Videotape

Optoelectronic

can capture multiple 
stream s of data, allows 
comparison of varied 
datasets, transportable

spatially and tem porally 
Imprecise

sign language, 
apraxia

LEDs spatiotem porally precise data occlusions, applicable 
only to  small set of 
m ovem ents, not transportable

sign language, 
m otor control, 
speech m otor 
control

Strobe reflectors spatially precise minor data occlusions, 
applicable only to  small set of 
m ovem ents, not transportable

sign language, 
m otor control 
(lim ited)

Magnetic spatially precise applicable only to  small se t of 
m ovem ents, not transportable

sign language, 
m otor control 
(lim ited), speech 
(lim ited)

EMG precise m easure o f e ffecto r 
activ ity , tight relationship 
w ith neural function

unclear relationship to  global 
output, not transportable

speech, m otor 
control

Electromyography, or EMG, uses electrodes placed on the skin to record 

electrical activity from muscle fibres. As such, it captures a fundamentally different 

type of data from all the capture techniques discussed so far: EMG does not record an 

approximation of the visual representation of a subject’s movements, but rather what the 

muscles themselves are doing. It is the most precise technique in terms of capturing 

what the effectors or articulators are doing, but the least informative about the global 

output of the system. EMG has been used in research on motor control (Erimaki & 

Christakos, 1999; Meunier et al., 2000) and on speech (Strauss & Klich, 2001; Wohlert 

& Smith, 2002) but not in sign language research. It will only be useful for sign 

language research when a sufficiently narrow research question about the sign 

production mechanism arises.

4.1.2 Sociolinguistic aspects of sign language

Because there are implications for experimental design, the sociolinguistics of 

sign languages will be discussed briefly. As in any linguistic research, one must take 

into account the linguistic background of the research subjects; and there are particular 

factors that come into play with sign languages, not because of their physical or 

grammatical structure, but because of the circumstances in which they are learned and 

used. First, a large majority of Deaf signers come from hearing families and as a result
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do not learn the language from their parents (Sutton-Spence, 1999); most signers 

acquire sign language relatively late because they have no exposure to it prior to 

entering school. Additionally, because educational policy has typically discouraged sign 

language use, deaf children get varying degrees of exposure to sign language from 

teachers or deaf peers. As a result of being exposed to the language at a range of ages 

and in a range of environments, different signers’ use of the language is extremely 

varied (Mayberry & Groschler, 1994; Newport, 1990).

The status of sign languages in the industrialized world has improved 

significantly in the past few decades, but traditionally the stigmatization of sign 

language in schools and elsewhere has meant that it was used primarily in informal 

contexts. Hence, there was little in the way of an elite language dialect, which would be 

emulated and spread through the linguistic community (Battison, 1978). Furthermore, 

because sign languages are invariably minority languages, irrespective of whether their 

use is stigmatized, they have typically had no central institutions like universities or the 

broadcast media to canonize certain forms of the language. Historically, Deaf 

communities have been relatively isolated from each other linguistically because the 

language has no written form, no broadcast media presence, and no medium of 

communication analogous to the telephone. Consequently, there is a great deal of 

dialectal variation in many sign languages, including British Sign Language. As a result 

of these factors, age of acquisition, educational policy, linguistic isolation, and access to 

communication technology, Deaf signers as a linguistic group are extremely diverse.

It is necessary to design linguistic tasks, as well as testing procedures more 

generally, with these issues in mind. Because of the extent of dialectal variation, it can 

be necessary to ask subjects to copy signs rather than do a naming task, for example, to 

ensure that they produce the intended target. For these, as well as other reasons, it is 

often more useful to design tasks for individual subjects, rather than use a set of 

standardized tasks, intended to be universal. While the latter approach has the benefit of 

facilitating statistical comparisons across subjects, it also assumes the subjects are alike 

except on the measures on which they are being compared, which is often not a valid 

assumption. Apart from the question of language modality, standardized tests are 

invariably written in a majority language and cannot always be translated effectively. 

This is an issue that has been examined in many cultural contexts, but has been 

insufficiently explored in the case of sign languages. An example of a difficult 

translation issue particular to sign languages is the problem of how to administer an
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apraxia test when a direct translation of the test into sign language can give clues to the 

correct response.

4.1.3 Atypical sign language users

The final methodological issue for this type of research is the collection and 

analysis of linguistic data from atypical subjects, in this case, subjects with movement 

disorders, and in some cases linguistic or other cognitive disorders as well. Particular 

demands of data collection with atypical users of any language include discriminating 

movement problems from other problems (e.g. impaired visual processing, cognitive 

slowing), designing tasks that are reasonable measures of the subject’s capabilities, 

collecting data efficiently in subjects who are apt to tire easily, and picking up important 

variations from normal production without over-emphasizing variations that are not 

important.

In addition to these considerations, however, being both an atypical subject and 

a Deaf signer introduces new complications, the most significant being that sample sizes 

are inevitably small. Unlike research on hearing people with Parkinson’s disease, for 

example, a study on Deaf subjects with any impairment cannot compare homogeneous 

subjects on the same individual measure and yield any substantial body of data. Because 

it is difficult to find many subjects who are both Deaf and also have a cognitive or 

neurological disorder, studies have to be designed to get the most useful information 

from a small number of subjects. Finally, a related complication is that there are limited 

normative data for British Sign Language, which means there is the risk of 

overinterpreting slight variations in data from atypical signers, simply because those 

data are examined more carefully than the behaviour of unimpaired signers.

As this is not the first study to investigate atypical signers, it is worthwhile to 

delineate the topics and methodologies explored by others. As discussed above, 

virtually all studies of atypical signers have small sample sizes; it is the truly 

exceptional study that has more than twenty subjects (Atkinson et al., 2002; Emmorey 

et ah, 1996; Hickok et ah, 1996). A lot of research on atypical signers takes the form of 

case studies, which can be very informative if done well. In depth studies of particularly 

interesting or unique subjects can yield insight that studies with large numbers of 

“average” subjects cannot (Kegl & Poizner, 1997), because they can reveal precisely 

what it is that distinguishes the average from the atypical.

One area of research on atypical signers has looked at subjects who are not 

necessarily deaf, but who have some type of unusual language ability or disability, such
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as Landau-Kleffner syndrome (Kegl et al., 1996; Sieratzki et al., 2001), Down 

syndrome (Woll & Grove, 1996), or linguistic savantism (Morgan et al., 2002), to see 

how those subjects perform on signed tasks in comparison to spoken or written tasks. 

These studies were all designed to investigate the effects of language modality on 

language learning or use. Because of the research question, these studies were able to 

follow the longstanding tradition in experimental psychology of comparing the same 

measures on the same tasks across different conditions. The condition in this case is the 

language modality being tested.

The bulk of research on atypical signers has examined stroke and its effects on 

signers’ linguistic competence (Atkinson et al., 2002). In particular, many studies on 

sign language and aphasia have focused on distinguishing sign language from gesture 

(Corina et al., 1992a; Poizner et al., 1987) and from visuo-spatial ability (Emmorey et 

ah, 1996; Hickok et ah, 1996; Hickok et al., 1999; Loew et ah, 1997), by describing 

cases of acquired neurological damage that impacted one function independent of the 

others, thereby documenting that sign language is dissociable from other cognitive 

functions. This line of research has been put forward as proof that sign language is 

linguistic rather than gestural in nature, on the assumption that the two are mutually 

exclusive categories. Unlike studies focusing on typical signers’ ability in signed, 

spoken, or written language, studies on linguistic competence following stroke or injury 

have usually compared signers’ ability on linguistic and non-linguistic tasks. Because 

the focus in these studies was on showing that sign language ability was independent of 

other cognitive abilities, the researchers in effect created methodological complications 

for their studies, since there is no way of directly comparing linguistic and non- 

linguistic cognition.

Additional research has contrasted the effects of aphasia and movement deficits 

(other than apraxia) on sign language production (Brentari et ah, 1995; Loew et ah, 

1995; Poizner & Kegl, 1992, 1993). Although these studies examined movement 

deficits, for the most part, the primary interest was in illustrating deficits in sign 

production that were fundamentally non-linguistic in nature and contrasting them with 

aphasia (Poizner & Kegl, 1993). Nonetheless, the shift in emphasis toward movement 

impacts the research design in a few important ways. First, the measures in these studies 

tended to be more paralinguistic than linguistic in nature: researchers described non- 

contrastive variation in handshapes, and quantified pause length (Loew et ah, 1995), 

relative movement onsets of multiple articulators (Tyrone et ah, 1999), and ratios of 

handshape change to limb movement (Brentari et ah, 1995). Unlike research comparing
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atypical signers’ performance on linguistic and non-linguistic tasks, studies on aphasia 

and movement deficits compared the nature of subjects’ performance on the same tasks: 

usually spontaneous signing. Additionally, these studies used fewer standardized tests 

of linguistic or cognitive ability, since such measures would miss the behavioural 

distinctions being described, and standardized tests to detect those distinctions have yet 

to be developed. Coming back to the earlier point about Deaf signers as an inherently 

small and diverse subject population, it is not clear how appropriate or useful 

standardized behavioural measures are for Deaf subjects, particularly when the focus of 

the research is on an atypical subset of that group. To date, there is too little indication 

that behavioural measures routinely used for hearing subjects are informative when 

applied to healthy Deaf signers, much less when they are applied to Deaf signers with 

neural damage.

To summarize, for the most part, researchers investigating atypical signers have 

used linguistic tasks (often translated from spoken language) in combination with less 

rigidly structured conversation or narration tasks to elicit productions, and recorded 

those productions on videotape for later analysis. Studies contrasting language and 

movement or language and other cognitive ability have made little direct comparison of 

scores on standardized cognitive or movement tests, but have instead used more general 

descriptions of subjects’ patterns of performance. Perhaps by necessity, comparisons 

across tasks and across subjects in these studies tend to be made in broad terms.

4.2 Development of methodology for this study

In addition to the constraints on methodology imposed by doing research on 

atypical users of a language that is expressed via an under-researched modality, at a 

more basic level, the methodology has to be appropriate to the research question. The 

current study differs from most research on atypical signers in that it places greater 

emphasis on movement itself, and the relationship between disruptions to movement 

and disruptions to sign production. The purpose of this study is not to show that sign 

language production and human movement are two separate systems, but rather to 

examine the effects of movement disorders on sign language production, in light of the 

effects of those disorders on speech, and in light of the differences in physical structure 

between speech and sign. Because signed language is rapid, complex and systematized, 

and because it uses the hands and arms as articulators, it is expected that its relationship 

to human motor control will be both similar to and different from spoken language’s
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relationship to human motor control. The question is: how are the relationships similar, 

and how are they different?

Because the design for this study was created more or less de novo, there were 

several points that had to be considered critically. These include: the breadth and nature 

of the research question; the schema for the categorization and classification of the data; 

the physical structure of the data; the type of data likely to be most informative; possible 

measures of sign data as compared to speech data; and possible measures of sign data as 

compared to movement data. Given that the study is looking at sign language as 

movement, it is necessary to compare data collection and analysis methods from 

phonetics, speech and language therapy, sign linguistics, and motor control research to 

assess which methods are best applied to the research question and the data.

This is the first study to look at a group of subjects with a variety of movement 

disorders and try to both describe the broader phenomenon of disruption to sign 

articulation, as well as capture variations within that phenomenon. As such, the research 

question seemed better suited to a research methodology and capture technique that are 

less precise but offer greater generality. The goal was to begin to identify the basic 

parameters along which sign articulation can be disrupted, so that future studies can 

pose more sharply delimited research questions about the physical details of those 

parameters.

While there are sign language capture techniques that provide more spatial and 

temporal detail than videotape, it was decided that videotape would be preferable for 

two reasons. First, because this study was intended to describe a range of disruptions to 

sign articulation, it was necessary to analyse multiple physical aspects of signing at 

once to determine where and how impairments might manifest themselves. In a sense, 

the data from kinematic or electromyographic studies are too specific to be useful in 

addressing this research question. As this is an exploratory study and the first of its 

kind, it is the necessary precursor to a kinematic study on a related topic. Second, on a 

smaller but still crucial point, the lack of a body of normative data on the kinematics or 

physiology of signing would render those types of data on impaired signing relatively 

uninformative.

With respect to the non-linguistic data, videotaping is by no means the most 

effective way to capture the physical parameters of relatively simple non-sign 

movements. However, since linguistic data were collected using videotape, it was 

decided to use the same data collection procedure for non-linguistic data. Using two 

different methodologies for comparing measures (e.g. co-ordination of the two arms)
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across linguistic and non-linguistic tasks could have easily lead to differences in 

findings that were purely artefactual to the data collection procedure. Additionally, 

some of the arguments for using video rather than kinematics or EMG (most notably the 

inclusion of more subjects) applied to non-linguistic testing as well as linguistic testing.

To restate the research questions outlined in Chapter 1, this study seeks first and 

foremost to establish a broad definition of sign dysarthria on the basis of observation of 

sign language users with acquired movement disorders. In so doing, it is necessary to 

delineate the differences between sign dysarthria and speech dysarthria. No hearing 

subjects with dysarthria were examined as part of this project, so comparisons between 

dysarthria in the two modalities will be made on the basis of existing literature. In 

addition, it is necessary to delineate the differences between sign dysarthria and simpler 

limb movements, and the differences between sign dysarthria and manual apraxia; these 

two questions are explicitly addressed in the analyses of the data presented here.

4.3 Subjects

Research subjects will be described individually and in greater detail in later 

chapters. They are mentioned briefly here to outline their distinctive characteristics and 

what their inclusion adds to the research. It should be emphasized, first of all, that the 

subjects are not intended to represent a uniform group, but rather to highlight the 

differences in various possible forms of sign dysarthria. They are also not intended to be 

representative of all Deaf signers with acquired movement disorders. Subjects were 

selected to illustrate a range of disorders, but there is insufficient knowledge of the 

incidence of acquired neurological impairments among the Deaf to say how this series 

of case studies relates to it.

Subjects were recruited mostly via the Deaf Stroke Project at City University, 

which ran concurrently with this study, and both studies obtained the relevant approval 

from the supervising university ethics panel. Additionally, advertisements for this study 

in particular were placed in Deaf media outlets (e.g. magazines, websites); and letters 

were sent to social workers, Deaf clubs, and clinicians in neurology and speech and 

language therapy. According to medical records obtained from subjects’ physicians, all 

of the subjects had acquired disorders, and none had a developmental neurological 

disorder. If it was apparent that subjects in the Deaf Stroke Project had a movement 

disorder, they would typically be referred to this study and considered for inclusion in 

it. The presence of a movement disorder and the absence of a developmental 

neurological disorder were the primary criteria for inclusion in this study. Beyond those
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criteria, subjects were considered for the contrast that they would show with other 

signers in the study and with hearing dysarthric subjects who had the same movement 

disorders, as described in the literature.

4.3.1 Atypical subjects

James is a 79 year old right-handed man who suffered a right hemisphere stroke 

in the territory of the middle cerebral artery, causing damage to the parietal lobe, 

primarily subcortically. Scan data revealed that he had had earlier minor 

cerebrovascular accidents (CVAs), which damaged the left thalamus and the right 

corona radiata. James’s linguistic deficits were solely pragmatic in nature: he had 

difficulty with conversational turn-taking, staying on topic in conversation, and judging 

humorous dialogue. His motor deficits included left hemiparesis, affecting the hand 

most severely. James’s case is interesting because of the contrast he showed with the 

other subjects: his signing was not severely impaired, despite his hemiparesis. Although 

he could not form handshapes on his left hand and could not move his left arm as well 

as his intact arm, his signing was otherwise fairly normal. James was included in the 

study to provide an example of a signer with mild right hemisphere damage and 

unilateral upper motor neuron dysarthria.

Robert is a 36 year old right-handed man who experienced severe cerebellar 

damage as the result of both an arteriovenous malformation, and then haemorrhaging 

subsequent to an operation to correct the malformation. Damage was distributed across 

the right lateral hemisphere, the spinocerebellum, and a small part of the pons. Robert’s 

grammar and lexicon remained essentially intact: during testing, he was able to respond 

appropriately to questions and had no difficulty with naming, though his movement 

disorder made sign articulation difficult for him. His motor deficits included nystagmus, 

inability to walk, unstable posture, and limb movements typical of ataxia: large, jerky 

movements, intention tremor, and disruptions to spatial accuracy in voluntary 

movements. Robert is included in the study to provide an example of ataxic dysarthria 

in a signer.

Joseph is a 79 year old right-handed man with progressive supranuclear palsy. 

His language ability was basically intact, except for a mild comprehension deficit. His 

movement deficits included ophthalmoplegia (loss of eye movement), slow/small limb 

movements, and a lack of movement generally. He was originally thought to have had a 

CVA, but his medical record was unclear on this point. With repeated visits by 

members of the Deaf Stroke Project, it became apparent that irrespective of whether he
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had had a CVA, he clearly had a progressive condition. Additionally, his family 

reported that he had balance problems before he was thought to have had a stroke. 

Initially, because of his bradykinesia and hypokinesia, it seemed that he may have 

Parkinson’s disease. However, on closer study, it was noted that his eye movements 

were severely limited and that he exhibited no resting tremor. A consultant neurologist 

then confirmed the diagnosis of progressive supranuclear palsy. Joseph is included in 

the study to provide an example of severe hypokinetic dysarthria in a signer, albeit not 

resulting from Parkinson’s disease.

John is a 54 year old right-handed man with Parkinson’s disease. His language 

was very nearly normal, though his production was a bit slow. His primary motor 

symptoms included resting tremor, and slow and small movements. Additionally, he 

showed mild cognitive impairment, scoring just below normal on the Folstein Mini- 

Mental exam (Folstein et ah, 1975). Possibly as a result of this, he occasionally had to 

ask for signs to be repeated. On a related note, he showed slow responses as well as just 

slow movement, though this was not tested in depth. John is included in the study 

because he had a milder case of hypokinetic dysarthria, and also because his condition 

was still sufficiently well-controlled with medication for his symptoms on- and off- 

medication to be compared.

Maureen is a 72 year old right-handed woman who suffered a left hemisphere 

CVA, in the territory of the middle cerebral artery, affecting anterior regions of the left 

cortex. Her spontaneous language was minimal to non-existent, and her naming and 

copying were severely impaired, as was her language perception. Her motor symptoms 

included right hemiparesis and severe apraxia. As a result of her aphasia, only her non- 

linguistic movements were analysed in any depth for this study; there simply were not 

sufficient linguistic data to include for analysis. Maureen is included in the study 

because her movement and signing disorders were at a noticeably different level from 

those of the other subjects. Her impairment was arguably as severe as theirs, if 

qualitatively different impairments can be compared in such terms, but hers was a 

representational dysfunction as opposed to a problem of movement execution, co-

ordination, or timing.

4.3.2 Control subjects

The primary reason for the inclusion of the left hemiparetic and apraxic/aphasic 

subjects described above was to provide a contrast to the subjects whose signing is 

severely impacted by dysarthria itself. However, in addition to including these two
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signers for comparison, two healthy, right-handed Deaf signers were also recruited to 

serve as controls for the subjects with movement disorders. Following standard practice 

in research on atypical signers, and for the sake of timely data collection and analysis, 

the number of control subjects included in the study was kept small. For the reasons 

outlined in section 4.1, finding adequately matched subjects is an exceptionally difficult 

task for this particular group of subjects, varying as considerably as they do in terms of 

language experience and dialect. Second, with the number of atypical subjects being so 

small and the data analysis procedures so time-consuming, the value of three additional 

control subjects was not estimated to be worth the investment.

A relatively young (38 year old) male signer was recruited as a control for the 

subject with cerebellar damage, since he was the real outlier in terms of age. The second 

signer was recruited to be a control subject for the remaining four subjects with 

movement disorders, and her age was approximately the mean of theirs (70 years old). 

Both control subjects were Deaf signers from hearing families, who became fully 

integrated into the Deaf community. Neither control subject had any neurological or 

movement disorder.

4.4 Procedure

Once subjects had been contacted and procedures explained to them briefly in a 

letter, researchers affiliated with the study visited them at home. All data were collected 

at subjects’ homes or places of residence, over the course of several visits. For subjects’ 

general comfort and in order to make sign productions as natural as possible, a Deaf 

research assistant administered both the non-linguistic and linguistic tasks. At the 

beginning of each testing session, procedures were explained to subjects again and in 

greater detail. On the first visit, once the procedures and broader research goals had 

been explained, subjects were asked to give their consent to participate, be videotaped, 

and allow those videotapes to be shown in academic contexts and to smaller groups for 

intelligibility judgements (each of these was a separate consent option). (Consent forms 

are included in Appendix A.) Since data were collected over the course of more than 

one visit, the order of presentation of the tasks was decided according to the subjects’ 

level of energy, with more difficult or time-consuming tasks saved for when subjects 

were well-rested. Additionally, subjects were frequently asked if they wanted to take 

breaks, and consistently given breaks once or twice per session. Because testing was 

done in multiple sessions, and guided by the subject’s energy level, the duration of the 

entire procedure is extremely variable across subjects and across sessions. On average,
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an individual testing session lasted approximately 30 minutes, and the entire session 

would be recorded on videotape for later analysis.

Background testing

No functional or structural brain imaging data were collected as part of this 

research; however, where possible, imaging data were obtained from subjects’ 

supervising neurologists. In addition to the linguistic and non-linguistic tasks designed 

for this study, subjects were given a series of background neuropsychological tests to 

provide information on their general cognitive ability, non-verbal reasoning, and visuo- 

spatial processing ability. In order to avoid fatiguing the subjects, tests were given 

according to where they seemed relevant, and/or where it was possible to administer 

them. If a subject had an impairment that precluded their taking or being assessed 

accurately by one of the tests, that test was omitted. Tests included: the Pyramids and 

Palm Trees test of semantic access (Howard & Patterson, 1992), Folstein Mini-Mental 

State Exam (Folstein et al., 1975), Raven’s Progressive Matrices (Raven & Raven, 

2003), WAIS-III Block Design (Wechsler, 1997), a line cancellation test, and the 

Benton line orientation test (Hamsher et al., 1992).

4.5 Tasks/Materials

Tasks were designed to assess the nature of subjects’ movement deficit, and in 

particular to assess the nature of their deficit on linguistic as opposed to non-linguistic 

movement. The linguistic tasks were fingerspelling, sign copying, and naming. 

Additionally, the non-linguistic tasks were designed to probe the nature of subjects' 

movement disorder, e.g. inability to appreciate how to use an object as opposed to the 

inability to physically manipulate it. The non-linguistic tasks were: pointing, the Kimura 

box (Kimura, 1977), handshape copying, reaching to and grasping an object, tool use, 

and copying object manipulation. To address how tasks were related to each other and 

how they might relate to specific movement deficits, descriptive characteristics of the 

tasks, derived partially from the definition of articulation given in Chapter 1, were 

developed. The tasks used for the study were categorized in terms of whether or not 

they were: formationally complex, sequential, representational, targeted, co-ordinated, 

and/or interacting with an external object. These characteristics are described in Table 

4.2, and the values of the characteristics for each task are listed in Table 4.3.
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F o r m a tio n a l ly  c o m p le x  (henceforth, “complex”): the hand has to take on a specific 

configuration, not completely determined by the form of an external object or target 

R e p re se n ta tio n a l ', including a symbolic or communicative component 

S e q u e n t ia l : consisting of two or more movements in sequence

C o -o rd in a te d :  requiring simultaneous or overlapping movements of proximal and distal 

joints

T a rg e te d :  requiring a specific physical interaction with something external to the primary 

effectors, though not necessarily external to the body

In te r a c t in g  w ith  a n  e x te r n a l  o b je c t:  a task that by definition is performed on an external 

object, rather than being on the body or in an undefined location

Table 4.2: Descriptive characteristics of movement tasks

Although testing procedures were the same across subjects, there was some 

variation in the tasks themselves, in order to better adapt them to individual subjects. 

For example, some of the more difficult linguistic tasks were not presented to the 

severely aphasic/apraxic subject, because her ability to copy gestures or signs, name 

images, and read written text were all so severely impaired that asking her to do a task 

that required those skills would not have been particularly informative. In addition, the 

left hemiparetic subject’s linguistic background did not encourage the use of 

fingerspelling, so it was decided that the fingerspelling task would not be informative 

for him, since his pre-morbid performance would not have been comparable to the 

performance of other subjects. Similarly, the movement task requiring the highest level 

of co-ordination was not presented to the subject with severe ataxia. A list of which 

tasks were performed by which subjects is given in Table 4.4.
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Table 4.3: Values for characteristics of particular tasks

C om plex R e p re s e n ta t io n a l S e q u en t ia l C o -o rd in a te d T a rg e t e d Externa l
O b je c t

Finger
spelling X X X X X
Sign
copying X X X
Naming X X X
Pointing X X X
Kimura
box X X X X X
Handshape
copying X
Reach & 
grasp X X X X
Tool use X X X X X X
Object
manipulation X X X X X

Table 4.4: Tasks performed by atypical and control subjects

Finger-
spelling

Signing Pointing Kimura
b o x

H an d sh a p e
co p y in g

Reach & 
g r a s p

Tool
u s e

O b je c t
m an ip u la t io n

Jam es X X X X

Robert X X X X X X

Joseph X X X

John X X X X X

Maureen X X X X

Christine X X X X X

Graham X X X X X

4.5.1 Linguistic Tasks

4.5.1.1 Fingerspelling

Subjects were asked to fingerspell English words presented to them visually. As 

this was the most motorically difficult of the linguistic tasks, it was presented to 

subjects when they were feeling most alert and energetic. Stimuli were presented in the 

form of an illustration with a typed English word underneath it (the full set of 

fingerspelling stimuli is included in Appendix A). Illustrations were shown to subjects 

one by one by the Deaf research assistant, and subjects were asked to fingerspell the 

word in isolation, in order to minimize the effects of linguistic context or coarticulation 

across productions. The research assistant was available to prompt or to clarify the 

stimuli as necessary; however, this was necessary only rarely.
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Fingerspelling is a system for borrowing words from spoken language by using 

the hands and fingers to spell the words, letter by letter (Battison, 1978; Sutton-Spence, 

1994), and different sign languages use different fingerspelling systems with different 

formational properties. Fingerspelling is not a simple cipher, because in production, the 

movements and handshapes for the individual letters are coarticulated (Tyrone et al., 

1999; Wilcox, 1992), and the transitions between letters are crucial to language 

processing (Akamatsu, 1983). In this regard, charts of fingerspelling systems can be 

misleading, because they often present letters in isolation, and as if they are static forms. 

With respect to the two-handed fingerspelling system used in BSL, charts can be 

additionally misleading, because they typically present fingerspelled forms as if the 

“non-active” hand does not move, when in fact, it often changes both hand 

configuration and orientation in the course of fluent fingerspelling (Sutton-Spence, 

1994). (There is a BSL fingerspelling chart included in Appendix B, which shows the 

finger movements of the non-dominant as well as the dominant hand.) It is the rapid rate 

of production of individual letters in combination with the high degree of coarticulation 

and the co-ordination demands of independent finger and hand movements that make 

fingerspelling motorically difficult (Tyrone et al., 1999; Poizner et al., 2000).

The fingerspelling task was included in the study because fingerspelling is an 

important part of sign language use, and it has greater spatiotemporal and motoric 

demands than signing (Emmorey et al., 2003; Tyrone et al., 1999). According to the 

movement categorization criteria listed above, fingerspelling is complex, 

representational, sequential, co-ordinated, targeted, and requires no interaction with an 

external object. First, it is complex because the hands have to take on particular, 

arbitrary configurations for productions to be well-formed. Fingerspelling is 

representational because the system is used to convey linguistic information; this was 

true in the task that was used for this study, as well as being true in Deaf signers’ 

normal day-to-day behaviour. It is sequential because the words that it represents are 

conveyed letter by letter. A signer can of course produce individual fingerspelled letters 

to refer to specific letters rather than words, but that is not its most common use and 

was not included in the task for this study. The fingerspelling task is co-ordinated, 

because it requires the movement of multiple joints at once or in an overlapping 

manner. BSL fingerspelling, unlike most other fingerspelling systems, is targeted 

because in all but one letter, the two hands have to make contact in order for a letter to 

be produced correctly. Finally, unlike some of the non-linguistic movement tasks 

described below, fingerspelling requires no interaction with an external object', the body
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itself is all that is used for fingerspelling production in sighted signers. As a side note, 

movement tasks that require an external object are almost always targeted, but targeted 

tasks do not necessarily require an external object, because parts of the body can serve 

as movement targets.

4.5.1.2 Sign Copying

For the sign copying task, subjects were asked to repeat signs produced by the 

research assistant. The sign copying task was designed to allow for comparison of 

specific formational properties of signs (such as co-occurring handshape and movement 

change, or asymmetrical movements of the two hands) that were predicted to be easier 

or more difficult to produce. The task consisted of commonly-used signs (a Deaf sign 

language researcher was consulted to verify that none of the target signs was obscure or 

uncommon) and had an even distribution of one-handed and two-handed signs. The 

research assistant produced signs individually from a written list and asked subjects to 

copy them. In this way, there was no need for subjects to use written English materials, 

and it could be ensured that all subjects produced the same signs. (A video clip of the 

target signs being produced is included in Appendix A.) As in the case of the 

fingerspelling task, signs were produced in isolation rather than in a semantically- 

appropriate sentence or an arbitrary carrier phrase, in order to avoid coarticulatory 

effects. If a subject had difficulty understanding or repeating a sign, the research 

assistant would repeat it, but the subject’s difficulty would be noted.

The sign copying task was included in the study so that subjects’ sign 

productions could be compared to their fingerspelling and to their non-linguistic 

movements, while controlling for linguistic context and variation (phonological, 

semantic, and dialectal). Like fingerspelling, sign copying is complex because it 

requires the signer to produce hand configurations that are arbitrarily specified. It is 

representational because the signs produced in the task are real and have semantic 

content; although in the context of testing, signs were not being used to convey 

information. The sign copying task is not sequential, because subjects were not required 

to produce multiple signs in a single production. Sign copying is co-ordinated, because 

it requires proximal and distal joints to move with specific timing relative to each other. 

Sign copying can be targeted, although it is not necessarily so. Whether or not it is 

targeted depends on where the sign is located in space: if a sign’s location is in neutral 

space, then it is not targeted; if its location is on the body, then it is targeted. Finally, 

sign copying requires no interaction with an external object.
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The naming task was the same as the copying task except that it allowed 

analysis of subjects’ sign production from memory rather than from a model of a sign. 

While a naming task can also serve as a test of lexical retrieval, it was not analysed for 

that purpose in this study. Subjects were shown an illustration on a card and asked to 

produce the corresponding sign. As with the other linguistic tasks, subjects were asked 

to produce the sign in isolation rather than in a sentence. If the subject could not retrieve 

the target sign or produced another sign instead, the research assistant would assist by 

giving an additional description of the illustrated referent or by giving a phonological 

cue, such as the location of the sign (see discussion of sign phonology in section 

4.6.1.1). Target signs were selected to be in common use and to represent an even 

distribution of one- and two-handed signs. The movement characteristics for the naming 

task are the same as those described above for sign copying. The naming task is 

complex, representational, not sequential, co-ordinated, targeted, and not interacting 

with an external object.

4.5.2 Non-linguistic Tasks

4.5.2.1 Pointing

For the pointing task, subjects were presented with a sheet of A4 paper with two 

large illustrations and given a signed description that applied to one but not the other 

and asked to point to the appropriate picture. Subjects could ask for repetition or 

clarification if necessary; and only accurate responses were included in the analysis.

The purpose of the task was to allow measurement of basic parameters of a 

comparatively simple, non-sequential movement (see description of behavioural 

measures for non-linguistic tasks in Table 4.7).

The pointing task is not complex because there are no explicit requirements for 

how the hand(s) should be configured. Typically, subjects used an extended index 

finger or an extended thumb to point, but that is likely to be an effect of ease or habit, 

since there were no specified task demands. Additionally, hand configuration did not 

have to vary in a particular way from one trial to another on the task: subjects could use 

the same hand configuration throughout the task, and often did so. In the context of this 

task, pointing is representational, because subjects were asked to refer to the image that 

the researcher described, so there was necessarily a symbolic, communicative 

component to the task. In other contexts, pointing is not necessarily representational.

4.5.1.3 Naming
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The pointing task is not sequential, because subjects were not asked to point to multiple 

images in a given trial. It is not co-ordinated, because subjects did not necessarily have 

to move multiple joints to perform the task; in addition, the proximal and distal joints 

did not have to move in relation to one another in a specific manner for the task to be 

performed correctly. It is targeted, because subjects had to move toward one image 

rather than another. The pointing task requires interaction with an external object: the 

movement targets were external to the body.

4.5.2.2 Kimura box

The Kimura box is a well-established motor control task, used to test subjects 

with apraxia (Kimura, 1977, 1993). The device itself is a wooden box with a column of 

three distinct manipulanda, or components for subjects to handle (Figure 4.1). In studies 

of apraxia, subjects are typically asked to imitate a series of three actions on the 

manipulanda, as produced by the researcher. Each action requires a different handshape, 

and subjects are typically scored on their ability to adopt the correct handshape for each 

one. For this study, the task was included in order to assess handshape selection and 

formation as well as to judge other parameters of movement, such as targeting, speed, 

and co-ordination, on a complex, sequential, non-linguistic task. The Kimura box task is 

complex, because subjects have to change hand configuration and those configurations 

are not pre-determined by the shape of the manipulanda. The task is not 

representational, because the movements have no meaningful component. It is 

sequential, because there are three required movements on each trial. The task is co-

ordinated, because subjects simultaneously move toward the manipulanda while re-

configuring their hands, thereby necessitating the movement of proximal and distal 

joints relative to each other in a specific order. It is targeted, because the movements are 

directed toward specific manipulanda. Finally, the task requires interaction with an 

external object, because the movements are performed on the box.
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Figure 4.1: Kimura Box (Kimura, 1977, 1993)

4.5.2.3 Handshape copying

For the handshape copying task, subjects were shown drawings of hand 

configurations, all of which were possible handshapes in BSL, and asked to copy them. 

Altogether there were 15 pictures, which the research assistant presented to subjects one 

by one. The primary purpose of the task was to compare production of complex hand 

configurations in linguistic and non-linguistic contexts. Because no movement was 

required other than the formation of the handshape, and there was no external target that 

subjects had to move towards, movements were not coded for targeting or co-ordination 

(see descriptions of these measures in Table 4.7). The handshape copying task is 

complex, because the required hand configurations are arbitrary but specified. However, 

it is not representational, because even though the hand configurations are possible 

BSL handshapes, their production in isolation conveys no meaning. The handshape 

copying task is not sequential, subjects produced only one hand configuration in 

response to each of the stimuli. It is not co-ordinated, because subjects can produce all 

the hand configurations in the same place, thereby avoiding the need to move proximal 

and distal joints in a co-ordinated way. The task is not targeted and requires no 

interaction with an external object: subjects produced the movements at an unspecified 

location in the space in front of them.
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Subjects were asked to reach to an object placed in front of them, grasp it, move 

it a short distance forward (approximately 25cm) and set it down. The reach and grasp 

task was included to allow assessment of movement parameters on a non-linguistic task 

with moderate co-ordination and targeting demands, but minimal sequencing demands. 

The task objects were a set of cylinders of different weights and sizes; the cylinders’ 

dimensions are listed in Table 4.5. Reach and grasp is frequently used as a task in motor 

control research (Gentilucci & Negrotti, 1999); however, the implementation of it was 

slightly different in this study. Because data were captured on videotape rather than via 

kinematic systems, subjects were not asked to repeat the task as many times, since the 

very fine details of the movements were not observable. In terms of movement 

characteristics, the reach and grasp task is not complex: the configuration of the hand(s) 

is determined solely by the shape of the object to be grasped. It is not representational, 

because the movements have no abstract meaning. It is minimally sequential, because 

subjects had to first grasp the object and then set it down. It is co-ordinated, because 

subjects had to use proximal joints for reaching and distal joints for grasping. The task 

is targeted, because it requires subjects to move toward the objects; and it requires 

interaction with an external object.

4.5.2.4 Reach & grasp

Table 4.5: Reach and Grasp Objects

Diameter (cm) Height (cm) Weight (g)

Cylinder 1 8.5 12 12

Cylinder 2 6.3 9.2 15

Cylinder 3 5 17.7 285

Cylinder 4 4.5 11 5

4.5.2.S Tool use

The tool use task was included in the study to assess subjects’ understanding of 

complex, representational movement as well as to assess their ability to adopt the 

appropriate hand configurations to manipulate objects. Subjects were presented with 

household objects and asked to demonstrate how they are used. The objects for this task 

included: a whisk, corkscrew, peeler, hammer, rubber, screwdriver, cigarette lighter, 

knife, pepper grinder, spanner, and keys. The tool use task is complex: it requires hand 

configurations that are not determined solely by the shape of the tools, but rather by 

how they are intended to be used. It is representational for a similar reason: subjects 

have to show how the tool is used, outside the context of its actual use. The tool use task
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is minimally sequential, because subjects have to grasp an object before demonstrating 

its use. It is co-ordinated, because grasping a tool and illustrating its use require co-

ordinated movements of multiple joints. It is targeted, because subjects have to move 

toward a tool and grasp it in order to demonstrate its use. Finally, the tool use task 

requires interaction with an external object, although tool use as an assessment of 

apraxia often does not require subjects to handle an external object (Halsband et al., 

2001; Merians et al., 1999).

4.5.2.6 Object manipulation

The object manipulation task was similar to the tool use task, except that the 

purely representational component was removed. Instead of being shown an object and 

asked to demonstrate how to use it, subjects were given a demonstration or illustration 

of what to do with the object and asked to replicate it. The task was included in order to 

allow assessment of subjects’ performance on a moderately difficult, non-linguistic 

task, and in particular on a task that could differentiate difficulties in targeting and co-

ordination in a non-representational context. The materials for this task included a 

buckle, screw cap, pen, and a set of plastic toys. The appropriate actions for the first 

three objects are self-evident. With the set of toys, subjects were given a photograph of 

the toys arranged in a specific way and asked to place them in that arrangement. The 

object manipulation task is complex, because the hand has to assume a configuration 

that is not solely determined by the shape of the object. The task is not representational, 

because the movements have no meaningful component. It is sequential, because 

subjects have to grasp an object first, then manipulate it. The task is co-ordinated, 

because grasping a tool and manipulating it requires co-ordinated movements of 

multiple joints. Like the tool use task, it is targeted, because subjects have to move 

toward an object in order to manipulate it. Finally, by definition, the object 

manipulation task requires interaction with an external object.

4.6 Measures / Coding scheme

Coding schemes were designed to capture observable patterns in the data on the 

basis of predictions and practices from sign language and motor control research. 

Because this study focused on subjects’ hand and limb movements, they were the only 

movements that were coded. Disruptions to eye and facial movements that appeared 

during testing, as well as chronic gait and postural disturbances, were not explicitly 

coded but were noted and will be described briefly in chapters on individual subjects. In
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both the linguistic and non-linguistic tasks, subjects’ movements were coded 

descriptively (in terms of their physical form) and categorically (as erroneous or not) 

(See Tables 4.6 and 4.7 below). The classification of errors was a difficult issue in the 

development of the study. Signed and fingerspelled productions were considered to be 

erroneous when they differed noticeably from the citation form of the sign as 

represented by the most widely-accepted BSL dictionary (Brien, 1992) and confirmed 

by a native signing consultant. So a sign would be coded as having an error if the 

fingers were visibly laxed rather than fully extended, or if a movement was produced 

with tremor. This coding standard is consistent with the literature on atypical signers 

(Brentari & Poizner, 1994; Kegl et al., 1999; Loew et ah, 1995; Poizner et ah, 2000). In 

the interest of consistency, the same standards were applied to the non-linguistic tasks, 

so that an observably atypical handshape, direction, location, involuntary movement, 

etc., in those contexts would similarly be classified as errors. It is common in the motor 

control literature for performance on a task to be described as disrupted or deficient 

even when subjects are able to do the task (e.g. grasping an object), if the details of 

those movements are somehow atypical (e.g. slow or with hesitations) (Ingvarsson et 

ah, 1997). The movement tasks in this study were coded in the same way, although the 

measures themselves were less precise, due to limitations of the videotape medium.

4.6.1 Linguistic coding

4.6.1.1 Signs

This study was the first to compare formational properties of signs at a phonetic 

level in subjects with various movement disorders, so it was necessary to design a new 

coding scheme for describing the data. (A full list of the sign coding parameters is 

presented in Table 4.6, and a coding sample can be found in Appendix C.) The coding 

scheme was developed on the basis of measures and coding schemes from previous 

research on sign language (Brentari, 1998; Stokoe, 1960; Tyrone et ah, 1999), gesture 

(McNeill, 1992; Pedelty, 1987), apraxia (Goldenberg, 1995), and motor control 

(Castiello et ah, 2000; Ghez et ah, 1996). The coding scheme began with the linguistic 

classifications that have been used to describe signs’ sublexical structure, which have 

become known as phonological parameters (Sutton-Spence, 1999). Stokoe (1960) was 

the first to suggest that signs in American Sign Language could be broken down and 

differentiated according to three formational properties: handshape, location and 

movement. Later researchers included orientation of the hand as another parameter 

(Battison et ah, 1975; Friedman, 1976). To give an example of a sign and its

104



phonological parameters, the British sign DON’T-KNOW has an open-B handshape, 

palm orientation toward the body with fingers pointing up, location at the forehead, and 

a single straight movement away from the body (Brennan et al., 1984) (Figure 4.2). The 

last three parameters are self-explanatory; for the handshape parameter, the label “B” 

comes from the notational system based on the one-handed manual alphabet used in 

Europe and North America. (Charts of handshapes, orientations, and locations are 

included in Appendix B.)

Values for the formational parameters of signs

Descriptions of signs were phonetic rather than phonological, so it was 

necessary to include values of parameters (especially handshapes) that are not 

distinctive in the language. Possible handshapes, movements, locations, and orientations 

were taken from previous research on sign language (Brentari, 1998; Friedman, 1976) 

and gesture (McNeill, 1992); and where distinctions between those values and what 

appeared in the data could be discerned, new values were added to the coding scheme. 

Values for the movement parameter (which was coded in the data as “direction”) 

included the direction, manner, and number of repetitions of movements originating 

from the wrist or more proximal joints.

Figure 4.2: BSL sign DON'T KNOW (from Brennan et al., 1984)

For describing a sign’s location in space, a schema used by McNeill (1992)

(Figure 4.3) was adapted to include anatomically-defined reference points for signs that
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make contact on the face or contralateral hand, since those sign locations are more 

finely differentiated. Based on research on ASL and Parkinson’s disease (Brentari & 

Poizner, 1994), the scheme was designed to code relative and absolute locations of 

signs. To this end, locations that subjects produced were compared to target locations of 

the sign and coded for their positions relative to the target. Relative locations could be: 

neutral, medial, (ipsi)lateral, high, low, distal, or proximal, or a combination of the last 

six. (‘Neutral’ means that the produced and target locations are the same.)

Figure 4.3: Chart of absolute sign locations (From McNeill, 1992)

TOGETHER 1 2

Figure 4.4: BSL sign TOGETHER (from Brennan et al., 1984)
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Of the aforementioned formational parameters, movement is necessarily 

dynamic: by definition, it requires that the articulators move. However, other 

parameters can be dynamic as well, or require a change from one value to another 

within a sign. An example of a sign that requires a change in handshape along with an 

arm movement is the British sign TOGETHER (Figure 4.4). To address this in the 

coding scheme, descriptions of the initial and final handshape and location for each sign 

were coded, and if a sign required movement from one location to another, then the 

movement between the locations was described (e.g., an arc vs. a straight line).

Initially, the coding scheme was designed to code simply for whether or not 

subjects produced the parameter changes required by the sign, and used a yes-no 

analysis for handshape and location change. This had to be modified because some 

subjects added these changes when the target sign did not call for them. For example, on 

a sign like DON’T-KNOW (Figure 4.2), subjects might add a handshape change even 

though the sign does not require one. As a result, addition as well as omission of 

parameter changes was included in the coding of the data.

Co-ordination

Initial analyses of the data revealed that it was necessary to code for the timing 

of changes in sign parameters relative to each other, because it is possible for a sign to 

be malformed not just on the basis of the presence or absence of articulators’ 

movements, but on how those movements are related. In the sign TOGETHER, the 

handshape change and the movement must partially overlap in time for the sign to be 

well-formed. Consequently, it was noted whether subjects omitted one movement when 

two were supposed to co-occur, or whether the two co-occurring movements were 

instead produced sequentially. The latter type of error has been documented in signers 

with Parkinson’s disease (Brentari et al., 1995; Tyrone et al., 1999).

Returning to one point about the differences between the physical structure of 

sign and of speech, signs can (but do not necessarily) use paired articulators on opposite 

sides of the body, which are controlled independently of each other. As a result, it was 

necessary to code for bimanual co-ordination: namely, whether or not both hands were 

used in a sign, and if so, whether or not they were co-ordinated. It was noted whether 

subjects produced two-handed signs with only one hand (or vice versa), and whether the 

two hands began together and continued moving together, and in signs with alternating 

movements, whether they alternated correctly (i.e. not moving simultaneously or 

asynchronously).
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H a n d sh a p e : a descriptive category for the configuration(s) of the hand(s) in a sign

H a n dshape e r r o r  a closed category to indicate whether a subject’s production of h andshape  matches the

requirements of the sign target

H andshape ch a n g e : a closed category to indicate whether a subject’s production of handshape change 

matches the requirements of the sign target

O rien ta tio n : a descriptive category for the orientation(s) of the hand(s) in a sign

O rien ta tion  error, a closed category to indicate whether a subject’s production of o rien ta tion  matches the 

requirements of the sign target

O rien ta tion  ch a n g e : a closed category to indicate whether a subject’s production of orientation change 

matches the requirements of the sign target

Loca tion  (re la tive): a descriptive category for where subjects place a sign in relation to its target location 

L oca tion  (a bso lu te): a descriptive category for where the hand(s) are located

D irec tio n : a descriptive category for the direction, number, and manner of the movements of the arms in a 

sign

R ep e titio n : a closed category indicating whether a sign is repeated in full without pause

Invo lun tary  movement', a closed category indicating whether any involuntary movements occur during sign

production

T arget fea tures', the phonological parameters that must change in sign production (i.e. handshape, movement, 

or orientation, or some combination thereof)

H is fe a tu re s : the phonological parameters that do change in the subject's production of the sign, in the order 

that the changes occur

P roxim a l/D ista l C o-ord ina tion  E rro rs: a closed, binary category comparing ta rg e t fe a tu re s  and h is fe a tu re s  

B im a n u a l C o-ord ina tion  Errors', a closed category to indicate whether a subject’s use of the two hands 

matches the requirements of the target sign

Table 4.6 Sign Coding Parameters

Finally, movement anomalies that did not fit into any of these categories were 

noted as they emerged in the data and the coding scheme was modified accordingly. If a 

subject exhibited a particular type of atypical movement more than twice while signing, 

the characteristics of that movement would be analysed carefully, on the basis of 

similarities to speech dysarthria or to other movement disorders. If the characteristics of 

the atypical movement were easily classified, a new parameter would be added to the 

coding scheme. For example, one subject (Joseph), when asked to copy a sign, would 

often produce the sign twice in rapid succession without pausing. Consequently, the 

parameter ‘repetition’ was added to the coding scheme.

Once the sign coding scheme was completely formed, it was explained to a 

second sign language researcher, who then coded fifty percent of the sign data (the first 

half of all subjects’ productions) independently to ensure the reliability of the results.
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The second researcher did not know the subjects but was familiar with their neural 

pathologies. She was a trained sign language researcher and speech and language 

therapist, and had research experience with children’s acquisition of sign phonology, 

but not with disrupted signing. On the data coded by both researchers, there was a 

96.91% agreement rate on both descriptive and categorical coding. A sample of sign 

coding for one subject is included in Appendix C.

4.6.1.2 Fingerspelling

The coding scheme for the fingerspelling data is a reduced and slightly modified 

form of the scheme used to code sign data: both the number of possible formational 

parameters and the values they can take are more limited. (A chart of the British 

fingerspelling system is included in Appendix B, and a fingerspelling coding sample in 

Appendix C.) The fingerspelling data were coded at the level of the individual letter, 

and most letters have no internal movement; consequently, it was unnecessary to code 

for handshape change. Also, in BSL, there is much less variability in handshape from 

one fingerspelled letter to another than from one sign to another, so it is less likely for 

there to be handshape change or co-articulation across letters5.

4.6.2 Non-linguistic coding

The coding scheme for the non-linguistic tasks combines the measures used by 

motor control researchers with those used by clinicians to assess movement disorders 

(Duffy, 1995; Love & Webb, 2001; Wing et ah, 1996). Because videotaping does not 

allow detailed measurements of movement speed and trajectory, the coding scheme was 

designed to describe individual movement errors broadly. Wherever possible, the 

measures from the sign and fingerspelling coding schemes were used for coding the 

non-linguistic tasks as well. For example, signing, fingerspelling, and most of the non- 

linguistic tasks could all be coded for targeting (relative location in the sign and 

fingerspelling coding schemes) and the presence of involuntary movements. A full list 

of the measures for the non-linguistic movement tasks is included in Table 4.7, and a 

coding sample is included in Appendix C.

5 Although it has been argued that transitions between letters are important (Akamatsu, 1983), in these 

data, those transitions were often too quick to code with any reliability.
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Invo lu n ta ry  m o vem en t: an involuntary movement that occurs during voluntary movement 

In itia tio n : difficulty or hesitation in beginning a movement 

Com pletion', difficulty completing a task

P ause!H esita tion: cessation of movement during execution of a task

T arg etin g : inaccurate placement of hand relative to target

H a n d  configuration', descriptive measure of hand configuration

H a n d  configura tion  error, atypical configuration of the hand for the particular task

S p ee d : excessively slow or rapid movement

P roxim al!d ista l co-ordination', error in relative timing of movements of proximal and distal effectors 

B im a n u a l co-ord ina tion: error in relative timing of movements of the two limbs

Table 4.7: Non-linguistic Coding Parameters

4.7 Summary

Many factors had to be taken into account in designing this study, the main ones 

being: obtaining the most informative data from a varied, atypical group of subjects 

who are small in number, finding the best medium for capturing the relevant data, and 

finding ways of comparing data that are different in nature. It has been necessary to 

compare and combine research methods and equipment from many fields, often in ways 

that had not been tried. It is hoped that by devising new measures and examining data 

along new criteria, insight can be gained into the movement and articulatory deficits 

being described. In turn, it is hoped that this study will introduce narrower research 

questions to be addressed by precise measurement of sign and movement, and open up 

new areas of research in both linguistics and motor control research.
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5 James: RHD Signer
This chapter examines the case of a signer, James, who had unilateral right 

hemisphere damage as a result of stroke. His case raises an interesting question about 

the nature of sign language dysarthria, because a unilateral cerebral infarct often will 

not cause dysarthria in a hearing speaker, and only rarely will it cause dysarthria in the 

absence of other symptoms affecting speech or language. Dysarthria following stroke is 

frequently masked by more severe manifestations of aphasia, apraxia, or aprosodia 

(Kent et al., 2001). In addition, James’s case is interesting because a localized cerebral 

infarct is unlikely to result in dysarthria if it is located in the right hemisphere. Many 

have suggested that articulation is governed by left hemisphere structures; consequently, 

damage to the left hemisphere is more likely to result in dysarthria for spoken language. 

James’s case allows the examination of the question of hemispheric dominance for 

articulation in signed language as well. Is his a case of dysarthria that would appear in 

signed but not spoken language, or a different manifestation of the same phenomenon 

that appears in spoken language? Because of the scarcity of cases of dysarthria from 

focal right hemisphere damage, it is difficult to generalize about the nature of the 

resulting form of dysarthria and compare this case to data from the literature. That said, 

the two most obvious comparisons to be made are with spastic and unilateral upper 

motor neuron dysarthria. Given the nature of James’s neural damage, it is predicted that 

he will be roughly equally impaired on linguistic and non-linguistic tasks, since 

unilateral right hemisphere damage typically affects articulation only mildly, if at all.

5.1 Right hemisphere damage

5.1.1 Upper motor neuron dysarthria

UUMN dysarthria

Both the nature and prevalence of unilateral upper motor neuron (UUMN) 

dysarthria remain extremely unclear (Duffy & Folger, 1996; Hartman & Abbs, 1992). 

Some researchers treat UUMN dysarthria as a subcategory of spastic dysarthria, 

because it results from similar pathologies but with damage to only one side of the brain 

(Thompson-Ward, 1998). However, its severity as well as its actual existence is highly 

variable across patients with the same lesion (Dronkers, 1996; Kent et al., 2001). Early 

research suggested that UUMN dysarthria was similar to spastic dysarthria but less 

severe and affecting fewer peripheral structures (Darley et al., 1975). In particular, with 

respect to speech, UUMN dysarthria has less effect on respiration, voicing, and 

intensity, which follows from the fact that the larynx and trachea receive more bilateral
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innervation than the tongue and lips. Duffy (1995) suggests that UUMN dysarthria 

reflects muscle weakness and inco-ordination. Additionally, acoustic and perceptual 

studies suggest UUMN dysarthrics exhibit mild articulatory imprecision (Hartman & 

Abbs, 1992; Thompson-Ward, 1998), slow speech rate, and mild hypernasality (Duffy, 

1995). Clinical data show that the most frequently occurring non-speech symptoms 

include: mild dysdiadochokinesia, hemiplegia/paresis, tactile deficits, clumsy hand 

syndrome, and unilateral weakness in the lower face, tongue, or palate. Judging from 

past research, these non-speech symptoms as well as slowed and mildly unco-ordinated 

signing are what one should expect to see in a signer with UUMN dysarthria.

Spastic dysarthria

Since the innervation patterns of the articulators for sign and for speech differ, it 

is worth briefly outlining the symptoms of spastic dysarthria, on the rationale that 

unilateral brain damage could cause a deficit to signing that resembles spastic 

dysarthria. In hearing subjects, spastic dysarthria is usually the result of bilateral 

damage to upper motor neurons, as in the case of motor neuron disease. However, sign 

articulators get primarily unilateral innervation, while speech articulators get more 

bilateral innervation; as a result, unilateral cerebral damage to a Deaf signer could have 

the same effect as bilateral cerebral damage to a hearing speaker.

Spastic dysarthria was originally described as a manifestation of heightened 

muscle tone and impaired skilled movement (Darley et al., 1975). According to Duffy 

(1995), spastic dysarthria causes impaired movement patterns rather than muscle 

weakness, thus affecting multiple components of speech at once. Its distinguishing 

characteristics are slow but regular speech rate and harsh/strained voice quality (Darley 

et al., 1975). Other speech components include long syllables (Linebaugh & Wolfe, 

1984), hypernasality (Enderby, 1986), imprecise consonants and distorted vowels. 

Moreover, unlike UUMN dysarthria, spastic dysarthria is apt to cause disruptions to 

stress/prosody, pitch, loudness and voice quality. Speech is perceived as slow, effortful 

and imprecise (Darley et al., 1975).

Darley et al. (1975) suggested that spastic dysarthria reflects four components of 

muscular dysfunction generally: spasticity (i.e. heightened muscle tone), weakness, 

limited range of movement, and slowness. Clinical observations of hearing speakers 

with spastic dysarthria have shown that the movements of the limbs may be reduced in 

range and force, with a loss of fine-grained, skilled movement, which is most 

pronounced in the hands and fingers (Enderby, 1986; Darley et al., 1975). So clearly,
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there is significant overlap in the symptoms affecting the limbs in spastic and UUMN 

dysarthria. Based on the descriptions by Darley et al. (1975), the primary differences 

between the symptoms associated with the two would be that spastic dysarthria is 

associated with heightened muscle tone, while UUMN dysarthria results in mild inco-

ordination.

5.1.2 Sign language and RHD

James’s case not only provides an interesting comparison to clinical data on 

hearing dysarthric speakers, but also to findings from research on signing and right 

hemisphere damage. While several studies have examined right hemisphere damage 

(RHD) and sign language, only one has described the effects of RHD on sign 

articulation (Poizner & Kegl, 1993). In that respect, this study provides an important 

addition to the body of research. Thus far, most RHD and sign language research has 

focused on signers’ linguistic, visuo-spatial, or other cognitive deficits. A prevalent 

theme in that area of research has been the absence of grammatical deficits in the 

signing of RHD subjects in spite of deficits in visuospatial processing thought to be 

necessary for grammatical function in signed language (Hickok et al., 1996; Poizner et 

al., 1987; Poizner & Kegl, 1993).

Deaf RHD subjects, like their hearing counterparts, experience impaired 

visuospatial processing and visual-hemifield neglect (Hickok et al., 1999; Poizner et al., 

1987). However, Deaf RHD subjects’ language use allows the nature of those deficits to 

be probed further, since signed language incorporates the physical locations of signs in 

space into its grammatical structure. Various studies have explored the relationship 

between visuospatial processing and linguistic use of signing space, with varied results. 

Some have found that Deaf RHD signers have problems with mental rotation on non- 

linguistic but not on linguistic tasks (Emmorey et al., 1996); or with topographic, but 

not linguistic, use of space (Emmorey et al., 1995; Poizner et al., 1987).

More recently, it has been suggested that there are fundamental components of 

sign language, sometimes described as “paragrammatic,” that rely heavily on the right 

hemisphere. RHD deficits have been reframed as impacting on sign language minimally 

or indirectly, rather than having no effect on language at all. For instance, the right 

hemisphere has been shown to play a role in linguistic discourse function (Hickok et al., 

1999; Poizner & Kegl, 1993), non-manual role shift (Loew et al., 1997), perception of 

grammatical facial expression (Atkinson et al., 2004) and production and 

comprehension of classifiers (Corina & McBumey, 2001).
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An earlier case study of a Deaf signer with right hemisphere damage reported 

that he had a mild articulatory deficit (Poizner & Kegl, 1993). In particular, the subject 

in that study showed deficits in co-ordinating the two arms over the full course of the 

production of two-handed signs, which the authors attributed to motor neglect on the 

subject’s affected side. This study is similar in that it reports mild dysarthria in a signer 

with right hemisphere damage, although the details of the articulatory deficits diverge; 

similarities and differences in this case and that one will be described in the final section 

of this chapter.

5.2 James: Background

James is a 79 year old man who was born deaf and grew up in a hearing family. 

He began learning BSL when he attended an oral day school for the deaf as a child. He 

continued in secondary school until the age of 15 and worked in various manual trades 

before retiring. He emphasizes his interest in maintaining good speech and lipreading 

skills, and many of his family members and social contacts are hearing. Though he has a 

speech-oriented background, his second wife is Deaf, he had exposure to BSL from a 

young age, and he participates in events at the local Deaf club.

James suffered a moderate CVA in the territory of the right middle cerebral 

artery. Brain scans indicate patchy low density in the right hemisphere parietal region, 

but no evidence of haemorrhaging or swelling, and no midline shift, which suggests that 

the area of damage is delimited and unilateral. Scans also reveal that James had 

probably had earlier minor CVAs, which caused slight damage to the left thalamus and 

the right corona radiata; however, there is no record of neurological symptoms prior to 

the most recent CVA. James’s primary motor deficit is left hemiparesis, affecting the 

hand most severely. He can move his left arm reasonably well, although it has a limited 

range of movement, and he cannot change the configuration of his left hand at all. His 

right side shows no movement deficits that are readily apparent. However, his 

movements on both sides are slightly slow, including skilled movements and more 

automatic movements such as sitting, standing, and walking.

5.3 Deaf Stroke Project Findings

5.3.1 Neuropsychological Testing

James was tested on various standardized neuropsychological measures 

(described in Chapter 4) as a participant in the Deaf Stroke Project. His performance 

indicated difficulties with abstract, non-linguistic reasoning and visuospatial processing,
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and particular difficulties with processing information about faces. (For a more detailed 

description of James’s performance on these tests, see Atkinson et ah, in press.) Table

5.1 lists his test scores and indicates which of those represent severe impairment.

Table 5.1: James’s Background Assessment

Abstract non-linguistic reasoning
Ravens Progressive Matrices 15/60*
Pyramids and Palm Trees Test 50/52

Visuospatial
Wais -III Block Design 24
Line Cancellation 1 omission, left of midline
Benton Test of Line Orientation 26/30

Facial Processing
Benton Face Recognition 36/54*
Ekman & Lriesen Recognition of Facial 44/60
Expression
Reduced Warrington Recognition 
Memory:

Facial Recognition 3/15*
Car Recognition 10/15

indicates severely impaired

There are a few details to note about the neuropsychological tests: the 

Warrington recognition memory test that was used was a shortened and modified 

version, created by the Deaf Stroke Project. The purpose of the car recognition 

component of the test is to distinguish recognition memory in general from recognition 

memory for faces in particular. So in fact, a high score on that component reflects the 

severity of a low score on the facial component. Also, it should be noted that the Ekman 

and Friesen test is designed to assess recognition of facial expression; whereas the 

Benton face test is designed to assess recognition of individual faces.

On the whole, James performed better on the tests of general visuospatial 

processing than on either the non-linguistic reasoning or the face recognition tests. This 

is of interest because impaired visuospatial processing is one of the hallmark symptoms 

of right hemisphere damage. Although he was severely impaired on aspects of non- 

linguistic reasoning, he did not perform as consistently poorly on those tests as on tests 

of facial recognition. His specific difficulty with faces was illustrated quite clearly on 

the Warrington test, as he was able to recall 10 out of 15 cars, but only 3 out of 15 faces.
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5.3.2 Deaf Stroke Project Clinical Observations

Members of the Deaf Stroke Project noted that James’s spontaneously-produced 

linguistic deficits were primarily pragmatic in nature. In particular, he did not monitor 

his interlocutors well: he maintained poor eye contact, had difficulty with 

conversational turn-taking, told jokes poorly (e.g. placing the punchline first), and his 

discourse was very repetitive. All of these are typical of RHD language impairments, in 

spoken as well as signed language (Hickok et al., 1999; Myers, 1997). Specific to his 

sign production, James used very little fingerspelling, especially relative to other signers 

of his generation, but based on his own report, this was true before the stroke as well.

Testing also indicated that James’s stroke caused minimal disruption to his 

vocabulary or grammatical ability (Atkinson et ah, 2004). He showed no deficits in 

naming, lexical matching, or sentence comprehension. However, he was impaired at 

judging grammatical facial expression; and consistent with previous research on sign 

language and right hemisphere damage (Corina & McBumey, 2001), he had difficulty 

correctly producing and perceiving classifiers.

5.4 Signing Task

5.4.1 Methods: Signing

For this study, James performed a naming task in which he produced individual 

signs corresponding to pictures presented to him by the experimenter; and Christine, the 

72 year old female control subject, performed the same task. The coding scheme 

described in the previous chapter was used to categorize their errors. James had 

occasional difficulty identifying objects on the task (as did the control subject); 

however, he had no lexical retrieval errors that might affect articulation. Consequently, 

no data had to be excluded on that basis. Spontaneous repetitions of the same sign were 

excluded from analysis, and only the first sign production for each trial was analysed. If 

repetitions occurred without pause or modification, and for no clear semantic or 

pragmatic reason, the repetition itself would be considered an error (see discussion of 

error types in Chapter 4). Though spontaneous sign repetitions were excluded, 

spontaneous productions that did not match the intended target were analysed.
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Figure 5.1: Naming Task: James
e r r o r s  a s  %  o f  4 3  p r o d u c t i o n s

Key: HS: handshape;

HS change: handshape change; 

Ori: orientation;

Ori change: orientation change; 

Loc: location;

Rep: sign repetitions;

Inv movement: involuntary movements; 

Dir: direction of movement;

P/D Coord: proximal/distal co-ordination; 

2H Coord: bimanual co-ordination
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A total of 43 individual sign productions was analysed for both subjects.

Because this is an exploratory study, it was thought best to employ analysis techniques 

that transform the data as little as possible; consequently, much of the analysis is 

qualitative and the data are presented in the form of charts and figures.

5.4.2 Results: Signing

Of all the sign errors that were coded, James had the highest percentage of errors 

in handshape (46.51% of 43 productions) and location (30.23% of 43 productions), both 

static components of signs (Figure 5.1). James showed far fewer errors on dynamic 

components of signs (handshape or orientation change) or their timing relative to each 

other. No dynamic features were explicitly controlled for in the stimuli; however, 

several of the target signs required handshape (n=7) or orientation (n=10) change, or 

required co-ordination of movement at or below the wrist with movement of the arm 

(n=13). So it is noteworthy that James showed little difficulty producing such complex, 

co-ordinated movements, given that they occurred often in the stimuli. He showed more 

difficulty co-ordinating his arms to produce a two-handed sign, though not as much as 

one would expect given that his hemiparesis: 21.74% of his 23 two-handed signs had 

errors in bimanual co-ordination, compared to 8.70% for Christine. (There were 43 

signs altogether in the task, but 23 required the use of two hands, so the latter was used 

to calculate percentages of errors.)

The distribution of handshapes in the target signs was not controlled; in other 

words, signs were not selected to have handshapes that are representative of those in the 

language, or to show differential ease of production. However, it is doubtful that a more 

carefully controlled stimulus would have produced a different outcome, since the errors 

were so pervasive and bore no obvious relationship to particular features of signs. It 

should be pointed out that James maintained the same handshape on his left hand 

throughout the testing session; this was not included as a handshape error, since it 

would have masked the incidence of handshape errors on the opposite hand. By 

contrast, the distribution of target locations in the stimuli was controlled (24 of the 43 

target locations were in the central or lower part of the signing space); and in fact, the 

target location did affect what James produced. He lowered some target signs with high 

locations but did not lower other signs.

The only other error that James produced was spontaneous repetition of 

individual signs; he did this on eight signs (18.60% of 43 productions). To be 

considered a repetition, a production had to contain (at least) two full iterations of an
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entire sign without pause. Additionally, a sign was not counted as a repetition if it was 

clear that it had been deliberately modified from one iteration to the next (e.g. if the 

signer changed the orientation of the hand). Christine produced repetitions on five signs 

(11.67% of her 43 productions) by this definition as well, so the measure of repetition 

errors probably does not reflect an important difference between the two of them.

Table 5.2 shows the distribution of James’s and Christine’s errors across 

individual signs. A couple of patterns in the error distribution are worth pointing out. 

First, the two signers did not overlap considerably in terms of which signs they 

produced errors on, even in the categories where they both have errors. So the errors are 

not determined by the formational properties of the signs, at least not in the same way 

for both subjects. Second, James had far more errors of lax handshape than of lax 

orientation; however, the orientation errors all co-occur with the handshape errors, so 

there may have been a general laxing tendency that was more extreme in some 

productions than others, and the laxation of the articulators spread to become more 

proximal (i.e. to affect orientation as well as handshape).

James’s location errors all patterned consistently, in that locations were always 

lowered, and never produced superior, peripheral or medial to the target location. 

Furthermore, the only signs that were lowered by the right hand were those with high 

target locations, so James was apparently not lowering his entire signing space 

uniformly. Also, not all signs with high locations were lowered—but all of those that 

were lowered had high locations. On some two-handed signs, the left hand did lower a 

high target location. However, in several of these cases (e.g. RABBIT) the right hand 

reached the target location, even though the left hand did not, which shows that the right 

hand was not compensating for the limitations of the left when right-handed signs were 

produced low. This is supported by the fact that many of the signs that were lowered by 

the right hand were one-handed.
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Table 5.2 Sign Error Distribution: .Tames (x = James; o = Christine)

HS HS
c h a n g e

Ori Ori
c h a n g e

Loc Rep Inv
Move

Dir P /D
C oord

2H
C oord

SOLDIER X X

DOG X  0

GARDEN X  0

CHAIR

BANK X  0

FACTORY X X

CHEESE X

TREE X

AIRPLANE X

KING

FISH X

BUS

SO AP X

BISCUIT X

FARM X

TUNNEL X

HAMMER

RABBIT X X 0
O W L X o

ESCALATO R X

SUGAR X

SH EEP X 0 X X

FRIDGE X X

ORANGE X

CHERRY 0 X

BREAD X

POTATO

MOUSE X 0
FLO W ER X X X

POLICE

SANDW ICH X

CLOUD X

RAIN

CHOPS X

MAKE X X

BACON X  0

LIFT X X X

SHO W ER X X X

A PPLE X

MEAT X X X X  0

HORSE 0
DEER X X

FENCE
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Christine lowered two signs: one with a target location at the nose (MOUSE), 

and the other with a target location at the shoulder (GARDEN). Because there are only 

two productions like this, and because one has a high target location and the other does 

not, it is reasonable to assume that this is a form of relaxed articulation on her part. 

Also, both of these signs are one-handed, so she produced no symmetrical signs with 

the two hands in different locations.

Figure 5.2 Clawed-3, target handshape for the sign HORSE

The aspects of sign production that James performed worst on were the static 

components: the location, orientation, and handshape of a sign. Unlike location, 

however, handshape and orientation were laxed irrespective of the features of the target 

sign. For instance, the handshape of a target sign had no effect on whether or not the 

handshape that James produced was laxed. As a comparison, Christine produced only 

one lax handshape, which was on a sign with an uncommon handshape (HORSE) 

(Figure 5.2). If there is any other feature of signs governing production of lax 

handshape and orientation by James and by Christine, it is not obvious on examination.

Figure 5.3 DOG Figure 5.4 FACTORY
(From the British Deaf Association Dictionary of British Sign Language/English)
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James produced four signs with disrupted bimanual co-ordination; i.e., the two 

arms did not begin moving together. Those signs were: FACTORY, DOG, FRIDGE, 

and POTATO (Figures 5.3 and 5.4). All these signs are low in space and have the same 

handshape, orientation, and movement in both hands. Christine has two signs with 

disrupted bimanual co-ordination: DOG and OWL. In both cases, her right hand starts 

moving long before her left hand begins. It is not clear if there is any type of pattern to 

James’s or Christine’s errors—the small numbers make it difficult to judge. It is 

interesting, however, that all of the signs where errors were exhibited were relatively 

simple, by almost any measure other than number of hands required. As stated above, 

James kept the same handshape on his left hand for all the signs. Consequently, when a 

sign required a handshape change accompanied by a movement, he never produced the 

handshape change with his left hand. However, this was not included as a bimanual co-

ordination error, because it would have masked the incidence of bimanual co-ordination 

errors at the level of arm movements.

Figure 5.5: James’s production of FLOWER, as an example of lax handshape and lax 

orientation.
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Figure 5.6: Christine’s production of FLOWER, with the base of the fingers oriented upwards 
and the handshape more tightly closed.

5.5 Non-linguistic Tasks

5.5.1 Pointing

5.5.1.1 Methods: Pointing

During the toy placement task, James spontaneously produced many deictic 

points to the illustrations and to the toys. Because these were fundamentally different in 

nature from his prehension movements in that task, they were separated out and 

analysed independently. Altogether he made 30 points to either drawings or objects, and 

each of these was analysed along the criteria described in the coding scheme for non- 

linguistic tasks, namely: movement initiation, movement termination, involuntary 

movement, pausing/hesitation, targeting error, hand configuration, speed, and 

proximal/distal co-ordination. A complete description of the error categories can be 

found in Appendix C; however, it is worth elaborating on two error types that may not 

be clear in the context of pointing. First, although pointing does not require a particular

hand configuration, some subjects do choose notably odd configurations of the hand,
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rather than the typical default of an extended index finger or thumb (see Chapter 9 for 

discussion of hand configuration in particular). Second, while there are no specific 

demands for co-ordination of the proximal and distal effectors in pointing, as outlined in 

Chapter 4, it is possible for subjects to exhibit a co-ordination deficit by moving their 

hand to the correct location, pausing, and then configuring the hand to point to the 

target.

5.5.1.2 Results: Pointing

James had very few errors on the pointing task at all. On the 210 data points that 

were counted (30 productions analysed along 7 criteria), James produced 4 errors, 

which were distributed evenly across measures and trials. This was considered to be a 

low enough error rate to make further analysis uninformative. Christine’s performance 

on the pointing task was similar to James’s. She had roughly the same number of errors 

(n=6), also distributed evenly across measures and trials. Because of the small number 

of errors and the simplicity of the task itself, it was not thought useful to explore the 

nature of his errors compared to hers. The only detail worth mentioning is not an error 

but a behavioural pattern: on nine of the thirty trials, Christine used her left hand rather 

than her right, which was not a possibility for James. Otherwise, suffice it to say, James 

and Christine patterned slightly differently but showed significant overlap, and as such, 

differences between them on this task cannot be attributed to anything other than 

chance.

5.5.2 Kimura box

5.5.2.1 Methods: Kimura box

For the Kimura box task (Kimura, 1977, 1993), the procedure was similar to that 

employed by Sunderland and Sluman (2000). The box has three manipulanda (Figure 

4.1) which must be handled in the correct order and using the correct hand configuration 

and movement. The experimenter demonstrated the sequence of movements slowly and 

asked the subjects to copy her movements. The objective was to get subjects to produce 

two complete sequences of correct movements, if possible. The data were coded for 

targeting, hesitation, and tremor as well as speed of execution and accuracy of hand 

configuration. Hand configurations were also coded descriptively (according to the set 

of handshapes shown in Appendix A) as well as being classified as correct or incorrect.
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Figure 5.7: Kimura Box: Jam es
e r r o r s  a s  % o f  t o t a l  m o v e m e n t s

K ey :  HS: hand configuration; 

Target: movement targeting;

Inv Move: involuntary movement; 

Init: movement initiation;

Complet: movement completion;

Pause: irregular pause or hesitation;

Speed: excessively slow or rapid movement; 

P/D Coord: proximal/distal co-ordination
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5 .5 .2 2  Results: Kimura box

James performed four iterations of the movement sequence, so he had twelve 

movements to be analysed; whereas Christine performed two iterations of the sequence, 

so she had six movements to be analysed. Their error rates are plotted in terms of 

percentages of total movements, so that their performances can be more easily 

compared (Figure 5.2). James and Christine both had a handshape error rate of 33.33%, 

which was four handshape errors for James and two handshape errors for Christine. 

Additionally, though, their errors were different in nature, because all of Christine’s 

errors were cases of handshape laxing. James produced laxed handshapes, but on top of 

that, three of his four errors were the incorrect selection of a handshape to match what 

the researcher had produced (e.g., an extended index finger rather than an extended 

thumb). James also had two pauses during movements, which both co-occurred with his 

handshape errors.

5.5.3 Toy placement

The purpose of the toy placement task was to probe subjects’ ability to 

accurately move to a visual target, to co-ordinate the proximal and distal joints 

successfully to manipulate objects, and to place objects according to a visual schema. 

Subjects with right hemisphere damage often experience visuo-spatial neglect that 

would make such tasks difficult (Hickok et al., 1996; Poizner et al., 1987). More rarely, 

subjects with right hemisphere damage experience ideomotor apraxia that can disrupt 

their ability to manipulate objects successfully (Raymer et al., 1999).

5.5.3.1 Methods: Toy placement

James was presented with a set of toys and a series of pictures depicting 

configurations of those toys and asked to place the toys according to the configurations. 

The first 43 toy placement tasks were analysed, so that the numbers would be broadly 

comparable to the data from the signing task. Unfortunately, limits of time and available 

resources did not allow collection of object placement data from Christine.
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Figure 5.8: Toy Placement: Jam es
errors as %  of 43 movement sets

Key: HS: hand configuration; 

Target: movement targeting;

Inv Move: involuntary movement; 

Init: movement initiation; 

Complet: movement completion;

Pause: irregular pause or hesitation;

Speed: excessively slow or rapid movement; 

P/D Coord: proximal/distal co-ordination; 

2H Coord: bimanual co-ordination
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For purposes of analysis, movements are divided functionally in terms of end 

goals, with movements necessary to achieve a particular goal grouped together as one 

movement set. For example, if the goal is to move an object from one place to another, 

then the reach to the initial location, the grasp of the object, and the placement of the 

object at the second location are grouped together and analysed collectively as one 

movement set. This framework for analysing movements is consistent with research on 

symbolic/ideomotor representations of movement (Flalsband et al., 2001; Sunderland & 

Sluman, 2000) as well as research on the kinematics of sequential and bimanual 

movements (Gentilucci & Negrotti, 1999; Wiesendanger et al., 1996). Kinematic 

research shows that if an individual grasps an object to push it, the motor plan will be 

very different from grasping an object to lift it, so for this analysis the grasp is grouped 

together with the subsequent movement as a task. Exceptions to this rule are when 

James picks up an object and then pauses to examine it, or to do something else, and 

then resumes placing the object. In cases like that, the movements are divided into two 

movement sets. The parameters according to which movement sets are analysed are 

described in detail in the previous chapter; and the coding of the data from the toy 

placement task is included in Appendix C.

A list of representative movement sets is presented in Table 5.3, annotated for 

the features that render them more or less difficult. They are listed approximately 

according to level of difficulty, however there is not an established means of ranking 

movement difficulty, so this should be taken only as a rough estimate.

Table 5.3: Typical movement sets and their features

Movement
Sets

Formation of 
hand
configuration

Toy as 
target

Location 
as target

Force against 
gravity

Force 
against toy 
surface

Bimanual
coordination

Place toy X X
Push/slide toy X X X
Bend toy X X X X
Pick up toy X X X X
Grasp & 
push/pull toy

X X X X

Pick up & 
place toy

X X X X X

5.5.3.2 Results: Toy placement

It is difficult to judge bimanual co-ordination from the toy placement task 

because very few of the movement sets required the use of both hands. Moreover, 

movement sets that did require two hands were particularly difficult because they are
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“asymmetric goal-directed movement sequences” (Wiesendanger et al., 1996). It should 

be pointed out that James never performed a one-handed movement set with two hands. 

For example, he never tried to lift a small object with two hands rather than one. On the 

three movement sets that required both hands, he had difficulty performing them 

because he could not form the correct hand configuration with his left hand. Fine 

movements in his right hand were largely preserved: he had only three handshape errors 

on the task (6.98% of movement sets), and all were on his left hand. James’s most 

common error was a failure to correctly target a toy or location (n=l 1,25.58% of all 

actions) (Figure 5.7). His second most common error was pausing or hesitating during a 

movement, which happened on 16.28% of all movement sets, or seven times.

5.6 Discussion

5.6.1 Naming

The aspects of sign production that James performed worst on were the static 

components: the location, orientation, and handshape of a sign. Dynamic components of 

signs, such as handshape change, orientation change, direction of movement, and 

proximal/distal co-ordination. Additionally, the static components of handshape and 

orientation were modified to become more lax, and this was more pronounced for the 

distal articulators which are required for handshape formation. The laxing in orientation 

and handshape may be an effect of loss of fine motor control resulting from upper motor 

neuron damage, which tends to be worst in the fingers and progressively milder in more 

proximal joints. So James may have been exhibiting a general laxing tendency that was 

more extreme in some productions than others, and the taxation of the articulators 

spread to become more proximal (i.e. to affect orientation as well as handshape). 

However, Christine exhibited articulatory laxing as well, so there may be a more 

widespread laxing phenomenon related to aging. While articulatory patterns in the 

signing of elderly subjects have not been researched, there is evidence from motor 

control research that elderly people show a decline in fine motor control (Contreras- 

Vidal et al., 1998; Smith et al., 1999), which could easily affect handshape. However, 

further research would be necessary to determine if this decline is likely to affect 

signing, and to affect sign handshape in particular.

When James produced errors in the locations of signs, the signs were 

consistently lowered. He never produced a sign in an incorrect location that was 

superior, medial, or lateral to the target location. James’s lowering of signs was not 

consistent along any single criterion of the sign, i.e. there was no single feature that
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determined that a sign would consistently be produced low. However, the only signs 

that were produced low were those with high target locations. Furthermore, his lowering 

of signs was not limited to signs produced with the left hand or to two-handed signs. As 

an error it probably does not represent a reconceptualization or even simply a uniform 

lowering of his signing space. Because continuous signing data were not analysed, it is 

not clear whether low or central signs would be lowered to accommodate James’s 

apparent difficulty reaching high target locations. He was producing one sign at a time, 

so it seems likely that he would produce individual signs as accurately as possible and 

without concern for the position of one sign relative to another.

The dynamic error that James produced most frequently on the naming task was 

bimanual co-ordination. Nonetheless, he had reasonably co-ordinated movements of the 

two limbs, despite left-sided hemiparesis. Additionally, he had no difficulties using his 

affected hand as a base hand in two-handed signs. Surprisingly, most of the signs with 

disrupted bimanual co-ordination were low and symmetrical, i.e. both hands made the 

same movement, and neither had to move very far. This is especially striking in contrast 

to the location errors, which only appeared when a sign’s target location was high and 

presumably reflected simply weakness or a limited range of movement.

The final error category from the naming task that should be discussed briefly is 

sign repetition. Both James and Christine produced several full, identical repetitions of 

individual signs, without pausing between productions. There is no clear pattern in the 

formational properties of which signs are repeated and which are not. The only pattern 

that seems to be noteworthy is in the data that were excluded from this category: 

namely, both subjects repeat several signs after pausing or after altering the sign slightly 

as well. As outlined in Chapter 4, repetition of a sign was not counted as an error unless 

it took place without pause or modification. The original intent of the exclusion criteria 

for this measure was to capture movements that may be involuntary; however, that is 

not likely what these two subjects are producing. Consequently, it is predicted that the 

productions captured by this coding scheme and from these subjects are a subset of a 

larger phenomenon that is perhaps social or psychological in nature, and beyond the 

scope of this research. James did not perform a sign copying task in addition to a 

naming task, so it is impossible to say whether his repetition behaviour is task-specific 

or not. However, Christine did perform a sign copying task, and in that context, she did 

not have a high rate of sign repetition. (See Chapter 7 for more discussion of sign 

repetition.) So it may be that spontaneous repetition of signs, with or without pause or 

modification, is in some way more likely for a naming task than for a copying task. For
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example, it may be that the subjects were trying to produce a perfect token for the 

former but not for the latter.

5.6.2 Comparisons to past sign language research

In contrast to subjects described in previous research on RHD and signing,

James showed no sign language or movement deficits related to visuospatial neglect. 

Because this study did not examine extended signing, the discourse, grammatical, and 

prosodic features of his sign productions could not be analysed. Unlike the Deaf RHD 

signer with articulatory deficits described by Poizner & Kegl (1993), James had only 

minimal difficulty co-ordinating independent movements of his arms to form signs. 

Specifically, he only had difficulty co-ordinating the two hands at the onset of 

movement at the beginning of a sign and not throughout its production. In fact, as 

described above, James had far greater difficulty with static components of signs. It may 

be that the signer from that study had a more severe hemiparesis, or it may be that the 

inability to co-ordinate the two limbs was a manifestation of hemispatial neglect. Two 

final points should be made about the results from Poizner & Kegl (1993): first, because 

the signer’s articulatory deficit was not the focus of their research, they did not 

elaborate on her bimanual co-ordination in much detail. Consequently, it is difficult to 

say what other articulatory deficits may have accompanied it, or precisely how 

widespread the deficit itself was. Second, it is not clear on what basis Poizner & Kegl 

(1993) categorize the signer’s co-ordination deficit as motor neglect, rather than a 

movement planning disorder since the two types of movement disruption can co-occur 

(Laplane & Degos, 1983). Moreover, motor neglect is typically characterized as a 

spatial rather than a temporal phenomenon (Heilman & Adams, 2003; Laurent-Vannier 

et al., 2003; Meador et al., 1986), and the latter is what Poizner & Kegl (1993) describe.

Findings from the current study and earlier sign language research support the 

theory that sign articulation as well as speech may be less disrupted by unilateral right 

hemisphere damage than by other brain pathologies (Corina et al., 2003; Dronkers, 

1996). Although James’s signing is disrupted by his right hemisphere infarct, he is only 

mildly dysarthric. Similarly, according to their report, the signer described in Poizner & 

Kegl (1993), does not have articulatory disruptions to sign to the same extent as most of 

the other subjects they report.

Unexpectedly, James patterned similarly to subjects with Parkinson’s disease 

described in earlier studies. Broadly speaking, James’s signing was reduced in much the 

same way as Parkinsonian signing (Loew et al., 1995). He frequently showed slightly
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lax handshape in his good hand, and less often lax orientation, and lowering of some 

signs. However, unlike PD signers described previously (Brentari et al., 1995), he 

showed no decoupling of proximal and distal movements (e.g. handshape change and 

arm movement) during signing. Additionally, his sign lowering was not as uniform as 

theirs: the signers with Parkinson’s disease lowered the signing space uniformly, 

whereas James only lowered signs which had high target locations. Moreover, the 

signers with Parkinson’s disease produced signs from distal articulators, and James did 

not distalize his signs. More research is necessary to explore the relationships between 

right hemisphere damage, Parkinson’s disease and sign articulation. It is possible that if 

phonetic measures of signs were refined, greater distinctions between RHD signing and 

PD signing could be identified. Alternatively, it is possible that by looking at a 

movement task as demanding and yet familiar as sign language production, this research 

has identified a functional parallel across motor structures that traditional motor control 

tasks could not detect.

5.6.3 Non-linguistic tasks

There was not much of note in James’s performance on the pointing task. What 

is worth noting is that James produced far fewer errors on it than on any of the other 

tasks, linguistic or non-linguistic. Christine also had a small number of errors on the 

pointing task; and there was no clear pattern in the errors for either of them. In the end, 

both subjects produced too few errors to merit further examination. It stands to reason 

that pointing would be easiest, because it uses only one hand, has nearby target 

locations, requires no hand configuration change, and is not (by definition) sequential.

According to the measures used by Sunderland and Sluman (2000) and Kimura 

(1993) on the Kimura box task, James had difficulty doing two correct sequences of the 

three movements in a row. However, by their measures, he was correct on all the 

movements in the first sequence, so it is not likely that his performance reflects an 

apraxic deficit. What is more probable is that it represents a memory or perceptual 

problem, because he consistently had difficulty with the first manipulandum but not 

with the other two. On the measures added to the task for this study, James was 

moderately impaired on the Kimura box. His hand configurations were slightly lax and 

did not consistently match the hand configurations produced by the experimenter. 

However, he exhibited no involuntary movements or targeting problems. By Kimura’s 

measures, Christine performed at ceiling level. Assessed according to the measures 

added for this study, she produced two lax hand configurations, but they were still well-
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adapted to the relevant tasks and roughly matched the experimenter’s hand 

configurations. Also, Christine’s movements from one manipulandum on the box to the 

next were faster than James’s. He tended to hold his position at each manipulandum 

slightly longer.

James did not have much difficulty with toy placement task in general, although 

he did have more difficulty with it than with the pointing or Kimura box tasks. He 

showed no deficits related to hemispatial neglect or visuospatial processing. 

Additionally, as with the signing task, he produced no involuntary movements. On the 

more demanding movement sets (e.g. those that required grasp of an object and then its 

placement), he was more likely to produce targeting errors on toy placement. Not 

surprisingly, in general, the number of his errors increased with task difficulty: he had 

more difficulty lifting an object and placing it, compared to grasping and pushing an 

object, and more still compared to sliding an object along a surface. Perhaps similarly to 

his performance naming task, James often paused while making a movement on the toy 

placement task; but the source of this unclear irrespective of whether or not it is the 

same type of error on the two tasks. In fact, it may not be a motor deficit at all, but 

something related to visuospatial perception or attention. Further study would have to 

be carried out to address this question. Finally, it should be mentioned that the errors he 

made adapting the correct hand configuration for a task are almost exclusively on tasks 

that required both hands, and it was the left hand that could not assume the necessary 

hand configuration.

James showed a differential pattern of errors across the non-linguistic tasks, and 

also between the non-linguistic tasks and the signing task. In general, he performed 

better on the less complex non-linguistic tasks which had low targeting demands: those 

that did not require precise movements of distal effectors. The toy placement task 

required much more complicated movements than either of the other two non-linguistic 

tasks, and not surprisingly, James produced more errors on it than on the other tasks. In 

particular, his targeting was far more accurate in pointing than in toy placement. 

Furthermore, he was able to maintain fine movements and proximal distal co-ordination 

better in the two more difficult non-linguistic tasks (Kimura box and toy placement) 

than in signing. The simplest interpretation of James’s differential performance on non- 

linguistic and signing tasks is that signing has greater fine-grained movement demands; 

and James was particularly impaired on fine motor control.

One of the striking differences between James’s and Christine’s performance 

was that on the Kimura box task, they had about the same rate of hand configuration
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errors; however, James had a much higher rate of handshape errors than Christine on the 

naming task. So, on what was essentially the same measure, they performed 

differentially across two tasks, which reinforces the idea that what James is exhibiting is 

an exaggeration of a normal tendency (laxing) which is more pronounced on more 

demanding tasks. Furthermore, on the simplest movement task (pointing), the two 

subjects performed essentially identically, and at ceiling level. That said, James was 

uniformly slow in his movements across all the tasks, and probably in his day-to-day 

behaviour as well. This was the one measure on which he consistently performed 

differently from the control subject, irrespective of external factors, such as task 

difficulty.

5.6.4 Comparisons to speech dysarthria research

As an aside, James’s English skills remained strong following the stroke; 

however, his spoken language ability was not explicitly tested for this study. It would 

have been interesting to compare his articulatory ability across the two modalities, 

particularly in light of his previously undiagnosed bilateral damage, but since he is a 

deaf speaker it was difficult to presume what his normal baseline of speech articulation 

would have been like prior to his most recent stroke.

It is likely that most hearing subjects with the same type of stroke that James had 

would have had minimal speech motor impairment, at most. In those who did have a 

speech motor impairment, it would probably present itself as imprecise articulation, 

slowed speech, and mild disruptions to speech resonance. Given that the dysarthria in 

such a case would not likely appear in isolation, the hypothetical dysarthric speaker 

would probably also exhibit mildly impaired co-ordination and weakness in their 

affected hand and arm. Perhaps James exhibited symptoms that a UUMN dysarthric 

speaker would also exhibit (e.g. lax hand configurations and reductions in movement 

displacement) if they were tested on sufficiently-demanding tasks using the hands. In 

other words, there may be aspects of the movement disorder that would hold true across 

the two modalities but have remained unidentified because subjects were differentially 

impaired according to task difficulty rather than according to effector group. The sign 

errors that James exhibited are similar to the imprecise articulation and loss of fine 

motor control exhibited in UUMN dysarthria.

It is possible that the symptoms that James exhibited across the tasks are related 

to his earlier mild contralateral infarct(s). This possibility is supported by the fact that 

his non-signing, in addition to his signing, movements pattern similarly to the typical
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symptoms of spastic dysarthria (i.e. slowed movements, reduced movement range, and 

possible weakness). Additionally, he had potential indications of heightened muscle 

tone (reduced movement range and laxed articulation) which could indicate that his 

mild sign articulation deficit is a type of spastic dysarthria, and also the result of 

multiple infarcts. More research is required to address these competing hypotheses 

about the nature of UUMN dysarthria, cross-modal movement disorders, and linguistic 

vs. non-linguistic movement.
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6 Robert: Ataxic Signer

This chapter examines the case of Robert, a signer with severe cerebellar 

damage (primarily to the right hemisphere) which resulted from a vascular pathology. 

Robert's is the first case of cerebellar damage to be reported in a sign language user, 

and consequently, it could have important implications for models of sign articulation 

and the development of therapy for Deaf stroke victims. Cerebellar damage is thought 

to cause severe disruptions to co-ordination and targeting, and sign and fingerspelling 

production have high co-ordination and targeting demands, so it is predicted that sign 

and fingerspelling will be affected by cerebellar damage to a greater extent than simpler 

limb movements. Moreover, the right cerebellar hemisphere has been identified as 

important for speech articulation (Marien et al., 2000; Wise et al., 1999), so it is 

reasonable to speculate that it might be involved in sign articulation in a similar way. 

Robert’s case allows the same research questions to be asked for cerebellar damage that 

is asked of the other cases examined here: does the subject show a differential pattern of 

performance on the linguistic and non-linguistic tasks; and is his pattern of performance 

similar to what we would expect in a hearing speaker with severe cerebellar damage?

6.1 Cerebellum

6.1.1 Cerebellar function

The importance of the cerebellum for motor control has been recognized for 

many decades and its nature investigated in depth (Holmes, 1939). However, despite its 

importance in motor control, there has been less research on human cerebellar function 

than on the function of many other parts of the brain, probably in large part due to the 

availability of clinical data. First of all, damage to the cerebellum is relatively 

uncommon because it is not a frequent site for vascular accidents; the overwhelming 

majority of strokes occur in branches of the carotid artery and damage the cerebral 

hemispheres. Perhaps more significantly, there is no common disease affecting the 

cerebellum; Friedreich’s ataxia is the most common, and it only affects 0.002% of the 

general population. By contrast, basal ganglia damage occurs as the result of both 

Parkinson’s disease and Huntington’s disease—two of the most common degenerative 

neurological diseases occurring in humans. Consequently, data on the function of the 

human cerebellum are comparatively scarce.
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6.1.1.1 Research on the cerebellum and movement

Despite the infrequency of cerebellar damage in humans, there is nonetheless a 

reasonable body of experimental research suggesting that the cerebellum is important 

for processing sensory information as it pertains to movement (Jueptner et ah, 1996; 

Ohyama et ah, 2003). In order for movements to be executed normally, the nervous 

system must maintain a sense of where effectors are located relative to each other and 

relative to movement targets. The cerebellum co-ordinates components of movements, 

possibly by comparing motor output against both motor plans and sensory feedback and 

adjusting the output accordingly (Blakemore et ah, 2001). It is well placed and 

configured for this function because it receives input (either directly or indirectly) from 

the cerebral cortex, the brainstem and the spinal cord. Moreover, its cortical structure is 

highly dense and regular, making it well-adapted to the high computational demands of 

online sensorimotor processing (Brodai, 1998).

Looking at motor functions of the cerebellum at a slightly higher level, 

researchers have uncovered various implications of its role integrating sensory and 

motor information. Lang & Bastian (2002) suggest that the cerebellum facilitates 

execution of complex movement in tasks that do not require substantial attentional 

resources. This is a predictable function given that the cerebellum receives sensory 

information directly from the brainstem and spinal cord, thereby circumventing higher 

level information processing structures in the neocortex. Others have suggested that the 

cerebellum is specifically adapted to combine simple motor synergies into complex 

synergies (Thach et ah, 1992), which could follow from its capacity to integrate large 

amounts of sensory and motor information rapidly and modify motor output 

accordingly. Behavioural data show that cerebellar patients exhibit more variability in 

final finger position in rapid throwing movements (Timmann et al., 2001), which is 

consistent with the idea that the cerebellum is crucial for integrating sensorimotor 

information. It is easy to understand how disruption to cerebellar function could cause 

loss of co-ordination and movement accuracy, if its primary function is to process 

sensory information and use it to gauge movements.

6.1.1.2 Clinical findings—Ataxia

The pattern of disrupted movement typically resulting from cerebellar damage is 

referred to as ataxia, which comprises various components. Clinical research suggests 

that in patients with cerebellar ataxia, voluntary movements are slow, large, and jerky; 

and often disrupted by tremors (Duffy, 1995). The tremors occur during voluntary
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movements of the limbs (as distinct from tremors associated with Parkinson’s disease 

that occur when the limb is still) and are consequently referred to as intention tremors. 

Additionally, ataxia disrupts more basic motor functions such as posture, gait, and eye 

movements, rendering them unstable. At a physiological level, patients with ataxia have 

reduced muscle tone and hyporeflexia. The practical effects of the physiological and 

psychophysical aspects of ataxia are dysmetria (or spatial inaccuracy), dysrhythmia, and 

dysdiadochokinesia (or disruption to rapidly alternating movements).

6.1.2 Cerebellum and speech/language

6.1.2.1 Ataxic dysarthria

Broadly speaking, the symptoms of ataxic dysarthria resemble the general 

movement deficits of ataxia. Ataxic dysarthria is a manifestation of unco-ordinated 

movements and hypotonia of the speech muscles. Speech is generally perceived as slow 

and imprecise, with irregular variations in pitch and loudness, and a ‘scanning’ rhythm 

(Duffy, 1995). Recent clinical research has tried to characterize the condition according 

to more discrete, quantifiable measures. It has been proposed that ataxic dysarthria is 

not a unitary phenomenon, but that there are subtypes, corresponding to different lesion 

sites in the cerebellum (Kent et ah, 1997); however, like any aspect of cerebellar 

damage, this is difficult to test because of the relative scarcity of clinical data.

Clinical and experimental research indicate that ataxic dysarthria affects many 

speech articulators at once, rather than individual articulators in isolation (Kent et ah, 

1997; Murdoch & Theodoras, 1998; Sheard et ah, 1991), which is reflected by the 

inconsistencies between acoustic and perceptual measures of speech components. 

Subjects with ataxic dysarthria tend to receive low intelligibility ratings (Liss et ah, 

2000), though these do not correlate with any specific acoustic measures (Kent et ah, 

2000; Linebaugh & Wolfe, 1984; Sheard et ah, 1991). Additionally, clinical observation 

of articulation suggests that speech co-ordination and timing are affected to a greater 

degree than strength or mobility of the speech musculature (Duffy, 1995), which is 

consistent with the idea of a multi-articulator impairment. However, Ackermann & 

Hertrich (2000) have proposed that deficits in coarticulation related to ataxic dysarthria 

are the result of reduced articulatory speed rather than a deficit in co-ordination of 

multiple articulators; but it is difficult to know how their findings relate to aspects of 

ataxic speech, other than coarticulation.

Despite many reports on specific symptoms of ataxic dysarthria, it is not clear 

which disrupted speech characteristics are most prevalent. Some acoustic and perceptual
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studies have suggested that subjects with ataxic dysarthria have more variable pitch and 

loudness (Darley et al., 1975; Kent et ah, 1979; Kent et ah, 2000), which would be 

consistent with findings from experimental motor control research on variability in arm 

movements (Timmann et ah, 2001). However, other research has suggested that ataxic 

dysarthria causes too much consistency in pitch and loudness across syllables (Kent et 

ah, 1979); so perhaps, the absolute values of pitch and amplitude are not the most 

relevant measure. Alternatively, it is possible that increased and decreased variability of 

pitch and loudness are different versions or components of the same underlying deficit.

Ackermann et ah (1997) address similarities and differences between speech 

articulation movements and upper limb movements in various central motor disorders. 

They report that subjects with cerebellar damage show bradykinesia of lip movements 

in a /p/V/p/ production task. On the basis of this and earlier research suggesting that 

cerebellar damage only affects velocity profiles on rapid, guided movements, they 

conclude that lip movements behave like ballistic movements. They suggest that the 

cerebellum has different functions in speech as opposed to limb movements, arguing 

that the two types of movement are inherently different. It should be noted, however, 

that Ackermann et ah were only examining lip movements used to produce plosive 

consonants; had they looked at lip rounding in transitions from one vowel to another, 

they may have had a very different result, given that vowels have longer durations and 

rounding is a more gradual movement. By their reasoning and methodology, differences 

between speech and limb movements in cerebellar ataxia are as likely to be task-based 

as effector-based.

6.1.2.2 Cerebellum and language

Although the cerebellum is best known for its role in movement, it has non-

motor functions, which have not been explored in as much detail. Small-scale studies 

suggest that cerebellar damage may cause disturbances to language as well as speech 

(Fabbro, 2000; Fiez et ah, 1996; Marien et ah, 2000; Petersen et ah, 1989) and 

disturbances to neuropsychological functions such as learning and memory (Lalonde & 

Botez-Marquard, 2000). The traditional view that cerebellar damage causes no 

impairment to cognitive ability has been more or less abandoned, but the nature of the 

resulting cognitive or linguistic impairment is far from resolved. Because the right 

cerebellar hemisphere connects (indirectly) to the left cerebral hemisphere, it has been 

suggested that it has an important role in both language and articulatory function 

(Corina et ah, 2003; Marien et ah, 2000; Wise et ah, 1999). However, there is also
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research suggesting that both the left and right cerebellar hemispheres as well as the 

vermis are important to language function (Fabbro et al., 2000; Fiez & Petersen, 1998). 

In fact, there are probably insufficient data at this point to adequately address 

anatomical correlates of uniquely human behaviour that are internal to the cerebellum.

Ackermann & Hertrich (2000) propose that cerebellar damage impairs speech 

processing and perception. In particular, they report a disruption to discrimination of 

voiced and unvoiced consonants in subjects with cerebellar atrophy, which they 

attribute to the cerebellum’s suggested role in perception and production of tempo (Ivry 

& Keele, 1989; Penhune et ah, 1998). Some researchers go beyond this to talk about 

specifically linguistic functions of the cerebellum, beyond the level of anything sensory 

or motor, including components of syntax, morphology, and semantics (Fabbro, 2000). 

Fabbro et ah (2000) describe a small, diverse group of subjects with cerebellar lesions 

(N=4, one of which is a developmental case) and their resulting linguistic impairments. 

The researchers examined various components of language production and perception, 

and claim to have found correlations between language impairments and areas of 

damage. However, they do not argue that the deficits they describe are independent of 

the other motor and cognitive deficits that the subjects exhibit. Damage to the 

cerebellum can affect language indirectly in any number of ways, for example, by 

disrupting articulation (Kent et ah, 2001), sensory processing (Jueptner et ah, 1996), or 

learning (Lalonde & Botez-Marquard, 2000). In their review of neuroimaging studies of 

reading, Fiez & Petersen (1998) suggest that the bilateral cerebellar activity reported 

across studies may reflect the sensorimotor demands of the task, since some studies also 

found bilateral activity during non-linguistic tasks which had a sensorimotor 

component. As a result, lesion studies must be cautious in assigning differentiable 

linguistic functions to specific areas of the cerebellum, particularly on the basis of 

individual cases.

Most other studies of the cerebellum and language have focused on production 

rather than perception. Petersen et ah (1989) report right cerebellar activity in normal 

subjects during a lexical retrieval task, in which subjects had to generate nouns to 

accompany verb stimuli. Additionally, Marien et ah (2000) report a case of reduced 

spontaneous linguistic output and lexical retrieval deficits in an individual with right 

cerebellar damage, one year post-morbid. They suggest that it may be similar to frontal 

dynamic aphasia, and as such, reflect a disruption of cerebellar projections to the left 

cerebral frontal lobe. These reports, like many others on non-motor functions of the 

cerebellum, rely primarily on isolated cases and small subject groups, which cannot be
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avoided in clinical research on human cerebellar function. The small number of clinical 

cases combined with the sensorimotor and cognitive demands that accompany most 

psycholinguistic tests of cerebellar activity means that it is too early to judge the 

linguistic function of the cerebellum, but the possibility should not be ruled out that 

cerebellar damage can impact on language as well as articulation.

6.1.3 Sign Articulation

Because damage to the cerebellum is comparatively rare, to date there has been 

no research on sign language and the cerebellum other than the individual case 

described here. However, it is worth briefly reviewing studies on other types of atypical 

sign articulation for the comparisons they provide. Research on atypical sign 

articulation has focused primarily on Parkinson’s disease or cerebral right hemisphere 

damage. Studies on Parkinson’s disease and signing suggest a general reduction in the 

size and speed of sign production (Brentari et al., 1995; Poizner et ah, 2000). 

Additionally, Parkinsonian subjects show laxing of handshape and orientation (Loew et 

ah, 1995; Poizner & Kegl, 1993), mirroring of handshape on the non-active hand 

(Brentari et ah, 1995), reduction of signing space (Brentari & Poizner, 1994; Brentari et 

ah, 1995), and distalization of relevant sign articulators (Brentari et ah, 1995; Tyrone et 

ah, 1999). In a case study on sign and right hemisphere damage, researchers reported 

that an affected signer showed problems with bimanual co-ordination, in that one hand 

tended to lag behind the other in two-handed signs (Loew et ah, 1997; Poizner & Kegl, 

1993).

Another body of research on atypical signers has examined sign articulation in 

young children, who are not a clinical population but are nonetheless atypical in their 

signing, relative to fluent adult signers. In their research on the acquisition of American 

Sign Language as a first language, Cheek et ah (2001) found that young children 

produced one-handed signs with two hands. In a related study, Meier et ah (1998) found 

proximalization of sign movements, such that children used a sign articulator more 

proximal to the body than the articulator in the target form of the sign—the opposite of 

the pattern seen in signers with Parkinson’s disease. The significance of sign movement 

patterns exhibited by children in relation to the case described here will be examined in 

greater detail in the discussion section below.
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6.2 Robert: Background

Robert is a 36 year old right-handed man who was born deaf into a hearing 

family. He acquired BSL at age 5 when he attended an oral day school for the deaf. 

After completing secondary school, he worked as a printer until his health problems 

began at age 28. There are no other deaf members of his family, and he communicates 

with his family through speech and lip-reading. His partner and his closest friends are 

Deaf, and their language of preference is BSL. Prior to his neurological surgery, he was 

an active member of the Deaf community and participated in Deaf events in his area.

Robert suffered a cerebellar infarct following surgery to correct an arteriovenous 

malformation, when the surgery caused extensive haemorrhaging. CT scan data reveal 

that the damage is greatest in the right hemisphere of the neocerebellum but extends 

into the medial cerebellum as well. Additionally, there is a small area of damage in the 

pons. His symptoms following surgery included hypotonia, postural instability, 

nystagmus, and unco-ordinated movements.

6.3 Deaf Stroke Project Findings

6.3.1 Neuropsychological Testing

Robert’s performance on neuropsychological tests administered by the Deaf 

Stroke Project was completely within the normal range of performance by Deaf control 

subjects. He produced no errors on the line cancellation test for visuospatial neglect. On 

the Foreshortened Match Test from the Birmingham Object Recognition Battery 

(BORB) (Riddoch & Humphreys, 1993), which tests the ability to imagine an object 

from a different perspective and range, he scored 24 out of 25. On the Object Decision 

test from the BORB, which tests discrimination of real and unreal or impossible objects, 

he scored 24 out of 32, which despite being low is nonetheless within the normal range.

6.3.2 Clinical Observations and Sign Language Testing

Purely linguistic deficits in Robert’s signing were not obvious on cursory 

observation, though it is possible that they were masked by his more severe movement 

deficits. He showed no difficulty understanding ordinary conversation, and his 

production deficits were largely motoric. On explicit testing by the Deaf Stroke Project, 

he exhibited a mild impairment on comprehension of negatives (both on manual and 

non-manual forms of negation); however, at the time of testing, his nystagmus was 

persistent and could have interfered with his performance. On all other linguistic tests, 

he performed within the normal range.
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Robert uses a wheelchair, experiences weakness in both arms and can perform 

many daily tasks like feeding himself, though he finds them difficult. In early stages of 

recovery, he had a mild nystagmus which gradually resolved almost completely. 

Informal observation of his spontaneous non-linguistic movement revealed unsteady 

posture and head position, difficulty co-ordinating the two hands, and difficulty 

reaching intended targets in day-to-day movement tasks (e.g. picking up a cup, 

adjusting his glasses). Additionally, his limb movements are typical of ataxia, with big, 

irregular movements, and frequent intention tremor.

6.4 Signing Task

6.4.1 Methods: Signing

The signing task given to Robert was the copying task, described in Chapter 4. 

The experimenter produced individual signs in isolation, and Robert would copy the 

same signs. The coding scheme described in Chapter 4 was used to analyse the data. 

Because Robert exhibited no comprehension or visual processing difficulties on this 

task, and the task did not require lexical retrieval, no data had to be excluded from 

analysis due to processing considerations. In the few cases in which he repeated a sign, 

repetitions were excluded from analysis; however, if he repeated a sign in its entirety 

without pausing, it was counted as an error. Robert’s performance on the signing task, 

as well as on all the other tasks, was directly compared to the performance of Graham, 

the control subject who is close to him in age and linguistic background. A total of 30 

individual sign productions were analysed for each subject. Data are presented in the 

same format as in the previous chapter.

6.4.2 Results: Signing

Robert produced a large total number of errors, a large number of errors per 

sign, and a broad variety of errors (Figure 6.1). The most frequent was involuntary 

movement (60% of the 30 signs produced, or 14 signs), which was probably a 

manifestation of intention tremor. There was no obvious pattern in the distribution of 

involuntary movements in his signing—they bore no relation to the articulatory 

complexity of the sign. Involuntary movements were no more likely to be present on 

signs with (or without) internal handshape or orientation change, with locations in a 

particular area, or with one vs. two hands in the citation form of the sign. As such, 

involuntary movement was an error whose occurrence or frequency probably would not
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have been influenced by controlling the stimuli for those factors. Graham, the control 

subject, produced no involuntary movements while signing.

Figure 6.1: Sign Copying: Robert
e r r o r s  a s  % o f  3 0  p r o d u c t i o n s

Key: HS: handshape;

HS change: handshape change; 

Ori: orientation;

Ori change: orientation change; 

Loc: location;

Rep: sign repetitions;

Inv movement: involuntary movements; 

Dir: direction of movement;

P/D Coord: proximal/distal co-ordination; 

2H Coord: bimanual co-ordination
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Figure 6.2: Image of hyperextended handshape

The next most frequent error in Robert’s signing was handshape error (46.67% 

of 30 signs produced). By contrast, 13.33% of Graham’s signs (4 signs altogether) 

included handshape errors. In the case of this error as well as the previous one, there 

was no clear pattern in the distribution across signs for either subject. The features most 

likely to influence distribution would probably be target handshape, sign location, or 

presence of handshape change in the target, and yet none of these seemed to influence 

whether or not a handshape error was produced. Robert’s handshape errors were almost 

all hyperextended handshapes, that is to say, handshapes in which the selected fingers 

were extended out from the hand so much that they began to point dorsally along the 

arm (Figure 6.2). Handshape hyperextension is the opposite of handshape laxing, in that 

the hand is configured as far from the rest position as possible, and in Robert’s case, 

was probably the result of hypotonia. By contrast, Graham’s handshape errors were 

divided between laxed and hyperextended handshapes, with the majority being laxed.

Equally common in Robert’s signing were errors in the co-ordination of the 

movements of proximal and distal articulators (46.67%, or 14 signs), for example, the 

elbow and the wrist. Robert had great difficulty moving articulators on the same arm in 

a co-ordinated manner in the signs that required it; furthermore, he added articulator 

movements (e.g. handshape change) to signs in which they were not required, which 

was also counted as a proximal/distal co-ordination error. Similarly, Robert had 

difficulty co-ordinating movements of the two limbs on two-handed signs, and in some 

cases, produced one-handed signs with both hands. Both of these were counted as a type 

of bimanual co-ordination error, which were present in 26.67% of his signs altogether, 

or 8 signs. By comparison, 13.33% of Graham’s productions (4 signs) included 

proximal/distal co-ordination errors and 3.33% (one sign) included bimanual co-

ordination errors. Robert also produced many handshape change errors (23.33%, n=7) 

and orientation change errors (26.67%, n=8). Errors were included in these categories 

either when a required change was omitted or an extraneous change was added. On the 

whole, Robert was more likely to add handshape or orientation changes than to omit 

them. Only 10% (n=3) of Graham’s productions included orientation change errors: in 

two cases an extraneous change was added, and in one case a required change was 

omitted.
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Additionally, Robert produced several errors in the static components of signs. 

The most frequent static errors were in direction (Robert: 20%; Graham: 0%); location 

(Robert: 20%; Graham: 6.67%); and orientation (Robert: 13.33% ; Graham: 0%). The 

patterns of these errors, like the others, did not seem to be influenced by the formational 

patterns of the signs themselves. Though Robert produced a range of sign errors, in 

general he had more trouble with dynamic components of signs than with static 

components: involuntary movement, co-ordination (proximal/distal and bimanual), 

handshape change, and orientation change.

Robert’s errors in general bore no obvious relationship to the articulatory 

complexity of the signs he produced: he had as many errors on simple signs as on 

complex signs. Similarly, his errors did not cluster on particular signs or share an 

inverse relationship with other errors (Table 6.1). In other words, there were no errors 

that were consistently complementary or co-extensive with each other in Robert’s 

signing. However, the large number of errors, particularly involuntary movements, 

makes it difficult to determine much about their distribution.
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Table 6.1: Sign Error Distribution: Robert

x -  Robert; o = Graham

HS HS
c h a n g e

Ori Ori
c h a n g e

Loc Rep Inv
Move

Dir P /D
C oord

2H
C oord

WIN X

BA LL X X X X X X

INFORM X X X

PERSON X 0 X o
AFTERNOON X X 0 X

HOUSE X X X X X X

THROW X X X

BITE X X X

DROP X 0 X X X

FARM X X

ELEPHANT X X 0 o X

NOTHING X X X X X

W O LF 0 X

ASK X X X

KERB X X X X

LO VELY X 0 X X 0

TAKE OVER X X

WITH X 0 X X X X X

UNIVERSITY X X

SW EEP 0 X 0 X

NAME X X X X X

SHELF X X X X X

SCREW X X

TA BLE X X X

SCHOOL X

BO W L X 0 X X X

BICYCLE 0

W EEKEND X

HAMMER X X 0 X

TEACHER X X

6.5 Fingerspelling Task

6.5.1 Methods: Fingerspelling

For the fingerspelling task, Robert was asked to copy the experimenter’s 

production of individual fingerspelled words. On a couple of occasions, he had 

difficulty understanding the experimenter, so she fingerspelled the word again and then 

he copied it. For each letter in each fingerspelled word, the handshape, location, 

temporal duration, and presence of involuntary movements were coded. Only a portion 

of the fingerspelling data collected were analysed at this level of detail; the data to be 

analysed were selected for word length, variety of letters, variety of handshapes, and 

variety of locations. In the end, seven fingerspelled words comprising 34 letters
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altogether were analysed at this level of detail. Coding categories from the signing task 

were modified somewhat in order to optimize information capture from BSL 

fingerspelling. For example, handshape change (as distinct from handshape) was not 

coded for since it is far less prevalent as a formational feature in BSL fingerspelling; 

whereas articulator location was coded in much greater detail, since BSL fingerspelling 

structure facilitates the use of small anatomical landmarks as reference points for 

location. Additionally, the durations of individual fingerspelled letters were measured, 

so that broad tendencies in movement speed could be identified.

Figure 6.3: Fingerspelling: Robert
e r r o r s  a s  %  o f  3 4  l e t t e r s  p r o d u c e d

Key: HS: handshape

Loc: location

Inv Move: involuntary movement

6.5.2 Results: Fingerspelling

Involuntary movements were by far the most common of Robert’s errors on the 

fingerspelling task (Figure 6.3). In the production of 34 fingerspelled letters, he made 

involuntary movements on 79.41%, or 27 letters. As in the case of his signing, all of the 

involuntary movements were tremors, and all of them co-occurred with voluntary 

movement. Beyond that, there was no clear pattern in their distribution across letters, 

except that the one fingerspelled letter that does not require contact between the two
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hands (C) also did not elicit tremor. Additionally, in the fingerspelling task, the majority 

of tremors affected both hands (see Figure 6.4). Perhaps surprisingly, more tremors 

affected the left hand than the right hand alone, which is striking given that Robert is 

right-handed and that the damage to the cerebellum is worst in the right hemisphere 

(which primarily affects the right side of the body). Graham produced no involuntary 

movements on the fingerspelling task.

Figure 6.4: Tremor Distribution: Robert

■ R ig h t

□ L e ft

□ B o th

Robert had many location errors on the fingerspelling task: 55.88%, or 19, of all 

the letters he produced were articulated at an incorrect location (Figure 6.3). However, 

his errors did not consistently skew in the same direction, nor did they reflect consistent 

articulatory overshoot or undershoot. Letters that were produced with an incorrect 

location were very nearly evenly divided according to whether they were proximal 

(14.71% of all productions), distal (14.71%), or medial (20.59%) to the target location. 

Graham produced only three location errors, of which, two were proximal, and one was 

distal.

Robert and Graham did not pattern notably differently in their production of 

handshape errors on the fingerspelling task. They both produced 4 handshape errors 

(11.76% of total productions), and both of them produced lax but not hyperextended 

handshapes as errors, which is in contrast to Robert’s performance on the signing task. 

To differentiate the two subjects any further on this particular parameter for 

fingerspelling would require a more fine-grained data collection technique, which

would allow more detailed measurements of hand configuration.
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Figure 6.5: Fingerspelling Durations: Robert

Individual fingerspelled letters had long durations in Robert’s production of 

fingerspelling; in fact, there was very little overlap in the durations of his productions 

and Graham’s (Figure 6.5). It should be noted, however, that the durations of individual 

letters were extremely varied from one production to another, and that there was no 

clear source for this variability in the fingerspelling stimuli. The durations of the first 

letter in a word were typically the longest for both subjects, but beyond that there was 

no obvious pattern in the durations of individual letters that applied to both subjects. For 

Graham, fingerspelling durations tended to be related to the proximity of the 

articulatory targets: when two letters’ locations on the hand were close to each other, the 

duration of the second letter was usually relatively short. By contrast, Robert sometimes 

took a long time to move from one articulatory location to another, even when those 

locations were close to each other. Strikingly, sometimes even in the case of a letter that 

was repeated (i.e. the O in F-L-O-O-R), the durations of the two productions of it were 

quite long. Beyond these tendencies for the two subjects, there were no inherent 

characteristics of fingerspelled letters (handshape, location, etc.) that affected their 

durations.
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6.6 Non-linguistic Tasks

6.6.1 Pointing

6.6.1.1 Methods: Pointing

Subjects were asked to point to one of two illustrations in response to a signed 

utterance produced by the experimenter. The response sheet with two illustrations was 

placed on a flat surface directly in front of subjects at a comfortable distance. Incorrect 

responses and hesitations were excluded from analysis, and neither of the subjects 

responded to the same stimulus twice. A total of 28 responses on the pointing task were 

analysed for each subject; and pointing was coded according to the scheme described in 

Chapter 4.

6.6.1.2 Results: Pointing

Robert produced more proximal/distal co-ordination errors than any other error 

type on the pointing task: 32.14% of the total number of pointing movements, or 9 

errors altogether (Figure 6.6). Because all the stimuli on the task were effectively the 

same (target distances varied only minimally from one item on the task to another), 

there was no discernible pattern in the distribution of the errors. Unlike signing, 

pointing requires no change in hand configuration from one production to another. 

Nonetheless, Robert’s proximal/distal co-ordination errors were most often instances in 

which he moved his hand toward the target, hesitated, configured his hand for a 

pointing gesture, and then continued moving to the target. He formed the hand 

configuration again for almost every individual point rather than maintaining a constant 

hand configuration, and consequently had difficulty co-ordinating the movements of 

multiple effectors at once. The remaining co-ordination errors were instances in which 

he produced erratic hand or arm configuration changes while moving toward the target.

Robert’s next most common error was targeting, which was present in 25% (or 

7) of his pointing movements. He had difficulty accurately bringing his hand to the 

location of the illustration in front of him. In many cases, he overshot the target and 

moved his hand too far. Other times, he divided the individual movements into two 

parts by moving his hand to the sheet of paper and then sliding it the rest of the way to 

the target. Graham produced almost no errors on the pointing task: one pause with no 

apparent non-motoric motivation and one targeting error. With such small numbers, it is 

impossible to say anything definitive about patterns in his pointing errors, with respect 

to the stimuli or otherwise.
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Figure 6.6: Pointing Task: Robert
e r r o r s  a s  %  o f  2 8  m o v e m e n t s

K ey :  HS: hand configuration; 

Target: movement targeting;

Inv Move: involuntary movement 

Init: movement initiation;

Complet: movement completion;

Pause: irregular pause or hesitation;

Speed: excessively slow or rapid movement; 

P/D Coord: proximal/distal co-ordination
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6.6.2.1 Methods: Kimura box

The Kimura box data were analysed according to the criteria set by Sunderland 

& Sluman (2000) with additional coding for targeting, hesitation, tremor, speed of 

execution and accuracy of hand configuration. Both subjects performed the specified 

sequence of movements three times, yielding nine individual movements per subject.

6.6.2 Kimura box

Figure 6.7: Kimura Box: Robert
errors as %  of 9 movements

Key: HS: hand configuration; 

Target: movement targeting;

Inv Move: involuntary movement 

Init: movement initiation;

Complet: movement completion;

Pause: irregular pause or hesitation;

Speed: excessively slow or rapid movement; 

P/D Coord: proximal/distal co-ordination
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As with most tasks, Robert and Graham did not pattern similarly in their 

distribution of errors on the Kimura box task, and Graham had few errors on the task in 

general. Robert had a very high rate of hand configuration and targeting errors on the 

movements he produced for this task: 77.78% of both types of errors (Figure 6.7). By 

necessity, there was a lot of overlap between these two error types, but they were not 

completely co-extensive (Table 6.2). There were individual cases of hand configuration 

errors occurring in the absence of targeting errors and vice versa.

6 .6 .2.2  Results: Kimura box

Table 6.2: Distribution of Robert’s Kimura Box Errors

M anipulandum HS T a r g e t Inv Move Init C o m p le t P a u se S p e e d P /D
C oord

Button X X X
Handle X X
Lever X X X X X
Button X X X X
Handle X X X X
Lever X X X
Button X X
Handle X
Lever X X X

Figure 6.8: Kimura Box Timing: Robert
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The distribution of Robert’s errors was partially influenced by which 

manipulandum he was acting on. While almost all of the movements had a hand 

configuration and targeting error, the two cases in which there was not a hand 

configuration error was on the button, which is the first manipulandum on the box (see 

Chapter 4). Additionally, while Robert had no tremors when moving toward the handle, 

he had a tremor in every movement to the button. Graham had very few errors, so it is 

difficult to identify a pattern in those he did produce; however, it should be noted that 

he had no errors when moving to the handle. (The distribution of errors on the Kimura 

box task and its broader implications will be discussed in greater detail in Chapters 9 

and 11).

Robert’s movements on the Kimura box task were much slower than 

Graham’s—so much so that there was very little overlap in the durations of their 

individual movements (Figure 6.8). Additionally, there was more variability in the 

durations of Robert’s movements than in the durations of Graham’s movements. Only 

one of Graham’s movements took an exceptionally long time relative to the others, and 

it was probably an aberration. In fact, Graham’s movement durations varied so little that 

it is difficult to identify any kind of pattern in them, in relation to specific manipulanda 

or otherwise.

6.6.3 Reach & grasp

6.6.3.1 Methods: Reach & grasp

For the reach and grasp task, three cylinders of different sizes were placed on a 

table at a comfortable distance in front of subjects. (Cylinder dimensions are listed in 

Chapter 4.) Subjects were asked to grasp the cylinders individually, move them 

approximately 25 cm forward, set them down, then move them back to their original 

locations. In total, both subjects made 12 reach and grasp movements, which were 

coded for the same parameters as the other non-linguistic tasks, as described in Chapter 

4. Timing of individual movements was not measured for this task, since the beginning 

and ending locations of the movements could not be tightly controlled from one testing 

session to another.
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Figure 6.9: Reach and Grasp: Robert
errors as %  of 12 movements

Key: HS: hand configuration; 

Target: movement targeting;

Inv Move: involuntary movement 

Init: movement initiation;

Complet: movement completion;

Pause: irregular pause or hesitation;

Speed: excessively slow or rapid movement; 

P/D Coord: proximal/distal co-ordination
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6.6.3.2 Results: Reach & grasp

Robert had a large proportion of targeting and co-ordination errors —83.33% of 

all movements, in both cases—and consequently great difficulty completing individual 

parts of the task (Figure 6.9). As a result of these and other errors, there were 

completion errors on 75% of his movements. Also, his hand configurations (errors on 

25% of movements) were often not well-adapted to the size and shape of the cylinders, 

which made completing the grasp difficult. Additionally, he produced many involuntary 

movements when performing the reach and grasp task (errors on 58.33%, or 7 out of 12 

trials). While he was given no explicit instuction on which hand(s) to use, Robert 

repeatedly used both hands for individual trials on the task. Graham had only one error 

on the task, which was a pause that had no obvious non-motoric motivation.

6.7 Discussion

6.7.1 Task-by-task analysis

Signing

Broadly speaking, Robert’s signing is oversized and unco-ordinated. 

Additionally, his signing, like his limb movement more generally, is slow and often 

disrupted by intention tremor. This overall pattern is consistent with the general motor 

symptoms of ataxia and the characteristics of ataxic dysarthria, which are both 

characterized by slow, exaggerated movements, and intention tremor superimposed on 

spontaneous movements of the limbs and the speech articulators. Robert’s movements 

are proximalized on some signs, in other words, he produces a sign using articulators 

proximal to those normally used for its production (e.g. the wrist instead of the base of 

the fingers). Similarly, he also produces some signs in locations high and far away from 

the body, relative to the sign’s citation form or how the control signer produces it. In 

this context, it is important to make a distinction between movement size, location 

distance, and selected articulator(s): it is not possible to have a small movement to a 

distant location, so in conditions like Parkinson’s disease it is easy to equate movement 

size with location distance. By contrast, it is possible to have a very large movement to 

a nearby location, depending on the movement trajectory; and in fact, these are the type 

of movements Robert often produces. He has an overall pattern of enlarged signing, but 

it can take a variety of forms: large movements, distant sign locations, and 

hyperextended articulators.
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Robert’s inco-ordination takes a variety of forms. In particular, he has difficulty 

co-ordinating his hands to produce two-handed signs. He is not always able to make his 

hands begin moving at the same time, come to the same place, or produce the same 

movement, when required to do so. He also has difficulty co-ordinating the movements 

of independent articulators on just one limb: both correctly timing separate movements 

relative to each other and suppressing involuntary movements that emerge during 

voluntary movement. For example, the sign BITE requires a downward movement of 

the arm at the same time that the fingers close to make a fist. What Robert does instead 

is produce the two movements serially, by moving his arm down first, then pausing, 

then closing his fingers.

Regarding Robert’s tendency to produce one-handed signs with two hands 

without obvious intent to place linguistic emphasis (and bearing in mind that the signs 

were produced as part of a repetition task and not likely to require emphasis), the only 

finding similar to this in the adult sign literature suggests that signers with Parkinson’s 

disease occasionally mirror the handshape from a one-handed sign on the non-active 

hand (Brentari et ah, 1995). Without further investigation, it is difficult to speculate on 

this, since neither the subjects nor the sign productions are very numerous in that study 

or this one. That said, the signers with Parkinson’s disease are never described as fully 

producing a one-handed sign with both hands; however, that is precisely what Robert 

did. Similarly, normal Deaf children in the early stages of acquiring individual signs 

produce two-handed forms of one-handed signs (Cheek et ah, 2001). It may be that the 

children studied by Cheek et ah (2001) were using descending brainstem tracts thought 

to enable simple, symmetrical, two-handed movements (Wiesendanger et ah, 1996). 

Their sample included children ranging in age from 5 to 17 months, at which stage the 

connections between the cerebellum and cerebral cortex as well as the corticospinal 

tract itself, both of which are necessary for precise, co-ordinated movements, would not 

yet be fully developed (Brodai, 1998).

The measure of bimanual co-ordination was intended to capture subjects’ ability 

or inability to use two hands in a concerted fashion to execute a movement, or in the 

case of the signing task, a sign. Because it is a relatively broad measure, two subjects 

can pattern differently on it, despite both showing a deficit. In fact, Robert had a variety 

of errors that were all classified as bimanual errors, because they were all related to the 

timing or placement of the two hands relative to each other. In the production of two- 

handed signs, Robert had difficulty synchronizing movements of the two hands, moving 

them symmetrically in space, and bringing the hands together in space.
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Fingerspelling

The fingerspelling task was particularly challenging for Robert, judging by his 

own report as well as his performance. He produced a very large number of errors 

relative to the total number of fingerspelled letters, which may be a reflection of task 

difficulty. In particular, he had a very high number of involuntary movements. 

Additionally, Robert produced atypical movement trajectories in going from one 

fingerspelled letter to another; unfortunately, it was not possible to capture these with 

any consistency from videotaped data. Finally, Robert produced individual fingerspelled 

letters very slowly, though, as in the case of signing, not consistently so. Despite his 

overall difficulty with the task, Robert produced far fewer handshape errors on the 

fingerspelling task than on the signing or reach and grasp tasks. This may be because 

BSL fingerspelling does not require as broad a range of handshapes or as many 

transitions from one handshape to another.

Robert’s productions of individual fingerspelled letters were very long, so much 

so that there was very little overlap in the durations of his productions and Graham’s, 

which parallels the finding of overall articulatory bradykinesia in speech production in 

cerebellar atrophy (Hertrich & Ackermann, 1999). However, the durations of individual 

letters were extremely varied from one production to another, and there was no clear 

source for this variability in the fingerspelling stimuli. In producing a fingerspelled 

letter, Robert often took a very indirect path to get to the letter’s location on the 

opposite hand. It is apparent that he had a rough sense of where the articulatory target 

was, because he did not produce one letter in place of another, but he nonetheless had a 

difficult time getting to the target. This is consistent with the suggestion by Ackermann 

& Hertrich (2000) that ataxic speakers preserve phonemic vowel length if not voice 

onset time, and that by extension their articulatory deficit is biomechanical rather than 

phonological in nature.

With respect to movement trajectories, as well as more broadly, it is informative 

to look at the transitions from one fingerspelled letter to another, despite the fact that 

fingerspelling is typically described in terms of just the letters themselves and not the 

transitions between them. A casual observation made during data analysis was that in 

transitioning from one fingerspelled letter to another, Robert frequently moved his 

hands apart, formed the appropriate handshape, and moved his hands together again to 

form the letter. Unfortunately, this phenomenon was difficult to capture in the absence 

of clear reference points for describing transitions between letters. Many researchers
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have suggested that the transitions between fingerspelled letters are actually more 

important than the letters themselves in language processing (Akamatsu, 1983; Battison, 

1978; Wilcox, 1992); however, the direct mapping between written letters and 

fingerspelled forms almost certainly facilitates using those forms as the relevant 

descriptors of the structure of fingerspelling. In future studies focusing on fingerspelling 

and human movement, it would be productive to code the paths of the individual 

articulators frame by frame (see Tyrone et ah, 1999), in conjunction with a 3D motion 

capture technique.

Pointing

On the pointing task, Robert showed occasional intention tremor and 

consistently slow movements relative to the control signer, in the same way as on the 

linguistic tasks described above. However, Robert’s pattern of errors was somewhat 

different on the pointing task in that he produced far fewer involuntary movements and 

more co-ordination and targeting errors proportionally. (Targeting errors were not coded 

as such on the signing or the fingerspelling task, though they are essentially the same as 

location errors in signing or fingerspelling—both measures describe spatial inaccuracy.)

In some cases, Robert divided individual movements into two parts by moving 

his hand to the sheet of paper and then sliding it the rest of the way to the target. This is 

similar to a pattern described by Brooks (1986), in which cerebellar patients break 

movements down into smaller components and produce the components individually. 

While Robert had proportionally fewer location errors in signing than targeting errors in 

pointing, the pattern of breaking movements down into component parts held true 

across the two tasks and may underlie many of Robert’s other types of sign errors, 

including bimanual and proximal/distal co-ordination errors.

Kimura box

The Kimura box test was originally designed to assess apraxic subjects’ ability 

to correctly manipulate objects according to object shape and size, and according to 

imitation (Kimura, 1993). Even measured by these standards, without any consideration 

of laxing or overextension of hand configuration, both subjects made many hand 

configuration errors. For example, both subjects used a thumb rather than an extended 

index finger (as the experimenter had demonstrated) to handle the first manipulandum 

on the box. There were fewer trials on this task than on any of the others; however, 

Robert had the highest proportion of handshape errors on this task. That said, though, so
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did the control subject, so it is difficult to interpret Robert's error pattern for handshape 

errors. Robert also had great difficulty accurately targeting the location of the 

manipulanda when moving his hand toward them. Perhaps as a result of targeting 

difficulty and/or the spatial accuracy demands of the task, he had proportionally more 

tremors on the Kimura box task than on the pointing task.

As with all tasks, Robert’s movements on the Kimura box task were much 

slower than Graham’s and much more variable. Graham’s movement durations on the 

Kimura box task did not vary much at all. However, although Robert’s movements 

varied a lot in duration, he consistently took longer in moving to the first 

manipulandum, which makes sense given that subjects almost invariably began the 

movement to the first manipulandum from farther away. So Robert’s was a predictable 

movement pattern, albeit one that was exaggerated.

Reach and grasp

On the reach and grasp task, Robert’s main difficulties were with targeting and 

proximal/distal co-ordination. As a consequence of these errors, Robert had a high 

proportion of completion errors because the task required a hand configuration change 

co-ordinated with an arm movement for task completion (i.e. to grasp and set down the 

cylinder), which the pointing and Kimura box tasks did not require. Also, his hand 

configurations were often not well-adapted to the size and shape of the cylinders, which 

made completing the grasp difficult. As with the Kimura box, he produced many 

tremors when performing reach and grasp movements. Additionally, Robert repeatedly 

used both hands on the task, which could be a mechanism for dealing with tremor or 

task difficulty; however, this pattern is also consistent with the pattern from his signing, 

which seems involuntary. Whether the use of two hands for normally one-handed tasks 

by individuals with ataxia is common and/or voluntary is a question that should be 

explored in greater detail.

6.7.2 Comparison of linguistic & non-linguistic tasks

Thach et al. (1992) propose that the role of the cerebellum in motor control is to 

allow the combination of simple motor synergies into more complex synergies. The 

movement deficits that Robert exhibited on all the tasks, and his differential pattern of 

impairment across tasks, certainly support this idea. Robert had particular difficulty 

with co-ordination, which by definition relies heavily on the combination of motor 

synergies. Additionally, Robert was differentially impaired on targeted, sequential
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movement tasks, such as reach and grasp, the Kimura box and fingerspelling 

production, which require combining motor synergies in rapid sequence. This could be 

related to the cerebellum’s proposed role in integrating sensory and motor information 

for movement planning. In addition, Robert exhibited more co-ordination errors 

specifically on tasks that required integrated movements of proximal and distal 

effectors: signing, Kimura box, and reach and grasp. This, too, could be explained in 

terms of sensorimotor integration, which allows movements of independent effectors to 

be co-ordinated spatially as well as temporally.

Robert’s performance on the linguistic and non-linguistic tasks was consistent 

with the symptoms of both ataxia and ataxic dysarthria: he showed considerable 

variability in speed and accuracy from one movement to another; he had an overall 

slowing of his movements; his movements were very unco-ordinated; and he exhibited 

a lot of intention tremor during voluntary movement. Where past research has suggested 

a distinction between ataxic speech and limb movements (Ackermann & Hertrich,

2000), namely in target undershoot and overshoot, Robert did not show a consistent 

pattern, which suggests that earlier findings may have been influenced as much by the 

task as by the particular effectors. Moreover, many of the movement patterns exhibited 

by Robert (e.g. prevalence of tremor and hand configuration errors) seem to be task- 

dependent, which suggests that there is more at play than simply which effectors are 

selected for a movement. Consequently, more attention should be paid to the demands 

of the task itself in experiments designed to address the nature of complex movements 

across modalities. To give a specific illustration, Robert had proportionally more hand 

configuration errors in signing and on the Kimura box task, probably because they 

require highly differentiated hand configurations and multiple hand configuration 

changes, while other tasks (e.g. pointing) do not. This is the type of distinction that 

would be useful to know in designing kinematic studies of speech and limb movements, 

because it helps researchers determine which movement patterns are likely to be 

effector-specific.

6.7.3 Comparison to past sign research

With respect to sign articulation, Robert provides an interesting comparison to 

past research on Parkinson’s disease, right hemisphere damage, and acquisition of sign 

phonology. First and foremost, his case illustrates that disruptions to sign articulation 

can take a variety of forms, in the same way as in spoken language dysarthria. The form 

of either sign or spoken language dysarthria is going to be determined primarily by the
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fundamental nature of the particular movement disorder that causes it and its effects on 

everything from muscle tone to motor programming. Additionally, apparent similarities 

between Robert’s co-ordination deficits and those of a signer with right hemisphere 

damage studied by Poizner and Kegl (1993) raise interesting questions both for motor 

function for sign language and neural correlates of motor control more broadly. That 

subject and Robert both exhibited bimanual co-ordination deficits in signing. Sign 

articulation may be one of a limited set of movement functions in which the two 

unrelated co-ordination deficits, ataxia and hemiparesis, can take on similar surface 

features, and as such, it could serve to highlight the similarities and differences of the 

two deficits.

Proximalization of sign articulators is a phenomenon that, prior to the current 

study, had only been reported in children (Meier et al., 1998), and in naive signers 

(Mirus et al., 2001). It is not entirely clear what the significance of movement 

proximalization is, however, Robert’s signing was similar to that of young children in 

this and other respects. A related study on sign language acquisition showed that 

children produced one-handed signs with two hands (Cheek et al., 2001), which is 

consistent with Robert’s pattern of errors. Although articulatory mirroring has been 

reported in signers with Parkinson’s disease (Brentari et al., 1995) children’s two- 

handed versions of one-handed signs are produced at full-size with both hands, as were 

Robert’s; whereas with mirroring in Parkinson’s disease, signers produced a very 

reduced form on the non-active hand, often just a handshape formation.

There is no obvious speech equivalent to the production of one-handed signs 

with two hands, because speech articulators are not independently controlled on 

opposite sides of the body’s midline. Consequently, there is no parallel to look for in the 

development of children’s speech. However, in addition to sign movements, infants also 

perform reaching movements with both hands before the age of 6 months. They do not 

develop deliberate unimanual reaching until between 6 and 8 months of age, at about 

the same time they develop postural control for sitting (Rochat, 1992). At around the 

same time, infants’ targeting accuracy improves as well (Fallang et al., 2000). It has 

been suggested that before infants have stable posture, they preferentially reach with 

two hands in order to maintain balance, which makes Robert’s pattern of errors 

interesting, in light of the fact that he has postural instability. It would be useful to see 

how broadly this tendency applies in ataxia: are there other tasks in which it is likely to 

emerge; and, is preferential use of bimanual movement related to posture or to some 

other factor? Performing one-handed tasks with two hands could be correlated with
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specific types of tasks or with degree of task difficulty. It may be that bimanual 

movements are used when the required movements are complex and rapid, and rely 

heavily on sensorimotor integration, in much the same way that young or physically 

inexperienced individuals catch and throw with two hands.

Looked at from a different point of view, performing a task with two hands 

instead of one could also be a deliberate strategy that subjects employ when they are 

allowed to take whatever approach to a task they choose. Irrespective of the cause of the 

behaviour, it may be the way that ataxic subjects would consistently go about grasping 

an object, if researchers gave them no advance instructions on which hand(s) to use. If 

such were the case, the implications for all of human motor control research would be 

enormous, because it would suggest that most experimental designs used with ataxic 

subjects depend on an unnatural or inherently difficult behaviour.

6.7.4 Sign vs. speech in ataxic dysarthria

Ataxic dysarthria in spoken language is associated with disruptions to speech co-

ordination and timing (Duffy, 1995), and irregular variability in phonation and 

respiration (Hertrich et al., 1998; Kent et ah, 1997). Many have suggested that ataxic 

dysarthria impacts multiple groups of speech articulators at once, rather than specific 

sets of articulators in isolation (Kent et ah, 1997; Murdoch & Theodoros, 1998; Sheard 

et ah, 1991). However, Ackermann & Hertrich (2000) suggest that coarticulatory 

deficits in ataxic dysarthria are not caused by a problem with temporal co-ordination of 

articulatory movements, but by an overall slowing of movements, causing articulatory 

undershoot and perseverative coarticulation due to biomechanical factors. This is not 

consistent with the pattern in Robert’s signing. He had great difficulty with co-

ordination of articulatory gestures in particular. There was no clear way to 

systematically measure the durations of the internal components of signs; however, a 

few patterns are worth mentioning briefly. In general, Robert had difficulty getting the 

right speed ratios on a movement: some individual, sign-internal movements were 

relatively quick, while entire signs had long durations. Contrary to what was suggested 

by Ackermann & Hertrich (2000), he did not exhibit uniformly slow signing, but rather 

a great deal of variation in speed from one movement to another and from one sign to 

another.

Robert’s signing pattern was more consistent with what was reported by Kent et 

al. (1997): that ataxic dysarthric subjects show variability in repetition rates and 

durations of individual syllables and pauses. Consequently, Robert patterns similarly to

164



what has been reported for hearing subjects in the dysarthria literature, but there is not 

complete agreement in the literature on the nature of ataxic dysarthria.

It has been proposed that ataxic dysarthria causes articulatory undershoot 

(Ackermann et al., 1997; Hertrich & Ackermann, 1999), even though limb ataxia is 

widely characterized as causing target overshoot (Brooks, 1986). In the fingerspelling 

task, Robert did not consistently overshoot or undershoot articulatory targets, but rather 

did both in roughly equal numbers. It is not clear what the full implications of this are 

for the physical structure of spoken vs. signed language or articulatory vs. non- 

articulatory movement, but it merits further investigation.

6.7.5 Articulatory targeting

According to Brooks (1986), intention tremor is a manifestation of the 

breakdown of co-contractions of opposing muscles that occurs when an individual 

moves toward an intended position. In Robert’s case, intention tremor seems to occur 

when he reaches or gets close to a target. However, there is tremendous variation from 

one task to another, with fingerspelling showing the most disruption. This suggests that 

the complexity or sequentiality of the movements, or perhaps the existence of external 

movement targets, contributes to the prevalence of intention tremor. Brooks’ description 

implies that signing should be more affected by tremor than speech, given that speech 

articulators, unlike sign articulators, are not configured in agonist-antagonist 

arrangements. However, there are still laryngeal and respiratory tremors in speech due 

to ataxic dysarthria, so ataxic tremors cannot result solely from antagonist muscle firing. 

To complicate matters further, intention tremor seems to be more prevalent in limb 

movements (signing or non-signing) than in speech (Duffy, 1995), so some sort of 

biomechanical factors may well be influencing it, though it is not clear what those 

factors are.

Assuming that intention tremors are caused or at least modified by the existence 

of movement targets, this raises interesting questions for sign language research: What 

are "the targets" in signs, and how are they framed by the nervous system? Clearly, a 

signer must have some articulatory target (i.e. some intended configuration and location 

of the articulators) when producing a sign, irrespective of that sign’s physical form, and 

irrespective of whether or not there is an external reference point (such as a location on 

the body, e.g. the nose) for locating the sign. Yet it seems that the presence of a physical 

reference point on the body or in space influences how movements are executed in the 

case of ataxia, and possibly in the case of other movement disorders as well. So to some
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extent, sign movements are organized in terms of the nature of the articulatory target, 

and whether or not it depends on something other than proprioceptive feedback from the 

articulators. But how are proprioceptive, visual and other types of feedback integrated 

to formulate representations of the structure of signs? The answers to these questions 

are at the core of the articulatory basis of signed language.
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7 Joseph: Signer with PSP
This chapter examines the case of Joseph, a Deaf signer who developed 

progressive supranuclear palsy (PSP), a hypokinetic disorder similar to Parkinson’s 

disease. His is the first case of PSP to be reported in a sign language user, so it is worth 

documenting for future reference and possible value in diagnoses. Because there have 

been no other known cases, Joseph may exhibit signing patterns that have yet to be 

reported elsewhere. Additionally, his case can be compared to previously reported cases 

of Parkinson’s disease (PD) in Deaf sign language users, because PSP and PD are very 

similar but tend to result in different forms of dysarthria in hearing subjects. Moreover, 

dysarthria is one of the most prominent symptoms of PSP in hearing subjects, so it is 

worth asking whether it is similarly prominent in Deaf signers with the same disorder.

7.1 PSP

Progressive supranuclear palsy (PSP) is a degenerative disease similar to 

Parkinson’s disease, but far less frequently-occurring. Like Parkinson’s disease, PSP 

causes cell death in the substantia nigra pars compacta. However, unlike Parkinson’s 

disease, it also causes cell death in the substantia nigra pars reticulata, thereby further 

disrupting function throughout the telencephalic basal ganglia. Additionally, PSP causes 

atrophy, gliosis, and neurofibrillary tangles in the brainstem, basal ganglia, and 

cerebellar nuclei (although not in the cerebellar cortex) (Metter & Hanson, 1991). 

Because of its similarity to Parkinson’s disease and its comparative rarity, it can be 

difficult to establish a definitive diagnosis of PSP prior to autopsy. There are, however, 

clinical differences between the two diseases that are likely to appear on standard 

medical examination.

Many of the motor symptoms of PSP are similar to those of Parkinson’s disease: 

patients often exhibit bradykinesia, rigidity, facial masking, and dysarthria. Individuals 

with PSP do not exhibit the prominent Parkinsonian symptom of resting tremor, 

however; and they tend to have extended rather than stooped posture, with the effect 

that they fall backward rather than forward. What is likely to be the most distinctive 

symptom of PSP is ophthalmoplegia, or loss of eye movement, which usually begins as 

vertical gaze disruption and worsens to affect all eye movement. Finally, while PSP and 

Parkinson’s disease can both cause hypokinetic dysarthria, the dysarthria is typically a 

more prominent symptom in PSP than in Parkinson’s disease, and the form of the 

dysarthria itself is slightly different (Lu et al., 1992; Theodores & Murdoch, 1998b).
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7.1.1 PSP and dysarthria

Dysarthria resulting from PSP is frequently described simply as a form of 

hypokinetic dysarthria (Theodoros & Murdoch, 1998b); however, when multiple cases 

are compared, it becomes clear that PSP dysarthria is actually more varied, which is 

consistent with the fact that PSP affects multiple neural systems. PSP speech has been 

judged by trained speech and language therapists to resemble not only hypokinetic 

dysarthria but also spastic and ataxic dysarthria to differing degrees (Muller et ah, 

2001), possibly depending on the distribution of neural damage in the individual cases. 

The relationship between dysarthria subtypes and distribution of damage is a question 

that merits further research, bearing in mind that assessing the detailed anatomy of a 

human brainstem disorder is very difficult except on autopsy.

A prevalent symptom of PSP dysarthria is palilalia (Metter & Hanson, 1991), or 

the tendency to repeat entire words without pausing, as distinct from word-internal 

hesitations or repetitions in the case of stuttering, and in the absence of a psychiatric or 

behavioural disorder, such as schizophrenia. In addition to palilalia, subjects with PSP 

exhibit imprecise articulation, reduced intensity, low pitch, reduced pitch range, hoarse 

voice quality, hypemasality, and slow speech rate (Hartman & Abbs, 1988; Lu et al., 

1992; Metter & Hanson, 1991). Apart from the more complex phenomenon of palilalia, 

the last two of these characteristics (and possibly also the first) are what most clearly 

distinguish dysarthria in PSP and in Parkinson’s disease. Subjects with PSP, like other 

dysarthric patients, tend to have a slow speech rate; whereas subjects with Parkinson’s 

disease are unique among all dysarthric subjects in that they exhibit increased speech 

rate (Metter & Hanson, 1991; Theodoros & Murdoch, 1998b). Additionally, while 

individuals with Parkinson’s disease may exhibit imprecise articulation, it is not usually 

a prominent symptom as it typically is in PSP (Muller et al., 2001). Metter & Hanson 

(1991) also suggest that PSP is more likely than Parkinson’s disease to affect the timing 

of speech; they propose that the speech deficits in PSP can be attributed to a broader 

impairment in co-ordinating the movements of independent articulators relative to each 

other. Finally, in general terms, dysarthria is more likely to be a presenting symptom or 

to appear at all in PSP than in Parkinson’s disease (Lu et al., 1992; Muller et al., 2001).

7.1.2 PSP vs. PD and sign articulation

The nearest equivalent to research on PSP and sign articulation are the studies 

on Parkinson’s disease, American Sign Language (ASL), and ASL fingerspelling. 

Although Joseph does not have Parkinson’s disease, he does exhibit hypokinetic
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symptoms, so a brief review of the research on PD and sign language is useful in part 

for the contrast it will provide to Joseph’s case. Several studies were conducted on 

American Deaf subjects with Parkinson’s disease, which yielded a range of findings. 

First, Parkinson’s disease was found to cause a reduction in the size of signing space 

(Brentari et al., 1995; Loew et al., 1995; Poizner & Kegl, 1993). Signing space is the 

area in front of the signer in which the hands move to produce the signs of a language. 

While some signs are fixed (albeit loosely) to reference points on the body, like the 

chin, for example, others are articulated in the neutral space in front of the body. In 

Parkinson’s disease, the signing space becomes smaller because individuals’ movement 

patterns change so that they use less of that space. Also, articulatory targets that are 

referenced to locations on the body become lowered.

Similarly, Parkinson’s disease causes distalization of the articulators used to 

produce ASL signs (Brentari & Poizner, 1994; Poizner & Kegl, 1993) and 

fingerspelling (Tyrone et al., 1999). In other words, instead of moving the articulators 

typically associated with a given sign or fingerspelled letter, subjects with Parkinson’s 

disease will use articulators that are more distal to the center of the body. For example, 

if the form of a sign requires someone to move their wrist, the signer with Parkinson’s 

disease may instead move their fingers. Moreover, the articulators that are chosen are 

often laxed relative to their typical configurations; instead of being fully extended, an 

articulator may be only somewhat extended, and closer to the position it would tend 

toward at rest. This results in the sign parameters of handshape and orientation taking a 

more laxed form (Brentari et al., 1995; Loew et al., 1995).

Studies on Parkinson’s disease and signing have also found disruptions to multi-

articulator co-ordination in particular. First, signers with Parkinson’s disease were 

reported to segment movements that were normally simultaneous and produce them 

sequentially, both in signing and in fingerspelling (Brentari et al., 1995; Tyrone et al., 

1999). Additionally, in one-handed signs, and less frequently in fingerspelling, subjects 

with Parkinson’s disease produced reduced forms of signs or letters on the non-active 

hand as well as on the active hand (Brentari et al., 1995; Tyrone et al., 1999). Producing 

a two-handed form of a one-handed sign is a common means of placing semantic 

emphasis, but the two-handed signs produced by signers with Parkinson’s disease 

occurred in the absence of any apparent attempt to emphasize a sign.

If sign articulation in PSP patterns similarly to speech articulation in PSP, then 

on the basis of research on PSP dysarthria and research on Parkinson’s disease and 

signing, one could predict a few of the probable characteristics of PSP sign dysarthria.
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First, PSP might be likely to cause slow signing, a tendency that was evident from the 

data on Parkinson’s disease (Tyrone et ah, 1999), and analogous to slow speech 

production in PSP dysarthria (Lu et ah, 1992; Metter & Hanson, 1991). Additionally, 

PSP might be likely to result in impairments in the co-ordination of independent sign 

articulators, or what Metter & Hanson (1991) refer to as deficits of timing. One might 

also predict that signers with PSP would repeat entire signs, since this is one of the 

typical differences between PSP and PD dysarthria in hearing people. Metter & Hanson 

(1991) also describe imprecise articulation as a characteristic whose prominence 

differentiates PSP and Parkinsonian dysarthria. It is unclear what the equivalent to 

imprecise articulation would be in sign; however, laxing of the configuration of highly- 

innervated articulators could be a source of imprecise articulation in either sign or 

speech.

An interesting question that arises from the research on Parkinson’s disease and 

ASL fingerspelling is how movement distalization would manifest itself in the BSL 

fingerspelling of a signer with PSP. While ASL and BSL fingerspelling are functionally 

very similar—they are both used to borrow English words—they are structurally very 

different. (For a full description of the structure of ASL and BSL fingerspelling, see 

Chapter 3.) In ASL one-handed fingerspelling, it was found that signers with 

Parkinson’s disease produce letters with more distal articulators (e.g. the fingers rather 

than the wrist) (Tyrone et ah, 1999). What remains to be seen is whether locations (as 

distinct from handshapes) on the non-dominant hand are distalized as a result of 

hypokinetic disorders in BSL fingerspelling, and whether PSP causes distalization at all. 

As a broader point, it should be noted that any differences in the results of this study 

and earlier studies on Parkinson’s disease and ASL could be related to the diseases 

themselves or to the structures of the languages being compared.

7.2 Joseph: Background

Joseph was a 79 year old right-handed man, who was born deaf to hearing 

parents. There is a history of genetic deafness in his family, however, and he had a deaf 

brother. He began to learn British Sign Language at age 5 when he entered school and 

later it became his primary language. He attended a residential oral school for the deaf, 

left school at the age of 16, and worked most of his adult life as a builder. His wife and 

one of his children were Deaf, as were most of his friends. Before his health problems 

late in life, he was an active member of the Deaf community and regularly attended 

events at the local Deaf club.

170



Joseph developed a weakness on his left side which began in September 2000, 

when he was 77. His family originally thought that he had had a CVA then, but no 

vascular event was formally diagnosed. Joseph’s general practitioner reported that he 

had been admitted to the hospital subsequent to a fall and treated for severe dehydration 

resulting from dysphagia. The cause of the dysphagia was never determined with any 

certainty, and no scan was performed to determine whether or not there had been a 

recent infarct. His records indicate that he had a stroke in September 1999, but no 

further information about it was available from his doctors.

With repeated visits by members of this project and the Deaf Stroke Project, it 

became clear that Joseph had a progressive neurological condition, which was 

becoming worse from one testing session to another. His daughter reported that he and 

his brother had both been experiencing balance problems, prior to Joseph’s clinical 

event in 2000. Additionally, Joseph had a short career as an amateur boxer, which his 

daughter suggested might have had some bearing on his later illness. Initially, because 

of his hypokinesia, it seemed that Joseph might have Parkinson’s disease, either in its 

idiopathic form or as a result of injury. However, on closer study it became apparent 

that his eye movements were severely limited and that he exhibited no resting tremor, 

suggesting that his condition was more likely progressive supranuclear palsy than 

Parkinson’s disease. A consultant neurologist confirmed the diagnosis of progressive 

supranuclear palsy.

7.3 Standardized Assessments and Clinical Observations

7.3.1 Neuropsychological Testing

Because of the extent of his movement deficits, it was difficult to test Joseph on 

neuropsychological assessments that required movement as a response, particularly 

when response time was a factor. However, Joseph was tested on the Folstein Mini- 

Mental State Exam for dementia (Folstein et al., 1975), which was not time-critical and 

required no non-linguistic complex movements (e.g. handling and arranging objects). 

His score was 20 out of 30, suggesting mild dementia.

7.3.2 Clinical Observations and Sign Language Testing

For the same reason, it was difficult to conduct formal linguistic testing with 

Joseph. Critically, in the case of sign language testing in particular, he was difficult to 

test not only because of his general movement deficits, but also because of his limited 

eye movements and facial expression. Because facial expression and gaze are crucial
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components of BSL grammar and discourse (Sutton-Spence, 1999), judging his 

comprehension and grammatical abilities in their absence could be problematic. 

However, on the basis of limited linguistic testing and observations of spontaneous 

behaviour, Joseph’s comprehension of sign language and his productive grammar 

seemed to be essentially intact, despite his articulatory difficulties. He communicated 

well with his daughter and had no apparent trouble understanding her, although he often 

took a long time to respond. Spontaneous signing data and results from explicit 

linguistic testing over a span of about twelve months suggested that Joseph’s signing 

became progressively smaller and slower as the disease became more advanced. 

Additionally, in the earlier stages of the disease, he had slightly more eye movement, 

and more head and lip movement during signing. Unfortunately, because Joseph was 

not diagnosed as having PSP by his clinicians, it is unclear how advanced his disease 

status was by the time his sign language was tested; however, his movements were 

severely impaired from the time he was first visited by the Deaf Stroke Project.

When visited by this project and the Deaf Stroke Project, Joseph was unable to 

stand or walk and had very little spontaneous movement, either during signing or more 

generally. One of the most striking aspects of his presentation was his almost complete 

lack of eye movement and facial expression. In addition, his purposeful hand and arm 

movements were extremely delayed, slow, and reduced in size. However, he showed no 

difficulty understanding how to handle and use objects: for example, he could 

demonstrate how to use a pen, even though it was difficult for him to produce the 

appropriate movement. Occasionally, he would exhibit intention tremor when he 

moved, which is not often reported in PSP and may be an indication of cerebellar 

involvement. Also, unlike most patients with PSP, he had stooped rather than bowed 

posture.

7.4 Signing Task

7.4.1 Methods: Signing

The design of the task was the same as described in the previous chapter: the 

experimenter produced signs one at a time and asked Joseph to repeat them. It took him 

a long time to respond to the explanation of the task at the beginning, but once it was 

underway, he showed no difficulty understanding the experimenter’s signing and 

copying her productions. In one case, he produced a fingerspelled word rather than the 

sign, so that production was excluded from analysis. In several cases, Joseph produced a 

sign twice in quick succession with no pause between productions. These were counted
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as repetition errors, but only the first production in each case was analysed in terms of 

its formational structure. In all, twenty nine productions were analysed and compared to 

copied sign productions by the control subject, Christine.

7.4.2 Results: Signing

Joseph had an overall high rate of errors on the sign copying task. The 

distribution of errors in his signing is not very different from the distribution in 

Christine’s signing, although he has far more errors than she does (Figure 7.1). Joseph’s 

most frequent error is in orientation (62.07% of 29 productions), followed closely by 

handshape and location (for both, 58.62% of 29 productions). These three types of 

errors are by far the most numerous, and are all static rather than dynamic components 

of signs. The handshape and orientation errors were manifestations of laxed articulation: 

the configurations of the articulators were closer to a relaxed or neutral state than they 

would be in typical signing. Additionally, all but one of the location errors were cases of 

signs being produced lower than the target location, irrespective of whether the target 

location itself was high or low. Joseph lowered seven signs that are normally central in 

citation form, and nine signs that are high in citation form (18 of the 29 target locations 

are central or low, so the stimuli were not well-balanced). Consequently, his entire 

signing space is reduced and lowered. Location, handshape, and orientation were the 

most numerous of Christine’s errors as well; she produced location errors in 13.79%, 

handshape errors in 13.79%, and orientation errors in 10.34% of her signs. As with 

Joseph, her handshape and orientation errors were both cases of laxing, and half of her 

location errors were cases of lowering.

The next most common of Joseph’s errors is bimanual co-ordination, which was 

present on 38.46% of two-handed signs (13 of the 29 target signs were two-handed). 

Joseph had difficulty co-ordinating handshape change with movement from the elbow, 

in a sign like TOGETHER, for example (Figure 4.4). The next most common are sign 

repetition and proximal/distal co-ordination (for both, 27.59% of 29 productions). 

Christine produced no bimanual co-ordination errors and no sign repetition errors on the 

sign copying task; and 6.90% of her productions included proximal/distal co-ordination 

errors. Sign repetition was counted as an error only when it was a repetition of the entire 

sign with no pause between the first and second productions. There was no apparent 

relation between Joseph’s repetition errors and the signs’ formational properties. Nor is 

it likely that repetition served a discourse-level function, since the signs were produced 

as part of a copying task. It should be noted that Christine did produce sign repetitions
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on a separate naming task (as described in Chapter 5), but not on the sign copying task. 

The few remaining errors that Joseph produced were in handshape change (25% of the 8 

signs that required handshape change, or 2 signs) and orientation change (16.67% of the 

12 signs that required orientation change, or 2 signs), and involuntary movements and 

direction (10.34% of 29 productions, or 3 signs). Christine produced none of these 

errors. (See Appendix C for a full description of error types.)

Figure 7.1: Sign Copying: Joseph
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Key: HS: handshape;

HS change: handshape change; 

Ori: orientation;

Ori change: orientation change; 

Loc: location;

Rep: sign repetitions;

Inv movement: involuntary movements; 

Dir: direction of movement;

P/D Coord: proximal/distal co-ordination; 

2H Coord: bimanual co-ordination
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Table 7.1: Distribution of Sign Errors: Joseph

x = Joseph; o = Christine

HS HS
c h a n g e

Ori Ori
c h a n g e

Loc Rep Inv
Move

Dir P /D
C oord

2H
C oord

WIN X X

BA LL X X

INFORM X X X

PERSON X 0 X

AFTERNOON X  0 X X

HOUSE X X X 0 X X

THROW

BITE X X X X X X  0 X

DROP X X X X X X

FARM X

ELEPH AN T X X X X

NOTHING o X X 0 X

W O LF X X X X

ASK X X

KERB X  0 X  0 X

LO VELY X X X

TAKE-OVER X X

WITH X X X X X

UNIVERSITY X 0 X 0 X

SW EEP X X

NAME X X

SHELF X  0 X

SCREW X X  0

T A BLE X X  o

SCHOOL X X X X

BO W L X X X X X

BICYCLE X

HAMMER X X

TEACHER X
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7.5 Fingerspelling Task

7.5.1 Methods: Fingerspelling

For the fingerspelling task, subjects were presented with individual full-page 

illustrations with corresponding printed text underneath and asked to fingerspell the 

printed word. (See Appendix A for the full set of fingerspelling stimuli.) The 

experimenter presented the illustrations one by one and if subjects had any difficulty or 

misread the word on the first attempt, she would show the illustration again. Because 

Joseph’s pre-morbid signing included a substantial number of fingerspelled words (as is 

typical of signers of his generation (Sutton-Spence et al., 1990)), and because he 

performed fewer non-linguistic tasks than the other subjects, a larger sample of his 

fingerspelling and Christine’s fingerspelling was included for analysis (64 letters for 

each subject). In a few cases, the configurations of the subjects’ hands and the 

orientation of the camera made it impossible to see the dominant hand’s location or 

movement onset, so individual letters were omitted from analysis, while the remaining 

letters in the same word were included. For each fully visible letter in each fingerspelled 

word, the handshape, location, temporal duration, and presence of involuntary 

movements were coded. (See Appendix B for a fingerspelling chart, and Appendix C 

for a coding sample.)

7.5.2 Results: Fingerspelling

Joseph had far more handshape errors than any other type of error; almost every 

fingerspelled letter was produced with a lax handshape (93.75% of 64 productions, or 

60 letters) (Figure 7.3). He did not produce extraneous handshape changes, nor did he 

choose handshapes that were phonologically contrastive with or even significantly 

different from the target. According to Brentari’s (1998) phonological model, he 

consistently produced the selected finger constellation and wrist configuration that 

matched the target sign, and did not bend, cross, or stack the selected fingers. However, 

he did produce handshapes that were lax—in other words, the hand and fingers were 

configured more like they would be at rest, and not fully extended. By contrast,

Christine produced handshape errors on 17.19% of the 64 fingerspelled letters (11 

letters); like Joseph, all of her handshape errors were lax handshapes.

Joseph also produced many location errors in fingerspelling (59.38% of 64 

productions, or 38 letters), of which 15 were proximal, and 23 were distal (two were 

both ulnar and distal). For a location to be coded as proximalized, the dominant hand 

had to make contact on the non-dominant hand nearer to the wrist than the target
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location. Analogously, for a location to be coded as distalized, the dominant hand had to 

make contact on the non-dominant hand nearer to the fingertips than the target location. 

Relative locations on the hand are indicated in Figure 7.2; absolute locations are 

referenced in terms of anatomical landmarks as described in Appendix C. Subdividing 

the errors according to target location, all the distalized productions had target locations 

on the palm, and all the proximalized productions had target locations on the fingers. 

The stimuli included 37 targets on the fingers, 25 on the palm, and 6 that were off the 

hand completely (i.e. the fingerspelled letter C). The distribution of Joseph’s errors and 

the target stimuli indicate that a much higher proportion of palm locations were 

distalized than finger locations were proximalized, so target size does not seem to be a 

factor in the production of location errors. Christine proximalized 3.13% (or 2) of the 

letters that she fingerspelled, both on the same letter (A), which has a target location on 

the palmar thumb.

U LN A R

Figure 7.2: Relative locations for fingerspelling

In the fingerspelling task, 20.31% of Joseph’s productions (or 13 letters) were 

accompanied by involuntary movements; while Christine had no involuntary 

movements on the task (Figure 7.3). Involuntary movements are greatly outnumbered 

by Joseph’s other errors during fingerspelling. There is no clear pattern to which of the 

letters in the stimuli were more likely to be produced with involuntary movement; 

however, a higher proportion of the productions of the letters C and A had involuntary 

movements. C is the only letter that is one-handed, and A is makes contact on the distal 

thumb of the non-dominant hand (see fingerspelling chart in Appendix B); so it is not 

clear what features, if any, these letters share that would be likely to induce involuntary 

movement.
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On the whole, Joseph's fingerspelling was slow: individual letters he produced 

had much longer durations, on average, than those produced by Christine (see Figure 

7.4). There was some variation in the durations of different letters (and in different 

productions of the same letter) in both subjects’ fingerspelling. However, the variability 

in duration from one letter to another was much greater in Joseph's fingerspelling than 

in Christine’s. Nonetheless, there was only minimal indication of which letters were 

likely to have longer durations for Joseph. Figure 7.4 illustrates the durations of the 

individual letters from the fingerspelled words, D-R-A-W-E-R, M-A-C-H-I-N-E, and 

H-I-N-G-E, for Joseph and for Christine. Joseph’s movements are slower on letters that 

require the pronation and supination of the forearm (like G and R), because otherwise 

he keeps his arms still and only moves his fingers, in which case the articulators do not 

have to move as far.

Figure 7.3: Fingerspelling: Joseph
errors as %  of 64 productions
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Figure 7.4: Fingerspelling Durations: Joseph
( in  M S e c . )

7.6 Non-linguistic Tasks

7.6.1 Pointing

7.6.1.1 Methods: Pointing

Subjects were asked to point to illustrations on an A4 sheet of paper in response 

to a signed utterance produced by the experimenter. The response sheet with the 

illustrations was placed directly in front of subjects at a comfortable distance. Because 

Joseph produced only twenty responses, a total of twenty responses on the pointing task 

were analysed for both subjects; and responses were coded according to the scheme 

described in Chapter 4. Durations of movements were not directly compared across the 

two subjects because the exact distances to targets could not be controlled sufficiently 

during testing for this to be an informative measure. Instead, movement speed was 

coded somewhat impressionistically and it was noted when movements were 

exceptionally slow.
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Figure 7.5: Pointing Task: Joseph
errors as %  of 20 productions

Key: HS: hand configuration; 

Target: movement targeting;

Inv Move: involuntary movement 

Init: movement initiation;

Complet: movement completion;

Pause: irregular pause or hesitation;

Speed: excessively slow or rapid movement; 

P/D Coord: proximal/distal co-ordination
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7.6.1.2 Results: Pointing

Targeting was the most common of Joseph's errors on the pointing task (Figure 

7.5). Of the 20 pointing movements he produced, 75% (or 15) were not targeted 

accurately, and they were all cases of him not moving far enough to reach the target. By 

comparison, Christine had no targeting errors. There was no apparent pattern within the 

stimuli as to which targets Joseph was able to reach accurately and which he was not.

The next most common of Joseph’s errors on the pointing task were initiation 

and speed errors; and Christine produced neither of these. As previously mentioned, 

Joseph was not only extremely slow once he began to move, but was also very slow to 

initiate a movement, as these two measures indicate. In addition to difficulty initiating a 

movement, he had difficulty completing a movement (35% of 20 movements) and often 

hesitated in the course of a movement (40% of 20 movements). (Completing a 

movement is distinct from targeting, in that one can successfully stop moving without 

ending at the correct point, or conversely move along the correct trajectory to reach a 

target but continue to move past it.)

Joseph showed very little laxing of hand configuration on the pointing task. For 

most of his responses, his hand was arranged in a fist with the index finger fully 

extended; in a few cases, his hand was in a fist and he pointed with his thumb. Christine 

produced one laxed hand configuration, and in two cases, produced a hand 

configuration with multiple fingers extended.

7.7 Discussion

7.7.1 Task-by-task analysis

Sign Copying

To date, Joseph is the only reported case of a Deaf signer with PSP. Broadly 

speaking, Joseph’s signing was reduced in size and speed, and was characterized by 

laxed articulation. His sign errors were more prevalent in the static components of signs, 

namely, handshape, location, and orientation. Moreover, all of those errors were cases 

of articulatory laxing or sign lowering, which was similar to both the distribution and 

quality of errors in Christine’s signing, but differed greatly in extent. Joseph lowered 

many signs, but their locations in citation form were equally divided between high and 

central locations. Thus, it can be concluded that he lowers signs uniformly, rather than 

having a vertical upper bound beyond which he cannot reach. In general, his sign 

movements tended toward being too small, lax, and gradual (i.e. not rapidly accelerating 

or decelerating). As such, his signing deficit resembled an extreme version of the
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normal tendencies exhibited in relaxed, informal signing (Kegl et al., 1999), as well as 

being similar to deficits reported in signers with Parkinson’s disease (Brentari et al., 

1995; Tyrone et al., 1999).

Joseph had no difficulty with dynamic components of signs in particular, but he 

did have difficulty co-ordinating multiple sets of articulators during signing. In other 

words, he had no difficulty with sign-internal movement change as long as those 

movements were confined to a localized set of articulators. This suggests that at some 

level, groups of sign articulators (specifically the fingers) are acting together as a unit, 

which is consistent with findings from studies on Parkinsonian signing (Tyrone et al., 

1999), and consistent with models of hand configurations and finger movements (Iberall 

& Fagg, 1996; Schieber, 1996). Specific sets of sign articulators are probably grouped 

together in the generation of simple motor synergies during motor programming for 

signing. It may be that the capacity that Joseph lost was the ability to combine motor 

synergies to execute more complex movements —a function normally associated with 

the cerebellum (Thach et al., 1992).

Fingerspelling

Joseph’s fingerspelling showed a similar pattern to his signing: his productions 

were generally laxed and slow, and the space that he used for making fingerspelled 

letters was reduced. He often made contact on his non-dominant (left) hand in whatever 

location required the least movement for both hands, so locations on the palm were 

produced distally and locations on the fingers were produced proximally. (He held his 

arms more or less in place and only brought his fingers in contact with each other.) 

Where his fingerspelling differed from his signing was in the distribution of errors; most 

notably, he exhibited more handshape errors and involuntary movements in 

fingerspelling than in signing.

Joseph produced proportionally more laxed handshapes when fingerspelling 

than when signing, despite the fact that there is less handshape variety in fingerspelling 

than in signing. There are 26 fmgerspelled letters in BSL, just as there are in the Roman 

alphabet; however, many of them are made using the same handshape, placed in 

different locations on the non-dominant hand. Ten of the letters in BSL are formed with 

the right hand configured in a closed fist with the index finger extended, what is 

referred to in the sign literature as a ‘ 1 ’ handshape. Altogether, there are only 14 distinct 

handshapes in BSL fingerspelling, as opposed to 57 distinct handshapes in BSL signs 

(Brien, 1992). (See fingerspelling chart in Appendix B.) This suggests that the
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disruption to Joseph's handshape production was not influenced by the demands of 

handshape change, since fingerspelling requires few changes in handshape. However, 

fingerspelling is much more rapid than signing, which could cause more handshape 

errors.

Joseph’s location errors in fingerspelling were not consistently proximal or 

distal, but they were consistently more centralized, such that the overall articulatory 

space on the non-dominant (left) hand was reduced. Letters with target locations on the 

fingers tended to be produced more proximally, and letters with target locations on the 

palm produced more distally. He had proportionally fewer location errors in 

fingerspelling than in signing, which suggests that his movement deficit had more to do 

with range of motion than with targeting, because in fingerspelling the targets are small 

but near, while in signing, the targets are generally large but sometimes distant.

Pointing

Joseph had considerable difficulty with the pointing task, with extreme delays in 

his responses, and in some cases, no responses at all. His movements were delayed, 

slow, effortful, and reduced in size. Rather than lifting his arm, he often placed his hand 

down on the paper, and slid it toward the intended target. He consistently undershot 

targets, often paused during movements, and had difficulty ending movements as well. 

However, his movements were not dysmetric in a general sense because in all the 

targeting errors he did not move far enough to reach the target, but he never overshot 

the target. Joseph’s errors on the pointing task were related to the timing of individual 

movements (speed, hesitation, initiation, etc.) rather than being errors of co-ordination.

Proportionally, Joseph had more involuntary movements on the pointing task 

than in his signing and about the same proportion as in his fingerspelling. It could be 

that Joseph produces more involuntary movements when the targeting demands of a 

task are high. This could explain why he had more involuntary movements in pointing 

and fingerspelling than in signing, since in general, articulatory targets in signing are 

large. The explanation cannot be quite this simple, because there is no clear pattern to 

the distribution of involuntary movements within the fingerspelling and pointing tasks; 

but it could begin to account for the disparity across tasks, while a different factor could 

contribute to smaller scale variation.

Joseph’s sign and fingerspelling errors patterned similarly to each other but very 

differently from his errors on the pointing task. Joseph’s pattern was like Christine’s on 

the sign copying and fingerspelling tasks, even though he produced many more errors.
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However, Joseph and Christine patterned differently on the pointing task. On the whole, 

he had a higher proportion of errors on the signing and fingerspelling tasks. 

Additionally, he had far more handshape errors on the signing and fingerspelling tasks 

than hand configuration errors on the pointing task, which cannot be explained solely in 

terms of the hand configuration demands of the different tasks. He produced an 

extremely high number of lax handshapes on the fingerspelling tasks, when very few 

handshape changes were required from one letter to another. On the pointing task, 

Joseph had proportionally more targeting errors, which may be related to the external 

targets being farther away in that task than in the other two. This explanation seems 

likely given that his targeting errors were consistently cases of undershoot rather than 

overshoot.

The category of error that sets Joseph’s performance on the signing task apart 

from his performance on the other tasks, and also sets him apart from any atypical 

signers reported thus far, is repetition. He does not spontaneously repeat movements on 

the pointing task or on the fingerspelling task. His spontaneous repetition of signs both 

during testing and in informal conversation was the original motivation for including it 

as an error category in the coding scheme. When neither he nor any of the other subjects 

spontaneously repeated voluntary movements in any of the other tasks, it was removed 

from the coding schemes for those tasks.

To summarize, compared to the control, Joseph showed a reduction in the size 

and speed of all his movements. He had fewer location errors in fingerspelling than in 

signing, suggesting that his movement deficit was more related to range of motion, or 

difficulty scaling large movements, than to targeting as such. His targeting was more 

accurate when targets were near than when they were far, irrespective of target size. 

Joseph did not have large trajectories to nearby locations; by contrast, he kept his 

trajectories as short and direct as possible, sometimes at the expense of targeting 

accuracy.

7.7.2 Comparisons to past sign research

In many ways, Joseph’s signing resembled that of signers with Parkinson’s 

disease, but with some important distinctions. Like signers with Parkinson’s disease, 

Joseph exhibited laxing and slowing of his signing, as well as reduction of signing 

space. With respect to slowing, it is interesting to note that this is a symptom that 

differentiates hearing subjects with PD or PSP dysarthria, and yet does not seem to 

differentiate Deaf signers with PD or PSP dysarthria, because Deaf signers with
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Parkinson’s disease do not have atypically rapid sign production (see Chapter 8 for 

more discussion of festination of sign vs. speech). Unlike signers with Parkinson's 

disease, Joseph did not exhibit mirroring of one-handed signs on the non-dominant 

hand. Additionally, he exhibited involuntary movements in his signing and 

fingerspelling, and palilalia, or repetitions of entire signs, neither of which has been 

reported in signers with Parkinson’s disease.

Joseph’s fingerspelling also showed similarities to and differences from the ASL 

fingerspelling of subjects with Parkinson’s disease, in many of the same ways. Like 

signers with Parkinson’s disease, Joseph produced laxed handshapes in fingerspelling. 

However, it is unclear whether the American subjects had a greater tendency to produce 

lax handshapes in fingerspelling than in signing, as Joseph did, because the American 

subjects were not compared across the two tasks. Another pattern that Joseph shared 

with the Parkinsonian signers was high variability in the durations of individual 

fingerspelled letters. Finally, Joseph showed a reduction of the articulatory space of his 

fingerspelling, which is something that cannot be altered in ASL fingerspelling, because 

ASL letters do not have location. However, this is similar to PD signers’ reduction of 

signing space in ASL, even though it is not possible to do the same in ASL 

fingerspelling.

Where Joseph’s error patterns in fingerspelling differed from the subjects with 

Parkinson’s disease was in distalization and presence of involuntary movements. There 

was frequent distalization in the handshapes made with the dominant hand in ASL 

fingerspelling: the fingers would begin their movements from more distal joints than is 

typical. By contrast, there was no consistent distalization of location on the non-

dominant hand in Joseph’s BSL fingerspelling. This is probably an effect of the 

structure of the fingerspelling system as much as a difference in the effects of the two 

diseases on articulation. While the non-dominant hand is not completely passive in BSL 

fingerspelling (Sutton-Spence, 1994), it can be viewed as providing articulatory targets 

that the dominant hand moves toward. As such, the non-dominant hand in two-handed 

fingerspelling may be compared to signing space in normal signing; and the reduction in 

the articulatory space on the hand in Joseph’s fingerspelling could be related to the 

reduction in his signing space. Finally, the main distinction between Joseph and the 

signers with Parkinson’s disease was that he produced involuntary movements during 

fingerspelling, while they did not. This could be an effect of damage to the 

cerebellum—a mild version of intention tremor—resulting from PSP.
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7.7.3 Comparisons to speech dysarthria

The sign repetition errors in Joseph’s signing seem very clearly analogous to 

what is described in PSP speech as palilalia. The form of the repetition is similar across 

the two modalities in that there is no obvious psychogenic cause, and yet it involves the 

repetition of an entire semantic unit rather than a phonotactic unit, such as a phone or a 

syllable. In the case of speech, it is a dysarthric symptom that differentiates PSP from 

Parkinson’s disease. This study raises the possibility that palilalia may differentiate PSP 

from Parkinson’s disease in sign as well, given that previous studies on Deaf signers 

with Parkinson’s disease have reported no similar finding, although Joseph exhibited 

palilalia many times.

Joseph’s proximal/distal co-ordination and bimanual co-ordination errors are 

consistent with what one would predict from past research on PSP and dysarthria: a 

particular difficulty in timing and articulatory precision. Clearly, Joseph had an 

impaired ability to time the movements of separate articulators relative to each other, as 

indicated by his co-ordination errors; so his case reinforces the view that a timing/co- 

ordination deficit may underlie the articulatory deficit in PSP speech. Joseph’s errors 

could be related to the suggestion by Metter & Hanson (1991) that PSP causes a deficit 

in movement timing. Discussing his errors in terms of articulatory imprecision is 

somewhat more difficult, in part because of the definition of the term as it applies to 

speech. Articulatory imprecision is essentially a broad term used to describe any 

problem specific to the supralaryngeal articulators, including imprecise consonants, 

irregular articulatory breakdown, distorted vowels, and repeated phonemes (Duffy, 

1995). If instead what is viewed as distinctive about articulatory precision is that it 

involves articulators that are highly innervated and have a wide range of motion (unlike 

the larynx or the velum), then the term could be applied cross-modally. Moreover, that 

definition would certainly include the types of errors that Joseph exhibited.

Because Joseph had a hypokinetic movement disorder, it was predicted that his 

errors would pattern similarly to those previously reported in studies of Parkinson’s 

disease and sign articulation, but with a few important differences, given that some of 

the most notable differences between PSP and Parkinson’s disease are evident in 

dysarthria. In general terms, Joseph’s dysarthric symptoms seem very similar to what is 

reported in PSP speech. In particular, he repeated entire signs without pausing and for 

no communicative or broader behavioural reason, which seems like a direct parallel to 

the spoken language phenomenon of palilalia. Additionally, Joseph exhibited a deficit in 

what could be described as articulatory precision on linguistic but not non-linguistic
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tasks, and in the relative timing of the movements of multiple articulators only in 

signing. While Joseph’s case is a very uncommon one, it raises larger questions for the 

conceptualization of speech motor control. His case illustrates that it would be 

productive to think about measures of speech motor control (such as articulatory 

precision) in broader terms as motor control phenomena, in a way that would allow 

cross-modal application, as well as a more meaningful comparison to motor deficits in 

general.
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8 John: Signer with Parkinson’s Disease

This chapter examines the case of John, a signer who developed Parkinson’s 

disease as a middle-aged adult. As outlined in previous chapters, there have been 

several studies in the USA on the effects of Parkinson’s disease on signing in ASL. 

However, John’s case is unique in a few ways: it is the first reported case of a British 

signer with Parkinson’s disease, and of a native signer with Parkinson’s disease. It is 

possible that he could differ from previously-reported cases in any number of ways for 

either of these reasons. Additionally, John is considerably younger than the PD signers 

described in earlier studies, so his case could illustrate findings that were age-specific 

from those studies. The value of analysing John’s case lies not only in the contrasts it 

may show with similar cases, but also in what his case may hold in common with them. 

As with earlier studies on PD and signing, John’s case can help elucidate the role of the 

basal ganglia in movement and the relationship between the general movement disorder 

of PD and its specific effects on articulation. Typically, PD dysarthria is less severe than 

other symptoms of the disease, such as disruptions to gait, balance, and speed of simple 

limb movements. Finally, John’s case provides the opportunity to compare the features 

of PD dysarthria when a subject is medicated and not medicated (see section 8.1.2 

below for discussion of this issue).

8.1 Parkinson’s disease

Parkinson’s disease is a neurodegenerative disease characterized by the loss of 

dopaminergic neurons in the substantia nigra pars compacta, which disrupts function of 

the basal ganglia more generally and severely impairs motor control. It affects between 

0.1% and 1% of the population at large and is more prevalent among men than among 

women, by a 3:2 ratio. The most common symptoms of the disease are resting tremor 

(as distinct from tremor that occurs during deliberate movement), rigidity, bradykinesia 

(or slowed movement), impaired postural reflexes, difficulty initiating movement, and a 

reduction in spontaneous movement including formation of facial expressions. 

Additionally, dementia and depression are psychological symptoms that tend to begin in 

the later stages of the disease. Because Parkinson’s disease is degenerative and therefore 

progressive, the symptoms usually multiply and worsen as the disease becomes more 

advanced. The progression of the disease is so well established that there are standard 

schemata of Parkinson’s disease “stages” used by clinicians to classify a patient’s 

condition based on which symptoms are present and how severe each of them is (Hoehn 

& Yahr, 1967).
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An increasing body of research suggests that there is a genetic component to 

Parkinson’s disease (Bonifati et al., 1995; Nussbaum & Polymeropoulos, 1997; 

Papapetropoulos et al., 2001; Polymeropoulos et al., 1996). However, most studies that 

have identified a family pedigree with multiple cases of the disease include a 

disproportionate number of subjects with the early-onset version (Golbe et al., 1990; 

Polymeropoulos et al., 1997). Most cases of Parkinson’s disease occur when the patient 

is between 50 and 80 years of age; a case is described as early-onset if it occurs at or 

before age 45 (Periquet et al., 2003). In their study of consecutive cases of PD in a 

neurology clinic, Bonifati et al. (1995) found that the only factor to differentiate familial 

from sporadic cases was age of onset; familial cases tended to be early-onset, whereas 

sporadic cases were more likely to occur late in life. More recent research on early- 

onset PD reveals that a high proportion of those patients have a genetic mutation on a 

gene hypothesized to be a marker for the disease (Papapetropoulos et al., 2001; Periquet 

et al., 2003). Consequently, there may in fact be two forms of spontaneously-occurring 

Parkinson’s disease: a heritable form with an early onset, and a non-heritable form that 

appears in old age, similar to juvenile- and adult-onset diabetes. The symptoms of early- 

onset and late-onset PD are extremely similar, the chief difference being that patients 

with early-onset PD are more likely to develop dementia in the early stages of the 

disease.

Since the disease is related to the lack of a single neurotransmitter, dopamine, it 

is typically responsive to medication designed to raise dopamine levels. For most 

patients, the medication is extremely effective for about five years then begins to cause 

side effects, most notably, dyskinesias, or uncontrolled movements, in the face and 

limbs. Because of how the medication is metabolized, patients tend to have on-off 

phases of side effects being at their worst and disease symptoms completely controlled, 

alternating with the absence of side effects and return of disease symptoms. 

Consequently, motor behaviour in particular can vary tremendously depending on when 

patients are examined relative to when they took their medication; so most experimental 

research controls for medication level when testing subjects.

8.1.1 PD and dysarthria

The dysarthria associated with Parkinson’s disease is classified as hypokinetic 

dysarthria, because like hypokinesia, it is characterized by a limited range of movement, 

which manifests itself in monotonous, aprosodic speech. Hypokinetic subjects exhibit 

harsh, breathy voice quality, short rushes of speech, inappropriate silences, variable
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speech rates, reduced stress, and aprosodia (Darley et al., 1975). Less commonly 

reported symptoms of hypokinetic dysarthria include mild hypernasality (Kent & 

Rosenbek, 1982) and impaired breath support (Theodoras & Murdoch, 1998b). PD 

dysarthria is unique among the dysarthrias in that one of its characteristics is 

perceivably rapid speech. Notably, no other type of hypokinetic dysarthria (e.g., from 

PSP or Shy-Drager syndrome) causes rapid rather than slow speech. Additionally, 

relative to other subjects with hypokinetic dysarthria, PD subjects are reported to exhibit 

reduced intensity, higher pitch, and reduced pitch range (Hartman & Abbs, 1988; Lu et 

al., 1992). To summarize, PD dysarthria primarily affects pitch, loudness, nasality, 

respiration, and speech rate, in other words, the components of speech least related to 

the precise, co-ordinated movements of the highly innervated articulators in the anterior 

vocal tract—what Darley, Aronson, and Brown (1975) referred to as ‘articulation.’ 

However, it is unlikely that the effects of PD on speech are articulator-specific per se\ 

after all, the general motor symptoms of PD are quite diffuse. What is more likely is 

that PD speech deficits are particular to certain types of movements or components of 

movements that make specific demands on the motor control system.

While there have been some studies on the relationship between PD dysarthria 

and medication status (Gallena et al., 2001; Goberman et al., 2002; Sanabria et al.,

2001) or disease stage (Muller et al., 2001), their findings are somewhat unclear. Some 

research indicates that acoustic (Sanabria et al., 2001), and electromyographic and 

perceptual (Gallena et al., 2001) measures of PD dysarthria improve while subjects are 

on dopaminergic medication; however, pharmacologic treatment in isolation does not 

consistently improve dysarthric symptoms of PD across studies (Schulz & Grant, 2000). 

Moreover, studies not specifically examining the effects of dopaminergic medication 

often do not explicitly control for it when testing (Liss et al., 2000; Ludlow & Bassich, 

1983), or conversely, control for it in opposite ways, so that either being on medication 

(Forrest et al., 1989), or being off medication (Ackermann et al., 1997) is taken as the 

default state, while any deficits described are attributed to the disease itself. As a result, 

it is difficult to compare findings across studies or to say anything definitive about how 

the characteristics of dysarthria might vary according to medication status. Regarding 

disease stage, the development of dysarthria over the course of PD has not been studied 

systematically; consequently, all that is known is that dysarthria is usually not one of the 

presenting symptoms of Parkinson’s disease but tends to appear later in the course of 

the disease (Muller et al., 2001).
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8.1.2 PD and language

Some researchers have suggested that in addition to disrupting speech motor 

control, Parkinson’s disease may also affect language comprehension and production, in 

particular syntactic processing (Lieberman et ah, 1990; Lieberman et ah, 1992; 

Natsopoulos et ah, 1993). This theory has been supported by other lines of research 

suggesting that syntactic processing in a linguistic context and processing of abstract 

structure in a non-linguistic context (e.g. event sequencing) share various neural 

mechanisms, in particular the connection between the striatum and the frontal lobe 

(Dominey et ah, 2003; Lelekov-Boissard & Dominey, 2002). Consequently, if striatal 

function is disrupted, as in the case of Parkinson’s disease, language ability might be 

impaired as a result. However, there has not been a substantial body of clinical (as 

opposed to experimental) evidence suggesting that patients with Parkinson’s disease 

exhibit linguistic deficits in the absence of dementia. Additionally, research on syntactic 

deficits in PD have not consistently controlled for subject age (e.g., Lieberman et ah, 

1992), which could play a role itself. Murray & Lenz (2001) found no significant 

difference in language ability of subjects with Parkinson’s disease and age-matched 

controls. Consequently, the impairment previously identified by Lieberman and others 

could be an effect of age-related cognitive decline rather than Parkinson’s disease. 

Returning to the point about syntax and striatal function, the same study reported 

significantly reduced production of syntactically complex utterances in subjects with 

Huntington’s disease (HD) but not in subjects with Parkinson’s disease (Murray &

Lenz, 2001). By contrast, Ullman et ah (1997) reported that HD subjects and PD 

subjects both show morphosyntactic deficits, but of different varieties: HD subjects 

over-regularize irregular verbs, but PD subjects produce more morphosyntactic errors in 

the conjugation of regular verbs. These findings are of interest because although both 

diseases disrupt striatal function, Huntington’s disease does so much more severely and 

directly. (For a review of studies on syntax and the basal ganglia, see (Patterson & Bly, 

1999)). Finally, non-linguistic research has suggested that the observed deficit that PD 

subjects show in event sequencing was in fact attributable to impairment of a switching 

mechanism rather than a syntactic deficit (Zalla et ah, 1998).

8.1.3 PD and sign language

Because of the high prevalence of the disease, signers with Parkinson’s disease 

have been researched more than signers with almost any other movement disorder. In 

fact, PD and apraxia comprise the entirety of research on movement disorders and sign
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language prior to this project. Early research on sign language and the brain explored 

aphasia and apraxia in Deaf signers in order to address the similarities and differences 

between sign and gesture (Corina et ah, 1992b; Poizner et al., 1987). Later research on 

signers with Parkinson’s disease focused primarily on illustrating the differences 

between disruption to language and disruption to articulation in a signed language, by 

outlining the characteristics of sign errors in individuals with aphasia and with 

Parkinson’s disease (Brentari et al., 1995; Kegl et al., 1999; Poizner & Kegl, 1992, 

1993).

As described in the previous chapter, multiple studies of PD and American Sign 

Language have examined a range of aspects of sign and fingerspelling articulation and 

reported their findings. In those studies, signers with Parkinson’s disease were reported 

to have laxed articulation (Brentari et al., 1995; Loew et al., 1995), which is to say that 

during production of a sign, the configuration or orientation of the hand is closer to how 

it would be when the hand is at rest. Unlike signers with aphasia, PD signers did not 

produce handshapes that had an incorrect selection of fingers to be extended (Poizner & 

Kegl, 1993). Lurthermore, as Kegl et al. (1999) point out, laxing of the handshape and 

orientation of a sign also occurs among typical signers in casual or informal contexts.

One of the most widely reported characteristics of Parkinsonian signing was the 

reduction and lowering of signing space (Loew et al., 1995; Poizner & Kegl, 1992, 

1993), such that signs articulated in neutral space in front of the body were produced 

closer to each other and lower down in space. Additionally, signs produced in contact 

with the body were produced at a lower location on the body, e.g., the chin instead of 

the forehead. A similar, but crucially distinct, characteristic that was reported was the 

distalization of the active articulators in both sign (Brentari & Poizner, 1994; Poizner, 

1990; Poizner & Kegl, 1993), and fingerspelling (Tyrone et al., 1999). In signs that 

normally require a proximal articulator to move through space, signers with PD would 

use a more distal articulator (e.g. the wrist instead of the elbow) and make a smaller 

movement. Notably, this pattern in PD signing encompasses two related, but separate 

phenomena. Lowering and shrinking of the signing space is a measure of where signs 

are produced in space, whereas articulator distalization is a measure of which 

articulators move to form the sign. There is obviously an interaction between these two 

measures, but they are not identical; it is not possible to make a large movement with a 

distal articulator, though it is possible to make a small movement with a proximal 

articulator, or to make a large movement to a nearby location in space (for further 

discussion of this distinction, see Chapter 6).
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Signers with PD are also reported to have impaired co-ordination when signing 

(Brentari et ah, 1995; Poizner et al., 2000; Tyrone et ah, 1999), although impaired co-

ordination is only rarely associated with PD in the motor control literature (Benecke et 

ah, 1986; Ingvarsson et ah, 1997). In signs produced by subjects with PD, the 

movements of independent sets of articulators were decoupled, so that, for example, 

movement and handshape change in a sign would be produced either completely 

serially or completely simultaneously, rather than having partial temporal overlap, as is 

the case typically. Another type of co-ordination error took place in the transition 

between signs (or fingerspelled letters) rather than within individual signs: signers with 

PD would blend distinct handshapes of two signs into each other, such that an 

intermediate form of the two handshapes would be produced across two-sign utterances 

(Brentari et ah, 1995; Loew et ah, 1995). A less frequent co-ordination error, which 

nonetheless occurred in both sign and fingerspelling, was handshape mirroring on the 

non-active hand in one-handed signs (Loew et ah, 1995; Poizner et ah, 2000; Tyrone et 

ah, 1999). Signers with Parkinson’s disease occasionally produced the handshape of a 

one-handed sign on the non-dominant, non-active hand, but did not produce fully- 

formed two-handed versions of one-handed signs. (See Chapter 6 for discussion of this 

distinction and its possible underlying neural mechanisms.)

8.2 John: Background

John is a 54 year old right-handed man with Parkinson’s disease (PD), who was 

born deaf into a family with deaf parents and hearing siblings. He was the youngest of 

four children (the other three were all hearing) and learned British Sign Language from 

his parents as a native language. He attended an oral residential school for the deaf and 

left school at the age of 16 to begin working. He worked in various manual trades as an 

adult, up until the time when his illness made work too difficult. His wife, two of his 

three children, and many of his friends are Deaf, and he uses BSL as his primary 

language. Additionally, he and his family are active in the local Deaf community. John 

was recruited for participation in this study through an announcement placed in the local 

Deaf news; unlike most of the other participants, he was not involved in the Deaf Stroke 

Project, because he did not have a stroke, or any pathology that could be mistaken for 

one.

John developed Parkinson’s disease at the age of 48 and was diagnosed and 

treated promptly. His symptoms are typical of the early stages of the disease and will be 

discussed in more detail below. He has taken dopaminergic medication for several
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years, which controls his Parkinsonian symptoms well but also causes moderate 

dyskinesias, particularly in his arms and neck. There is no history of the disease in his 

family, and he suffered no injury likely to cause neural damage, so it is presumed that 

he has the common, sporadic form of the disease. It should be noted, though, that he 

developed Parkinson’s disease at a fairly young age and he may show some signs of 

dementia (see below), both of which suggest the early-onset form of the disease. In any 

case, there are insufficient data to decisively conclude anything about John’s disease 

aetiology.

8.3 Standardized Assessments and Clinical Observations

8.3.1 Neuropsychological Testing

John was given few neuropsychological tests, because he was not recruited by 

the Deaf Stroke Project, so his case was not followed with the intent of developing and 

providing therapy. However, he was tested for handedness, using a version of the 

Edinburgh Handedness Test (Oldfield, 1971), which was modified for sign language 

users; and dementia, using the Folstein Mini-Mental State Exam (Folstein et al., 1975). 

The handedness test revealed that John is predominantly right-handed; out of thirteen 

activities, he reported that he used his left hand only occasionally for one of them. The 

dementia test is more difficult to interpret because his score was reduced considerably 

by one question, which he initially had difficulty answering and then refused to attempt. 

As a result, his score is slightly below normal. Nonetheless, while he was able to 

interact essentially normally both on and off medication, he did exhibit some mild 

cognitive slowing in both conditions, in the form of slowed (but correct) conversational 

responses and occasional inattentiveness.

8.3.2 General Observations

Because John did not take part in the Deaf Stroke Project, and because he had no 

obvious language impairment, his language ability was not formally tested. On the basis 

of informal observation and his performance on the sign articulation tasks described 

below, John had no apparent difficulties in language production or perception, 

independent of articulatory difficulties. Regarding his general movement patterns, he 

had resting tremor in his hands and legs; and his voluntary movements were reduced in 

size and speed, particularly when he was off-medication. When he was on-medication, 

he exhibited dyskinesias in his arms and especially in his neck. He also reported 

occasional problems with balance. Despite these difficulties, he is still largely self-
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sufficient: he is able to feed himself, stand, walk, and drive a car. When on medication, 

his gait is slow and festinating, but he has had no problems with falling. He reported no 

problems swallowing, and his facial expression and eye movements remain intact. It 

should be noted that his responses as well as his movements were slow; that is to say, 

there was a differential pattern of slowing on spontaneous movements and movements 

that are generated in response to an external stimulus, such as a question.

Unlike any of the other subjects in this study, John was tested under two 

conditions: on- and off-medication. Consequently, his performance on all the tasks was 

compared not only to the control subject, but also to his own performance in another 

condition. As discussed above, medication status can have a large impact on motor 

behaviour, particularly in subjects who have taken medication for several years. These 

effects have been researched both clinically and experimentally, though they are not 

always controlled for in studies on speech dysarthria; and this is the first time they have 

been examined in the context of sign language production.

8.4 Signing Task

8.4.1 Methods: Signing

John performed the sign copying task outlined in Chapter 4. The experimenter 

produced single signs and John repeated her productions. He had no difficulty 

understanding or executing the task; and all productions were visible and easily codable, 

so no data were excluded from analysis. John’s productions were compared across the 

two conditions, on and off medication, and to the productions of the control subject, 

Christine. Altogether, twenty nine productions were analysed for Christine and for John 

in each of the two conditions. Data were analysed using the coding scheme described in 

Chapter 4.
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Figure 8.1: Sign Copying: John
e r r o r s  a s  %  o f  t o t a l  p r o d u c t i o n s

K ey :  HS: handshape;

HS change: handshape change; 

Ori: orientation;

Ori change: orientation change; 

Loc: location;

Rep: sign repetitions;

Inv movement: involuntary movements; 

Dir: direction of movement;

P/D Coord: proximal/distal co-ordination; 

2H Coord: bimanual co-ordination
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8.4.2 Results: Signing

By far. the majority of John’s sign errors when he was off medication were 

errors of handshape. Out of 29 productions, 68.97% (or 20) of them included a 

handshape error, which is more than three times the number of the next most frequent 

error. Handshape errors were also the most frequent error when he was on medication, 

though they were far less frequent in that condition (31.04%, or 9 signs) than when he 

was off medication. John’s next most frequent error off medication was in sign 

orientation (24.14% of 29 productions), which is an error type that is possible in any 

sign. Like handshape, orientation is a static component of signs. When John was on 

medication, his next most frequent errors were location errors and orientation errors (for 

both, approximately 10.34% of total productions, or 3 signs). In the case of both 

handshape and orientation errors, both on and off medication, most errors were cases of 

laxing, such that a sign was produced with a configuration that is closer to how the hand 

or limb would be configured at rest.

When he was off medication, John omitted an orientation change in 

approximately 11.11% of target signs that required one; however, only 9 signs required 

an orientation change, so he only had to produce one error to reach 11.11% of the total. 

John never added an orientation change where the sign did not require it. Both on and 

off medication, John had no more than a 7% error rate in any of the other categories. In 

the off medication condition, those were: location (6.90%), involuntary movement 

(3.45%), and proximal/distal co-ordination (3.45%). In the on-medication condition, 

they were: location (10.45%), involuntary movement (6.90%), repetition (3.45%) and 

proximal/distal co-ordination (3.45%). Interestingly, in the case of location errors, John 

had a lower rate of errors off-medication than on-medication, and fewer errors than 

Christine in either condition (13.79% of total productions). The nature of John’s and 

Christine’s location errors both varied; that is to say, not all location errors were cases 

of sign lowering or raising for either of them. Similarly, Christine had more 

proximal/distal co-ordination errors (6.90%) than John in either condition (for both, 

3.45%). However, for all of these measures, the numbers are small enough that it is 

difficult to interpret them reliably or meaningfully.
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Table 8.1: Distribution of Sign Errors: John

X = John off medication, A = John on medication, O = Christine

HS HS
c h a n g e

Ori Ori
c h a n g e

Loc Rep Inv
Move

Dir P /D
C oord

2H
C oord

SHELF X A 0
W O LF X

NOTHING 0 X 0
HOUSE 0
THROW X

UNIVERSITY X 0 0
BITE X A o

KERB X 0 o
A SK X A
CATCH X A A
INFORM A A

BA LL X A X

FARM

AFTERNOON X A 0 A

FIRE X A
PERSON

LO VELY

WITH X x A

SW EEP X

BICYCLE X

SCREW 0

BO W L X A X X

W EEKEN D X A o A
HAMMER X A
TEACHER X x A

PICTURE X 0
SC ISSO RS X A
ELEPHANT X X X

NAME X

John produced very few involuntary movements either on or off medication; 

however, it is worth describing them briefly because they differed in nature across the 

two conditions. His involuntary movements while on medication were dyskinesias 

affecting the movement of an entire limb. By contrast, the single involuntary movement 

he produced when off medication was a tremor occurring in the hand. Because 

dyskinesias occur during voluntary movement, while Parkinsonian tremor typically 

does not, it is not a great surprise that John had more involuntary movements on 

medication than off medication.
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8.5 Fingerspelling Task

8.5.1 Methods: Fingerspelling

The design of the fingerspelling task is described in detail in Chapter 4: John 

was presented with individual full-page illustrations with corresponding printed text 

underneath and asked to fingerspell the printed word. He had no comprehension 

difficulties or irregular repetitions of letters, so the experimenter did not have to present 

stimuli more than once, and no data had to be excluded from analysis. For each letter in 

each fingerspelled word, the handshape, location, temporal duration, and presence of 

involuntary movements were coded. As with the other subjects, only a portion of the 

data were coded at this level of detail; the data to be analysed were selected on the basis 

of word length, variety of letters, variety of handshapes, and variety of locations. 

Altogether, six fingerspelled words comprising 35 fingerspelled letters were analysed 

according to these criteria. The fingerspelling coding scheme described in Chapter 4, 

which was modified from the coding scheme for sign data, was used to analyse John’s 

fingerspelled productions. Also, as before, the durations of individual fingerspelled 

letters were measured, and a small sample of those are shown in Figure 8.3.

8.5.2 Results: Fingerspelling

John had fewer errors in proportion to the number of productions on the 

fingerspelling task as compared to the signing task. However, as with the signing task, 

most of John’s errors on the fingerspelling task were handshape errors (30.56% of total 

productions or 11 letters, off medication; 13.89% or 5 letters, on medication) (Figure 

8.2). His other fingerspelling errors were very few by comparison. When he was on 

medication, his performance was not very different from Christine’s. Though he had far 

more handshape errors off medication than on medication, he had equal numbers of 

location errors (2.78%, 1 letter) and equal numbers of involuntary movements (5.56%, 2 

letters) in both conditions.

As with the signing task, although John had the same proportions of involuntary 

movements on the fingerspelling task in the two conditions, the nature of the 

movements was in fact different. When he was on-medication, the involuntary 

movements were dyskinesias beginning from the base of his arm that occurred while he 

was moving. By contrast, when he was off-medication, the involuntary movements 

were tremors in his hands that occurred between voluntary movements.

The durations of John’s fingerspelled letters varied a lot from one letter to 

another. However, they seem to vary in a predictable fashion and in the same way as the
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Figure 8.3: Fingerspelling Durations: John
(in  M S ec )

8.6 Non-linguistic Tasks

8.6.1 Pointing

8.6.1.1 Methods: Pointing

Subjects were asked to point to one of two illustrations in response to a signed 

utterance produced by the experimenter. The response sheet with two illustrations was 

placed directly in front of subjects at a comfortable distance. Incorrect responses were 

excluded from analysis, and neither of the subjects responded to the same stimulus 

twice. A total of twenty eight responses on the pointing task were analysed for each 

subject and condition (on- and off-medication); and pointing was coded according to the 

scheme described in Chapter 4. A coding sample for the pointing task is included in 

Appendix C.

8.6.1.2 Results: Pointing

As with the previous two tasks, most of John’s errors, both on and off 

medication were in hand configuration (60.71% and 42.85%, or 17 and 12, of total 

pointing movements, respectively) (Figure 8.4); and they were consistently errors of 

laxing. Christine had hand configuration errors on only 7.14% (or 2) of total pointing 

movements. John had no severe timing problems, either with respect to overall speed, or 

movement initiation, completion, or pausing. Additionally, he had no co-ordination 

problems, either on- or off-medication.
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Targeting errors were John’s next most frequent error when he was on 

medication (28.57%, or 8, out of 28 movements); and targeting errors and involuntary 

movements were equally the next most frequent errors when he was off medication (for 

both, 14.29%, or 4). Christine had only 2 targeting errors and no involuntary 

movements. Perhaps surprisingly, John had twice as many targeting errors when he was 

on medication as when he was off. By contrast, he had far more involuntary movements 

off medication than on, although they were not very numerous in either case. Notably, 

the involuntary movements he produced on the pointing task while off medication 

occurred during deliberate movement as well as at rest, which is unusual for 

Parkinsonian tremor in the early stages of the disease. The remaining errors were 

minimal and did not differentiate John from Christine.

8.6.2 Kimura box

8.6.2.1 Methods: Kimura box

The experimenter presented the Kimura box (see Figure 4.1), performed an 

action on each of the three manipulanda in sequence, and asked subjects to copy her 

actions, in the same order and using the same hand configurations. Both subjects 

performed the specified sequence of movements twice, yielding six individual 

movements per subject and condition to be analysed. The data were analysed according 

to the criteria set by Sunderland & Sluman (2000) with additional coding for targeting, 

hesitation, tremor, speed of execution and accuracy of hand configuration. The test was 

originally designed to assess apraxic subjects’ ability to correctly manipulate objects, 

according to object shape and size, and according to imitation (Kimura, 1993). The 

additional categories were added to the coding scheme for this study to allow more 

detailed assessment of the spatiotemporal aspects of movement as well as their 

representational and perceptual aspects.
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Figure 8.5: Kimura Box: John
errors as %  of 6 movements

Key: HS: hand configuration; Complet: movement completion;

Target: movement targeting; Pause: irregular pause or hesitation;

Inv Move: involuntary movement Speed: excessively slow or rapid movement;

Init: movement initiation; P/D Coord: proximal/distal co-ordination
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8.6.2.2 Results: Kimura box

On the Kimura box task, John had many more errors than Christine, both on and 

off medication, and a high number of errors relative to the number of actions (Figure 

8.5). As with the pointing task, John had more targeting and hesitation errors when he 

was on medication, and more hand configuration and speed errors when he was off 

medication. However, he did not have proportionally more hand configuration errors 

than other types of errors; though he did have more hand configuration errors off 

medication (33.33%) than on medication (16.67%). All of Christine’s errors on this task 

were hand configuration errors, and she had as many of them as John did when he was 

off medication (33.33%). John had a high proportion of completion errors and hesitation 

errors on this task, which were worse when he was on medication (completion; 50%; 

hesitation: 33.33%). Additionally, it should be noted that the Kimura box was the only 

non-linguistic task John performed that required movement sequencing, so it is not easy 

to separate out the effects of action switching from other mechanically-difficult 

demands, such as grasping and releasing a handle.

Some of John’s errors seem to be specific to individual manipulanda. However, 

the distribution of his errors is unique. None of his errors under either condition 

occurred when he was handling the third manipulandum; and there is nothing that 

would obviously make it easier to handle, except perhaps the fact that it was slightly 

closer, by virtue of the placement and configuration of the box.

8.6.3 Handshape copying

8.6.3.1 Methods: Handshape copying

The handshape copying task was developed by the Deaf Stroke Project to assess 

subjects’ ability to perceive and produce handshapes in isolation. The handshapes tested 

were all phonologically possible in BSL, so the test could be used to gauge subjects’ 

ability to produce components of BSL signs, and that result compared to their ability to 

produce the signs themselves. Subjects were shown 15 individual cards, each depicting 

a handshape, and asked to produce those handshapes. There were no comprehension 

problems or spontaneous repetitions of the target movements by either subject, so no 

data had to be excluded from analysis.
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deliberate movement, under both testing conditions, and a few individual errors of 

movement initiation, hesitation, and timing, primarily when off medication. These 

errors only took place once per condition, however, and must be interpreted with 

caution.

8.7 Discussion

8.7.1 Task-by-task analysis

Signing

Looking at the data qualitatively, John’s signing was relatively similar to that of 

a typical signer. In part, that is because he has good function in both limbs; but 

additionally, he had fewer errors total on the signing task, and a much higher proportion 

of them were handshape errors, rather than errors in co-ordination or timing. Although 

he had more errors when he was off medication, even then, the distribution of errors 

was roughly the same as when he was on medication, and similar to the pattern of errors 

produced by Christine, the control signer. His errors differed from hers more in terms of 

number than in terms of distribution. Most of his errors affected static components of 

signs and were errors of laxing, i.e. the types of errors that typical signers make during 

relaxed, informal signing. John had few location errors at all, and those patterned more 

or less like Christine’s location errors, in terms of number and type (i.e. where the 

produced location was in relation to the target location). He did not have consistent 

lowering or raising of sign’s locations. His signing was observably slow, more so when 

he was off medication, but not extremely so in either condition. He had no difficulty 

with co-ordination of the two limbs or of proximal and distal articulators on the same 

limb, either when he was on or off medication.

John produced very few involuntary movements either on or off medication; 

however, it is worth describing them briefly because they differed in nature across the 

two conditions. His involuntary movements while on medication were dyskinesias 

affecting the movement of an entire limb. By contrast, the single involuntary movement 

he produced when off medication was a tremor occurring in the hand. Because 

dyskinesias occur during voluntary movement, while Parkinsonian tremor typically 

does not, it is not a great surprise that John had more involuntary movements on 

medication than off medication.
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Fingerspelling

John’s performance on the fingerspelling task was similar to his performance on 

the signing task in that his handshape errors greatly outnumbered all other errors, and 

were more numerous when he was off medication. However, his performance on the 

fingerspelling task differed in that he had proportionally fewer errors total. Also, the 

difference between his performance on medication and off medication was not as great 

on the fingerspelling task as it was on the signing task. The only difference between his 

performance on medication and off was handshape laxing and slower movements in the 

latter condition.

It has been observed that ASL fingerspelling is more rapid and has smaller 

articulatory targets and greater sequencing demands than ASL signing (Poizner et al., 

2000; Tyrone et al., 1999). Without directly measuring each of those components, it is 

probably safe to say the same about BSL fingerspelling in comparison to BSL signing. 

Nonetheless, John was not differentially impaired on the fingerspelling task. He did not 

have a strikingly different pattern of errors on the fingerspelling and signing tasks, and 

he had proportionally fewer errors when fingerspelling than when signing. 

Consequently, the particular difficulty that signers with Parkinson’s disease are reported 

to have with fingerspelling was not evident in his case. Given that BSL fingerspelling 

does not require as many different handshapes as BSL signing, and John’s most 

frequent error across most tasks is in handshape, it could be that the lower demands for 

handshape in fingerspelling contributed to his overall low rate of errors on the 

fingerspelling task.

Pointing

John’s movements on the pointing task were generally slow, under both 

conditions. He was slow to respond to the experimenter as well as simply slow to make 

the required pointing movements. As with most tasks, John’s most common error by 

far, whether he was on or off medication, was in handshape formation. Also, as with 

other tasks, handshape errors were consistently cases of laxing, and they were fewer 

when he was on medication than when he was not. When he was on medication, John 

had more dyskinesias on this task than on the others, especially in his neck and 

shoulders. Additionally, John had far more involuntary movements off medication than 

on. Notably, the involuntary movements he produced on the pointing task while off 

medication occurred during deliberate movement as well as at rest, which is unusual for 

Parkinsonian tremor in the early stages of the disease. There is no apparent reason why

208



this should be the case, but it is worth noting for the effect it may have had on his errors. 

More than on the linguistic tasks, there seemed to be a trade-off between speed and 

accuracy in the two conditions on the pointing task. John's movements were more 

accurate when he was off medication, and faster when he was on medication.

Kimura box

John had a high proportion of hesitation errors and completion errors on this 

task, which may reflect a particular difficulty switching from one action to another, 

which is a well-established phenomenon in Parkinson’s disease (Zalla et al., 1998); 

however, in his case, they were worse when he was on medication. However, it should 

be noted that the Kimura box was the only non-linguistic task John performed that 

required movement sequencing, so it is not easy to separate out the effects of action 

switching from other mechanically-difficult demands, such as grasping and releasing a 

handle. In addition to showing a distinct pattern of hesitation and completion errors on 

this task relative to the other tasks, John also showed a lower proportion of handshape 

errors than on other tasks. So clearly there is something distinct about the Kimura box 

task that causes John’s movements to take a different structure. That said, however, 

caution must be exercised in interpreting these findings, because the Kimura box task 

also had the smallest number of trials of the movement tasks that John performed.

Handshape copying

John did not have many errors on the handshape copying task, relative to the 

total number of required movements on the task. Moreover, the distribution of his errors 

was similar to Christine’s, and also similar to the distribution of his errors on most other 

tasks. The majority of his errors both on and off medication were hand configuration 

errors, and those were mostly cases of laxing. To the extent that John’s handshape 

copying differed from his signing or fingerspelling, Christine’s handshape copying 

differed similarly.

Interestingly, neither John nor Christine performed the handshape copying task 

very naturally, despite the structural similarity between it and sign production. No 

explanation of the purpose of the handshape copying task was given in advance; and 

based on their reactions when the task was explained post hoc, neither subject had 

previously identified the handshapes as possible components of signs. (One of the 

subjects guessed that they were letters from a foreign fingerspelling system.) Both 

subjects’ movements and use of space in the task seem to reflect the fact that they did
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not treat the handshapes as “sign-like.” They both produced the target handshapes at 

distant, high locations, on the peripheral bounds of normal signing space, and moved to 

those locations very slowly and decelerated very gradually. So even though on this task 

the target movements and articulator configurations were arguably more sign-like than 

on any of the other tasks, the movements produced by both the PD and the control 

signer had a very unnatural quality.

To summarize, John’s handshape and hand configuration errors consistently 

outnumbered his other errors across tasks, with the sole exception of the Kimura box 

task, in which he had a higher proportion of hesitation and completion errors. Moreover, 

like the control subject, his handshape errors were consistently errors of laxing. It is 

striking that John showed little differentiation in his pattern of errors across tasks, 

except on the Kimura box. The prevalence of his handshape errors over his other errors 

remained relatively constant, irrespective of whether a task was linguistic or not, and 

whether it was motorically difficult or not. For example, the size of the articulatory 

targets and the relative speed of individual movements in fingerspelling did not seem to 

impair John’s overall performance; in fact, he had fewer errors on that task than on most 

others.

8.7.2 Comparisons to past sign research

John’s movement patterns were similar to those reported from earlier research 

on signers with Parkinson’s disease, though not uniformly so. In his signing, John 

consistently produced laxed handshapes and sometimes laxed orientations as well. 

Additionally, his movements were often slow during signing and other movement tasks. 

However, he did not exhibit the co-ordination deficits that were so strongly emphasized 

in the research on Parkinson’s disease and ASL (Poizner et ak, 2000); nor did he 

produce signs at lowered locations (Kegl et ah, 1999). The final important distinction 

between John and the ASL signers with Parkinson’s disease is that he did not show 

distalization of signs. The subjects from the ASL and Parkinson’s disease studies 

frequently did so, and that finding was one of the most strongly emphasized across 

publications related to the studies.

One possible explanation for these discrepancies is that earlier studies did not 

consistently control for the age of the Deaf subjects; consequently, the effects they 

found could have been an effect of age rather than, or as well as, disease status.

Although John did not show a great difference in his signing depending on his 

medication status, the ASL studies did not control for medication status at all, and
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subjects were on medication when tested (Brentari et al., 1995), so it could also be that 

the deficits they exhibited but John did not were related to the medication itself rather 

than the disease.

Unlike any of the subjects in the ASL and Parkinson’s disease studies (and 

unlike most subjects in any research on atypical signers), John is a native signer. Due to 

the lack of data on the qualities of native vs. non-native signing in general, and the lack 

of data on atypical signers who acquired sign language as a native, it is difficult to 

speculate about the effects of native language skills on articulation following acquired 

neural damage. Furthermore, because of the unique situation in which most Deaf 

signers acquire sign language, they cannot be easily compared to hearing bilinguals who 

experience neural damage which impacts on their non-dominant or non-native language. 

Nonetheless, it is not unreasonable to suggest that having native language skills prior to 

neural damage may work to preserve articulatory ability post-morbid. Further research 

would be called for to address this question.

8.7.3 Comparisons to speech dysarthria

John exhibited some of the same patterns reported in the speech motor control 

literature on PD dysarthria. Most notably, because he was in the early stages of the 

disease, his dysarthric symptoms were not very severe. He had no problems with the co-

ordination of the highly-innervated articulators that have the most flexibility of 

movement (in his case, the hands and fingers; in a hearing person’s case, the tongue, 

jaw, and lips). This is in contrast to the evidence presented by Brentari et al. (1995), 

which suggested that co-ordination of multiple articulators in particular was impaired in 

signers with Parkinson’s disease. Additionally, he had difficulty initiating movement 

and had irregular pauses, but less so in signing than in other movement tasks. Similarly, 

hearing patients with Parkinson’s disease do not typically experience movement 

initiation problems in their speech to the same extent that they do in other movements.

Unlike hearing subjects with PD dysarthria, John did not exhibit anything 

analogous to festination in sign, though he did exhibit it while walking. Festination is 

the combined increase in movement in speed and decrease in movement amplitude that 

PD patients often experience in both speech and gait. Perhaps this is one of the few 

symptoms of Parkinson’s disease that is effector-specific; i.e., it could selectively affect 

the vocal tract and the legs. What seems more likely, however, is that it is a symptom 

that impacts on a given type of movement. Speech and gait both seem to be motor 

systems with an internal oscillator, which sign does not seem to have (MacNeilage et
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al., 2000; Meier, 2002); so perhaps festination is particular to this kind of motor system. 

Similarly, speech and gait movements are effectively constrained to being two- 

dimensional, which sign movements clearly are not; and this factor could play a role in 

addition to or instead of the oscillatory mechanism.

Comparison of John’s symptoms on and off medication reveal that while his 

movements were faster when he was on medication, they were not uniformly improved 

by the medication. In fact, on the pointing task and the Kimura box task, there was a 

trade-off between speed and accuracy, such that while his movement speed increased on 

medication, his accuracy simultaneously decreased. Additionally, in some cases, he 

experienced more involuntary movements while executing a task on medication than 

off, because his involuntary movements off medication occurred primarily when he was 

not moving and hence did not interfere with task execution. Finally, without exception 

across tasks, John’s handshape errors were fewer when he was on medication, which is 

interesting in light of the fact that his movement accuracy was sometimes worse. This 

supports the idea that movement targets determined by effector configuration and those 

determined by external reference points are subject to a different set of constraints. 

Moreover, John’s uneven improvement on the signing task when he was on medication 

was consistent with earlier findings on PD speech dysarthria, which suggested that PD 

subjects’ speech measures improve, but not consistently, and not for all measures 

(Schulz & Grant, 2000).

The consistency of John’s performance across tasks, the similarity of his sign 

characteristics to the speech characteristics of dysarthric speakers with PD, and the 

mildness of his articulatory deficit compared to other signers with PD all support the 

idea that PD dysarthria is present cross-modally, and that cross-modally it is a symptom 

that tends not to be severe in the early stages of the disease. Flowever, in addition to 

showing parallels with hearing subjects with PD dysarthria (no co-ordination deficit, 

and mild articulatory deficits overall), John patterned differently from those subjects as 

well. The source of both the similarities and differences in his case and theirs is likely to 

lie in the movement patterns inherent to the articulatory mechanisms, and those patterns 

should be examined in greater depth for a better understanding of the nature of both 

language modalities.
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9 Maureen: Signer with Apraxia

This chapter examines the case of Maureen, a Deaf signer who experienced 

aphasia and apraxia as the result of a left hemisphere CVA. Because of her linguistic 

deficits, it is solely Maureen’s gestures and other non-linguistic movements that were 

analysed in depth for this study; her production deficit made it impossible to collect 

enough linguistic data for her signing or fingerspelling to be analysed in terms of 

articulation. In addition to the mere scarcity of her linguistic production, it would be 

difficult, perhaps impossible, to determine whether her errors were fundamentally 

motoric or linguistic (or both) in nature. However, despite the difficulties of analysing 

articulatory aspects of her signing or fingerspelling, it was thought worthwhile to 

include her in the study for the analysis of her non-linguistic movement patterns and the 

contrast they could provide to those of the other atypical subjects. In Maureen’s case, 

the research questions are slightly different: rather than compare her with Deaf or 

hearing subjects with the same disorder performing similar linguistic tasks, it is of 

greater interest to describe her movement disorder more broadly, so that in the next 

chapter her deficits can be compared to those of other atypical signers in this study.

Maureen had a high level movement disorder: she had no impairment in 

movement timing or dysmetria, but remarkable difficulty with the selection of the 

correct handshape or movement in producing gestures or meaningless movements. Due 

to the abstract nature of apraxia, its ambiguous relationship with language and low level 

movement disruption, as well as the type of data collected from Maureen, this chapter 

will take a slightly different structure, with a lengthy discussion of the movement 

disorder itself and a more descriptive analysis of the data.

9.1 Apraxia

Apraxia is generally described as an inability to perform learned, skilled, 

purposeful movements in the absence of paralysis, weakness or inco-ordination 

(Liepmann, 1977; Rothi et al., 1991). Because it has no obvious low-level physiological 

correlates, takes a variety of forms, and is not associated with a single brain region, 

apraxia’s exact nature remains a matter of debate more than a century after it was first 

documented and described (Liepmann, 1900; Steinthal, 1871). Liepmann divided 

apraxia into three sub-types: ideomotor, ideational, and limb-kinetic apraxia (Liepmann, 

1905, 1920). Ideomotor apraxia affects individual movements as well as movement 

sequences and is characterized by spatial and temporal errors in movement execution 

(Rothi et ah, 1988). Ideational apraxia causes errors in sequences of movements or
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content errors in representational gestures (Ochipa et al., 1992). Limb-kinetic apraxia is 

qualitatively different from the first two, because it is characterized by the inability to 

produce fine-grained, individuated finger movements, and probably results from the 

loss of innervation to proximal effectors from damage to corticospinal neurons, rather 

than affecting motor programming, stored representations of movements, or 

sensorimotor integration more generally. For many researchers now, limb-kinetic 

apraxia is treated as fundamentally distinct from ideomotor and ideational apraxia, 

which continue to be grouped together (Heilman & Rothi, 1997). It is worth making an 

additional point about terminology here: although the etymology of the terms does not 

imply such a distinction, dyspraxia, while sometimes used interchangeably with apraxia 

(e.g., Lausberg et al., 2003) is used primarily to refer to a developmental disorder 

similar to acquired apraxia and affecting both gross and fine movements (Morris, 1997). 

Except where otherwise specified, the discussion in this chapter will address ideomotor 

apraxia.

Apraxia is most often associated with damage to the left hemisphere, usually to 

the frontal or parietal cortex (Halsband et al., 2001; Hanna-Pladdy et al., 2001; 

Liepmann, 1905, 1920), but has been documented in cases of damage to left temporal 

cortex (Goldenberg et al., 2003), and the right, non-dominant hemisphere (Heilman et 

al., 1973; Raymer et al., 1999). Additionally, forms of apraxia have been reported to 

occur in conjunction with subcortical damage (Crosson, 1997), corticobasal 

degeneration (Leiguarda et al., 2003; Merians et al., 1999), Alzheimer’s disease 

(Capone et al., 2003), PSP (Pharr et al., 2001), Huntington’s disease (Hamilton et al., 

2003), and disconnection of the two hemispheres (Lausberg et al., 2003). However, in 

many of these studies, the deficit being described has little in common with earlier 

definitions of apraxia.

Attempts have been made to correlate individual types of apraxia with specific 

brain regions. Bearing in mind the complicating factors of variable use of the term 

apraxia and the prevalence of apraxic subjects with additional semantic or movement 

disorders, recent research has made some progress towards clarifying the relationship 

between anatomy and function. Hanna-Pladdy et al. (2001) suggest that subjects with 

cortical apraxia exhibit deficits in gesture discrimination, imitation, and production 

following verbal command, while subjects with subcortical apraxia exhibit mild 

production deficits but retain gesture discrimination and imitation. Halsband et al. 

(2001) reported a similar dissociation, but between subjects with parietal and frontal 

lobe lesions, such that parietal lesions disrupted both gesture comprehension and
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production, while frontal lesions (specifically damaging supplementary and/or premotor 

areas) disrupted only production. Since Hanna-Pladdy et al. (2001) did not control for 

cortical lesion site, these two studies may be tapping into the same phenomenon, 

particularly in light of the substantial projection from the basal ganglia to the 

supplementary motor area via the thalamus (Brodal, 1998).

Another study suggests there may be different symptoms of apraxia connected 

with subcortical damage. In particular, a case study of gesture production suggests that 

apraxia resulting from corticobasal degeneration results in greater impairment of 

gestures produced with an object in hand than impairment of gestures produced with an 

imaginary object (Merians et al., 1999). Studies of left hemisphere apraxia typically 

report the inverse result, with subjects more impaired when they have to imagine 

manipulating an object than when they are actually holding it (Halsband et al., 2001).

9.1.1 The nature of apraxia

Beyond the question of symptoms or neural correlates, there are multiple 

competing theories of the actual nature of ideomotor apraxia, and by extension, of the 

concept of praxis in human movement. There is still much disagreement about what 

apraxia is in fact a deficit of. There is fairly widespread agreement that ideomotor 

apraxia is not fundamentally a deficit of motor execution, but rather some sort of deficit 

in correctly generating a movement matched to the particular demands of an intended 

goal. Within that categorization, there is room for debate on the level at which the 

movement is disrupted and the aspects of the goal that are most demanding. There are 

those who propose that apraxia is a deficit in the storage or retrieval of motor 

programmes (Jeannerod & Decety, 1995; Poizner et al., 1995; Rushworth et al., 1998; 

Sirigu et al., 1999), similar to Liepmann’s view of apraxia as a disorder of action rather 

than a disorder of movement or semantic representation (Liepmann, 1905). The main 

contrastive view places more emphasis on spatiotemporal demands of complex 

movements and suggests that apraxia is fundamentally a deficit of representation or 

formation of complex hand or effector configurations and integration of these into 

movement sequences (Buxbaum et al., 2003; Goldenberg, 1995; Haaland & Harrington, 

1994; Hermsdorfer et al., 1996; Kimura, 1993; Sunderland & Sluman, 2000).

9.1.2 Kinematics of apraxia

Although it is defined as a disorder of skilled movement, several studies have 

suggested that subjects with apraxia exhibit low level deficits as well, including inco-
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ordination and reduced speed in the execution of gestures with and without tools 

(Merians et al., 1999; Poizner et al., 1997). Poizner et al. (1997) suggested that, contrary 

to previous findings, patients with ideomotor apraxia exhibit deficits on object use as 

well as pantomime, and those deficits are apparent when one examines the kinematic 

data. Similarly, Hermsdorfer and Goldenberg (2002) reported impairments in 

movements of the ipsilateral limb following stroke, not only in terms of apraxia, but 

also impairments in speed and amplitude on a diadochokinesis task. By contrast, 

another study reported that apraxic subjects produced normal movement kinematics and 

endpoint accuracy on simple reaching tasks with vision and from memory (Ietswaart et 

al., 2001).

Findings related to movement kinematics in subjects with apraxia are important 

because they may reveal aspects of the disorder that are otherwise imperceptible. In 

particular, they may indicate that apraxic subjects who seem to show a selective deficit 

affecting certain types of movement but not others (e.g. pantomime but not tool use), 

are in fact impaired on multiple types of movement. However, these results do not 

negate the significance of earlier findings indicating that there are distinct types of 

apraxia, with differential effects on different movement tasks. The fact that it takes very 

precise measurement to reveal one type of deficit while the other is readily visible only 

highlights the fundamentally different nature of the two behaviours. Kimura (1993) 

makes a similar point with respect to earlier research on movement timing in subjects 

with left or right hemisphere damage, and also points out that slowing of movements 

was present in subjects with left hemisphere damage, irrespective of whether or not they 

were apraxic. Kinematic measures can provide useful information about apraxia, even 

though its characteristic features are by definition removed from low level movement 

deficits, but that information must be interpreted in relation to the bulk of research on 

non-kinematic measures of apraxia, and not as a replacement to it.

9.1.3 Apraxia, effectors and categories of action

Apraxia was originally identified as a high level disorder affecting complex, 

skilled movements in general, but it was (and mostly still is) typically analysed in terms 

of the movements of the hands and arms. So while it was examined via a particular set 

of effectors, it was viewed as a general deficit of skilled movement that was most 

apparent in the movements of the hands, because they are the effectors used by humans 

to execute most complex movements. More recently, however, the meaning of apraxia 

has broadened to include non-skilled, automatic movements; and at the same time,
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numerous narrower deficits specific to certain effectors or certain actions have been 

labeled as apraxia, with a descriptor indicating which effector or action is impaired. In 

contrast to the original definition, the term apraxia can now be applied to non-skilled or 

task-specific movements. Consequently, there are now conditions described as dressing 

apraxia (Fitzgerald et al., 2002), gait apraxia (Della Sala et al., 2002), eyelid opening 

apraxia (Lamberti et al., 2002), and cough apraxia (Stephens et al., 2003). As Heilman 

and Rothi (1997) point out, in most cases, these deficits are not related to apraxia as it 

has been traditionally defined, either psychologically or neurologically. By contrast, two 

conditions that are both psychologically and neurologically related to traditional manual 

apraxia are apraxia of speech and oral apraxia, because the supralaryngeal vocal tract, 

like the hands and arms, allows the production of a broad variety of complex, learned 

movements, and is used for symbolic and meaningless gesture.

9.1.4 Apraxia of Speech

Apraxia of speech is a disorder of speech articulation, distinct from both aphasia 

and speech dysarthria, which results from damage to motor structures of the left 

cerebral hemisphere. Oral nonverbal apraxia, distinct from apraxia of speech, is defined 

as an impairment of volitional non-linguistic mouth movements while spontaneous 

movements are retained. The relationship between oral nonverbal apraxia and apraxia 

of speech is not completely clear, and the two often co-occur; however, there have been 

cases of each independent of the other (Duffy, 1995). Darley et al. (1975) suggested that 

apraxia of speech resulted from disruption to the motor speech programmer, which was 

thought to be located in the left hemisphere. In a review of the literature, Dronkers 

(1996) reported that the one pathology that patients with apraxia of speech share, 

irrespective of anything else, is damage to the left insular cortex. However, it has been 

rightly pointed out that this finding in and of itself is not sufficient to explain the 

neuroanatomical correlate(s) of apraxia of speech, and the neural basis for the disorder 

could easily be more narrow, broad, or diverse than Dronkers (1996) suggests (Bennett 

& Netsell, 1999; Code, 1998; Miller, 2002). Along similar lines, and in support of the 

idea that apraxia of speech and aphasia are distinct from each other, Wise et al. (1999) 

found that the left insula, lateral PMA, and basal ganglia are active during articulation, 

but Broca’s area is not. Because of its neural correlates, apraxia of speech may be 

accompanied by aphasia; however, it is a disorder of speech rather than language, as 

indicated by preserved linguistic function in cases in which it has occurred in isolation 

(Wertz et al., 1998).

217



What distinguishes apraxia of speech from dysarthria is the nature and resulting 

characteristics of the movement disorder. In contrast to dysarthric speakers, individuals 

with apraxia of speech exhibit no significant weakness, slowing, changes in muscle 

tone, or loss of reflex movements in the speech musculature. Moreover, their errors tend 

to be phonological rather than phonetic in nature, with substitutions of one phoneme for 

another, difficulty initiating speech, and dysprosody as typical features (Wertz et al., 

1998). Broadly speaking, apraxic speech deficits tend to be more variable across 

productions and more sensitive to the prosodic, articulatory, and discourse context of 

utterances than dysarthric speech deficits. For instance, apraxia of speech often causes 

inconsistencies across multiple productions of the same utterance, such that errors are 

frequent but typologically variable. At the level of articulatory context, physical 

distance between speech segments influences error production in apraxia of speech 

more than in dysarthria. Additionally, automatic, imitative, and short productions are 

more error free than longer, spontaneous productions. Similarly, non-words are more 

error free than real words (Wertz et al., 1998 ). All of these taken together support the 

idea that apraxia of speech is a deficit of motor programming, distinct from dysarthria, 

which is more often a deficit of motor execution.

The speech characteristics and neural correlates of apraxia of speech have 

important implications for theories of speech motor control and the relationship between 

speech and limb movements. First, the deficits that appear in apraxia of speech illustrate 

that speakers rely on knowledge of where their articulators are at any given time to 

program speech movements. This is noteworthy because it contradicts the suggestion 

that speech, unlike limb movements, relies primarily on ballistic movements and 

therefore open-loop programming (Ackermann et al., 1997). In their description of 

apraxia of speech, Square et al. (1997) emphasize the importance of sensorimotor 

integration to rapid, accurate speech production. This is consistent with an earlier model 

which suggests that somatosensory input may underlie the time critical aspects of 

orofacial motor control for speech (Graeco & Abbs, 1987). The view that apraxia of 

speech is a deficit in motor speech programming, caused by inability to integrate 

sensorimotor information is supported by the finding that apraxia of speech results from 

damage to the left insular cortex, which projects heavily to the supplementary motor 

area, an important region for motor programming (Bennett & Netsell, 1999; Dronkers, 

1996). In summary, the speech characteristics and neural correlates of apraxia of speech 

suggest that speech motor control is not as distinct from limb motor control as has often 

been assumed; both types of motor control require rapid, precise sequences of

218



movement, rely on sensory feedback and motor programming, and can break down in 

the absence of low level movement disorders.

9.1.5 Apraxia and aphasia

The relationship between apraxia and aphasia remains an interesting and 

difficult question, complicated by the fact that the two often co-occur clinically. While 

it is possible for aphasia to occur in the absence of apraxia and vice versa (Hanna- 

Pladdy et al., 2001; Heilman et al., 1973; Pedelty, 1987), because the relevant brain 

areas are near to each other and vascular accidents often do not respect functional 

boundaries, a large proportion of patients with one deficit also exhibit the other. Though 

apraxia and aphasia often co-occur, the theory that they are fundamentally the same 

disorder (as put forward by Kimura & Archibald (1974)) has been more or less 

abandoned. Indeed, psycholinguistic research has revealed both correlates and 

dissociations between the characteristics and severity of apraxia and aphasia (Halsband 

et al., 2001; Hanna-Pladdy et al., 2001), suggesting they are not one and the same 

disorder. In a fairly large clinical sample, Goldenberg et al. (2003) discovered a closer 

correlation between disruption to representational gesture and aphasia than between 

disruption to representational and meaningless gesture production. In other words, in 

patients who were apraxic and aphasic, their inability to produce representational 

gestures (e.g. ‘waving goodbye’) to command was closely correlated to the severity of 

their aphasia but not to their inability to imitate meaningless gestures. (The authors 

reject the interpretation that subjects’ impairment in producing gestures to command is 

simply an effect of their not being able to follow verbal instructions.) Along similar 

lines, in a series of case studies, Pedelty (1987) found similarities not only between the 

severity of aphasia and impaired gesture production but also between the characteristics 

of the two disorders. Her research suggests that patients with Broca’s aphasia are more 

likely to have scarce, halting gestures, while patients with Wernicke’s aphasia are more 

likely to have fluidly-moving gestures without much semantic content. In contrast to 

studies showing correlations between aphasia and apraxia, Heilman et al. (1973) 

documented a unique case in which a left-handed patient with severe right hemisphere 

damage experienced apraxia but not aphasia, suggesting that he was left hemisphere 

dominant for language but right hemisphere dominant for praxis, which is as 

neuroanatomically distinct as the two functions could be from each other.

Beyond these apparent contradictions, though, the interaction between apraxia 

and aphasia is arguably more complex and subtle than has often been acknowledged.
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For instance, it is sometimes assumed, in the absence of evidence in support or to the 

contrary, that patients who cannot communicate verbally are nonetheless completely 

able to do so using gestures of the hands and arms (Goodwin, 2000). Conversely, it is 

also assumed that if an apraxic subject understands task instructions once, then their 

performance on the task is at no point likely to be impeded by disrupted communication 

(Goldenberg et al., 2003). Additionally, as described above, the meaning of the term 

apraxia is extremely variable from one study, research lab, or hospital to another, which 

makes comparing it to other deficits considerably more difficult.

9.1.6 Apraxia and sign language

Early research on sign language and the brain was directed toward examining 

what could differentiate a disorder of language from a disorder of gesture in a manual- 

gestural language (Corina et al., 1992a; Poizner et al., 1987). Historically, production 

aphasia had been thought of as a disorder that manifested itself via the vocal tract, while 

apraxia was thought to manifest itself primarily in the movements of the hands. 

Consequently, languages that use the hands as their primary articulators present a 

unique challenge to this paradigm. Inversely, so do complex motor deficits of speech; 

however, the idea that there is a motor component to speech has traditionally been more 

widely accepted among researchers than the idea that language could be produced with 

the hands (Broca, 1861; Stokoe, 1960). As a result, the discovery of a double 

dissociation between apraxia and aphasia in Deaf signers had enormous implications for 

psycholinguistics as well as sign language research (Corina et al., 1992b; Poizner et al., 

1987).

Given that there are two separate phenomena of apraxia and aphasia for sign 

language users, the question then arises: what is apraxia of sign? Or perhaps more 

crucially, is there such a thing as apraxia of sign? First of all, it should be noted that 

strictly speaking such questions are beyond the scope of this research, because there is 

only one subject being examined, and she is aphasic as well as apraxic. Consequently, 

these issues can only be discussed briefly and hypothetically, but they nonetheless merit 

discussion for the perspective they provide on the case described here and the directions 

they suggest for future research. The first point to be made is that to uncover a 

phenomenon like apraxia of sign would require the discovery of a highly atypical case: 

a signer (preferably native) with left hemisphere damage, intact linguistic ability, intact 

representational gestures and disrupted sign articulation.
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Based on the pattern of deficits in apraxia of speech, the characteristics of 

apraxia of sign would be articulatory inconsistency, irregular phonemic substitutions 

(e.g. replacing one handshape with another), and particular difficulty with lengthy, 

spontaneous signed utterances. It should be noted that many of these have been treated 

as symptoms of aphasia in sign language (Brentari et al., 1995; Poizner & Kegl, 1993), 

so analyses of the relevant data would have to be meticulous. Regarding methodology, 

in order for issues like articulatory inconsistency to be adequately explored in sign, 

kinematic measures of sign movements would have to be taken over repeated 

productions. While it is relatively easy to judge speed, co-ordination, and hand 

configuration from casual observation or videotape analysis, very detailed, precise 

measures would have to be taken to determine whether or not those values are 

consistent across multiple productions of the same sign.

Finally, it should be acknowledged that apraxia of sign may simply not exist. 

The greater temporal and co-ordination demands of speech may imply greater motor 

programming demands, which would render speech more susceptible than sign to 

disorders like apraxia. Additionally, apraxia of speech, while similar to limb apraxia, 

may be effector-specific.

9.2 Maureen: Background

Maureen is a 72 year old right-handed woman who was born into a hearing 

family and deafened by meningitis at the age of 18 months. She began to learn BSL at 

the age of 5 when she entered the local oral school for the deaf and has continued to use 

BSL as her preferred language. She was married twice, both times to Deaf men who 

were BSL signers. Additionally, she was active in the local Deaf community and had 

many Deaf friends. At the same time, Maureen’s family reports that her pre-morbid use 

of English was very good; she read newspapers and magazines regularly, and Deaf 

friends often called upon her to facilitate communication with hearing people. After 

leaving school, Maureen worked as a hairdresser and in a pub, both jobs that required 

knowledge and use of English.

At the age of 70, Maureen had an anterior left hemisphere CVA, which CT scan 

data indicate was in the territory of the middle cerebral artery. Her symptoms following 

the CVA included right hemiparesis, and severe apraxia and aphasia. She had no 

spontaneous language production, and her naming and copying abilities on tests of 

spoken and signed language were severely impaired. Additionally, her language 

perception was disrupted, with even single sign identification impaired. Maureen’s
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aphasia and response to therapy are described in greater detail elsewhere (Marshall et 

al., under review).

9.3 Deaf Stroke Project Testing

9.3.1 Clinical Observations

Following her stroke, Maureen had right hemiparesis, which prevented her from 

walking or from using her right arm at all, even as a base arm for signing or handling 

objects. She had some difficulty swallowing, and was consequently on a soft-food diet, 

but could feed herself. For most aspects of personal care, she required assistance; 

however, like many individuals with apraxia, Maureen had less difficulty with day-to- 

day movements than her experimental test results might imply. She could drink tea, turn 

lights on and off, and put her glasses on and put them away in their case, all with 

minimal difficulty. Her manipulation of objects outside the context of testing was 

occasionally clumsy, but more as a result of her contralateral hemiparesis than of her 

apraxia.

9.3.2 Sign Language Testing

Researchers with the Deaf Stroke Project tested Maureen on a range of linguistic 

measures to assess the nature of her aphasia and devise appropriate therapy. Generally 

speaking, both her production and comprehension of written, spoken, and signed 

language were severely impaired, but her production was comparatively worse. She 

produced no signs spontaneously and could not name pictures or imitate signs, even 

when cued. Her sign comprehension was also impaired, even at a very basic level. On a 

test of comprehension of individual signs, she scored 25/40.

Strikingly, following her stroke, Maureen’s speech remained more intact than 

her sign. Several times during testing, when she was presented with an image and asked 

to produce the sign for it, she would name it in English instead. What is perhaps even 

more striking is that phonological cueing for a BSL sign could trigger Maureen’s 

production of the spoken English word, when presentation of the object or image to be 

named did not do so. Moreover, giving a phonological cue in BSL did not facilitate her 

production of the BSL sign. Evidently, providing the phonological cue in BSL allowed 

Maureen to access the linguistic system at some level and generate a response to the 

information she was given, despite the fact that the cue and the output were not only 

from different languages but also from different modalities (Marshall et al., under 

review).
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While Maureen was not able to copy signs on command, there were instances 

during testing by the Deaf Stroke Project when she seemed to be copying handshapes 

inadvertently. On tests of sign comprehension or copying, she would imitate the 

experimenter’s handshape, which in some cases made it difficult for her to select an 

object on a naming task, because her hand would be configured incorrectly.

Additionally on a few occasions, when Maureen indicated that she could not produce a 

sign because it was two-handed and she was hemiplegic, the experimenter would 

suggest that she use the experimenter’s hand or limb as the base hand. However, when 

Maureen tried to do so, she would invariably produce the same handshape that the 

experimenter was maintaining, irrespective of what the target handshape was. This may 

be related to the finding by Sirigu et al. (1999) that some apraxics have difficulty 

differentiating their own hand from the experimenter’s hand presented on a monitor, 

when the two have the same hand configuration.

9.3.3 Neuropsychological and Apraxia Testing

In the course of assessment by the Deaf Stroke Project, Maureen was presented 

with a series of background neuropsychological tests, some of which she could perform 

and others not. Because of her communication difficulties, she was unable to do 

Raven’s Progressive Matrices™ (Raven & Raven, 2003) or the Benton line orientation 

test (Hamsher et al., 1992). On the Pyramids and Palm Trees test of semantic access 

(Howard & Patterson, 1992) she scored well below normal (39/52). Similarly, on the 

WAIS-III™ Block Design test (Wechsler, 1997), she had a raw score of 16, which is 

significantly impaired. By contrast, she performed at ceiling level on a line cancellation 

task, indicating that she had no hemispatial neglect.

Maureen was tested for apraxia and gesture comprehension and production as 

well. The Dabul Subtest III (Dabul, 2000), which probes for limb and oral apraxia, was 

modified so that it could be administered using demonstrations rather than verbal 

commands, thereby circumventing Maureen’s comprehension deficit and the difficulties 

of translating an apraxia test into a signed language (for discussion of the latter issue, 

see Chapter 4). As a result, her possible scores were lowered, such that the maximum 

possible score for either section of the test was 20. Test results indicated that Maureen 

exhibited both limb and oral apraxia, though the former was much more severe. On the 

reduced scale, she scored 4/20 on the limb apraxia section, and 13/20 on the oral apraxia 

section. Similarly, on a test of imitation of meaningless gesture (using only her left, 

non-hemiplegic hand), she scored 13 out of 24 (Kimura & Archibald, 1974).
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The Deaf Stroke Project designed a task to assess Maureen’s comprehension and 

production of transitive gestures, i.e. gestures used to manipulate objects or tools. For 

the production component of the task, she had to produce the appropriate gesture for a 

given object, with the object in hand. For the comprehension component, she had to 

watch the experimenter produce a gesture and choose the correct object to match the 

gesture by pointing to a picture or an object. On the basis of these measures, her 

comprehension of gesture was intact, though her gesture production was severely 

impaired, which is consistent with what has been found in subjects with left hemisphere 

lesions to the supplementary motor area or premotor area (Halsband et al., 2001).

9.4 Non-linguistic Tasks

Because Maureen had so little spontaneous sign production and only a limited 

ability to copy signs, she was only tested on non-linguistic tasks for this study. Her 

movements on non-linguistic tasks were analysed according to the same measures used 

for other subjects, as well as on more qualitative measures for tests of object 

manipulation.

9.4.1 Pointing

9.4.1.1 Methods: Pointing

The design of the pointing task for Maureen was re-structured to allow for her 

linguistic deficits. Rather than being asked to point to one of a set of images in response 

to a signed utterance, she was asked to point to one of a set of handshape cards in 

response to a handshape that was presented to her. Because the timing on the pointing 

task was measured from the onset of movement rather than from the end of stimulus 

presentation, the effect of language processing difficulty on movement timing should be 

minimal. Judging from Maureen’s performance, language processing difficulty had no 

effect on movement speed as it is defined for this study. The first 30 of Maureen’s 

pointing movements were compared to the first 30 pointing movements produced by 

Christine, the control subject.
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Figure 9.1: Pointing Task: Maureen
e r r o r s  a s  %  o f  3 0  r e s p o n s e s

Key: HS: hand configuration; 

Target: movement targeting;

Inv Move: involuntary movement 

Init: movement initiation;

Complet: movement completion;

Pause: irregular pause or hesitation;

Speed: excessively slow or rapid movement; 

P/D Coord: proximal/distal co-ordination
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Figure 9.1 shows the distribution of errors for the two subjects on the pointing 

task, as a percentage of the total number of their productions. Maureen produced many 

more movement errors than Christine, though she did not produce a broad range of 

errors. Most of Maureen’s errors on the pointing task were hand configuration errors, 

which were present on 70% (or 21 out of 30) of her pointing movements. Christine had 

hand configuration errors on only 6.89% (or 2 out of 30) of her pointing movements. 

Also in contrast to Christine, Maureen’s hand configuration errors were related to finger 

selection rather than laxing or hyperextension. Maureen chose unusual hand 

configurations for a pointing action. For example, in one case, she extended the index 

finger, the little finger and the thumb, in a slightly clawed configuration.

Some clarification is necessary when describing hand configuration errors in a 

task that has no particular demands on how the hand is configured: Maureen was not 

asked to hold her hand in any specific configuration, but simply to point to the correct 

pictures. So while there were no explicit demands on how the hand should be 

configured, other subjects in the study (both control and atypical subjects) almost 

always used the common hand configuration of an extended index finger with the other 

fingers flexed, with the thumb sometimes extended and sometimes not.

Maureen’s next most common type of error was in targeting. On 53.33% (or 16) 

of her movements, there was a targeting error, compared to 6.89% (or 2) of the 

movements produced by Christine. Maureen’s targeting errors were consistently cases 

of undershoot; and many times, she inadvertently caused the card to move as a result of 

difficulty with targeting.

Table 9.1 illustrates the distribution of errors on the pointing task for both 

subjects, according to individual movements, in order to show the extent to which errors 

clustered on individual movements, or conversely, whether errors were decoupled from 

each other, so that movements that were spatially precise were also slower, for example. 

Each row in the table represents the individual pointing movements produced by the 

two subjects in the order they were produced. However, it should be remembered that 

the two subjects were not performing the same movements in the same order, so 

comparisons cannot be made across the two subjects for an individual movement. The 

table is designed as it is solely to allow comparisons of the distribution of errors for 

each of the subjects individually. Because neither subject had any errors of speed, 

proximal/distal co-ordination, or movement completion, those categories were left off 

the table due to formatting considerations.

9.4.1.2 Results: Pointing
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Table 9 .1: Distribution of Pointing Errors: Maureen

M au reen 's  Errors C hris t ine 's  Errors
HS T a r g e t Inv

Move
Init P a u se HS T a r g e t Inv

Move
Init P au se

X X

X
X X

X

X X
X X
X X
X X
X X
X X
X

X
X X
X X X

X
X

X
X X X
X X X

X
X X

X

X X X
X X

X
X X
X

Christine had very few errors on the pointing task; moreover, her errors did not 

cluster on individual movements. In fact, she did not produce a single pointing 

movement with more than one type of error. However, because she had so few errors 

overall, it is not possible to infer that the errors are in complementary distribution. 

Likewise, it is not possible to infer much about the distribution of Maureen’s errors, in 

her case because there were so many hand configuration errors that they cannot be said 

to be in either complementary or co-extensive distribution with other types of errors. In 

the only case in which a comparison is possible, i.e. between Maureen’s hand 

configuration errors and targeting errors, it is not readily obvious that the two bear any 

relationship to each other.
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9.4.2.1 Methods: Kimura box

The experimenter presented the Kimura box (see Figure 4.1 ), performed an 

action on each of the three manipulanda in sequence, and asked Maureen to copy her 

actions, in the same order and using the same hand configurations. The data were 

analysed according to the criteria set by Sunderland & Sluman (2000), with additional 

coding for targeting, hesitation, tremor, speed of execution and accuracy of hand 

configuration. The test was originally designed to assess apraxic subjects’ ability to 

correctly manipulate objects, according to object shape and size, and according to 

imitation (Kimura, 1993). In the original design of the task, experimenters are supposed 

to get a subject to produce a series of movement sequences correctly. For this study, the 

objective was to get subjects to produce two correct sequences in a row. Because 

Maureen had great difficulty performing the task without errors, she produced many 

more movement sequences than Christine; so the error and timing analyses compared 6 

individual movements for Christine (2 sequences of 3 actions) with 21 individual 

movements for Maureen (7 sequences of 3 actions). The methodology differed slightly 

from what was used by Sunderland and Sluman (2000), in that: durations were 

measured for individual components of the task rather than for the task as a whole; and 

two, rather than three, correct movement sequences were required.

9.4.2.2 Results: Kimura box

On the Kimura box task, Maureen produced many more errors per movement 

sequence than Christine; and most of her errors were in hand configuration (Figure 9.2). 

Approximately 61.90% (13 out of 21) of Maureen’s actions included a hand 

configuration error, as opposed to 33.33% (2 out of 6 actions). Additionally, Maureen’s 

hand configuration errors were not laxed or extended hand configurations, but rather 

errors in the selection of which fingers to extend.

Maureen’s next most common error was in action completion. Approximately 

23.81% (5 out of 21) of her actions included a completion error, compared to no 

completion errors for Christine. On this task, a completion error meant that Maureen 

continued holding, depressing, or otherwise handling a manipulandum for an 

exceedingly long time before beginning the next action on the task. Unlike her hand 

configuration errors, her completion errors were not specific to individual manipulanda.

9.4.2 Kimura box
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Figure 9.2: Kimura Box: Maureen
e r r o r s  a s  % o f  t o t a l  r e s p o n s e s

Key: HS: hand configuration; 

Target: movement targeting;

Inv Move: involuntary movement 

Init: movement initiation;

Complet: movement completion;

Pause: irregular pause or hesitation;

Speed: excessively slow or rapid movement; 

P/D Coord: proximal/distal co-ordination
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Figure 9.3 indicates the durations of each of the target actions performed by 

Maureen and Christine in their execution of the Kimura box task. As previously stated, 

Maureen performed the task many more times than Christine, because she had difficulty 

producing two correct sequences of three actions. (In fact, she was not able to do so at 

all, so the experimenter ended the task.) The durations of individual movements on the 

task were measured from movement onset to contact with the manipulandum. The 

starting positions for each movement were not controlled, so subjects could begin the 

first action of the task from anywhere. However, because the three actions were 

consistently performed in the same order, the second and third actions clearly must have 

begun from the same locations.

Because of this task design, it is not surprising that the first movement in each 

sequence would take the longest—while it could be beginning from anywhere, it is most 

likely beginning from somewhere not on the box, so the hand probably has to travel a 

greater distance to reach the first manipulandum. Maureen, as well as Christine, 

consistently took longer to make the first movement in the sequence than either of the 

other two movements; however, the duration of the third movement for Maureen was 

variable, sometimes taking longer than the second movement and sometimes not. On 

both of Christine’s two sequences of actions, the movement for each action in turn was 

shorter in duration. Moreover, there was more variability generally in the durations of 

Maureen’s movements. Additionally, there was no practice effect for Maureen: her 

performance of the task did not become more rapid with repeated productions. Whereas 

Christine became noticeably quicker in her second execution of the three movements. 

That said, it should be noted that Maureen was not slower than Christine in all cases.
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Figure 9.3: Kimura Box Timing: Maureen

Table 9.2 shows the distribution of Maureen’s errors on the Kimura box task. 

Individual movements on the task were always performed in the same order, so it is 

possible on this table to see the errors both in relation to each other, and in relation to 

the specific manipulanda. Because Maureen had so many hand configuration errors, it is 

hard to judge their distribution relative to other errors. There seems to be a pattern in the 

distribution of hesitation and completion errors, though, in that they cluster together 

several times, and also occur primarily in the first two trials of the task, suggesting that 

the two errors may co-occur and reflect the same underlying deficit. Notably,

Maureen’s hand configuration errors only occurred on the first and third manipulanda 

and never on the second. Because Christine had only one type of error (i.e. hand 

configuration) and because she performed far fewer movements than Maureen, her 

errors were not included on the table. However, bearing in mind the small numbers, it 

should be noted that Christine’s handshape errors were only on the first manipulandum, 

and were errors of laxing rather than finger selection. Like Maureen, her errors were 

specific to individual manipulanda on the box.
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Table 9 .2: Distribution of M aureen’s Kimura Box Errors

M anipulandum HS T a r g e t Inv
Move

Init C o m p le t P a u se S p e e d P /D
C oord

Button X
Handle X X
Lever X X
Button X X X
Handle X X
Lever X
Button X
Handle

Lever X
Button X
Handle

Lever X
Button X
Handle

Lever X
Button X X X
Handle

Lever X X
Button X X
Handle

Lever X

9.4.3 Handshape copying

9.4.3.1 Methods: Handshape copying

The handshape copying task was developed by the Deaf Stroke Project to assess 

subjects’ ability to perceive and produce handshapes in isolation and in the context of 

actual signs. The handshapes used as stimuli were all phonologically possible in BSL, 

so the test can be used to gauge subjects’ ability to produce or perceive individual 

phonological parameters of BSL signs, and that result could be compared to their ability 

to produce or perceive the signs themselves. Because Maureen had great difficulty with 

this task, she was not tested on as many individual handshapes as Christine was. In 

total, Maureen copied 8 handshapes, while Christine copied 15 handshapes.

9.4.3.2 Results: Handshape copying

The most common of Maureen’s errors on the handshape copying task were in 

hand configuration, with a particular deficit in selecting the correct configuration of 

fingers to extend. Altogether approximately 63% (5 out of 8) of her productions 

included a hand configuration error, compared to 20% (3 out of 15) for Christine

(Figure 9.4). Additionally, Maureen had movement slowing and hesitations on 25% (or
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2 out of 8) of her productions, while Christine had no errors of either of these types. 

However, Maureen’s errors should be interpreted with caution since the numbers are so 

small.

Unlike Christine, Maureen did not produce the handshapes at unusually high, 

distant locations. Christine very clearly placed her hands outside the normal signing 

space when copying handshapes in isolation. Unfortunately, it is impossible to judge the 

parameters of Maureen’s signing space because she did not produce enough signs; 

however, she kept her hands within what would likely be the normal signing space 

when copying handshapes in isolation.

Figure 9.4: Handshape Copying: Maureen
e r r o r s  a s  %  o f  t o t a l  r e s p o n s e s

Key: HS: hand configuration;

Inv Move: involuntary movement;

Init: movement initiation;

Pause: irregular pause or hesitation;

Speed: excessively slow or rapid movement
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9.4.4 Tool use

9.4.4.1 Methods: Tool use

The tool use task was designed to assess Maureen's understanding of tool use as 

well as her ability to adopt the appropriate hand configurations to manipulate tools. She 

was presented with household tools by the experimenter and asked to demonstrate how 

they are used. The tools for this task included: a whisk, corkscrew, hammer, 

screwdriver, vegetable peeler, clothespeg, pepper grinder, rubber, knife, tin opener, 

spanner, and keys. For each manipulation of each tool, Maureen’s productions were 

coded descriptively and qualitatively for grasp and movement. Additionally, data were 

coded for the applicable measures from other tasks: targeting, involuntary movement, 

initiation, completion, irregular pausing, movement speed, and proximal/distal co-

ordination. When Maureen did not perform an action correctly, the experimenter would 

demonstrate it for her and she would try it again. In total, she performed 15 tool use 

demonstrations. Control data were not collected for this task, but comparisons can be 

made to findings from similar studies (e.g., Halsband et ah, 2001).

9.4.4.2 Results: Tool use

Maureen produced many errors of movement when manipulating the tools. That 

is to say, after she picked up a tool, she could not choose the correct movement to 

illustrate how the tool is meant to be used. On 60% of her actions, she could not 

produce the movement appropriate to a given tool (Figure 9.5). Also, she would often 

pause while handling the tools and take a moment to look at them before continuing the 

task. When asked to manipulate one of the tools, she would most often hold the tool and 

alternately pronate and supinate her forearm. In the case of the key, this happened to be 

the correct response, but the key was not the first tool presented to her, and she had used 

the same movement on the two tools that preceded it. By contrast, she had no deficits of 

speed, co-ordination, or involuntary movement when manipulating the tools. Strikingly, 

she had no difficulty configuring her hand correctly and only minimal difficulty 

targeting the tools to pick them up.
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Figure 9.5: Tool Use: Maureen
e r r o r s  a s  % o f  15  r e s p o n s e s

K ey: HS: hand configuration; 

Movement: movement of tool;

Inv Move: involuntary movement: 

Init: movement initiation;

Complet: movement completion;

Pause: irregular pause or hesitation;

P/D Coord: proximal/distal co-ordination
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Table 9.3: Distribution of Maureen’s Tool Use Errors

T o o l M o v em en t M o v em en t
erro r

H a n d
c o n fig u r a tio n

H an d
c o n fig u r a tio n  erro r

T a r g e tin g
erro r

C o m p le tio n
erro r

P a u se

p e e l e r p r o n a t io n  /  

s u p in a t io n  o f  
fo r e a rm

Y w h o le  h a n d N N N N

h a m m e r p r o n a t io n  /  
s u p in a t io n

Y w h o le  h a n d N N N N

k e y p r o n a t io n  /  
s u p in a t io n

N p re c is io n  g r ip N N N N

c lo th e s p e g h o r iz o n ta l  f ig u r e  
8 f r o m  e lb o w

Y p re c is io n  g r ip N N N N

s c r e w d r iv e r p r o n a t io n  /  

s u p in a t io n
N w h o le  h a n d N N N N

p e p p e r

g r in d e r

la te ra l  a rc  f r o m  

w r is t

N c le n c h N N N N

s p a n n e r p r o n a t io n  / 
s u p in a t io n

Y w h o le  h a n d N N N Y

s p a n n e r p r o n a t io n  / 
s u p in a t io n

Y w h o le  h a n d N N N N

w h is k n o n e Y w h o le  h a n d N Y Y N

w h is k p r o n a t io n  / 
s u p in a t io n

Y w h o le  h a n d N N N N

le v e r
c o rk s c r e w

la te r a l  a rc  f r o m  
w r is t

N w h o le  h a n d N Y N Y

ru b b e r h o r iz o n ta l  b a c k  

&  fo r th  f r o m  
e lb o w

N w h o le  h a n d N N N Y

k n ife m e d ia l  a r c  f r o m  

w r is t

Y w h o le  h a n d N N N Y

k n ife p r o n a t io n  / 
s u p in a t io n

Y w h o le  h a n d N N N N

tin  o p e n e r la te r a l  a rc  f r o m  

w r is t

N w h o le  h a n d N N N Y

Table 9.3 delineates the distribution of Maureen’s errors relative to each other 

and across different tools, and includes descriptive coding of the hand configurations 

she used to grasp the tools and the movements she used to manipulate them. When an 

individual tool is listed twice in a row, it indicates that Maureen had difficulty with the 

task the first time and the experimenter demonstrated the gesture for her to copy. In the 

end, these demonstrations helped only minimally. In one such case, she picked up the 

tool (specifically, the whisk) but made no attempt to demonstrate its use, so the 

experimenter demonstrated how the tool is used, and on her second attempt, Maureen 

did move the tool, but not with the correct movement. This was the only case in which 

the experimenter’s demonstration influenced Maureen’s behaviour at all.

9.5 Discussion

9.5.1 Task-by-task analysis

Maureen’s performance on the pointing task was typical of her performance on 

other tasks as well as typical of apraxic movement. She had more hand configuration
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errors and targeting errors than any other error type. Moreover, her hand configuration 

errors were errors in the selection of fingers to be extended, rather than in laxing or 

hyper-extending the target hand configuration. For example, in some cases, instead of 

pointing with her index finger, she would point with both her index and little fingers 

extended. By contrast, she had only minimal timing deficits and no co-ordination 

deficits.

Maureen had far more targeting errors on the pointing task than on the other 

tasks, even though the spatiotemporal and psychophysical demands of this task were no 

greater, and were in some cases less, than on the other tasks. Her targeting errors were 

consistently cases of undershoot; and many times, she inadvertently caused the card to 

move. While it is not obvious why Maureen would have more targeting errors on this 

task than on the others, it may be that her errors result from an unclear understanding of 

how to interact with the handshape cards. In other words, she may have been treating 

them as objects to be manipulated rather than images to be referred to. The consistent 

undershoot in her movements could be explained in terms of a reduced movement 

range, but in all likelihood that is the type of deficit that would persist across tasks. 

Moreover, it does not explain why she moved the cards when pointing to them.

On the Kimura box, the main difficulty that Maureen had was with hand 

configuration. She was repeatedly unable to remember and produce the sequence of 

hand configurations that the experimenter presented to her to imitate; though her errors 

were confined to particular manipulanda. She had no difficulty with involuntary 

movements, or movement slowing. Moreover, she had only minimal difficulty with 

movement initiation or targeting. According to Sunderland & Sluman (2000), the 

demands of hand configuration play an important role in subjects’ ability to perform the 

actions on the Kimura box task. They claim that the transition from the second to the 

third manipulandum is particularly difficult, because at the end of the second action the 

hand is open with all the fingers extended, and the natural action from that configuration 

is to depress the lever with the index finger, but the task requires subject to flex the 

fingers again and depress the lever with the thumb. The authors make no reference to it, 

but it should be noted that what they claim is the more natural transition from the 

second to the third manipulandum requires a change in the orientation of the hand, 

while the transition required by the task (i.e. whole hand grip of the handle to 

depression of the lever with the thumb) does not.

Another aspect of the task to be considered is the subject’s preconceived notion 

of how the manipulanda should be handled, and how fixed or flexible that notion is.
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While many apraxic patients lose their sense of the “obvious” way to handle an object, 

some objects are more obvious than others, even to unimpaired individuals. The three 

manipulanda on the Kimura box, in order, are a button, a handle, and a lever (Figure 

4.1). For most subjects, there is only one likely action and hand configuration to 

accompany the handle, namely a whole-hand grasp. By contrast, the first and third 

manipulanda, the button and the lever, can be manipulated with any of the fingers; and 

the lever can be raised as well as depressed. Not surprisingly, the most common error 

made by control subjects in this study is to use the wrong hand configuration on the first 

or the third manipulandum. Beyond the question of subjects’ likely perception of the 

appropriate movement (or perhaps related to it), whole-hand grip is an easier and more 

common hand configuration than either of the other two target configurations (Schieber, 

1996), which may play a role in subjects’ differential performance across manipulanda. 

The broader point to be made is that a range of factors that could influence subjects’ 

performance must be considered before errors can be attributed to an underlying deficit, 

in movement sequencing or production of complex hand postures, for example.

With respect to timing on the Kimura box task, it is not surprising that the 

movement durations would show consistent patterns on the same manipulanda across 

sequences of the task, with the first movement taking the longest and the next two 

movements being progressively more rapid. One would also expect a practice effect 

across sequences, such that the subject became faster with multiple iterations. All of 

these patterns held true for Christine’s performance, and some, but not all, held true for 

Maureen’s performance. Additionally, each corresponding action was shorter on the 

second sequence than on the first. Maureen consistently took longest to produce the first 

movement of the sequence, but otherwise, her movement durations were quite variable. 

Moreover, she did not become faster in repeated sequences, even though she produced 

several sequences.

On the handshape copying task, Maureen produced many more errors than 

Christine, but in somewhat different proportions to her performance on other tasks. She 

had great difficulty judging and replicating the handshapes shown to her. As a result, 

her productions were prone to hesitations and movement slowing in addition to hand 

configuration errors. Of all the tasks that Maureen was asked to do, the handshape 

copying task was the most demanding in terms of hand configuration, because it had an 

explicit requirement that the hand be configured a certain way; on top of which, there 

was no object or tool to provide feedback on how the hand should be configured. 

Consequently, it is likely that her pauses and slow movements were an effect of task
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difficulty. In fact, during some of the pauses, she stopped moving and looked at her 

hand to see how it was configured before proceeding. As discussed above, the control 

subject also had an atypical movement pattern on the handshape copying task. 

Specifically, she produced the target handshapes very slowly and outside of her normal 

signing space. Given that Maureen did not produce handshapes outside of what would 

likely be her signing space, it may be that she did not draw the same kind of conceptual 

distinction between producing isolated handshapes and producing signs that Christine 

seems to have drawn.

Arguably, tool use was the task that most clearly illustrated the nature of 

Maureen’s movement disorder. The task was very demanding in terms of targeting, 

hand configuration (or grasp), and implementation of a learned movement. However, 

only the last of these was impaired in Maureen’s performance. In contrast to her 

performance on other tasks, Maureen had no difficulty configuring her hand correctly to 

grasp a tool; the task only became difficult for her when she had to manipulate the tool 

in a meaningful way. While it was clear throughout that Maureen’s movement deficit 

was high-level and representational, the tool use task highlighted that point most 

clearly. Maureen’s movement errors on the tool use task seem to reflect either 

perseveration of particular movements or a limited repertoire of meaningful gestures.

In general, Maureen’s movement patterns and errors were relatively similar 

across all the movement tasks, as well as being consistent with most reports of apraxic 

movement. Her most common error in all but one of the tasks was hand configuration, 

specifically selection of the correct or natural set of fingers for a given movement. She 

had minimal involuntary movements, movement slowing, or reduction of movement 

range, across tasks.

9.5.2 Comparisons to past research

Maureen had a high level movement disorder, as well as severe aphasia. The 

extent to which her aphasia and her apraxia were connected remains an open question, 

just as it does in neuropsychological research more generally. There is almost certainly 

functional overlap between some forms of apraxia and aphasia, in addition to their 

having a high rate of co-occurrence. Unfortunately, the severity of Maureen’s aphasia 

made it impossible to test sign articulation to see if she had more movement errors on 

linguistic than on non-linguistic tasks. It is possible, however, to make some 

comparisons to previous research on limb apraxia and apraxia of speech.
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In contrast to previous findings (Hermsdorfer et al., 1996; Poizner et al., 1995), 

many of Maureen’s simple movements, such as pointing and reaching are quite rapid. 

Given the difference in research methodologies for those studies and this one, however, 

it could be that the slowing of movements in subjects with apraxia is detectable using 

precise measures of movement kinematics but is not noticeable at a functional level. 

Additionally, because Maureen and Christine were not performing exactly the same 

movements (i.e. beginning and ending at the same points in space) for most of the tasks, 

movement durations could only be compared as tendencies rather than direct, one-to- 

one comparisons; so further research would be necessary to assess Maureen’s 

movement speeds in detail, relative to an age-matched control. What can be said from 

functionally-based, videotaped movement tasks is that her movements were not 

obviously slow in the way that the movements of subjects with Parkinson’s disease or 

other hypokinetic disorders are.

One issue that has recurred in investigations of apraxia is the role of the object in 

facilitating movement and subjects’ differential performance on pantomiming an action 

as opposed to actually executing it. On the whole, Maureen was better at guessing the 

appropriate movement from the object than from imitation. On the Kimura box task, she 

consistently had no difficulty producing the appropriate movement on the handle, which 

was the second manipulandum. While some subjects with apraxia have as much 

difficulty with this manipulandum as with any other (Sunderland & Sluman, 2000), for 

an unimpaired subject, the only possible hand configuration to accompany the handle is 

a whole-hand grasp. By contrast, the first and third manipulanda, the button and the 

lever, can be manipulated in multiple ways. In fact, the design of the task takes 

advantage of this flexibility to test subjects’ memory of the required actions. 

Consequently, the fact that Maureen showed a differential pattern of behaviour on the 

one component of the task that relies less on memory or perception of someone else’s 

hand suggests that she had an easier time forming a movement on the basis of an object 

than on the basis of a demonstrated or remembered movement. By extension, her 

apraxia seems to stem more from a disruption to her retrieval of complex motor 

programmes than to a disruption in online movement planning, since she was able to 

handle objects appropriately in terms of their shape and size but not able to manipulate 

them according to a learned movement pattern.

Similarly, on the tool use task, Maureen had no difficulty at all targeting, 

grasping, and examining the tools, but she was extremely impaired at demonstrating 

how to use them. One point that may be relevant to this is that on the tool use task, she
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was not in fact using the tools but pantomiming how they would be used, albeit with 

tool in hand. Therefore, the distinction that has been made between pantomime and tool 

use may not be applicable here; but secondly, it may also not be the important 

distinction. Subjects may show a differential pattern when asked to pantomime an 

action with object in hand, compared to pantomiming an action without the object, as 

was suggested in previous research (Merians et al., 1999). This could be distinct from 

both pantomiming an action without the object or actually performing the action, which 

was the contrast explored by Halsband et al. (2001). Maureen seemed able to 

comprehend stored models of learned movements but not able to retrieve them, 

indicating perhaps a disconnection between gesture perception and production, similar 

to conduction aphasia.

Halsband et al. (2001) compared subjects with a range of brain lesions (anterior 

and posterior, right and left hemisphere) and control subjects on pantomime and tool 

use. Interestingly, none of their subjects showed an impairment on actual tool use. 

(Halsband et al. assessed representational movement parameters but not timing or co-

ordination.) However, the subjects with left hemisphere damage, but not the controls, 

were impaired on pantomime, with the left parietal subjects being most impaired. 

Because they were examining actual tool use rather than demonstrations of tool use, the 

movement data from Halsband et al. (2001) are not directly comparable, except for what 

they reveal about controls for the two conditions (pantomime and tool use) and 

presumably also for the intermediate condition of demonstrated tool use, as well as what 

they reveal about the lack of prehension errors in the left hemisphere damaged subjects, 

which is consistent with Maureen’s performance.

Wertz et al. (1998) reported that there are cases of apraxia of speech in the 

absence of limb apraxia. Conversely, there are also cases of limb apraxia in the absence 

of apraxia of speech, which is what Maureen’s case seems to be. Judging from any of a 

number of measures, she has limb apraxia, which probably affects her signing, in 

addition to her severe aphasia which obviously affects her signing. What made Maureen 

highly unusual as a subject, and particularly as a Deaf subject, is that her speech was 

much closer to normal than her signing, though her language perception and production 

were impaired in both modalities. She produced no speech spontaneously and very little 

when prompted, but what she did produce was clearly articulated and without 

hesitation. However, while she apparently exhibited a mild oral apraxia, it would have 

been very difficult to determine whether or not Maureen also exhibited apraxia of 

speech. Apart from the fact that she had no spontaneous language production, she is a
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Deaf speaker (albeit a very proficient one), so it is unclear what her articulatory skills 

were in her pre-morbid condition.

It may be possible in the future to identify a case of apraxia of sign. At the 

moment it is impossible to say whether or not Maureen has such a condition because it 

is almost certainly masked both by her aphasia and her manual apraxia. To identify a 

case of apraxia of sign, it would be necessary to find an individual with normal gesture 

comprehension and production as well as unimpaired language comprehension and 

partially intact production. The types of deficits that would suggest apraxia of sign 

would be substitution of one phonologically possible handshape or movement for 

another, hesitations or groping behaviour when signing, and atypical sign prosody. 

However, these are also deficits that have been used to identify signers with aphasia and 

to distinguish them from signers with movement disorders (Poizner & Kegl, 1993; 

Brentari et ah, 1995), so the criteria for distinguishing sign aphasia and sign apraxia 

may need to be re-examined and refined.

Apart from paralysis/paresis, apraxia is probably the central movement disorder 

that is most likely to be articulator-specific, precisely because it does not represent a 

general deficit in muscle tone or co-ordination and is most likely to result from cortical 

damage, rather than damage to extrapyramidal structures, which despite being 

somatotopically-organized, are unlikely to be damaged in a way that would cause 

effector-specific symptoms. Hence, there may simply not be such a thing as apraxia of 

sign. It is interesting that this should be the case, given that it was not too long ago that 

apraxia and sign aphasia were thought to be the same thing.
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10 Summary of Findings

The purpose of this study was to investigate a heterogeneous group of Deaf 

signers with movement disorders to discover the parameters along which sign 

production is likely to break down, and from that to learn more about the underlying 

nature of sign language structure, articulation, and human motor control. At the same 

time, the study was designed to explore how these signers compare to each other, and 

also how they compare to hearing subjects with analogous movement disorders. Before 

going on to reach broader conclusions or suggest new areas of research, this chapter will 

briefly recapitulate the basic findings.

As predicted, the atypical signers described here differed from each other as well 

as differing in their individual performance across tasks, the details of which will be 

described below. Some subjects were differentially impaired on signing and/or 

fingerspelling, as determined by the number of errors per category, per task, relative to 

the control subject (e.g. Joseph’s handshape errors on linguistic vs. non-linguistic tasks). 

Conversely, some subjects had particular difficulties with non-linguistic tasks (e.g. 

John’s targeting/location errors on linguistic vs. non-linguistic tasks). More 

interestingly, however, subjects showed qualitative as well as quantitative differences 

both with each other and across tasks. In other words, the distinctions to be found across 

subjects, tasks, or measures are not just a question of the number of specific errors but 

of the type of error (e.g. handshape errors took the form of laxing, hyperextension and 

incorrect finger selection, across different subjects). These findings support the theory 

that sign dysarthria is not a single, uniform phenomenon with the same symptoms 

across signers, but as with speech, dysarthria is a group of disorders that take different 

forms. Moreover, these findings suggest that the differential impairments that Deaf 

subjects show across tasks cannot be attributed to the set of effectors used to perform 

the required movements, because unlike hearing subjects whose speech movements 

were contrasted with non-linguistic limb movements in previous studies (cf. Ackermann 

et al., 1997), the subjects in this study used the same effectors for linguistic and non- 

linguistic movements. So, to go back to the issues discussed at the beginning of the 

thesis, it seems that sign meets the important criteria that define articulation. In 

particular, neurogenic movement disorders seem to impact on sign and simpler limb 

movements differentially in the group of subjects described here. Further large-scale 

research would be necessary to state anything definitive about the nature of sign 

dysarthria and sign articulation more broadly.
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10.1 Characteristics of Individual Subjects

James, the subject with right hemisphere damage, was included in the study 

primarily for the contrast he was predicted to show with the other subjects. It was 

thought that since hemiparesis disrupts movement at a very basic level, he may simply 

produce one-handed signing, which would provide a baseline of comparison to subjects 

whose movement disorders were either more subtle or complex in nature. While James 

is clearly hemiparetic as a result of his stroke, his articulatory patterns were more 

nuanced than anticipated. In spite of his hemiparesis, he showed only minimal difficulty 

co-ordinating the necessary movements for sign production, even when the signs he 

produced were two-handed. His signing was somewhat laxed and lowered; he had no 

hand internal movement at all on his left (affected) hand, and his movements were slow, 

but beyond that, he had very little impairment of sign production. Notably, handshape 

laxing and lowering of signing space were present in his unaffected as well as his 

affected limb. This suggests that previously reported laxing and lowering of signs in 

Parkinson’s disease could in fact be an effect of age rather than disease pathology, since 

James is elderly but does not have Parkinson’s disease. Moreover, James did not have 

the sort of severe disruptions to co-ordination between limbs or between articulators on 

the same limb, which have been reported for other signers with right hemisphere 

damage (Poizner & Kegl, 1993).

James’s articulatory deficits were mild. His dysarthria was similar to what has 

been reported in hearing subjects with RHD, in terms of severity. In general terms, his 

pattern of sign dysarthria is consistent with the theory that the left hemisphere is 

dominant for sign articulation as well as speech articulation (Corina et al., 2003). He 

showed only minimal disruption to his signing, despite the clear presence of damage to 

motor pathways in the right hemisphere and resulting hemiparesis. On a related note, 

James was the only signer to show a clear disruption to sign articulation that depended 

on the formational structure of the target sign. Unlike other subjects, he lowered signs 

only when the target location was high and therefore probably beyond his comfortable 

range of movement. In other words, James’s dysarthria was not severe enough to cause 

fundamental re-structuring of his signing space.

Robert, the subject with cerebellar damage, stood apart from the other atypical 

subjects in his performance across all tasks. It is a given that the subjects described here 

comprise a series of case studies and were selected in part for the differences they were 

likely to show with each other. Nonetheless, focusing on subjects’ behaviour in terms of 

the measures that were applied, it is apparent that Robert diverged noticeably from the

244



other subjects, not only quantitatively but also qualitatively. In fact, many of the 

qualitative descriptions of measures throughout the study were necessary solely because 

he was included as a subject. In terms of quantitative differences, Robert produced a 

very large number of involuntary movements on both linguistic and non-linguistic tasks. 

Qualitatively, his movements were large and unco-ordinated, and his hands and fingers 

were frequently hyperextended. These findings were of interest in part because they 

highlight the distinctions between measures of movement size, sign location, and 

articulator proximalization or distalization, thereby providing insight for potential 

articulatory measures of signed language. Prior to this study, reduction in movement 

size and articulator distalization had been more or less equated in research on sign and 

Parkinson’s disease (Poizner & Kegl, 1992; Tyrone et al., 1999), because it is 

impossible to make a small movement to a distant location. However, it is possible to 

make a large movement to a nearby location, which is what Robert frequently did.

One of the most intriguing findings related to Robert was his preferential use of 

two hands in some one-handed signs as well as in a reach and grasp task. Although the 

cerebellum has been implicated in the co-ordination of complex bimanual tasks (Tracy 

et al., 2001; Ullen et al., 2003), the preferential use of two hands for presumably one- 

handed tasks has yet to be documented in any clinical or experimental research on 

ataxia. Moreover, producing one-handed signs with two hands has only been 

documented in one group, namely infants acquiring sign language natively (Cheek et 

al., 2001). Interestingly, preferential two-handed movements have been documented in 

infants’ motor behaviour generally and are thought to be related to the development of 

postural control (Fallang et al., 2000; Rochat, 1992). It is not clear that the two are 

related in Robert’s case, but it is worth noting that he exhibits postural instability due to 

cerebellar damage, so he may prefer two-handed movements for the same reason that 

infants do.

Joseph, the subject with PSP, was included in the study in part for the 

similarities and contrasts he was predicted to show to signers with Parkinson’s disease. 

In fact, his signing did resemble that of signers with Parkinson’s disease in several 

ways. Like them, Joseph had slow, small movements with laxed articulation. 

Additionally, he had difficulty co-ordinating the movements of independent articulators. 

Unlike signers with Parkinson’s disease, however, he exhibited palilalia when signing. 

That is to say, he repeated entire signs without pausing. It should be noted that he had 

no similar type of error when fingerspelling or producing non-linguistic movements. 

Like hearing subjects with PSP, his spontaneous repetition of movements was specific
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to the production of words. Briefly put, his dysarthria was distinct from what has been 

reported in PD signing, and parallel to what has been reported about PSP speech.

John, the subject with PD, was also expected to show similarities to other Deaf 

signers with Parkinson’s disease. While he did show some similarities to those signers, 

he showed notable differences as well. In particular, like Joseph, John’s signing was 

slow and laxed; however, he did not have reduced signing space or distalized 

articulation. Moreover, John’s dysarthria was far less severe than what was reported in 

previous studies of Parkinson’s disease and signing. John's errors were almost 

completely confined to the static components of signs. Additionally, in some ways, John 

was more impaired on non-linguistic than on linguistic movement. In particular, he had 

more targeting errors on the non-linguistic tasks. Unfortunately, there is no way to 

compare this result to findings from earlier studies on signers with Parkinson’s disease, 

since those subjects’ performance on non-linguistic tasks was not reported.

John exhibited mild to moderate dysarthria, which is typical of what is reported 

in hearing subjects in the mid-stages of Parkinson’s disease. Unlike hearing subjects 

with Parkinson’s disease, however, John’s articulatory movements like his other 

movements were slowed. Accelerated, small movements, or festination, have been 

reported in the speech and gait of many hearing subjects with Parkinson’s disease 

(Hanakawa et ah, 1999; Netsell et ah, 1975; Theodoras & Murdoch, 1998b); in the case 

of speech, it has been suggested that movements are not accelerated but that pauses are 

shorter (Nishio & Niimi, 2001). However, limb movements in PD are most often 

characterized as slow, or bradykinetic (Brown & Marsden, 1999b; Hallett & Khoshbin, 

1980); indeed, slowed limb movements are used as diagnostic criteria of PD (Fahn & 

Elton, 1987). Festination may be a feature that is contrastive across the signed and 

spoken modalities. The tendency for subjects with PD to show festination in speech and 

gait could be related to the existence of an oscillatory mechanism underlying those 

motor functions. Additionally or alternatively, the difference between sign and speech 

in terms of festination could be related to the degrees of freedom of movement of the 

primary articulators for the two modalities. Sign movements take place in three spatial 

dimensions, whereas speech movements effectively take place in two dimensions.

Maureen, the subject with apraxia and aphasia, was included in the study for the 

contrast she was expected to show with subjects who had intact language ability but 

disrupted articulation. Clearly, her aphasia precluded any examination of her sign 

articulation; however, analysis of her non-sign movements was informative for what it 

revealed about the nature of her movement disorder in and of itself, and in comparison
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to the other subjects. Like some of the other atypical subjects, she exhibited deficits 

primarily in hand configuration; however, her hand configuration deficits were 

qualitatively different. While other subjects laxed or hyperextended the fingers, 

Maureen often selected a different set of fingers to extend or flex. In addition, she had 

great difficulty with movement tasks when she was required to interpret an object’s 

meaning, but had minimal difficulty locating an object in space, targeting it accurately, 

and forming the correct hand configuration to handle the object. So for instance, she 

could pick up a spanner without any difficulty but could not demonstrate how to use it.

Generally speaking, Maureen’s movement deficits were fundamentally semantic 

or representational in nature. Her case compared to the other cases presented here 

supports the theory that sign dysarthria is not fundamentally representational in nature, 

but rather impacts on sign articulation specifically. Maureen had representational 

deficits in non-linguistic movements where other subjects did not. Conversely, other 

atypical subjects experienced deficits of speed, targeting, and co-ordination in non- 

linguistic tasks.

10.2 Comparisons across subjects

Now that the basic findings for each subject have been laid out, subjects will be 

compared to each other in more depth, across measures and across tasks. There were 

particular patterns of movement deficits that appeared for some subject across all tasks, 

which differentiated those subjects from others. Additionally, there were cases in which 

subjects showed a particular behavioural pattern only on one task, or on similar tasks, 

and these tendencies also served to differentiate subjects from each other. Due to 

subjects’ own deficits and the constraints of subjects’ energy and time, not all subjects 

performed all tasks. However, a certain amount can be gleaned from the direct 

comparisons that can be made across measures and across tasks for different subjects.

Static vs. dynamic errors

One pattern that emerged in the data was that some signers were consistently 

worse on static than on dynamic components of movements, or vice versa. The static 

components of movements were those that did not have to change over the course of the 

movement (e.g., hand configuration), whereas the dynamic components were those that 

by definition required change over time (e.g., bimanual co-ordination, or handshape 

change). James, Joseph, and John, the subjects with right hemisphere damage, PSP, and 

Parkinson’s disease, respectively, all had errors primarily (but not exclusively) in the
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static components of signs. However, Joseph had several co-ordination errors as well, 

which are considered to be dynamic errors. In terms of the static measures used, 

Joseph's dysarthria is an extreme of the normal imprecision that arises in relaxed, 

informal signing. By contrast, Robert, the subject with cerebellar damage, showed a 

different pattern of signing altogether. He had the highest proportion of dynamic errors 

by far of any subject, across all tasks. In particular, he had difficulty co-ordinating the 

movements of the two hands as well as the movements of independent effectors on the 

same limb.

The measure of bimanual co-ordination (a dynamic component of movement) 

was intended to capture subjects’ ability or inability to use two hands in a concerted 

fashion to execute a movement, or in the case of the signing task, a sign. Because it is a 

relatively broad measure, two subjects can pattern differently on it, despite both 

showing a deficit. For James, the only type of bimanual co-ordination deficit he 

exhibited was initiating movements of the two limbs asynchronously; he had no 

difficulty co-ordinating movements that were ongoing. Poizner & Kegl (1993) reported 

a similar bimanual co-ordination deficit in a signer with right hemisphere damage, 

except more severe and affecting ongoing movement co-ordination as well as co-

ordination of movement initiation. Robert’s signing was similar to what was produced 

by these two signers with right hemisphere damage in that they all showed a particular 

difficulty synchronizing movements of the two hands in two-handed signs. However, 

Robert had bimanual co-ordination deficits of other varieties as well: e.g., moving the 

hands asynchronously, moving them asymmetrically, and not being able to bring them 

together in space in two handed signs.

Movement size, laxing, & distalization

As discussed previously, Robert produced large, unco-ordinated movements 

with proximal articulators when signing, in contrast to all the other subjects. 

Additionally, Robert’s handshape and orientation errors were from hyperextension 

rather than laxation. This tendency to hyperextend sign articulators has not been 

previously documented in any group of signers, clinical or otherwise; although laxed 

sign articulation has been documented in signers with Parkinson’s disease (Loew et al., 

1995) and right hemisphere damage (Poizner & Kegl, 1993). James, Joseph and John all 

patterned somewhat similarly to each other and to other signers with Parkinson’s 

disease, in that they all produced laxed handshapes and orientations. However, John did 

not have a reduced signing space, as James and Joseph. Additionally, like subjects with
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Parkinson’s disease and unlike any subjects in this study, Joseph also had articulatory 

distalization. These cases illustrate that movement size, laxing and distalization are 

separate phenomena which clustered together in cases of PD sign dysarthria reported 

previously (Poizner & Kegl, 1992; Poizner et al., 2000), but do not cluster together in 

all cases of sign dysarthria.

It is worth noting that Robert is much younger than the other atypical subjects. 

Consequently, a pattern that holds true across the other atypical subjects (e.g. 

articulatory laxing) could in part be an effect of age. There has been no research to date 

specifically addressing sign articulation in the elderly; however, findings from motor 

control research and research on sign and Parkinson’s disease suggest that older signers 

may show articulatory laxing or loss of co-ordination in fine motor control (Contreras- 

Vidal et al., 1998; Loew et al., 1995; Smith et al., 1999). That said, it is noteworthy that 

the two control signers were also far apart in age and did not differ noticeably in their 

motor behaviours.

Lowering/locations

Joseph lowered many signs, but their locations in citation form are equally 

divided between high and central locations. Consequently, his entire signing space is 

reduced and lowered. By contrast, James, the signer with right hemisphere damage, 

typically lowered signs whose target locations were high, but not those whose target 

locations are not high (see description in Chapter 5); so his signing space seems to have 

an upper bound that is difficult for him to reach, rather than being wholly reduced and 

lowered. By contrast, John, the signer with Parkinson’s disease, did not have consistent 

lowering of sign locations. Robert’s sign productions were high and lateral when they 

deviated from the target location; however, more frequently his locations matched the 

targets, though his movements to them were enlarged.

Repetitions

James, the signer with right hemisphere damage, produced many sign repetitions 

on the naming task; however, so did Christine, the control subject, even though she 

produced none on the sign copying task. In the naming task, repeating a sign may serve 

some sort of discourse function, or may represent attempts at self-correction. Joseph’s 

pattern of sign repetition was distinct from the pattern exhibited by James or Christine, 

precisely because it was serving no discourse or interactive function. Unlike James and 

Christine, Joseph produced sign repetitions on a sign copying task in which he did not
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have to select the correct sign from memory. Moreover, his sign repetitions were also 

present in his spontaneous conversations with his daughter and with other signers. The 

final important point regarding repetitions is that Joseph’s repetition errors were 

consistently produced without modification and without pausing between productions. 

By contrast, James and Christine produced repetitions both after pausing and without 

pausing, and in some cases modified the form of the sign on the second production, 

which suggests that they were exhibiting a qualitatively different behaviour.

Involuntary movements

John, Joseph, and Robert all produced involuntary movements when performing 

movement tasks; and the involuntary movements took a different form for each subject. 

John had two types of involuntary movement: tremors caused by the disease, and 

dyskinesias caused by his medication. His rate of involuntary movements was relatively 

consistent across tasks but varied in nature depending on whether he was on or off 

medication. Joseph and Robert had a different type of involuntary movement, which 

was present only during deliberate movement and not at rest. Proportionally, Joseph had 

more involuntary movements on the pointing task and on the fingerspelling task than in 

his signing. It may be that his involuntary movements were similar to Robert’s in 

nature, though not as extreme. Robert produced more involuntary movements when the 

targeting demands of a task were high. If the same tendency were true in Joseph, it 

would explain why he had more involuntary movements in pointing and fingerspelling 

than in signing, since in general, articulatory targets in signing are large. The 

explanation cannot be quite this simple, because there is no clear pattern to the 

distribution of involuntary movements within the fingerspelling and pointing tasks; but 

it could begin to account for the disparity across tasks, while a different factor could 

contribute to smaller scale variation.

Fingerspelling vs. signing

Some subjects patterned differently on the signing tasks as compared to the 

fingerspelling task, suggesting that their deficit was not specifically linguistic, but rather 

articulatory. Although both signing and fingerspelling are linguistic, fingerspelling is 

more rapid and sequential than signing. Additionally, BSL fingerspelling in particular is 

targeted and co-ordinated because it requires contact between the two hands. At the 

same time, signing is also potentially demanding for an individual with a movement 

disorder because the articulatory space is very large, encompassing the torso, upper
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limbs, neck, face, head, and area immediately in front of the signer. More research is 

required to better understand the motoric demands of fingerspelling as opposed to 

signing.

While Robert showed impairments across all tasks, he was most severely 

impaired on fingerspelling, which may be due to the fact that targeting was difficult for 

him and BSL fingerspelling requires the signer to produce movements to relatively 

small targets. There is also the possibility that his particular difficulty with 

fingerspelling is due to its sequential nature, in addition to or instead of, its targeting 

demands. It has been suggested that fingerspelling is more susceptible to breakdown in 

the case of a movement disorder as a result of its speed and co-ordination demands 

(Poizner et al., 2000; Tyrone et al., 1999). Robert’s case raises interesting new questions 

about the structure of (two-handed and one-handed) fingerspelling and what its 

breakdown may mean for sign movement in general.

Joseph had fewer location errors in fingerspelling than in signing, suggesting 

that his movement deficit was more related to range of motion, or difficulty scaling 

large movements, than to targeting as such. His targeting was more accurate when 

targets were near than when they were far, irrespective of target size. By contrast,

Robert had the opposite problem: his movements became more erratic and less accurate 

when the targeting demands of the task were high, but he had no difficulty with large 

movements, and in fact, produced them when they were not required. Unlike Robert, 

Joseph did not have large trajectories to nearby locations; he kept his trajectories as 

short and direct as possible, sometimes at the expense of targeting accuracy.

In contrast to Robert or Joseph, John had fewer handshape errors in 

fingerspelling than in signing, perhaps because fingerspelling does not require as broad 

a variety of handshapes as signing does in BSL. In John’s case, the contrast between his 

performance on the two tasks was striking, because his handshape errors greatly 

outnumbered all other errors on almost all tasks. The three-way contrast across these 

signers shows that articulatory deficits in sign are varied, and that specific components 

of the language, such as fingerspelling, are not uniformly more difficult for all subjects.

Non-linguistic tasks

Subjects patterned differently across non-linguistic tasks as well as across 

linguistic tasks, suggesting that deficits were particular to the demands of the task. As 

expected, Maureen diverged from the other subjects in terms of which of her non- 

linguistic movements were most disrupted. She was consistently worse on tasks or
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aspects of tasks that had a symbolic component, or that required a specific hand 

configuration not determined by the shape of an external object. So while she was 

minimally impaired at pointing, she had great difficulty demonstrating the use of tools. 

John and James patterned somewhat similarly to each other and to Christine, in that they 

were both more impaired on tasks that had specific hand configuration demands. 

However, their hand configuration errors were solely errors of laxing, whereas 

Maureen’s were errors in the selection of which fingers and joints to extend. In addition 

to having difficulty with complex tasks, John also had difficulty with tasks that were 

sequential, such as the Kimura box. Robert had difficulty with tasks that were 

sequential, irrespective of whether the task was complex, and was also differentially 

impaired on tasks that were targeted.

Non-linguistic vs. linguistic tasks

Finally, some subjects patterned differently across linguistic and non-linguistic 

tasks. The reason that there is selective impairment of linguistic tasks is because of the 

particular set of demands imposed by articulation: it is rapid, sequential, complex, and 

multi-dimensional. The reason that there is selective preservation of linguistic tasks 

remains unclear, but may be related to the fact that articulation is well-rehearsed and 

usually acquired at a young age. Regarding this last point, whether or not a subject is a 

native language user could have implications for articulation following neural damage.

By several of the measures used for this study, including repetitions, co-

ordination, and targeting, Joseph was selectively impaired on linguistic tasks. Maureen 

was also selectively impaired on linguistic tasks but in a different way and for different 

reasons. She was impaired on any task that was representational and on any task that 

was linguistic (due to her aphasia as well as her apraxia), whereas Joseph’s difficulty 

was with the spatio-temporal and co-ordination demands of the linguistic tasks. In 

contrast to Joseph and Maureen, John had more targeting errors on non-linguistic tasks, 

and a speed/accuracy trade-off which was not present on linguistic tasks. John was also 

the only subject who was a native signer. Whether or not early acquisition of BSL 

helped to preserve articulatory function in relation to other motor function in his case is 

impossible to say; however, the question merits further research.

10.3 Comparisons with speech dysarthria

In addition to showing similarities and differences with each other, subjects in 

this study showed similarities and differences with hearing subjects with the same
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neurological disorders. There were a few clear cases of articulatory deficits that hold 

true across sign and speech and equally clear cases of deficits that do not, which 

provides some insight into the structural differences between the two modalities. 

Additionally, there are categories of error that cannot be compared, simply because the 

gross anatomical features of the two systems are qualitatively different. The parallels, 

differences, and incomparable features of sign and speech will be discussed in turn.

Deficits that appear across sign and speech include palilalia, inco-ordination, 

reduced movement size, and (in some cases) slowed movement. Palilalia is repetition of 

an entire word without pause which occurs for no apparent reason. It was probably the 

most striking of the articulatory deficits that can cross modality, because the necessary 

movements are highly likely to be lengthy, complex combinations of movements, i.e., 

the combinations of movements necessary to repeat an entire word, as opposed to a 

syllable or prosodic unit.

Inco-ordination, reduced movement size, and slowed movement (unlike 

palilalia) may result from low level deficits; however, it is of interest that the same 

neural pathology can have the same low level behavioural result across the two 

modalities. Currently, articulatory speech deficits continue to be described as if they 

were articulator-specific (Ackermann et al., 1997), and the fact that the same deficits 

appear in sign as well as speech suggests that the articulators are not the relevant 

variable for differentiating articulation from other movement.

Several subjects (James, Joseph, Robert, and John) had slowed movements when 

signing; and in all but one case, this tendency paralleled what occurs in hearing subjects 

with the same movement disorders. (See below for discussion of articulatory speed in 

signing vs. speech.) Two subjects in particular paralleled hearing subjects with the same 

disorders but showed a strong contrast to each other. One of the results of the study that 

was not anticipated in advance was the extent to which the two subjects with 

hypokinetic movement disorders (Joseph with progressive supranuclear palsy, and John 

with Parkinson’s disease) would diverge from each other. As stated in the methodology 

chapter, they were included in large part to allow a comparison of two subjects with 

very similar conditions at different stages of severity, which may be what the findings 

reflect, though there are other possibilities as well.

Joseph and John did show some similarities to each other, and to other signers 

with hypokinetic disorders, in that they both exhibited movement slowing and laxed 

articulation; however, they showed more differences than similarities. In the broadest 

terms, Joseph was more impaired on signing and fingerspelling than on pointing, while
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John was less impaired on the signing and fingerspelling tasks than on the non-linguistic 

tasks. More specifically, Joseph showed co-ordination deficits, particularly in the 

relative timing of two sets of independent articulators on one limb; whereas John 

exhibited very few co-ordination deficits (of the two hands or of proximal and distal 

articulators) on any of the tasks. The third clear contrast between the two subjects, 

which is consistent with findings from hearing subjects with dysarthria (Metter & 

Hanson, 1991), was that Joseph exhibited palilalia, or the spontaneous complete 

repetition of a sign after producing it once himself. John had no spontaneous, 

unexplained repetitions of signs or other movements. The contrasts between these two 

subjects may stem from the fact that Joseph’s condition, PSP, affects many brainstem 

structures, including projections to and from the cerebellum—a structure thought to be 

important for co-ordination (Thach et al., 1992; Ullen et al., 2003). Whereas John’s 

condition, PD, affects primarily the substantia nigra and its projections to the rostral 

basal ganglia (Hirsch et ah, 1988), whose role in co-ordination is disputed (Ingvarsson 

et ah, 1997; Tracy et ah, 2001).

Interestingly, while Joseph and John differed greatly from each other, they both 

exhibited similarities to hearing subjects with the same diseases, as described in the 

literature (Lu et ah, 1992; Metter & Hanson, 1991; Theodoros & Murdoch, 1998b). 

Joseph exhibited a more severe form of sign dysarthria, and shows a particular deficit in 

palilalia, both of which are characteristics used to differentially diagnose PSP and 

Parkinson’s disease. Additionally, Joseph exhibited a co-ordination deficit in his 

signing, while John did not. One of the characteristic symptoms of PSP dysarthria is co-

ordination and timing deficits in the movements of the tongue, lips, and jaw. Those 

articulators, like the hands and fingers, are highly innervated and have more degrees of 

freedom than most other components of the speech motor control mechanism. 

Conversely, John’s case parallels what is seen in PD dysarthria in hearing subjects, in 

that dysarthric symptoms are less severe than other movement deficits, and co-

ordination is not selectively impaired. Obviously, because there are only two 

hypokinetic signers to compare, there could be any number of factors underlying the 

differences between the two of them, including age, disease, disease stage, and age of 

language acquisition. However, it is of interest that the distinctions between the two of 

them are very similar in nature to the typical distinctions between hearing subjects with 

PD and PSP dysarthria.

There are components of sign and speech that simply cannot be compared, either 

for subjects with dysarthria or more generally. Particular aspects of the articulators or
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their innervation have no analogues across the speech and sign modalities. In speech, 

these include voicing, nasalization, and respiration. In sign, the main inherent structural 

contrast with speech is independent co-ordination of the two sides of the body. Sign 

articulators on opposite sides of the body are controlled independently by the 

contralateral sides of the brain, whereas speech articulators cannot be controlled 

completely independently across the midline of the body. While it is worth noting 

deficits of any of these aspects of articulation and trying to understand their neural 

bases, there is no reason to look for parallels of all features of one modality in the other 

modality.

As for patterns that are comparable but nonetheless different across the two 

modalities, there was nothing resembling speech festination (rapid, small articulatory 

movements) in the data described here. Festination of speech often occurs in hearing 

individuals with Parkinson’s disease, but did not occur in the sign articulation of John, 

the signer with Parkinson’s disease. Given that John is a single case, this finding could 

be particular to him, or it could be a type of articulatory deficit not likely to appear in 

the primary sign articulators, because of a fundamental difference in the structure of the 

output mechanisms for speech and for sign. Furthermore, this difference (assuming it is 

a true cross-modal difference) may be related to the existence of an oscillator that 

provides a structure on which to base the articulatory system. More research would be 

necessary to clarify whether or not there is an underlying oscillator in sign that has its 

neurological basis in the brainstem mechanisms that facilitate rapid, automatic bimanual 

co-ordination.

10.4 Related Issues

Beyond the basic findings, there were additional issues that emerged as the study 

progressed, which will be addressed briefly. Questions of age, cross-linguistic 

differences from one sign language to another, and disease stage or injury severity 

inevitably entered into the comparisons of subjects in this study, and into comparisons 

of this study with previous studies on sign language and on dysarthria.

Age alone seems to set the atypical subjects apart from each other, though the 

same is not true for the control subjects. That is to say, mild articulatory laxing was 

present for all the subjects over the age of seventy and could be explained in terms of an 

age-related decline in fine motor control. However, there was no apparent difference 

between the two control subjects (ages 70 and 38), on this or any other measure. 

Consequently, there may be an interaction between age and clinical status that is
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causing movement disorders that appear in old age to have a more debilitating effect, or 

causing the normal aging process to become accelerated. This could explain why John, 

the younger subject with Parkinson’s disease, bore limited similarity to previously- 

reported Deaf subjects with Parkinson’s disease, because he showed virtually no deficits 

in co-ordination, which was one of the central findings reported in those studies 

(Brentari et ah, 1995; Poizner et al., 2000). Given that fine motor co-ordination 

deteriorates with age, it could be that what that research was identifying was an effect of 

age as much as an effect of Parkinson’s disease.

Both this study and an earlier study found movement deficits that are more 

pronounced in fingerspelling than in signing, despite the fact that two structurally 

different fingerspelling systems were under investigation in this study and in that one 

(Tyrone et al., 1999), which raises questions about what is specific to fingerspelling that 

would make it more susceptible to breakdown. It is difficult to identify a single such 

feature, and in fact there may not be one: fingerspelling is rapid, sequential, and requires 

tightly co-ordinated fine motor control. So it could be the combination of any or all of 

these that makes it a difficult motor task. Additionally, in the case of BSL 

fingerspelling, precise movement targeting is required as well. Various motor structures 

have been described as having an important role in motor sequencing: the basal ganglia 

(Weiss et al., 1997), the supplementary motor area (Haaland & Harrington, 1994), the 

cerebellum (Harrington et al., 2000; Ullen et al., 2003). The cerebellum and basal 

ganglia have also been implicated in co-ordination and fine motor control (Ingvarsson et 

al., 1997; Ullen et al., 2003; VanGemmert et al., 1999). Moreover, the subject in this 

study who was differentially impaired on fingerspelling had ataxia; in the earlier study 

on ASL fingerspelling, the subjects who were differentially impaired on fingerspelling 

had Parkinson’s disease. Clearly, more research is required to disambiguate the roles of 

brain structures and physical movement demands in articulatory deficits that are specific 

to fingerspelling.

The categorization of errors, and the measurement of subjects’ behaviour more 

generally, was a complex issue in the development of the study. Whether or not a 

particular aspect of movement was considered an error was defined almost entirely by 

the coding schemes designed for the study, rather than by any external criteria. As with 

many tasks used in motor control research, the movement tasks used for this study 

cannot be performed in a way that is obviously wrong, except at the extremes of 

behaviour (e.g., pointing to the wrong image). In fact, the tasks are designed so that 

subjects can perform them in whatever way is natural to them, and their automatic
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tendencies for movement can be explored. Within this framework, to call an aberration 

in speed, trajectory, or co-ordination an error or an impairment in spite of subjects’ 

apparently successful accomplishment of a task (e.g., grasping an object) is consistent 

with standards in the motor control literature (e.g., Ingvarsson et ah, 1997; Lang & 

Bastian, 2002).

With respect to errors in signing and fingerspelling, up to this point, the general 

standard for a sign being produced correctly is that it be comprehensible to another 

signer and the correct lexical choice. The only categorization scheme for the physical 

structure of signed language is phonological: it is not capable of describing differences 

across productions which are not contrastive. However, because the articulatory 

properties of sign and fingerspelling were of interest in this study, new measures had to 

be applied which had no bearing on the productions’ linguistic status. Broadly speaking, 

signed productions were considered to be erroneous when they differed noticeably from 

the citation form of the sign. This standard is also consistent with the literature on 

atypical signers (Brentari & Poizner (1994) alternately use the terms “disturbances” and 

“deficits.”). As a result of setting the citation form as the standard for normal production 

of a sign, many “errors” were found in the productions of the control signers. However, 

this approach was chosen deliberately to illustrate the range of phonetic variation in 

typical as well as atypical signers. In summary, it was with caution that perceived 

deviations from the norm on the linguistic and non-linguistic tasks were labelled as 

errors rather than being given a more neutral descriptor, such as “anomalies” or 

“atypical movements.” The term error was chosen for its ease of use and its consistency 

with current standards in the literature.

Finally, the results of this research drew into question the characteristics of some 

of the tasks themselves: most particularly the Kimura box. Similarities emerged across 

typical and atypical signers which raised interesting questions regarding the tasks as 

opposed to the subjects. Almost all the subjects who performed the Kimura box task 

showed a differential pattern across the individual components of the task. This would 

not be of interest by itself except for the explanations that are given for performance on 

this task, i.e., handshape perseveration (Kimura, 1993), general inability to configure 

the hand correctly (Sunderland & Sluman, 2000), impaired movement sequencing 

(Kimura, 1993). For any of these to be viable as an explanation of apraxics’ 

performance on the task, the relative difficulty of individual components of the task 

would have to be tightly controlled for non-apraxic subjects (whether atypical or 

typical); and this study indicates that that is not the case.
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The handshape copying task raised similar issues, because there was an 

interesting pattern of movement that held true across atypical and control subjects, 

which was more a reflection of the nature of the task than of subjects’ articulatory 

abilities. It was striking that both the control subject and the subject with Parkinson’s 

disease performed the handshape copying task very slowly and awkwardly despite the 

fact that it was the task that was physically most similar to signing. This probably 

reflects the subjects’ conceptualization of sign production as qualitatively different from 

other types of movements.

10.5 Concluding Thoughts

Findings from this study show that sign dysarthria is distinct from disruption to 

limb movement in general, as evidenced by the fact that some signers show differential 

impairment to signing or fingerspelling, or conversely, show differential impairment to 

limb movements not related to language. However, this is not to say that signers with 

dysarthria are differentially impaired on signing and fingerspelling because they are 

linguistic in nature, but rather because they have high articulatory demands, in much the 

same way that speech articulation does. Moreover, it has fundamentally different 

demands from simpler limb movements, which may rely on a separate set of neural 

mechanisms. Sign dysarthria is distinct from disrupted movement generally, but it is 

also distinct from aphasia and apraxia in a signed language. As with previous studies on 

sign language and the brain, this study has uncovered sign deficits that are not 

fundamentally linguistic in nature. Additionally, however, this study has revealed 

differences in the motor behaviour of apraxic and non-apraxic subjects.

It would be of interest to compare sign production in Deaf subjects with 

dysarthria and Deaf subjects with apraxia but not aphasia; based on initial indications 

from this study, it is predicted that those two groups would pattern differentially on 

several components of sign movements, such as handshape and speed.

Psycholinguistics, speech motor control and sign language research would all benefit 

greatly from a clear delineation of the differences between sign aphasia, apraxia, and 

dysarthria. It should be mentioned in passing that the fact that the apraxic subject in this 

study was also aphasic does not by extension mean that apraxia and sign aphasia are 

synonymous. Several studies have documented Deaf subjects who are aphasic but not 

apraxic or whose aphasia is far more severe than their apraxia (Corina et al., 1992a; 

Marshall et al., 2004; Poizner et al., 1987). Moreover, many hearing aphasics are also 

apraxic, particularly when the relevant neural damage is in the anterior left hemisphere,
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and the dissociation between aphasia and apraxia in those cases is widely 

acknowledged. Apraxia does not become synonymous with aphasia simply by virtue of 

which articulators are used.

This study has used a well-established methodology in research on atypical 

populations, the case study, and applied it to a new area of research, the breakdown of 

sign articulation. The cases outlined here are not assumed to be representative of the 

movement disorders they exhibit or of British Sign Language users in general. By 

contrast, they illustrate what is possible in sign language breakdown, not what is typical 

or likely. Nonetheless, these cases are informative for the contrast they provide with 

typical cases and the insight they yield into the nature of sign articulation. The results 

presented here suggest that sign dysarthria is distinct from deficits to simple limb 

movements, as well as being distinct from apraxia and sign aphasia. Furthermore, sign 

dysarthria takes a variety of forms which can be classified according to discrete 

measures of the movements for sign articulation. This study has opened up the 

possibility of new lines of research related to sign articulation and suggested important 

future research questions. The implications of the study, its limitations, and directions 

for future research will be discussed in the following chapter.
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11 Conclusions

This study has taken a new approach both to the study of signed language and to 

the study of motor control for articulation. First, the study is distinct from previous sign 

language research, in that sign was examined as a movement task, for its own sake, 

rather than being examined as a linguistic phenomenon. Second, the study is distinct 

from past research on dysarthria in that subjects with articulatory disorders were 

compared on linguistic tasks and on an array of complex non-linguistic tasks which use 

the hands as primary effectors. The results of this study suggest that sign dysarthria is 

distinct from deficits to simple limb movements, and that sign dysarthria is analysable, 

non-uniform and not articulator-specific.

The background for this study, its methodologies and its findings have been 

described in the preceding chapters. This chapter will re-state and address the research 

questions posed initially, and discuss limitations of the study and directions for future 

research. The research questions that this study set out to address were:

■ Is there a discrete phenomenon, sign dysarthria, which is analogous to dysarthria 

in speech?

■ How should sign dysarthria be defined?

■ What are the similarities and differences between sign dysarthria and speech 

dysarthria?

■ What are the similarities and differences between sign dysarthria and apraxia?

■ What are the similarities and differences between sign dysarthria and disruption 

of simple limb movements?

11.1 Discussion of research questions

Sign dysarthria as discrete

This study has presented evidence showing that there are signers who pattern 

differentially on sign compared to non-linguistic tasks. Additionally, it has presented 

evidence that signers with movement disorders pattern differently from each other on 

articulatory measures of sign. The evidence presented suggests that there may be a 

discrete phenomenon which can be characterized as sign dysarthria. Furthermore, it 

seems that sign dysarthria is not a single, uniform phenomenon that has the same 

features across signers. On the contrary, as with speech, dysarthria is a group of 

disorders of articulation that can take a variety of forms. Moreover, it is clear that the 

differential impairments that Deaf subjects show across tasks cannot be attributed to the 

set of effectors used to perform the required movements, because in the tasks analysed
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for this study, subjects are using the same effectors for linguistic and non-linguistic 

movements. This suggests that neurogenic movement disorders might impact on sign 

and simpler limb movements differentially.

The results of the study also show that some subjects have differential 

impairments of sign and fingerspelling, with greater disruptions to one component of 

the language than to the other. In other words, what these signers exhibit is 

fundamentally articulatory rather than linguistic. Subjects were impaired at producing 

signs, according to articulatory measures even in cases in which linguistic function was 

completely intact. Moreover, articulatory impairments were differentiable from each 

other along specific criteria (handshape, co-ordination, timing, repetition, etc.). By 

extension from this, it is possible to discuss sign in terms of articulation and begin to 

explore the nature of sign articulation in more depth to determine precisely what 

physical, perceptual, and biomechanical factors influence its structure.

Definition of sign dysarthria

Traditional definitions of dysarthria have emphasized that it is motoric, 

neurogenic, and affects the muscles of the vocal tract (Darley et al., 1969a; Kent, 2000). 

Additionally, in order to disambiguate dysarthria from apraxia and aphasia, they have 

also stressed that dysarthria is associated with weakness, slowness and inco-ordination. 

The proposed definition of sign dysarthria will have to take into account the fact that 

sign uses a different set of articulators from speech and adjust previous definitions 

accordingly. A defining feature of signed language is that it uses the hands and arms, 

rather than the vocal tract, as its primary articulators. Moreover, this study is consistent 

with past dysarthria research in that it found articulatory deficits which cannot be 

explained simply in terms of weakness, slowness, and inco-ordination, such as 

uncontrolled sign repetition. These characteristics of dysarthria should be included as 

part of its definition. Consequently, it is proposed that the definition of sign dysarthria 

be: disruption to motoric aspects of sign articulation resulting from neural damage 

which is associated with weakness, slowness, inco-ordination, or deficits in motor 

programming. Sign dysarthria manifests itself in the static configurations of the sign 

articulators as well as the speed and amplitude of their movements, and the co-

ordination of those movements with co-occuring movements of other sign articulators.

It is hoped that this definition of sign dysarthria might motivate re-examination of 

current definitions of speech dysarthria and ultimately lead to a definition that is 

modality-independent.

261



Sign vs. speech dysarthria

In many ways, Deaf signers with dysarthria exhibit symptoms similar to those 

exhibited by hearing subjects with dysarthria. Additionally, while some symptoms are 

present across the two modalities, others may not be, and some simply cannot be 

because of physical differences in the two systems. There are parallels across the two 

modalities in errors of speed, movement amplitude, co-ordination and involuntary 

movements. Sign dysarthria as documented in this study paralleled speech dysarthria in 

terms of the overall severity of the articulatory disruption in relation to the pathology: 

PSP and cerebellar damage resulted in severe dysarthria, whereas Parkinson’s disease 

and right hemisphere damage resulted in mild dysarthria. Sign and speech dysarthria are 

related to similar brain pathologies, Parkinson’s disease, PSP, and cerebellar damage, 

and take similar forms depending on those pathologies.

Sign dysarthria vs. apraxia

This question can only be answered in sufficient depth after the examination of 

sign data from a Deaf subject who is apraxic but not aphasic. The current study 

compared an apraxic/aphasic subject with other dysarthric subjects on non-linguistic 

tasks, so conclusions about the nature of sign apraxia can only be drawn by inference. It 

is possible to propose, on the basis of this study, that sign dysarthria is not particular to 

representational components of sign, despite being particular to sign itself. Whereas 

apraxia in some cases is particular to the representational components of movements in 

general. The extent to which that tendency manifests itself in sign as well as other 

movements is a question to be addressed in future research. Moreover, sign dysarthria is 

not particular to handshape formation but can affect multiple components of sign 

production, either independently or simultaneously. Sign dysarthria can impact low 

level aspects of articulation, such as muscle tone or strength. Broadly speaking, 

dysarthria occurs at a range of levels from motor sequencing to muscle tone, whereas 

apraxia occurs at the level of meaningful representations of movement.

Sign dysarthria vs. disruption to simple limb movements

There is no single criterion that can distinguish sign dysarthria from disruption 

to simple limb movements in all cases, which is not surprising given that sign dysarthria 

takes a variety of forms. What this study suggests, rather, is that sign and non-sign 

movements may be affected differentially by the same movement disorder in the same
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subject, in terms of either severity of symptoms or particular set of symptoms present. 

However, the research described here relies on a series of case studies, which, as 

discussed previously, can only suggest what is possible not what is prevalent or likely. 

Further research is called for to better describe the nature of sign dysarthria and its 

relationship to disruption of simpler movements.

Articulatory measures of sign

An ancillary question that this study addresses is the establishment of 

articulatory measures of sign dysarthria, and of normal signing. This study found 

differences across subjects by using the well-established phonological parameters of 

signs - handshape, location, movement, and orientation (Battison et al., 1975; Stokoe,

1960) - and describing them in terms of phonetic detail rather than focusing on 

phonological contrast. These measures were not sufficient to capture the relevant 

aspects of subjects’ articulatory productions, however, and had to be supplemented with 

more basic measurements of subjects’ movements: aspects of speed, distance, and the 

relative positions/movements of independent articulators. On the basis of this research, 

it is proposed that articulatory measures of signs should include the aforementioned 

phonological parameters, described in anatomical terms to the extent possible, and also 

include absolute and relative measures of the displacement, velocity, and acceleration of 

the hands, arms, and torso. Additionally, slightly more abstract measures should be 

included, such as the phonetic symmetry of the two hands and arms when producing 

sign handshapes and movements. It would also be informative to measure the 

movements of the facial muscles as they co-ordinate with sign production.

Brain areas for articulation

Although this study did not explicitly measure brain activity, it nonetheless has 

implications for theories of the neural basis of articulation. The findings from this study 

are consistent with current models of brain areas for articulation (Dronkers, 1996;

Miller, 2002; Wise et al., 1999). These models of dysarthria suggest that critical areas 

for speech articulation include the left insular cortex and left primary and 

supplementary motor areas (Wise et al., 1999), the right and paravermal cerebellum 

(Kent et al., 2001), with involvement of the left posterior temporal and left posterior 

parietal areas during stages of action planning for speech (Miller, 2002). Areas which 

may also be involved in articulation but serve a less direct or important role include the
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right precentral gyrus (Kim et al., 2003), and the basal ganglia (Theodoras & Murdoch, 

1998b).

The findings from this study are consistent with recent findings on brain areas 

important to sign production, which indicate that the right cerebellum and anterior 

cerebral motor areas show increased activation during sign production, irrespective of 

which hand is used for signing (Corina et al., 2003). Nothing conclusive can be said 

about the relationship between brain anatomy and function solely on the basis of this 

study. However, it should be noted that the subjects in this study with brainstem and 

cerebellar damage exhibited a more severe form of dysarthria, while those with right 

cerebral damage and Parkinson’s disease exhibited a milder form of dysarthria, which is 

what would be predicted by the models described above.

11.2 Limitations of this study

Now that the basic findings and conclusions have been laid out, it is worth 

considering the limitations of the research, at theoretical, methodological, and technical 

levels. To begin with, this research follows a long tradition in the behavioural sciences 

of examining the breakdown of a function to gain insight into the nature and physical 

basis of that function. In particular, the data were from a set of individual case studies, 

each of which represented a different disorder. Clearly, there are assumptions that go 

into such an approach that can be problematic to its interpretation. First of all, it is not at 

all clear that any of the subjects in this study, or in any case study, is representative of 

other subjects with the same disorder. Therefore, it is important not to over-interpret 

findings that are particularly unique or unexpected and treat them as if they 

automatically supersede past findings. Atypical cases are informative because they 

illustrate what can happen, but they do not necessarily illustrate what is likely to 

happen. Another issue to contend with in the examination of breakdown of a function, 

beyond the question of whether the subjects are representative, is the assumption that 

the function itself is unitary. This study was able to circumvent that particular issue in 

part by looking at a diverse group of atypical subjects (signers with movement 

disorders) and a broadly defined function (sign articulation).

Beyond the purely theoretical issues, there are practical problems with research 

on atypical subjects, some of which were discussed in the methodology chapter. First, 

atypical subjects, particularly small populations such as Deaf subjects with acquired 

neurological disorders, invariably result in studies with small samples, thereby limiting 

the statistical power of any result as well as drawing into question its generalizability.
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Also, research on atypical subjects who are also linguistic or cultural minorities limits 

the range of behavioural measures that can be applied, because it is unclear how to 

interpret them relative to the norm. By extension, it is then difficult to make 

comparisons to other studies which do use more standardized behavioural measures. 

Clearly, these issues are not particular to this study but hold true for all research on 

atypical Deaf signers, clinical or otherwise. The critical point is not to extrapolate too 

far from the results, when they may not be relevant to the “typical” case. However, 

assuming the research has a theoretical basis and a clear empirical precedent, findings 

from an atypical subject can reveal a lot about what it means to be typical.

Though there were clear advantages to using a relatively flexible experimental 

design in this project (for example, the discovery that the signer with cerebellar damage 

preferentially used two hands for reaching), the research would have benefited from 

more detailed measures taken on a standardized task. If more were known about the 

performance of normal Deaf signers on standardized neuropsychological, 

psycholinguistic, and motor control tasks, then a more narrowly constrained 

experimental design would have been an obvious choice. However, in the absence of 

that information, the decision of what experimental design to use was less 

straightforward. Additionally, had more been understood about the likely symptoms of 

the participants in advance, or had there been more time to conduct background 

research precisely to address that question, then measures and narrowly-defined 

articulatory tasks specific to this study could have been developed and implemented to 

allow more direct comparisons of individual subjects.

Short of a standardized task, a single task developed for this project, in 

conjunction with more precise spatio-temporal experimental design and measures, 

would also have been informative. This would have been easiest to implement if there 

had either been access to the kinematic equipment and testing facilities on site at a 

research hospital, or a sufficient number of subjects who could travel to a testing 

facility. In the absence of such facilities, it would have been necessary at a minimum to 

do some preliminary testing of subjects to find a range of tasks that would have been 

informative for an extremely varied but small group, and using a data capture technique 

that is not extremely precise. As discussed previously, the research questions lent 

themselves to an experimental design that gains in breadth where it loses in detail. It is 

hoped that this study will facilitate the development of research questions that can be 

addressed by more precise measurements and capture techniques.
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In terms of consistency across subjects, the study would have benefited from 

having more tasks that all the subjects performed, while using the same experimental 

design. The differences in ability across subjects made the experimental design 

challenging; however, at that level, having more preparation time and more testing time 

with each subject would have made design of a task that all subjects could perform and 

that would have been informative for all subjects’ motor behaviour both feasible and 

informative.

Additionally, it is arguable that the signing data would have been more natural if 

productions had been embedded in a carrier phrase, thereby controlling for the effects of 

starting and ending points of the sign movements. This was taken into consideration in 

designing the task, and it was decided that the unnaturalness of the carrier phrase itself 

would have outweighed its beneficial effects; whereas use of a different semantically 

viable carrier phrase for each production would have defeated the entire purpose of 

having a carrier phrase to begin with. Had the articulatory details been measured in very 

close detail, as in the case of kinematic or EMG recordings, a carrier phrase would have 

been necessary, irrespective of its semantic appropriateness. However, it was reasoned 

that since the data capture technique was not very precise, the use of a linguistically 

unnatural carrier phrase was not justified.

Finally, the study would have benefited from better localization of the lesions or 

areas of neural damage across subjects, and from a group that had been more uniform in 

terms of language background. The first issue is effectively beyond the control of 

researchers who do not have access to brain imaging equipment, because the necessary 

data are not collected by clinicians in all cases. It would have been possible to include 

only subjects who had been given brain scans, but it would have required an enormous 

investment of time. Additionally, it would have been nice to recruit only native signers; 

unfortunately, they are the minority of Deaf people and an even smaller minority of 

Deaf people who are elderly. Recruiting along those criteria would have required much 

more time and a larger sample to draw subjects from. As sign languages gain greater 

legal recognition internationally (UK-Council-on-Deafness, 2003), it is hoped that these 

issues will be less problematic for future researchers.

11.3 Directions for future research

While this is the first study to explore the range of disruptions to sign 

articulation, it has raised many questions while answering others, and raised the 

possibility of new research areas to be explored. One very broad question to be
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addressed is the development of articulatory models of sign language production and 

perception. Such an undertaking would require a range of approaches and experiments. 

A few of these are outlined here.

An intriguing aspect of sign articulation that seemed apparent from looking at 

the data, but which could not be described systematically using this study’s 

methodology was movement trajectory. It clearly emerged as a separate phenomenon 

from signing space, selected articulator or movement size, but was related to all of 

these. Moreover, movement trajectory in sign could easily be connected to the idea of 

sign prosody (Sandler, 1999), as well as to the concept of kinetic melody from motor 

control research (Freund, 1987). Perhaps, eventually, these two theoretical frameworks 

could be integrated with data on articulatory measures of movement trajectory to 

investigate the articulatory basis of movement within and across signs.

Kinematic data from both atypical and typical signers would be extremely useful 

to the field of sign language research because they would allow researchers to establish 

measures for normal movement parameters of sign, particularly in terms of speed, 

acceleration, movement range, and trajectories. There have been a few studies which 

have collected kinematic data from signers (Brentari et al., 1995; Cormier, 2002; Petitto 

et ah, 2001); however, the focus of these has been primarily linguistic rather than 

articulatory, and as a result they were not searching for the range of normal variability 

in signing, but rather for a kinematic pattern that could distinguish one grammatical 

feature from another, or one group of signers from another. To simply have a sense of 

the normal range of variability across the same signers and the same productions would 

make kinematic studies with a linguistic focus much more meaningful. Additionally, to 

have a sense of normal variability in signing would make it much easier to determine 

precisely what it is that is “atypical” about atypical signers. Because of the volume of 

data generated by any one kinematic measure, it would be necessary to conduct multiple 

studies, each examining only one measure of sign articulation (e.g. sign location) across 

multiple productions of the same small set of signs.

Another interesting and relevant area to research is the effect of aging on sign 

articulation (as opposed to its effects on lexicon, grammar, or pragmatics), analogous to 

the research that has been done on the sign production of young Deaf children of Deaf 

parents (Cheek et al., 2001; Meier et al., 1998). While there has been research on 

lexical, grammatical, and pragmatic aspects of elderly people’s signing (Blumenthal- 

Kelly, 1991), there have been no studies on sign articulation in the elderly to determine 

how it might vary from the articulation in younger adults. Just as sign research on
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clinical populations would benefit from more normative data on non-impaired signers, 

research on signers with disorders that are likely to occur in the elderly (e.g. stroke, 

Parkinson’s disease) would benefit greatly from a larger body of data on signing in 

elderly subjects who are healthy.

In the context of research on atypical signers, a comparison of multiple signers 

with the same movement disorder would suitably complement the studies that have 

preceded it, including this study, which have focused on individual cases. While case 

studies are an invaluable source of information, and uncover constellations of 

behaviours that one could never anticipate in advance, a case study can never be taken 

to be representative of a given disease or deficit. They illustrate what is possible, but not 

necessarily what is likely. To get a better sense of the nature of any neurological 

disorder, it is necessary to find multiple subjects who share the same type of neural 

damage, and the same resulting symptoms and preservation of function. Future group 

studies on the nature of sign articulation deficits can hopefully serve as a basis for the 

development of articulatory measures of sign, and ultimately address the nature of the 

biological constraints on language structure across modalities.

As stated previously, this study cannot directly answer questions about the 

relationship between brain region and function for sign articulation; however, it 

confirms previous findings on that topic and on the neural basis of articulation more 

broadly. It is hoped that future sign language research might examine the neural basis of 

sign articulation specifically, independent of linguistic function. It would be feasible, 

for instance, for a study to investigate brain activity during sign production, as opposed 

to production of phonologically-possible non-signs, as opposed to a reach and grasp 

task. This type of experiment could begin to address brain function for language relative 

to articulation, and articulation relative to other co-ordinated movement.

11.4 Final Thoughts

The pioneering work of Darley, Aronson, and Brown revealed that speech 

breakdown could be described systematically and analytically, and that descriptions 

implementing a particular, consistent set of measures were useful in differentiating one 

form of dysarthria from another. By extension, this constitutes empirical evidence that 

speech is not an unanalysable whole but can be broken down into its constituent parts, 

which contribute to the underlying form that speech takes. The current research is 

important because it shows that sign, like speech, breaks down along discrete 

articulatory measures. Furthermore, sign as well as speech can be analysed in terms of
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its component physical structures, and those structures form part of the biological basis 

of sign language.

There have been a series of studies of both dysarthria and of signed language 

which have challenged earlier assumptions about the structure of speech and of sign. 

With respect to the former, prior to the work of Darley, Aronson, and Brown, it had 

been assumed that the breakdown of speech motor control was a holistic phenomenon 

which could not be measured along consistent criteria or analysed in terms of its 

constituent parts. Similarly, there were two basic assumptions about the nature of signed 

language, which motivated some of the most seminal work in the field of sign language 

research. First, it was assumed that signs were iconic gestures with no sublexical 

structure. Then research done by William Stokoe showed that all signs could be 

differentiated according to a limited set of phonological parameters (Stokoe, 1960). 

Second, it was assumed that sign language must by necessity be cognitively or 

linguistically distinct from spoken language and more similar to gesture (Bloomfield, 

1933; Kimura, 1977). Later studies then showed that aphasia manifested itself similarly 

in spoken and signed languages and was distinct from apraxia (Corina et al., 1992a; 

Poizner et al., 1987; Poizner et al., 1989), indicating that sign languages were 

neurologically and behaviourally like all other languages.

It is hoped that this study will motivate exploration of a new area of research 

akin to those founded by the pioneering studies outlined above. What this study 

suggests is that not only are sign and speech similar linguistically, but they are also 

similar motorically. The breakdown of sign as movement is qualitatively and 

functionally similar to the breakdown of speech. This implies that it should be possible 

to investigate the neural basis of articulation as a broader concept, independent of 

language modality.

To return to the earlier discussion of what constitutes articulation, on the basis of 

this study and others, sign meets all the criteria. First, it is rapid and complex, as 

evidenced by the descriptive measures of this study, as well as by all the linguistic 

research that came before it. Signers produce many highly co-ordinated articulatory 

gestures very quickly, as required by any human language. Furthermore, sign is 

structured in part by the physiology and anatomy of its articulators: as such, its form has 

similarities to speech because the primary articulators are highly innervated. At the 

same time, sign is structurally distinct from speech because the articulators are 

configured differently. Finally, sign allows communication, and is perceptually salient. 

As stated at the outset, these last two features were not directly addressed by this study
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because they had been addressed in earlier studies; however, this research depended on 

those findings.

In the same way that language is not specific to the aural/oral modality, 

articulation is not specific to the vocal tract. Sign articulation is rapid, complex, 

governed by the physical structure of its articulators and by the neural mechanisms 

governing movement, and differentially subject to breakdown in the context of 

movement disorders. It should not be surprising that speech and sign would share 

articulatory properties. Just as there is an interface between the structure of language 

and the structure of speech, there must by necessity be an interface between the 

structure of language and the structure of sign, because signed languages are natural 

human languages.
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