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The effects of cerebellar ataxia on sign language
production: A case study
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Speech and sign production both require precise coordination of multiple articulators. The characteristics of
dysarthria following ataxia have been well-documented, but less is known about the consequences of ataxia for
sign language, which uses the hands and arms as articulators. This is the first study to examine ataxic dysarthria in
a sign language user. What is novel in this research is that the limbs are employed for both linguistic and non-
linguistic movements. Notably, sign production deficits broadly resembled ataxic dysarthria, while non-linguistic
movement deficits were similar to those previously reported for ataxic limb movement.
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BACKGROUND

Sign languages are the natural languages of Deaf!
communities. They exhibit the same grammatical
and semantic complexity as spoken languages but
do not share the grammar and lexicon of the
spoken languages that surround them. One basic
difference between sign languages and spoken lan-
guages is that sign languages use the hands and
arms, rather than the vocal tract, as primary
articulators. Many of the resulting structural dif-
ferences between sign and speech have been docu-
mented (Meier, 2002) but there has been little

IThis paper uscs ‘deaf” to describe hearing loss, and ‘Deaf” to
describe the cultural group of sign language users.

research exploring which of these differences are
specifically articulatory, rather than perceptual or
linguistic. The examination of sign production in a
movement disorder such as cerebellar ataxia could
help to address this question. This article reports
on a British Sign Language (BSL) user with
acquired cerebellar ataxia, who was part of a larger
study on sign language and movement disorders
(Tyrone & Woll, 2008a, 2008b). :
Ataxia refers to the set of motor symptoms
resulting from cerebellar damage, which typically
include incoordination and movement inaccuracy
(Timmann, Citron, Watts, & Hore, 2001), dysrhyth-
mia, dysdiadochokinesia (disruption to rapidly alter-
nating movements), intention tremor, and dysmetria
(movement undershoot or overshoot) (Bastian, 2002;
Topka, Konczak, Schneider, Boose, & Dichgans,
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1998). These deficits would have a profound impact
on one’s ability to sign, because sign production
requires precise coordination of movements of the
shoulder, elbow, wrist and fingers, both across limbs
and within a single limb. Hand and limb movements
must also be coordinated with movements of the
torso and head. Moreover, many signs require that
the hand change its configuration while the arm is in
motion. In these cases, a signer must integrate proxi-
mal and distal movements (e.g., of the elbow and fin-
gers) within a single sign. There has been no research
on the consequences of ataxia for sign language, but
given what is known about the types of movements
required for fluent signing, ataxia is likely to severely
disrupt sign production.

Ataxic speech is described as slow, distorted,
and imprecise, with irregular variations in pitch
and loudness and a ‘scanning’ rhythm (Kent et al.,
2000). Clinical and experimental research indicate
that ataxic dysarthria affects many speech articula-
tors at once, rather than individual articulators in
isolation (Kent, Kent, Rosenbek, Vorperian, &
Weismer, 1997; Kent et al., 2000; Saigusa et al,,
2005). In their comparison of ataxic speech and
ataxic limb movements, Ackermann, Hertrich,
Daum, Scharf, and Spieker (1997) emphasized the
effector-specific differences between the two types of
movement, arguing that dysmetria occurs for the
latter but not the former. This study seeks in part
to disambiguate the effects of movement task and
effector by examining linguistic and non-linguistic
movements of the hands and arms, which can be
compared to findings from previous sign and
speech research.

CASE STUDY

Robert? is a 36-year-old Deaf man whose movement
deficits began 3 years prior to this study. Ataxia was
caused by a large cerebellar infarct resulting from
extensive hemorrhaging during surgery to correct an
arteriovenous malformation. A second operation was
performed to address the hemorrhage, and CT scan
data were collected after the second operation during
the same hospital stay. The scan showed damage to
the right cerebellar hemisphere, the vermis and a
small area of the pons. Since his operation, Robert
has been unable to walk and uses a wheelchair. His
posture is unstable, and he has irregular postural

2Not his real nare.

sway. His saccadic eye movements and his limb
movements are severely disrupted and he performs
self-care routines with difficulty.

Robert’s primary mode of communication is
BSL, although he has some speech and lipreading
abilities. His family is hearing, and he communi-
cates with them through lipreading and spoken
English. His friends and peers are mostly Deaf,
and his communication with them is in BSL. Since
surgery, Robert’s signing has been severely dis-
rupted, with a strong impact on his intelligibility
and consequences for his communication with
others. As with most cases of ataxia, the produc-
tion difficulties he exhibits are motoric rather than
linguistic in nature. This is indicated by his ease in
understanding everyday signed conversations and
by his ceiling scores on tests of naming and com-
prehension of single signs and sentences in BSL
(Atkinson, Marshall, Woll, & Thacker, 2005).

Signing task

Method

Robert was asked to perform a series of linguistic
and non-linguistic motor tasks, including a signing
task, in which he copied individual signs after they
were produced by the experimenter. His performance
was directly compared to the performance of a
healthy Deaf control signer, who was matched for
age and linguistic background. The two signers were
each videotaped as they performed the linguistic and
non-linguistic tasks, and all analyses of the tasks were
carried out after testing. Sign productions were coded
for the major sign parameters (handshape, location,
movement, and orientation, the meaningless struc-
tural units that differentiate one sign from another,
similar to phonemes in spoken language) (Battison,
Markowicz, & Woodward, 1975; Stokoe, 1960) and
for disruptions to non-linguistic aspects of sign
movemen(s (e.g., involuntary movement, or incoor-
dination across articulators). To simplify the com-
parison across tasks, the parameters that Stokoe
(1960) identified as ‘location” and ‘movement’ are
referred to here as ‘targeting’ and ‘trajectory’, respec-
tively. The values of each of the sign parameters were
coded, and deviations from the citation form of a
sign were recorded for each sign that was produced
by each participant. All the data were coded by the
first author, and half the sign data were double-
coded by a graduate student with training in sign
language research and in speech and language ther-
apy. The two coders had a 96% agreement rate.




Assessments of involuntary movements were based
on perceptual measures and compared to reports
from the literature (e.g., Brooks 1986; Fahn,
Greene, Ford, & Bressman, 1998). The atypical
signer described here only exhibited one type of
involuntary movement, which was 1intention
tremor. Given the exploratory nature of the
study, descriptive measures were used for both
the linguistic and non-linguistic tasks.

A description of the coding scheme is included in
Table 1. Stimuli were selected to represent a range of
sign forms and were balanced to include signs with
and without handshape change, orientation change,
and bimanual activity: Omission of a required change
and addition of an extraneous change (e.g., hand-
shape change) were both counted as a deviation from
a sign’s citation form; therefore, each category in the
coding scheme was- applicable to each sign. Thirty
productions were analyzed for each signer.

A movement was coded as having a targeting
error if there was either overshoot or undershoot
of the movement target. Similarly, when a move-
ment noticeably veered away from the direction of
the movement target, it was coded as a trajectory
error. Trajectory errors were distinguished from
instances of intention tremor based on cyclicity
and movement size. Small, cyclic movements that
co-occurred with a targeted limb movement were
considered tremors, while larger, non-cyclic devia-
tions away from the direction of the movement
target were considered trajectory errors.

TABLE1
Sign coding scheme

Handshape: Anomalies in the internal configuration(s) of the
hand(s) during sign production

Handshape: Change: Anomalies in changing or maintaining the
handshape required by a sign

Orientation: Anomalies in direction of orientation(s) of the palm(s)

Orientation Change: Anomalies in changing or maintaining the
palm orientation required by a sign

Targeting: Movement of the hand(s) to an anomalous Jocation
on the body or in space

Trajectory: Anomalies in the direction; number, and manner of
elbow and/or shoulder movements )

Self-repetition: Spontaneous repetition of one’s own production
of an entire sign without pause v

Involuntary movement: Small, cyclic movements that
co-occurred with targeted limb movement

Unimanual coordination: Incoordination of multiple
articulators on one limb

Bimanual coordination: Incoordination of movements of the
two limbs

ATAXIA AND SIGN LANGUAGE 421

Sign: results

In the course of normal production, signs, like
spoken words, often deviate from their citation
forms; thus, there are multiple ‘anomalous’ pro-
ductions for both Robert and the control signer.
Robert’s productions deviated from citation form
often and in ways that differed from the control’s
productions (Figure 1). First of all, intention
tremor (ie., involuntary movements that occur
only during deliberate movement) was present in
18 out of 30 of his sign productions. There was no
clear pattern in the distribution of intention tremor
in his signing, and no involuntary movements were
observed for the control. Robert also hyper-
extended his fingers during signing, resulting in
anomalous handshapes for the target signs. Further-
more, he showed incoordination of the movements
of proximal and distal articulators (e.g., the elbow
and fingers) during signing. By contrast, the con-
trol’s productions included few atypical hand-
shapes and little proximal/distal incoordination.
Moreover, the type of handshape errors made by
the two signers were distinct. When the control’s
handshapes deviated from citation form, his fin-
gers were laxed or hypoextended (Figure 2),
whereas Robert produced hyperextended hand-
shapes, in which the fingers were extended out
from the hand such that they began to point dor-
sally along the arm (Figure 3).

Robert’s motor symptoms often affected the
dynamic components of signs, i.e., the elements
that change configuration over the course of a
sign’s production. He had difficulty coordinating
movements of articulators on the same arm (e.g.,
the elbow and fingers); and in some cases, he added
movements (e.g., handshape change) to signs in
which they were not required. Robert also had
difficulty with handshape change and orientation
change. Handshape change and orientation change
were coded as not matching the citation form
either when a configuration change that was
required for correct production of a sign was omit-
ted, or when a configuration change that was not
part of the sign was added. By contrast, none of
the control’s sign productions included an anoma-
tous handshape change, although a few included
an anomalous orientation change: in two cases an
extraneous change was added, and in one case a
required change was omitted.

Similarly, Robert had difficulty with spatial
and temporal coordination of the two limbs on
two-handed signs; WITH (Figure 4) is an cxample
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Figure 2. Laxed handshape.

Figure 3. Hyperextended handshape.

. Figured. BSL sign WITH.

.of v_a(sign that requires handshape change and

coordination ofbkthe' two limbs. On this sign in par-
ticular, Rob‘e\rt’stwohands changed configuration
at - different times, and he repeated the hand-
internal movement unnecessarily. In addition, he

" {reated some oné-handed signs as two-handed, by

producing the same actions with his dominant limb
and his non-dominant limb simultaneously. These
were all- counted “as bimanual incoordination,
which occurred in 26.67% of his productions.
Regarding - static elements of sign structure,
Robert tended to use articulators proximal to
those normally used for a given sign (e.g., flexing
the wrist instead of the metacarpal finger joints).




In addition, disruptions to fine motor control
affected how he formed sign handshapes, such that
_ his fingers and wrist were hyperextended.

Non-linguistic tasks

Method

Robert and the control participant were tested on
several non-linguistic motor tasks. The two dis-
cussed here are a pointing task and a reach and
grasp task. FFor the pointing task, the two partici-
pants were asked to point to one of two illustrations
in response to a signed utterance produced by the
experimenter. A response sheet with two illustra-
tions on A4 size paper was placed on a flat surface
directly in front of each participant. Incorrect
responses and hesitations were excluded from ana-
lysis, in order to avoid motoric artefacts of a lexical
search process. A total of 28 responses on the point-
ing task were analyzed from each testing session.

For the reach and grasp task, four cylinders of
different diameters (4.5, 5, 6.3, and 8.5 cm.) were
placed on a table in front of the participants. They
were each 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, 12 reach and grasp trials were
analyzed from each testing session. The pointing
task and the reach and grasp task were both coded
according to the scheme in Table 2. The data
collection and coding procedures are the same as
those outlined for the signing task.

In the pointing task, Robert’s proximal and dis-
tal joint movements were incoordinated on multi-
ple trials, even though the task required no change
in hand configuration from one production to
another (Figure 5). Proximal/distal incoordination

TABLE 2
Non-linguistic coding scheme

Handshape: Atypical configuration of the hand for a particular
movement task

Targeting: Inaccurate placement of hand relative to movement
target

Involuntary movement: Small, cyclic movements that
co-occurred with targeted limb movement

Pausel Hesitation: Cessation of movement during execution of a
task

Speea: Unusually slow or rapid movement

Unimanual coordination: Incoordination of movements of
proximal and distal effectors
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most often occurred as instances in which he
moved his hand toward the target, hesitated, con-
figured his hand for a pointing gesture, and then
continued moving to the target. He formed the
hand configuration again for almost every trial
rather than maintaining it across trials, and the
result was that he had difficulty coordinating the
movements of multiple effectors simultaneously.

Dysmetria (i.e., targeting errors) occurred in 25%
of Robert’s pointing movements (Figure 5). Specific
patterns in targeting errors were not quantified;
however, in most cases, he overshot the target and
moved his hand too far. Other times, he divided the
individual movements into two components by
moving his hand to the sheet of paper and then slid-
ing it to the target. The control produced only one
unexplained pause and one targeting error.

In the reach and grasp task, Robert had many
targeting and coordination errors (Figure 6). Also,
his hand configurations were often not well-adapted
to the size and shape of the cylinders, and when
this occurred it usually impeded his completion of
the grasp. Additionally, he had multiple involun-
tary movements when performing the task. While
he was given no explicit instruction on which
hand(s) to use, Robert repeatedly used both hands
for individual trials on the task.

DISCUSSION

It seems that aspects of signing which are most
markedly impaired in Robert’s case are related to
the motor symptoms most common I ataxia:
tremor during deliberate movement, incoordination
of multi-joint movements (Topka et al., 1998; Tracy
et al., 2001), and disruptions to fine motor control
(Timmann et al., 2001). This is consistent with find-
ings from earlier research on precision grip and
reach and grasp tasks in cerebellar patients
(Fellows, Ernst, Schwarz, Topper, & Noth, 2001;
Zackowski, Thach, & Bastian, 2002). Bastian (2002)
proposes that the cerebellum plays a specific role in
motor control by adjusting for the dynamics of
one’s own body movements. This could explain the
particular difficulty that Robert had in coordinating
movements during sign production. The production
of articulatory movements for signed language
requires the coordination of multiple independent
articulators, and the individual in this study showed
a distinct deficit in combining the complex units that
form the basis of sign language structure: i.e., hand
configuration and targeted limb movement.
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On the reach and grasp task, Robert’s main dif-
ficulties were with fargeting and proximal/distal
coordination. In addition, his hand configurations
were often not well-adapted to the size and shape
of the cylinders, and he produced many tremors
when reaching. These findings are consistent with
the results of a study by Zackowski et al. (2002), in
which participants with ataxia had deficits in coor-
dinating the components of a reach and grasp task.

Robert repeatedly used both hands on the reach
and grasp task, which could be a way of compen-
sating for tremor or task difficulty; however, this
pattern is also consistent with the pattern from his
signing. Whether the use of two hands for norm-
ally one-handed tasks by individuals with ataxia is
common and/or voluntary is a question that should
be explored in greater detail, given that experimental
motor tasks are not typically designed to offer the
participant the option of using one hand or two.
There may be other non-linguistic tasks in which pref-
crential bimanuval movements are likely to emerge, as
a result of postural instability or other motoric factors
(Berrigan, Simonceau, Martin, & Teasdale, 2006).
Robert had proportionally fewer targeting errors in
signing than in either of the non-linguistic tasks,
which parallels past findings suggesting that dysme-
tria occurs in non-linguistic imb movements but not
in speech movements (Ackermann et al., 1997). What
is novel in this study is that reaching/grasping,
pointing, and language production are performed
with the same articulators. Why dysmetria might
occur more often in non-linguistic limb move-
ments than in sign or speech is a question that
merits further investigation. The two non-linguistic
tasks examined here both have movement targets
that are off the body, while the movement targets
for signing are located on or in front of the body.
Thus, the non-linguistic movement tasks involve
allocentric movement targets, in contrast to sign
or speech movements, whose targets are probably
defined egocentrically.

A few qualitative observations about Robert’s
signing deserve mention. Robert seemed to have
more difficulty producing signs which were located
outside the range of his vision, for example, on his
right ear or cheek. It may be that he relies heavily
on vision to produce signs accurately. Further, he
exhibited difficulty with signs which require a circu-
lar movement at the elbow. It is not clear whether
this problem is related to dysdiadochokinesia or
reflects a different type of movement deficit.

While this study is descriptive in nature, the results
provide a useful comparison to previous studies of
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dysarthria and limb movement. The patterns that
were observed on the signing and the non-linguistic
tasks were consistent with the symptoms of both
ataxic limb movement and ataxic dysarthria: ataxic
signing was characterized by incoordination, dis-
ruptions to fine motor control, and intention
tremor; and non-linguistic movements showed
these characteristics in addition to dysmetria.
While past research has suggested a distinction
between ataxic speech and ataxic limb movements
(Ackermann et al., 1997), namely with respect to
dysmetria, this study did not find a consistent pat-
tern of dysmetria in ataxic sign movements. In fact,
Robert had slightly more dysmetric movements
during the non-linguistic pointing task than during
the signing task. This suggests that earlier f{indings
may have been influenced as much by the task as
by the effectors that were used. Signing is forma-
tionally distinct from standard motor control
tasks, such as pointing or reaching, and thus may
elicit a different pattern of movement deficits and
be differentially affected by the motor symptoms of
cerebellar ataxia. The nature of the movement task
may offer some explanation of the differences in
sign, speech, and non-linguistic limb movements.

This study also provides a useful comparison to
past research on neurogenic disruptions to sign
production (Poizner & Kegl, 1993; Tyrone, Kegl, &
Poizner, 1999). In contrast to signers with movement
disorders such as Parkinson’s disease or apraxia, the
individual in this study had large, exaggerated move-
ments, intention tremor, and hyperextension of
sign articulators. This type of movement disorder
has not previously been examined in the context of
sign production. Moreover, studies that have
attempted to characterize the differences between
linguistic and motoric sign deficits have not exam-
ined ataxia at all, but instead have focused on
hypokinetic disorders.

In summary, this study illustrates that disrup-
tions to sign articulation can take a variety of
forms, in much the same way as spoken language
dysarthria. Speech motor control research often
examines dysarthria and disrupted limb movement
as if they are unrelated phenomena with dissimilar
characteristics. However, this study suggests that
the form of either sign or speech dysarthria may be
determined by the nature of the particular move-
ment disorder that causes it, as well as by the set of
articulators used by the language. Developing a
better understanding of motor control strategies
for speech and for sign will greatly advance the
development of new therapies for both speech and
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sign production disorders. In the field of sign
language research, movement deficits have often
been grouped together as a unitary phenomenon to
be contrasted with linguistic deficits such as apha-
sia (Brentari, Poizner, & Kegl, 1995; Poizner, 1990).
However, the case described here is quite different
from the Deaf individuals with other movement
disorders described previously, which suggests that
more might be learned by examining sign language
and motor deficits on a case-by-case basis. If motor
deficits are treated as varied phenomena and their
effects on sign language production are examined
separately, we can better understand both the artic-
ulatory structure of signed languages, and the rela-
tionship between motor control, articulation and
the formational properties of human language
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