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Abstract
Translucency, Body Contact, and Froduction Complexity:
Effects on the Acqguisition of American Sign Language
Signs by Aphasic Adults
by
Roxanne Hughes-Wheatland

Advisor: Professor James R. Tweedy

The present study examined how the three features
translucency, body contact, and production complexity,
influenced acquisition and recall of 24 American Sign
Language (ASL) signs in eight aphasic (males = 5,
females = 3) and six normal (males = 3F, females = 3)
adult subjects. All of the subjects were right handed.

Gestural and language pretests were administered
to all of the aphasic subjects prior to sign training.
All subjects were trained to produce the 24 ASL signs
using the procedure of handshaping and physical
guidance. Twelve signs were trained during each of two
training sessions. Evaluations were administered
immediately following training (initial tests), at the
end of each training session (probe 1), and one week

following training (probe 2).
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Aphasics were shown to be impaired in the
acquisition and recall of ASL signs on the initial
tests and probe 1, however, in comparison itz the normal
controls, the aphasics® probe 2 recall performances
were not significantly impaired. In terms of the three
sign features examined, the results revealed that among
aphasics production complexity was more important for
sign acquisition, and translucency was more important
for sign recall. PBody contact, although an important
feature for short-term sign recall by both subject
groups, was also important for long-term recall among
the normal controls. The results are best interpreted
as supporting an apraxia based neuropsychological

theory of gesture production impairment.
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CHAFTER I

Introduction

Aphasia refers to a group of language disturbances
caused by brain injury that affects the use of written
and spoken language. Studies that have examined the
gestural abilities of aphasic patients have found that
gesture, like verbal language, is impaired in aphasia
(Goodglass % Faplan, 19633 Duffy, Duffy, % Fearson,
1975) ., although gestural skills typically are not as
saverely impaired as the spoken or written skills.
Despite the general finding of gestural impairment in
aphasia, recent applications of pantomime, Amer-Ind
gestural code, and American Sign language (ASL) have
shown that many nonfluent aphasics can benefit from
training in the gestuwral modality (RBonvillian %
Friedman, 1978; Firshner % Webb, 19813 Heilman, Rothi,
Campanella % Wolfson, 19793 Chen, 1948).

Unfortunately those studies that have been
conducted generally have not included detailed
descriptions of the subjects® language and motor

impairments, prior te manual communication training.
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These studies haQe also failed to systematically
describe the particular training procedures, the
variables that influence the acquisition of different
gestures, and the specific type of errors made by
aphasics when producing communicative gestures.

In light of the many procedural, theoretical and
clinical questions remaining unanswered, it is
difficult to understand why aphasic subjects»experience
success in the acquisgition of manual communication
skills.

The present study is designed to further
investigate the ability of aphasic subjects to learn to
prraoduce ASL signs (acquisition), to recognize ASL
signs, and to remember them over varying lengths of
time (recall).

Hypotheses

Acouisition

The following directional hypotheses were advanced:
1. Brain-injured subjects (stroke victims) will
require a greater number of initial training
(handshaping and physical guidance) trials than
non—brain-injured subjects to achieve criterion

performance (one adequate sign performance or
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completion of fow training trials), and will acquire
fewer signs.

2. For both aphasics and normal controls fewer
training trials will be necessary to achieve criterion
performance during acquisition of low production
complexity (LFC) signs than during acquisition of high
production complexity (HFC) signs.

Z. For both aphasics and normal controls fewer
training trials will be necessary to achieve criterion
performance during sign acguisition of body-contact
(+BC) signs than non-body-contact (~BC) signs.

4. For both aphasics and normal controls fewer
training trials will be necessary to achieve criterion
performance during acquisition of high as compared to
medium translucency signs, for medium as compared to
low translucency signs, and for high as compared to low
translucency signs.

The following rondirectional hypothesis was also
advanced:

S. Mo prior predictions were made regarding the
hierarchy of acguisition for ASL parameters in aphasics

and normal controls.



Recall
The following directional hypétheses were advanced:

6. Brain—-injuwred subjects will produce a smaller
mean number of correct sign parameters than
non-brain—injued subjects on the three post training
recall evaluations (immediate posttraining recall
(test), same-day recall (probe 1), and one—-weelk
posttraining recall (probe 2)).

7. For both aphasics and normal controls low
production complexity signs (LFC) will be produced with
a higher number of correct sign parameters than high
production complexity (HFC) signs on the three
posttraining recall evaluations (immediate posttraining
recall (test), same-day recall (probe 1), and one-week
posttraining recall (probe 2)).

8. For both aphasics and normal controls a higher
meanrn number of sign parameters will be performed
correctly for body-contact (+BC) than for
nonbody—-contact (-BC) signs on the three posttraining
recall evaluations (immediate posttraining recall
(test), same-day recall (probe 1), and one-week

posttraining recall (probe 2)).
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?. For both aphasics and controls a higher number
of parameters will be performed correctly for high as
compared to medium translucency signs, medium as
compared to low translucency signs, and high as
compared to low translucency signs, on the three
posttraining recall evaluations (immediate posttraining
recall (test), same—day recall (probe 1), and one-week
poasttraining recall (probe 2)).

10. Brain injury will result in an increased mean
number of movement errors being produced on the three
posttraining recall evaluations {(immediate posttraining
recall (test), same—day recall (probe 1), and Dne—@eek
posttraining recall (probe 2)).

The following nondirectional.hypotheses were also
advanced:

11. No prior predictions were made regarding the
proportion of the three different types of movement
errars (intrusions, duplications, and unrelated) that
the two subject groups or individual subjects would
produce during recall.

12, No prior predictions were made regarding the
hierarchy of parameter errors that would be produced

during recall of signs by aphasics and normal controls.



Acguisition and Recall

The following directional hypothesis was advanced:

1%. The gestural deficit observed among aphasics
during acquisition and recall will be largely
attributable to a coexisting apraxia or meodality

deficit.



CHAFTER 11

Review of the Literature

Communication, the process of transmitting or
receiving messages, is an integral part of the human
wperience. Language is one of the vehicles through
which man is able to communicate. Benson and Geschwind
(1971) identify language skill as the ability to
perceive verbal stimuli, integrate these stimuli with
prior knowledge, and produce & verbal response.
Language knowledge, according to Noam Chomsky, is an
internalized system of rules that reféte a specific
sound, or signal, and meaning in a particular way
(Chomsky, 19723 Klima & Bellugi, 197%9). Because
language is very important for expressing needs and
ideas its disturbance can leave one isolated and
sometimes frustrated. In the disorder known as aphasia
brain damage results in the disturbance of language
(Benson & Geschwind, 1971). The brain damage resulting
in aphasia may be caused by a stroke, tumor, abscess or
trauma, however, the vast majority of aphasic persons
have had a stroke. The nonfluent type of aphasia is

the most common due to stroke, and the younger the



victim the more likely he/she is to suffer from this
tvpe of aphasia (Brown % Grober, 1983; Rose, 1984).
Brown and Grober (1982) have also noted that among
stroke victims in their thirties, nonfluent aphasias
are more common in females than in males.

Current estimates place the number of new strokes
in the United States that occur each year at about
400, 000, with at least 84,000 (214) accompanied by
aphasia (Sarnoc, 1980). PRy one to three months
poststroke severe language disturbance is estimated to
be present in 10,000 (2.5%) of these patients (Barno,
1280). Sarno (1980) estimates that there is a
reservoir of about one million aphasics living in the
United States presently. BRecause many of these
individuals have experienced significant loss of
receptive and expressive language skills they usually
require extensive speech and language therapy. For
some, there is failure to recove# adequate spoken
language even after intensive and prolonged therapy.

We are fortunate that an alternative to
traditional therapeutic technigues has become available
largely through the work of Gardner and Gardner (1971).
These investigators examined whether a gestural system

developed by humans, such as American Sign Language,



could be learned and used by primates. Their research
demonstrated that when such a gestural system is
employed with primates it can result in effective
communication acqguisition, whereas primates cannot
learn spoken language (Kellog, 1968). The gains
documented in severely language disturbed children,
atter signing programs were implemented in their school
curricula (Barnes, 19733 FPeters, 1973; Brookner &
Murphy, 197%5; Grinnell, Detamore & Lippke, 19763
Fonstantareas, Ouwman % Webster, 1977; Shaeffer, 1980,
have served to encouwrage some clinicians to consider
signing as an alternative for facilitating
communication in nonspeaking aphasic individuals. The
pioneering work of Stokoe (1960) and Klima and Bellugi
(1979) demonstrating that American Sign Language is a
language in its own right, with a grammar and lexicon
all its own, has provided additional support for this
alternative.

In addition to the clinical usefulness of manual
cémmunication techniques investigators are beginning to
realize that such methods have'the potential to play an
important role in the investigation of how the brain
mediates language in a modality other than the

auditory-vocal one.
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Gesture in Aphasia: A Historical Perspective

Although training nonfluent aphasics to use
gestures for communication is & relatively new idea,
interest in the ability of aphasic individuals to
manipul ate nonverbal symbols is nbt new (Glass,
Gazzaniga % Prema&k, 1972). For over one hundred years
a major debate has been waged in the aphasia literature
regarding whether there is a central symbolic deficit
present in aphasia that affects both the verbal and
nonverbal modalities, or whether the verbal and
nonverbal modalities can be independently affected from
the psychological point of view (Duffy & Liles, 1979).

In the early history of aphasiology the popular
view was that aphasia was a disorder of speech only.
Faul Broca (Broca, 1861) clearly distinguished between
what he called articulated language (1la faculté'du
langage articulég and a general language faculty (ia
faculté,gé%é;al du langage). He defined the general
language faculty as that which accounts for the ability
to establish a systematic relationship between an idea
and & symbol (Bruca,‘labi). According to Broca what
was impaired in "aphemia" (Broca’s term for aphasia)
was articulated language, not symbolic functiomning. He

noted that in "aphemia" comprehension and gesture
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remain unimpaired, and concluded that the left
hemisphere was primarily respénsible far language
execution.

Despite Broca™s belief that articulated language
was distinct from language comprehension and gestuwe it
appears that he also realized that nonverbal deficits
sometimes accompanied aphasia. In a discussion of his
famous patient "Tan" Broca commented that although the
man was able to use one word accompanied by varied
gestures to express most of his ideas; there were
certain questions for which a gestural response would
have been appropriate to which he did not respond
(Head, 19263 Broca, 1861).

In 1870 the view that aphasia only disturbed
speech was challenged during a lecture given by a Dr.
Finkelnburg (Duffy & Liles, 1979). Dr. Finkelnburg’s
thesis was that aphasia was not a specifically verbal
deficit and that it was one aspect of a disorder he
referred to as "asymbolia", which he defined as a
generalized disturbance in the capacity to express and
comprehend symbols in any modality. Finkelnburg
presented five case studies of nonverbal impairment iﬁ
aphasia. Three of the five patients were noted to

demonstrate gestural deficits. Finkelnburg observed



one female patient who had been raised a pious catholic
and riow "never initiated making the sign of the cross
which, when healthy, she never neglected to do" (Duffy
# Liles, 1979, p. 160)., Ancther patient®s gestures
were observed to be '"noticeably awkward and at times
completely incongruous with what he meant to express
(Ihid, p. 162). The mimicry and gesticulation of a
third patient was described as becoming "clumsier and
less comprehensible" and his comprehension of
pantomimes was characterized as "impaired". These
observations lead Finkelnburg to develop the term
"asymbolia", a term he felt more accurately described
the verbal and nonverbal deficits exhibited by these
patients. Finkelnburg®s thesis has found support in
recent years from investigators such as Duffy (Duffy,
Duffy., and Fearson, 1973) and Pickett (1974).

Hughlings Jackson recognized that when a
destructive brain lesion affects speech there are both
positive and negative symptoms (Head, 1926). He listed
the negative symptoms as the inability to spealk, write
or read, and e:xpress oneself by using sigrns. The
positive symptoms or activities that the patient could
perform were listed as writing his signature, swearing,

or uttering other emotional expressions. Jackson



further noted that, "in some cases of “complete
aphasia® there is some power of pantomime but...there
is less than in healthy men and...in some cases of
aphasia it is very much impaired" (Taylor., 1932,

p. 206).

Goldstein (1948) considered the gestural
impairment seen in mixed or global aphasia as part of a
cognitive impairment of the "abstract attitude".
However, he also recognized that gestures and
pantomimes may remain intact in some aphasics as long
as the abstract attitude is not impaired.

Alajouanine and Lhermitte (19464) also commented on
the gestural ability of aphasics. These authors noted
that in aphasia "the gestures associated with
verbalization, or which replace it, are often reduced
to some expressive movements without significant
value..." (p. 169, though "there are cases where the
gesture has & more precise significance and may express
perfectly what speech was not able to do..." (p. 169).

Studies performed in recent years examining the
gestuwral skills of aphasic subjects have confirmed the
clinical ocbservations made by the early aphasiologists.
The focus of these studies has been to systematically

observe the gestural shkills of aphasics and offer
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possible theoretical explanations for the impairment
observed. In the following sections of this review the
findings of studies on gestural comprehension and
production in aphasia will be discussed and

interpreted.

Frocessing of Gestuwe and Fantomime in Aphasic Subjects

Fantomime and BGesture Comprehension

Relationship Between Speech Comprehension and Receptive

Gesture

The first systematic study of gesture
comprehension in aphasia was conducted by Fickett in
1974, Fickett developed an experimental test battery
to investigate the relationship between gestural
deficits and aphasia. The gestural battery included
two tactiie and six gestural tasks. Two of the
gestural tasks examined gesture comprehension and the
remaining four tasks examined gesture production. The
same ten stimulus objects were employed for all tasks.
These were the same ones used in administration of the
Forch Index of Communicative Abilities (FICA). Fickett
(1974) chose those ten PICA items in order to assure
that any score variation between subtests could not be

the result of unfamiliar and difficult stimuli. Eoth



the FICA and the experimental test battery were
administered to 25 normal individuals, for
standardization purposes, and 28 aphasic patients. The
correlations obtained between the FICA scores and the
gestural battery were positive and very strong.

Due to serious statisiical and methodological
flaws, Fickett’s results and conclusions have been
challenged. First, the FICA was the independent
measure, yet two of the six gestural subtests (G1 and
G2) were identical to subtests II and III om the FICA.
In the statistical analysis Fickett failed to partial
out the identical tests. In addition to the serious
statistical error, several other methodological
problems further weakened the study: 1. etiology was
not well controlled; three etiologies were represented
- VA, trauma and surgery: 2. seven of the 28 patients
were bilingualy; and 3. there was no discussion of the
patient®s treatment. Although the results and
conclusions of this study are guestionable, it served
to stimulate additional research on the relationship
between gestural deficits and aphasia.

In an attempt to advance the study of the
no., verbal communicative deficits of aphasics Duffy,

Duffy, and Fearson (197353) followed Fickett® s study with
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an investigation of the relationship between pantomimic
recognition and verbal deficifs in aphasic and
nonaphasic subjects. A SO-item FPantomime Recognition
Test (FRT) was developed by the investigators as a
nonverbal measure of receptive pantomimic ability. The
Fantomime Recognition Test was presented along with
thres tests of verbal abilities, the Verbal Recognition
Test, the Naming Test, and the FICA, to four groups of
subjects: 44 aphasic, 30 right-hemisphere damaged, 26
subcortically damaged, and Z0 pormals. The subjects
were matched for etiology, sex, age, education, time
postonset and incidence of hemiplegia. The aphasics
were found to exhibit & greater impairment of pantomime
recognition and verbal ability than the other groups of
subjects, and high correlations were obtained between
impairment of pantomime recognition and impairment of
verbal abilities in the aphasics. In this study the
right CVA®s also exhibited impaired performance on the
pantomime recognition test though their performance was
still npot as impaired as that of the aphasics. A
replication of this study was conducted by Duffy and
Duffy (1981) and the results obtained were essentially
the same. The aphasics were found to exhibit a

significant defect in pantomime recognition and a
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strong relationship was found to exist between these
deficits and their verbal impairment. However, the
right CVA"s in the Duffy and Duffy (1981) study were
rnot found to be significantly impaired on pantomime
recognition, as were those in the earlier study (Duffy
et al., 1975).

One significant problem associated with the Duffy
et al., (1975) study lies in the use of the FICA scores
in the correlation with gestural impairment without
partialling out the gestural subtests. Another problem
involves the failuwre to investigate pantomime
expression separately. Duffy et al., (1975) equated
gestural comprehension with gestural expression by
assuming that "there is only one underlying system
basic to the decoding and encoding of language..."

(p. 118), and proposed that either the comprehension or
expression results could be used to describe the
underlying communicative competence. This assumption
finds little support in the literature. Rather it is
believed that recognition and expression are two
distinct types of behavior employing different
cognitive structures.

Other weaknesses of the Duffy et al., (1973) study

include:s {a) the right CVA s were not examined for



aphasia, despite the authors®™ note that some right
CVA"s may also have lesions that could produce mild
aphasic symptoms; (b)) aphasics were not classified
according to typesi (c) pantomimes were performed by
one of three different examiners (d) there was no test
for apradia; and {(e) the foils on the FRT were
unrelated to the test item.

Another study that found a strong correlation
between aphasic subjects® performance on measuwes of
verbal and symbolic gestural comprehension was
conducted by Gainotti and Lemmo (197&4). Administration
of the gestural comprehension test involved presenting
the subjects with a card containing three pictures and
requiring them to point to the picture related to the
gesture or pantomime made by the examiner. It was
found that more than half of the aphasic subjects were
unable to comprehend the symbolic gestures. The
investigators also found a significant correlation
between verbal semantic impairment (evaluated by the
number of errors obtained on a "verbal sound and
meaning discrimination test") and the aphasic subject’s
inability to understand the meaning of symbolic

gestures.
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In a study conducted by kadish (1978) gesture and
pantomime impairment were examined from a
newropsychological perspective using Luria®s
theoretical framework for catsgorizing receptive and
expressive gesture. Six apheasic subjects of varying
etiology and severity were included in_the study.
There were no controls. Kadish found & significant
relationship between speech comprehension and receptive
gesture. It was concluded that receptive gestural
ability is closely related to the various perceptual
processes which are dependent upon Luria’s second
functional unit i.e., visuo-spatial organization and
mnestic (memory) processing. Thus, Luria’s conception
of & common underlying neural substrate for receptive
activities received support from Kadish’s data.

Relationship Between Reading Comprehension and

Receptive Gesture

Fantomime recognition has also been investigated
in terms of its relationship to reading comprehension.
One investigator who has been instrumental in
encouraging research in this area is Nils Varney
(Varney, 1978). In his first study Varney (1978)
administered tests assessing pantomime recognition,

reading comprehension, awal comprehension, and naming



ability to 40 aphasic and 20 control patients. He
found that for aphasics deficits in pantomime
recognition always co—occurred with reading
comprehension deficits of at least comparable severity,
but not vice versa. Additionally., pantomime
recognition was found to be only weakly associated with
auditory comprehension and naming ability.

There were several aspects of Varney's results
that remained unclear. First, only 1 of the 18
aphasics with impaired pantomime recognition showed
normal auditory comprehension, alsoc it was not known
whether defects in pantomime recognition were
consistently associated with other types of visually
mediated cognitive impairment. In an attempt to
clarify these theoretical issues Varney (19832)
investigated the relationship of pantomime recognition
to three relevant cognitive performances — sound
recognition, alphabet letter recognition, and the WAIS
Block Design subtest. His subjects were 44 right-
handed aphasic patients not classified according to
type, or site of lesion. Among the 44 aphasics, 30 had
vascular lesions, 12 had neoplastic lesions, and one
had a lesion due to head trauma. No control subjects

were tested. Each subject was administered a Z0-item



videotaped FRT which involved pointing to a drawing of
the object whose use was demoﬁstrated from among four
choices. The results of this test were compared to a
26-item sound recognition test, a 20-item letter
recognition test, and the Block Design subtest from the
Wechsler Adult Intelligence Scale (WAIS).

As was found in Varney’s earlier study (Varney.
1978), aphasic scores on pantomime recognition were
highly variable and defects in pantomime recognition
were closely associated with defects in reading
comprehension. Furthermore, reading comprehension was
always at least as impaired as pantomime recognition.
Close relationships were not indicated between
pantomime recognition and sound recognition or letter
recognition.

Another study (Ferro, Santos, Castro-Caldas %
Mariano, 1980) that investigated gestural recognition
in aphasia obtained results similar to Varney (1978,
1982). A Gesture Recognition Test (GRT) was
administered to 111 aphasic patients, all with lesions
of vascular origin, and 48 normal controls.
Forty—-three percent of the aphasics exhibited gesture

recognition impairment and Global, Wernicke’s and
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Transcortical aphasics performed worse than Broca’s,
Conduction and Anomic aphasicé, whose performance was
not significantly different from that of the controls.
The three groups of aphasics whose gestural recognition
performance was defective also exbibited poor auditory
comprehension. However, the correlation between their
gesture recognition disability and the severity of
their auditory comprehension impairment was only
moderate. Moreover, 19% of the aphasics with severe
aunditory comprehension defects had a normal gesture
recognition performance. Therefore, the type of
aphasia had an effect on gesture recognition that was
apparently independent of the severity of the auditory
comprehension impairment. BRased on their results the
authors concluded that auditory comprehension is not a
prerequisite for gesture recognition.

In accordance with Varney™s (1978, 1982) work GRT
impairment was associated with reading defects only in
patients with central alexia. These findings were
especially important "...because they showed that the
correlation between GRT and central alexia is more
"universal"-i.e. present in more aphasia sﬁbgroups and

reached higher values than those found with any of the



aphasia tests" (Ferro et al., 1980, p. 284). Although
these results are even more rébust than Varney’s .
(1982), they must be considered in light of differing
methodologies and gualitatively and quantitatively
different stimuli. Ferro et al. (1980) administered 12
stimuli versus Varney's (1982) J0 and Duffy and Duffy’s
(1973) 46. Also, Ferro et al. (1980) failed to include
any semantic foils in their matrix of three items, and
there was no examination of pantomime imitation or
production. Despite the methodological issues
mentioned, this study had many strengths. This was the
first gestuwral study which examined the six aphasic
subtypes, all associated with a CVA. Finally, the
subjects were extensively pretested, which allowed
posthoc analysis regarding the association of ideomotor
apraiia and aphasia.

Seron, Van Der Fkaa, Remitz, and Van Der Linden
(1979) have also obtained results indicating that
pantomime recognition is more strongly correlated with
reading comprehension (- = ,64) than with oral
comprehension (r = .48). These investigators were
interested in reconsidering Varney' s hypothesis

regarding the possible cause of the reading



comprehension deficit observed in some aphasics.
Fantomime interpretation was examined in 27

(14 Wernicke's, 9 Broca® s, and 4 Global®s) right—-handed
aphasic patients (234 vascular lesions). The scores
obtained by 74% of the aphasics were lower than those
of the normal control subjects, and the difference
between aphasics and normal subjects was highly
significant. Additionally there was no relationship
found between pantomime recognition test performance
and the severity of aphasia, time post onset, or
lerical semantic disturbances. The authors suggested
instead thét one determinant of the disorder was the
"plausibility" of the relation between the represented
gesture and the object chosen. By "plausibility" they
meant that the incorrect choice often shared movement
{the gestures associated with two objects utilize
similar movements) and location (the gestures
associated with two objects are made at similar
locations on the body or in space) characteristics with
the correct choice. The authors concluded that since
the gestural relations were not strongly expressed at a
semantic/lexical level the plausibility factor is
probably not linguistic in nature but rather

motorically based.



Finally, a recent study ;Dnducted by Dr. Faul Rao
(19853 1986), investigating Amer—Ind sign comprehension
and production by aphasic adults, also found & strong
relationship between reading comprehension and gestural
recognition. In this study several variables were
examined for their relationship with gesture
recognition. Reading was found to be the most potent
predictor of gestuwre comprehension, accounting for over
S0%4 of the variance in the gesture recogrnition
performance.

Relationship Between Fantomime Symbolism and Receptive

Gesture

Duffy and McEwen (1278) have examined the
relationship between pantomime symbolism and pantomime
recognition in aphasics. The study was designed to
test Jenkins, Jimenez-Fabon, Shaw, and Sefer®s (1973)
hypothesis regarding the effects of brain damage on
"signal" (gestures having a nonarbitrary relationship
to their referent) and "symbolic" (gestures having an
arbitrary relationship to their referent) nonverbal
communication. Jenkins et al., (1975) hypothesis
implicates the right hemisphere as specialized for
"signal" nonverbal communication and the left

hemisphere for "symbol" nonverbal communication. Duffy
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and McEwen (1978) evaluated whether "signal" pantomimes
are easier to understand than "symbol" pantomimes. The
subjects were the same ones used by Duffy et al.,
(1975). Overall, the results on the 27 pantomimed
items were in the predicted direction; that is the
pantomimes most difficult for aphasics to recognize
were the more arbitrary ones. However, examination of
the performance on individual pantomimes revealed that
Jenkins et al., (1273) hypothesis was not supported.
Specifically, some pantomimes rated as very arbitrary
dicd not receive a low pantomime recognition score. The
authors concluded that the degree of symbolism
farbitrariness) couwld not account for the increased
number of errors in the aphasic subjects® pantomime
recognition scores.

A major weakness of Duffy and McEwen's (1978)
study was the omission of right CVA™s in the control
group. The hypothesis tested referred to the brain’s
asymmetry for processing two types of gestures, yet the
authors neglected to examine the other side of Jenkins®
hypothesis, namely that right-hemisphere damage should
affect signal pantomimes as opposed to symbol
pantomimes. Examination of this issue is especially

pertinent since in Duffy et al., (1973) the right



hemisphere CVA s exhibited a significant pantomime
recognition defect.

Relationship Between Response Choice Relatedness

and Receptive Besture

An interesting study deriving from Varney’™s
research was conducted by Varmey and Benton (1982).
The study investigated the performance pattern of 144
right—-handed aphasic patients (67% vascular, 274 tumor,
&% head trauma) and F0 controls, on a pantomime
recognition test in which one of the four respmnse.
alternatives was an object semantically related to the
correct choice. The remaining two foils were a neutral
foil (an object bearing no relationship to the stimulus
in function or pantomimed use, but which was a correct
choice elsewhere on the test) and an odd foil (an
object whose use could not be pantomimed). Aphasics
with defective pantomime recognition scores made more
semantic errors (71% of their total errors) than any
other type. The results were interpreted to mean that
these aphasics were impaired in pantomime recognition
because of a "semantically vague" understanding of the
pantomime’s intended meaning and not because of a
complete lack of understanding of the pantomime. The

nonrandom nature of the aphasic®s errors suggest that



some aspects of the pantomimes were being processed.

Another study that examiﬁed the effect of response
chioice relatedness on pantomime and verbal recognition
ability was conducted by Duffy and Watkins (1984).
These investigators explored this issue using 20
aphasic and 20 normal control patients who were
administered pantomime and verbal recognition tests
that contained related and unrelated response choices.
The results indicated that the presence of
conceptually/semantically related response choices on
the pantomime and verbal recognition tests
significantly reduced the aphasic subjects”
performance.

Fantomime and Gesture Froduction

Expressive Bestuwre Impairment: Aprraxia

Besture production (disorders of skilled movement)
has also been noted to be impaired in some aphasic
subjects. Hugo Liepmann prnposed.the term motor
apraria to describe disorders of skilled movement not
caused by poor comprehension, motor or sensory defects,
or intellectual deterioration (Liepmann, 1900/1977).
Although Hughlings Jackson (Taylor, 1932) was the first
to describe apradia, it was Liepmann who sparked

interest in these disorders. From Liepmann®s careful
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clinical observations came a description of the apraxic
disturbances of one patient who exhibited unilateral
aprasxia on the right side of the body and no
corresponding disturbance on the left side (Liepmann,
1200/1977). The patient was able to perform skilled
movement to command and imitation as well as use
objects correctly with the left hand. Liepmann
(Eimura, 1980) later described a patient with right
hemiplegia who could not use his left limbs to perform
skilled movements to command or imitation. Postmortem
examination revealed that the patient’s lesion was in
the basis pontis and the corpus callosum sparing the
splenium of the corpus callosum. Liepmann (Eimura,
1980) realized that the patient®s apraxic deficit could
not be fully explained as due to disconnection of motor
areas in the right hemisphere from language areas in
the left hemisphere. Hecause the patient’™s right
hemisphere was also essentially intact, Liepmann
(Kimura, 1980) concluded that the left hemisphere
contains not only language, but also memory for learned
movements or "motor engrams” (Goldstein, 19703 Heilman,
1979). The corpus callosum lesion, therefore, did not
only disconnect the dominant hemisphere from the

hemisphere controlling the left hand, but it also
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isplated the motor engrams in the left hemisphere from
motor areas in the right hemisphere. Liepmann proposed
the term "sympathetic apraxia" to refer to this type of
aprasia. The concept D¥ the motor engram was an
essential part of Liepmann®s description of the various
types of limb apraxia. He considered the motor engram
essential for controlling and evoking the temporal
sequence and spatial arrangement of the single
movements composing an action. The several varieties
of limb apraxia described by Liepmann are presented
below.

Limb-kinetic apraxia. Limb-kinetic apraxia is a

disorder of fine learned movements that is most clearly
obhserved in the distal digits (fingers) (Brown, 1972).
The lesions associated with limb-~kinetic apraxia have
not been clearly delineated. Liepmann (cited in
Heilman % Rothi, 1983) postulated that lesions in the
sensory motor cortex may indﬁce this disorder, but,
Brown (1972) proposes that the lesion responsible may
be in the premotor region of the dominant hemisphere.
Fyramidal lesions have also been linked with
limb-kinetic apraxia (Benson & Geschwind, 19713 Heilman

& Valenstein, 1989).



Ideomptor apraxia. Ideomotor apraxia is the

inability to carry out a motor activity in response to
a verbal request, though it can be performed with ease
spontaneously (Renson % Geschwind, 1971). When asked
to pantomime the use of an object patients suffering
from this disorder have difficulty sequencing the
various movements reguired to adequately complete the
act. Ideomotor apraxie is frequently seen in the
aphasic population and can be caused from lesions to
three different cortical sites. A lesion in the
arcuate fasciculus allows the patient to comprehend the
command but interferes with the ability to carry it out
(Benson & Geschwind, 1271). A lesion inveolving the
dominant motor association cortex destroys the origin
of the pathway across the corpus callosum and often
results in Broca’s aphasia as well. Lesions of the
motor association cortex usually encompass the adjacent
motor cortex resulting in hemiplegia in the limb served
by the dominant hemisphere. The limb controlled by the
opposite hemisphere will also perform poorly to command
and imitation, demonstrated "sympathetic apraxia"
(Liepmann 19200/19773 Benson % Geschwind, 192713 Eimura,

1980). Finally, & lesion that involves the anterior



e
il

corpus callosum or the callosal fibers deep in the
white matter of either frontal loke allows commands to
be carried out with the dominant limbs but not those of
the nondominant side.

Ideatippal apraxia. There are currently two

detinitions of ideational apraxia. Liepmann (Kimura,
1980) defines ideational apraxia as the inability to
carry out an activity requiring several steps, although
the individual steps can be performed in isolation.
Ideational apraxia is alternatively defined as an
inability to demonstrate the intended use of an object
{Heilman % Valenstein, 1985). Fresently there is no
consensus on whether the two disorders are independent
or whether as the disease progresses patients may
exhibit profound conceptual defects that ultimately
lead to an inability to use objects properly (Heilman %
Rothi, 1985; Benson % Geschwind, 1971).

Relationship Between Apraxia and Severity/Tvpe of

Aphasia

In 1208 Liepmann (FKimwra, 1980) recognized an
association between aprasia and speech disturbances.
In his population of 20 patients 70% exhibited severe
speech disturbances, while of the 21 nonaprasic

patients only 4 or 19% had aphasia. S8Since Liepmann’s
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observation others have also noted the relationship
between aphasia and apraxia (Goodglass and Eaplan,
196%; DeRenzi et al., 19483 Ettlinger, 1969; Dee,
Eenton, % Van Allen, 1970; Geschwind, 1973; DeRenzi et
al., 19803 kKertesz % Hooper, 1982).

The particular association between aphasia and
ideomotor apraxia has usually been viewed in two ways
(Feyereisen % Seron, 1982). Either ideomotor apraxia
and aphasia are independent disorders that are caused
by large brain 1esion5.extending into areas related to
both functions, or the two disorders are caused by
damage to the left hemisphere mechanisms specialized
for the control of complex motor sequences that happen
to lend themselves to communication (Kimura, 1976).

Goodglass and Eaplan (1963) conducted the first
"gestuwral" study of brain—-injured adults. They also

wamined the severity of the gestural disturbance in
aphasics and compared the results to those of
nonaphasic brain—damaged patients. These investigators
also examined the relationship between gestural
deficiency and severity of aphasia, and whether a
praric disorder could exist while the ability to
imitate remained intact. Using three gestural

xpression tests ("natural" expressive gestures,



"conventional' gestwes, and "simple" pantomime)
aphasics were found to per*mrh more poorly than»the
nonaphasic brain—damaged controls. Additionally, no
relationship was found between severity of aphasia and
severity of apraxia, and aphasics were found to have a
deficit imn gestural imitation.

Despite its importance, bGoodglass and Faplan®s
(19672) study contained several methodological problems:
(a) Their aphasic subjects had variable etiology and
were not separated into subtypes, (b) a standardized
aphasia examination was not uwsed to determine severity
of aphasia., (¢) pretests for apraxia and gestural
recognition were not administered, (d) severe receptive
and global aphasics were excluded, and (e) instructions
to subjects were only given verbally.

A later study conducted by DeRenzi, Motti, and
Michelli (1980) also found that aphasics performed
poorly on esxpressive gesture tasks. DeRenzi et al.,
(1980) studied a total of 2BO right-handed subjects.
The subjects were classified as follows: 100
non—newrnlogical controls, B0 right-hemisphere damaged,
and 100 left—hemisphere damaged subjects (60 aphasics
vseparated according to type and 40 nonaphasics).

Eighty percent of the brain-damaged subjects were of
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vascular etioclogy. Two experimental tasks were
administered. The first tasklwas The Movement
Imitation Test (MIT), which reguired the subjects to
imitate movements classified according to three
dimensions (&) symbolic versus nonsymbolic,

() independent finger movements vearsus whole-hand
movements, () and static postuwres versus kinetic
sequences. The second task was a Demonstration of Use
Test, which examined the use of ten common objects.
The results indicated that the aphasics performed most
poorly on the experimental tasksy; 80%4 of the aphasics
performed in the apradic range, while 54 of the left-—-
hemisphere nonaphasic group performed below the cut
off. The incidence of apraxia with regard to the
aphasic subtypes revealed no significant difference
between the performance of Wernicke's and Broca’s
aphasics. However, global aphasics were found to be
significantly more impaired than Wernicke”s and Broca’s
aphasics. An interesting finding was that 20% of the
right-hemisphere damaged patients also performed in the
apradic range. The authors proposed that the right-
hemisphere results may be due to a clinmically

whdetected left-hemisphere lesion.



Dn the MIT the general findings were the same for
all subjects. There was no significant difference
found between finger movements versus whole—-hand
movements, static postures versus kinetic movements, or
symbolic versus nonsymbolic gestures. However, there
was a general tendency for all subjects to do better on
finger versus whole—~hand and static versus kinetic
movements. Among the aphasics 31 were found to be
apraxic on both postures and motor sequences.

DeRenzi et al., (1980) also examined the extent to
which the intransitive movements evaluated by the MIT
were comparable with movements reguiring the use of
objects (transitive movements). A correlation was
computed between the imitation test scores and the
demonstration of use test scores for 50 of the left
brain—damaged subjects. The correlation of .80
obtained suggests that the two tests measure
approximately the same abilities, therefore the issue
of transitivity may not be relevant with regards to
gestural imitation.

Finally, DeRenzi et al., (1980) examined the
relationship between apraxia and language impairment by
correlating the aphasics®™ Token Test scofes with their

performance on the MIT. A significant relationship was



found between the two impairments, although the
correlation was not particularly high (r = .86).
Fertesz and Hooper (1982) examined the extent and
characteristics of apraxia in various aphasic
subgroups. Two hundred and thirty aphasic patients
were given the Western Aphasia Battery (WAR) and a
praxis test consisting of 20 items in four categories
(facial, intransitive-upper limb, transitive-object
use, and complex). The etiology of most of the aphasic
subjects was stroke although there was a small number
with tumor, trauma, and degenerative disease. The
subjects were grouped into eight diagnostic subgroups
based on their performance on the WAR. Glebal aphasics
were found to be the most apraxic, while Broca™s
aphasics were slightly more apraxic than Wernicke’s.
Transcortical and conduction aphasics had similar
pravis scores, and anomic aphasics had the best scores.
The finding of the most severe apradia in global
aphasics was attributed to their large lesion which was
hypothesized to have extended into cortical areas
responsible for both praxis and language. A finding at
variance with BGondglass and Kaplan®s (1963) was the
high correlation (r = .73) with severity of aphasia as

measured by the Western Aphasia Battery. These results



were attributed to the difference in size and
composition of the subject groups from both studies.
Goodglass and Kaplan included 20 mildly impaired
aphasics compared to Kertesz and Hooper®s population of
2F0 patients exhibiting varying degrees of language
impairment. Two additional important findings were
that there was no significant difference between
"anterior" and "posterior" aphasics matched for
severity, and that oral apraxia was more marked than
limb apradia in Broca’s and transcortical motor
aphasia. Methodological weaknesses associated with
this study include the mixed etiology of the aphasic
populatiorn and the lack of computerized tomography (CT)
evidence to support diagnoses.

Relationship Between Receptive and Eupressive Gesture

In addition to examination of their subjects
pantomime recognition skills, Bainotti and Lemmo
(1976), whose study was discussed earlier, examined the
relationship between their éubject’s gestufe
reproduction skills and gestwre comprehension.
Eighty—-one percent of the aphasic subjects who
performed in the apraxic range on the gesture
reproduction task were found to be impaired on gesture

comprehension as well. However, only S0X of the



aphasics that were not apraxic exhibited an impaired
performance on the gesture comprehension task.

Another study that investigeted the relationship
between gesture comprehension and ideomotor apraxia was
conducted by Rothi, Heilman, and Watson (198%5). They
employed a tashk where pantomimed acts wete shown on
videotape to six apradic—aphasic patients, seven
non—-aprasic—aphasic patients, and six normal subjects.
Corresponding to each videotaped pantomime four
drawings were shown, the target picture and three
fpils, and subjects had to choose the appropiate
picture. The results obtained were similar to those of
Gainotti and Lemmo (1976): the apraxic aphasics made
the most errors, followed by the nonapraxic aphasics,
and the normal controls made the least number of
errors. Therefore, the relationship between gesture
comprehension and gesture reproduction may vary as a
function of the presence and severity of aprasxia
(Christopoulow % Bonvillian, 19835).

Relationship Between Expressive Speech and Expressive

In Kadish® s (19787 study. which was discussed
earlier, both the relationship between speech

comprehension and receptive gesture and expressive
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speech and expressive gestuwre were examined. FEadish
found a significant relationship betwéen receptive and
expressive gesture (i = .86, p = .05 and between
speech comprehension and receptive gesture (r = .87,

p = .03), however, no significant relationship was
found between speech production and expressive gesture.
Although; the results regarding expressive gesture and
speech did not support any strong conclusions, Kadish
offered a possible explanation for the gestural
production impairment. It was suggested that such a
deficit may be best understood as a breakdown in
compler sequential manual motor activity, such as
propased by Eimura (1279).

Relationship Between Apraxia and New Motor Learning

Since ideomotor apraxics have been found to be
defective in pantomime production (Goodglass & Eaplan,
1967, meaningful imitation (Goodglass & Eaplan, 1967,
antd meaningless imitation (Kimura & Archibald, 1974),
Heilman, Schwartz and Geschwind (1973) conducted a
study to examine whether these apraxics are also
defective in acquisition and retention of new motor
skills. Nine right-handed, hemiparetic, aphasic
apraxics served as the subjects and eight right-handed

hemiparetic, aphasic, nonaprarxics served as controls.
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Each subject was given six trials on a rotary pursuit
apparatus (five acquisition trials and one retention
trial administered after a delay). Subjects were
instructed to use their left nonparetic hand. The
results indicated that the nonapraxic control group
performed significantly better on the last trial, which
followed a delay, than the first trial. Ferformance
for the apraxic group did not differ significantly
between the first and sixth trial. The autheors
interpreted the results as indicating that ideomotor
apraxics exhibit a defect in motor learning caused by a
combined impairment of both acguisition and retention.

Im another study (Rothi % Heilman, 1984) where the
acquisition and retention of a list of gestures by
aphasic apraxics, nonaphasic apraxics, and normal
subjects was investigated, aphasic—apraxic subjects
were generally found to be the most impaired. They had
a slower rate of acguisition, a shorter list of
acquired gestures, and fewer total number of responses
produced.

Fimura (1977) and Jason (1985) have also conducted
studies on the acquisition of motor skills following
left-hemisphere leéions. Both investigators® results

confirm the observation of Heilman et al., (1975), that



left—-hemisphere lesions impair new motor learning.
Additionally, in Jasons®s (1983) study left frontal and
left temporal lesions were mopst often associated with
impaired learning of manual sequences.

Apramias Description of the Errors

Over the years very little research has been
conducted on the nature of the movement errors produced
by aphasic patients. Unlike work on the language
impairments of aphasics, detailed descriptions of their
expressive gesture errors have been limited. Much of
the problem stems from the reluctance of investigators
to expand beyond Liepmann®s method of scoring gesture
performance as either correct or incorrect. What is
needad are scoring technigues that carefully delineate
the type of errors produced, and allow the data to be
subjected to mathematical analyses. The few studies
that have been conducted on the nature of gesture
errors in aphasia will be discussed below.

Eimura (1977) conducted one of the first studies
where analysis of the eupressive gestural errors
produced by brain damaged subjects was done. Left and
right—-hemisphere damaged subjects were videotaped while
they performed & complex motor task. Five major types

of errors were noted: unrelated {(movements bore no



clear resemblance to any of those reqﬁired on the
tashk), perseveration (movements or postures which
resembled the immediately preceding one), sequence
(movements resembling those appropiate for other
positions other than the immediately preceding one),
incomplete (movement insufficient to adequately perform
task), and holding (holding a task related movement an
inordinately long time). It was found that particular
error types were primarily associated with specific
subject groups. Left-hemisphere damaged patients were
found to produce a higher incidence of perseveration
and unrelated errors, with the aphasic subjects
producing the largest amount of both types of errors.

Haaland and Flaherty (1984) examined the different
types of limb apraxia errors made by patients with
left— versus right-hemisphere damage investigating both
transitive (pretend object use) and intransitive
(symbolic) movements separately. Seven error types
were identified: (a) hand position, (b)) arm position,
{(c) orientation of hand or arm, (d) partial errors
{errors not severe enough for other categories, and two
forms of body-part-as-object errors (e) BFO-1, part of
body used as object, (f) BFO-2, hand in correct

location but fist touched target. These auwthors found
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no difference between the right- and left-hemisphere
damaged groups on the represeﬁtative and
nonrepresentative movement errors, however, differences
emerged on the object use meaéures {transitive). The
left-hemisphere group made more arm position and BFO-1
errors, and the right-hemisphere group made partial
errors and more BFD-2 errors than the 1E¥t—hémi5phere
grou.

In a study conducted to assess the ability of
left— and right-hemisphere damaged patients to generate
novel finger positions and meaningful gestures, Jason
(1985) found that the predominant errors produced were
various types of perseverations. This observation was
also made by Lehmkuhl, Foeck, and Willmes (1983Z; Foeck,
1985). Lehmkuhl et al. (1985) had investigated oral,
leg, arm, and bimanual movements in 88 patients
diagnosed with four different types of aphasic
syndromes. They found that perseveration was the most
prominent error across all fouwr types of aphasia.

The most recently developed scoring system was
produced by Gonzalez-Rothi, Heilman, Mack, Verfaille,
and Brown: (in press) to capture the nature of the left
hemisphere s contribution to praxis. This system is a

modification of the system used by Elima and Bellugi



(1979), which is based on the work done by Stokoe
(1960) to capture the structure of ASL. Nine aphasics
and 9 normal controls were studied. All the aphasics
had suffered a unilateral CVA localized by CT. The
subjects were asked to show how to use a tool, utensil,
or object, and the performances were videotaped. There
were significant differences found between the groups
o the production of various types of errors. The
scoring system allowed these investigators to describe
six error types that characterize the apraxic patiént.
These include spatial distortions including
body—-part-as—object (BF0) errors, internal
configuration (finger/hand posture), external
contiguration (orienting fingers/hand/arm in space to
the imagined object), movement errors, and occuwrrence
errors (multiplication or reduction of movements).

Use of scoring techniques like those developed to
analyze ASL appear to offer the most promise in
allowing the description of praxic errors. It is hoped
that investigators will continue to explore different
methods of gesture error analysis because it is through
work like this that a better understanding of the

disorder known as apraxia will be achieved.
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Summary: Shortcomings of the Studies

The studies discussed abbve have served to
facilitate understanding of many of the issues
associated with receptive and expressive gesture
impairment in aphasia. However, despite the important
information provided by the research some of the
studies have methodological and statistical flaws which
influence interpretation of the results.

One important variable that has not been well
controlled inm many of thesze studies is the cause of the
aphasic disturbance. Many studies include subjects
with variable etiology such as stroke, tumor, and head
injury. The reason for concern is that although CVA™s
generally result in localized lesions, head injuries
and tumors may have more diffuse effects. OF
particular concern is the use of head injury patients
whose brain injury may be more wide spread than even
radiological evaluwations can determine (Levin, Renton,
% Grossman, 1982). Although to a large extent brain
tumors act as localized lesions, having a similar
effect on behavior as a stroke, tumors may additionally
compiromise behavior by increasing intracranial pressure

(Lezak, 1983%).
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Many of the studies also have not included
important descriptive information regarding the aphasic
subjects. For example, aphasia subtypes were
delineated in only 25% of the studies and only one
stucdy (Kadish, 1978) described the type of language
therapy the subjects had received.

Subject selection criteria has also been
questioned. In two studies certain types of aphasic
patients were excluded for no adeguate reason:
Goodglass and Faplan esxcluded severe receptive and
global apbasics, and Feyereisen (1983) excluded less
severe cases and global aphasics. The inclusion of
control subjiects for comparison purposes has also been
absernt from several studies (kadish, 19278:; Daniloff et
al., 19B2; Varney, 1982)

The testing of praxis prior to examining gesture
recognition or gesture expression is an important issue
particularly when results are obtained showing certain
subjects to be more impaired in terms of expressive
gesture. However, pretests for apraxia were only
administered in two studies (Gainotti and Lemmo, 1976;
Ferro et al., 1980).

Classification and Description of Gestural Behaviors

A major shortcoming of the studies on gesture and
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aphasia is the lack of consensus on classification and
description of gestural behaviors. Hecaen and Albert
(1978) interpret the absence of a comprehensive and
systematic classification system for gestures as "a
major obstacle to the goal of understanding the
physiological basis of gestural behavior and its
breakdown" (p. 20). According to Hecaen and Albert
(1967) if gestures could be organized into a system of
signs, "the relationship of gestures to linguistic
activities could be more clearly established".

Hecaen (19835) proposed a classification of
gestures based on the relationship between a gesture
and its intended meaning. This analysis was influenced
by Fierce' s (1932) three part categorization of
gestuwres into "symbolic", "iconic", and "indicative"
types, anq Jakobson®s (1954) notion of temporal
relations. According to Hecaen (1983) "symbolic”
gestures may or may not be highly codified, and are
artificially linked to their referent; "Iconic"
gestures are expressive reactions or pantomime
behavior, where the gesture and its meaning are
synonymouss: while "indicative" gestures describe an
object’s function or use and are usually performed with

the object present. Schuell (Jenkins, Jimenez-Fabon,
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Shaw % Sefer, 1975) employed a similar classification
scheme distinguishing "symbol commurniques", gestures
bearing an arbitrary relationship to the referent, from
"signal communigues", gestures that have a pictorial
relationship with the referent. Jackson proposed that
pantomime should be carefully distinguished from
gesticulation (Taylor, 19332). He defined pantomime as
a gesture that signifies a proposition (a thought or
idea), gesticuwlation, on the other hand, was described
as an emotional gesture that accompanies speech.

In their study examining the distuwrbance of
gesture and pantomime in aphasia, Goodglass and Eaplan
(1263) further divided gesture and pantomime. Gesture
was subdivided into "natuwal expressive gesture"
(direct action picture movements), versus "conventional
gesture"” (stylized descriptions of actions). Fantomime
was divided into "simple" or single movements, versus
"complex" or sequential movements.

An additional differentiation between "pantomime'",
"gesture", and "gesticulation" was proposed by Fickett
(1974). He viewed "pahtomime" as a sequential series
of body movements; gesticulation was viewed as a group
of random or sequential movements and "gesture" as a

singular movement with meaningful intent.



In the study done by Kadish (1978) gestwre and
pantomime were considered synonymous. However, a
formal distinction was made between the recognition of
gesture (receptive gesture) and performance of gesture
(evpressive gesture). FKEadish defined "receptive
gesture" as the tramslation of a visuo-perceptive
phenomenon (visuospatial seqguential manual postures)
into a symbolic system; "expressive gesture" as the
encoding of information into sequential motor movements
superimposed on manual postures.

The final classification scheme to be described
was developed by Foldi, Cicone and Gardner (19832).
These investigators divided limb gestwes into four
types: "emphatic" and "rhythmic" movements, "pointing"
gestures, "emblems", and "pantomimes". "Emblems" are
simple gestures which have a cultﬁrally accepted
meaning while "pantomimes" refer to objects, actions,
and attributes used to depict complex events. Emb}ems
and pantomimes were further identified as gestures that
"always make reference to some meaningful aspect of the

world".

The use of various classification schemes to

describe gestural performance continues as one of



several shortcomings in the research on gesture in
aphasia. It is hoped that cufrent and future
investigators will learn from the mistakes of the past
so that they are able to conduct experiments that are
more methodologically sound as well as consistent
regar-ding their definitions of gesture.
Conclusions

It is clear that many of the studies done to
investigate the gestural skills of aphasics are in
agreement that there are a subset of aphasics who are
impaired in gestwe or pantomime comprehension and
production. However, there is little consensus on the
underlying causes of these nonverbal deficits.
Explanations have been proposed that can be
conceptualized in accordance with four theoretical
perspectives: central symbolic deficit {(asymbolia),
apraxia, breakdown in information processing in one or
several modalities (modality)., and cognitive
impairment. In the following section of this review
the studies of gestural comprehension and production in
aphasia, discussed earlier, will be interpreted in
relationship to the fow theoretical models delineated

above.



Fesychological Explanations for Gestuwre Impairment

Asymbelia Theory

The first theory to be discussed proposes that the
humarn brain possesses one central communication and
symbol system which when damaged results in impaired
performance on all tasks that require manipulation of
symbols. Manipulation of symbols is understood as the
process of putting something (the sign) in place of
something else (the referent). Froponents of this
theory regard aphasia as a disturbance in this
representational process, which is also involved in
many cognitive operations (Feyereisen % Seron, 1982).

Fickett (1973) was one of the first investigators
to interpret the positive correlations he obtained
between langusage test scores and gesture test scores,
as supporting Finkelnburg's asymbolia hypothesis (Duffy
“ Liles, 1979). Other's who have been strong advocates
of this theory are Robert and Joseph Duffy (Duffy et
al., 1975; Duffy & Duffy, 1981, Duffy, 1987). The
basis for their strong support is their extensive
research that has consistently found aphasic patient's
pantomime recognition skills to be considerably poorer
when compared to nonaphasic brain-—-damaged individuals

and normal controls.



In an attempt to provide powerful evidence in
support of the asymbolia hypothesis Duffy and Duffy
(1981) published a comprehensive series of three
related studies describing the pantomimic expression
and recognition deficits found among aphasics. The
first study was a replication of the Duffy et al.,
€1975) exploration of aphasic deficits in pantomime
recognition. The results closely duplicated those of
the 1275 study which found that aphasics exhibit a
significant defect in pantomime recognition and that
there exists a strong relationship between these
deficits and their verbal impairment. The earlier
finding that right CVA's were significantly impaired on
pantomime recognition was the only result not
duplicated in Duffy and Duffy s (1981) later study.

The pwpose of the second study was to investigate
the performance of aphasics on tests of pantomime
recognition and pantomime expression, and compare the
results to those of nonaphasics. In addition, the
relationship between pantomime expression and
recognition and three verbal measures (naming, verbal
recognition and FICA) was examined. The specific
assumption tested, which was presented in Duffy et al.,

{19753, was that "“...competence underlying gestural



communication may be inferred from either gestural
expression or gestural reception" (p. 119). The
Fantomime Recognition Test (Revised) (FRT) (Duffy and
Duffy, 1981) and Fantomime Expression Test (FET) (Duffy
and Duffy, 1981) were administered to 47 aphasics, 27
right-hemisphere damaged, and 11 control patients. The
resuits obtained demonstrated that aphasic subjects
were deficient in both pantomime expression and
recognition when compared to nonaphasics. The authors
'also‘obtained a high correlation between pantomime
recognition and pantomime expression, thus acquiring
experimental support for the assumption that either
nonverbal task may be used as an index of an underlying
communicative competence. In further support of the
assumption, pantomime recognition and expression were
found to correlate as strongly with each other as with
the FICA, the Verbal Recognition Test, and the Naming
Test. The authors proposed that there are two factors
that a%fact the relationship between verbal and
nonverbal tasks. The most important factor is a single
general symbolic impairment that underlies all tasks.
The second factor, considered less significant, relates
to the influence of modality on the strength of the

verbal—nonverbal relationship. It was found that the
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more similar the performance behaviors the stronger the
relationship. Therefore, thevtwo motor tasks and the
two visual tasks were more strongly related than mixed
thDrband visual tasks.

In the third study of the Duffy and Duffy (1981)
investigation, three competing theories regarding the
cause of aphasic deficits in pantomime expression were
examined. The theories examined were that gesture
impairment in aphasia is the result of ¢ 1. damage to a
central symbolic process, 2. conceptual deficits which
result from a general intellectual impairment
associated with brain injury, and 3. a limb apraxia
which sometimes accompanies aphasia. The relationship
between pantomime expression and each causal variable
was investigated by correlating the performance of the
aphasic subjects on the Fantomime Expression Test (FET)
with their performance on measures of general
intelligence (Raven Frogressive Matrices), limb apraxia
(Manual Apraxia Test, Duffy, 1974), and verbal
impairment (FICA, Verbal Recognition Test, Naming
Test). The correlation analysis as well as subsequent
partial correlations and multiple regression analysis,
provided strong evidence in support of an "asymbolia"

hypothesis as opposed to limb apraxia, or general



intellectual deficit. The correlations obtained were
ail significant and moderate to very high. Two
correlations were particularly high, that between the
FET and the Manual Apraxia Test which was .70, and
between the FET and the FICA, .82 (Duffy, 1987).

Despite the attempt by Duffy and Duffy (1981) to
avoicd many of the errors and omissions of previous
gesture studies, there were a few problems associated
with this work. One weakness was the total
unrel atedness of the foils on the FRT. The results of
Duffy and Watkins™ (1984) study., discussed earlier,
which was specifically designed to examine this issue,
found that response choice relatedness was indeed an
important factor in reducing performance on the FRT.
Other weaknesses include the fact that etiology was not
specified for the brain—-injured subjects, and due to
the use of the FPICA, aphasia subtypes were not
delineated. 7 e authors did however state that most of
the 47 aphasic subjeclts were nonfluent and they
proposed that future studies be conducted to determine
the possible relationship of aphasia subtypes to
nonverbal behaviors.

In a long term study of Amer-Ind sign acguisition

and use by severe chronic aphasics a student of Robert



Duffy, Carl Coelho (1982), also obtained results that
ware interpreted as supportiné the asymbolia
hypothesis. His results indicated that severe aphasics
acquire manual signs in terms of imitation,
recognition, production, and generalization with
varying degrees of success. He was also able to
demonstrate a strong relationship between severity of
aphasic impairment and degree of success in acquiring
signs at all levels of performance.

Although Duffy (Duffy et al., 1975; Duffy & Duffy,
1981; Duffy % McEwen, 1978; Duffy % Liles, 1979) and
Fickett (1974) have interpreted their results to
support Finkelmnburg®™s asymbolia theory, not evervyone
who has found high correlations between severity of
aphasia and pantbmime recognition has interpreted their
findings to strongly support asymbolia.

Gainotti and Lehmo (1976) hypothesized that the
basic defect seen in aphasia is due to a nonspecific
deeply situated central disturbance. Although they
proposed two explanations for their findings, asymbolia
and disintegration at the semantic level of languagey
Bainotti and Lemmo (1976) rejected the asymbolia
explanation as interesting but lacking in experimental

support and favored the semantic disintegration



alternative. Thus they postulated that the pantomimed
gestures may have been verbally coded by their
subjects, and that the aphasic disorder may have
impaired this verbal mediation process.

The proposal of an asymbolia explanation for the
associated verbal and nonverbal deficits observed among
aphasics has raised many questions. Close examination
of individual subject’s performances in these studies
reveals that many of the claims associated with the
theory may be unsubstantiated. For example, in Duffy
et al., (1973, the ramge of scores indicates that an
impaired performance was not displayed by all of the
aphasic subjects. Rather, some of the aphasic subjects
made no errors, while some of the right-hemisphere
lesioned subjects who exhibited no obvious aphasic
symptoms, made many errors. This result was again
observed in Duffy and Duffy (1981), although the right-~-
hemisphere damaged subjects here did not perform as
poorly as in the earlier study. One theory that has
beern posited by Christopoulou and Bonvillian (1985) to
explain the errorless performance of some of Duffy’'s
aphasics is that "the pantomime recognition tasks
employed were not of sufficient difficulty to reveal

nonverbal symbol processing deficits across the full



range of aphasic subjects; if so, then this failuwe to
find a relationship might be viewed as an artifact of
the testing procedure" (p. 5.

Similarly, Gainotti and Lemmo®s (1976) data
provide little basis for even considering the asymbolia
alternative. These investigators used a cut off score
(1007 correct) that was higher than that received by
the poorest performing normal control (0% correct).
If the data had been interpreted with a slight change
in the cut off score (ROU accuracy) 30 of the 32 (S7%)
aphasic subjects would have scored within the normal
AT E .

The data from the studies presented show that
although deficits in gestuwral behavior are seen among
groups of aphasics, the degree of impairment is
sometimes relatively small. Based on the weakness of
the data used to advance the asymbolia theory some
investigators have proposed that there is no necessary
relationship between the observed severity of an
aphasic disorder and incapacity to understand gestures
{Benton, Hamsher, Varney & Spreen, 19873 Alajouanine %
Lhermitte, 19643 Christopoulow % Ronvillian, 1983).
Other criticisms that have been levied against the

central symbolic deficit theory include:
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1. The theory's claims are based primarily on
group data which limit the type of analysis that can be
performed and do not allow evaluation of individual
subject”s performances (Marshall, 1980).

2. Investigators have focussed their concern on
corralating verbal and nonverbal behaviors with
isolated levels of aphasia severity without analyzing
each subject™s linguistic performance carefully
(Fevereisen % Seron, 19282). This is especially
pertinent since some investigators have found specific
aphasia types to be more closely associated with
nonverbal impairments. For example, in a study
investigating the ability of the different types of
aphasics to recognize gestuwes, Ferro, Santos,
Castro-Caldas, and Mariano (1980) observed that gesture
recognition was defective more often among the global,
Wernicke and transcortical groups than the normal
controls and other aphasics (Broca®s. conduction and
anomic groups).

A fundamental error appears to have been committed
by asymbolia advocates when they based their
conclusions on pantomime interpretation studies. More
recent work wusing gestures from standardized systems

indicates that projected statements regarding aphasics’
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inability to acqguire communicative gestures were
premature (Duffy et al., 1973). Evidence for this can
be found in the Daniloff, Noll, Fristoe, and Lloyd
(1982) study. These investigators examined 15 aphasic
subjects on a test of gestuwe recognition. The
subjegts were trained using nonverbal proceduwres to
make a prointing response after which a 24-item Amer-Ind
Recognition Test (ART) was administered. The subjects
were required to select the drawing that was associated
with the gesture made by the examiner. The results
were as follows: OFf a possible 24 correct, 14 of the
15 subjects averaged 22.21 correct. Based on this
finding the authors inferred fhat "although the ability
to recognize gestural symbols may not be completely
normal in aphasic patients, it is less impaired than
recognition of verbal signals" (p. 48). It is
important to note that none of the individuals in this
study exhibited extreme or profound verbal impairment,
therefore, this conclusion may not apply to aphasics
with severe verbal impairment. However, in a study
discussed earlier where the sign acquisition (Amer-Ind
and fabricated signs) skills of twelve severe chronic
aphasics were examined, Coelho (19282, 1987) found that

such aphasics were able to acquire signs with varying



and limited degrees of success. The data also revealed
a nonlinear relationship between severity of aphasia
and sign acquisition, which was interpreted as
suggesting that a critical threshold of severity may
exist below which sign training may be ineffective.

The results of the two aforementioned studies
suggest that some moderate and severe aphasics may be
able to successfully acquire gestures from a
standardized gestural system such as Amer-Ind.

However, better studies are needed which include a
larger number of subjects and comparisons with normal
and other nonaphasic brain-injured controls.

The difference in thes results obtained by Duffy et
al., (1975) employing pantomime recognition versus
Daniloff et al., (198BZ) employing Amer—Ind reflects the
importance of evaluating the task and stimuli used in
each study. The conflicting results also reflect the
various skills and varying degrees of difficulty
inherent in different tasks.

The asymbolia hypothesis has had a long history,
vet it has not been able to account for all of the data
regarding residual gestural abilities of aphasics.
Joseph R. Duffy and Robert. J. Duffy, the theory’s

principle modern advocates, have conducted extensive



-r

research to provide experimental support for
Finkelnburg®s theory, however, their data have not been
able to allay the concerns of other investigators who
remain skeptical. The major criticisms levied against
asymbolia have been that it is too general, and the
claims made by its advocates too sweeping and
unsubstantisated.
Although other theories have been proposed to

#plain the gestuwral deficit seen in aphasia, none,
except perhaps Fimura's apraxia hypothesis (Himura;
1976), bhave generated as much controversy. As long as
the evidence regarding gestural deficits and abilities
i aphasics remains contradictory. investigations into
the area need to be conducted.

Modality Theory

Froponents of the modality theory consider the
gestuwral deficit seen in aphaéia to be due to a
breakdown in one of the perceptual modalities i.e.
visual, auditory, etc. Alekséndr R. Luria (1273)
proposed the neuropsychological framework most closely
associated with the modality theory. In this theory a
formal distinction is made between receptive gesture
and expressive gesture. Within Luria®s functional

system analysis receptive gesture is regarded as a
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visuwoperceptive phenomenon (Kadish, 1978) that is
subserved by the secondary occipital cortex, parietal
cortex, and temporo-parieto—-occipital brain regions,
structures which represent the secondary functional
uwnit (buwria, 19273). Since receptive gesture involves
both analytic and synthetic perceptual processes it is
believed to depend on both the left and right cerebral
hemispheres (Kadish, 1978).

Hpressive gestures are defined as manual postures
which encode and tramsmit information unaccompanied by
speech (kadish, 19278). Luria’s (1273) analysis
conceptualizes expressive gesture as a phenomenon which
is subordinate to the demands of goal directedness and
symbolic processes. These activities are the function
of Luria®s third functional unit whose structures are
lpcated in the anterior regions of the brain (frohtal
and prefrontal motor areas). Due to the propositional
and temporal nature of expressive gesture the left
hemisphere has been identified as important for gesture
production.

Examination of aphasic gestural disturbance in
terms of a breakdown in specific perceptual modalities
has not been a very popular area of study. Nils

Varney's early research (Varney, 1978) which found that



in aphasics deficits in pantomime recognition were
always associated with reading comprehension deficits
of at least comparable severity, but not vice versa,
has provided the strongest support for the modality
theory. PRased on his results Varney concluded that the
underlying determinant of impaired pantomime
recognition had a comparable effect on reading
comprehension, its linguistic counterpart mediated in
the same modality. It was also concluded that impaired
pantomime recognition was symptomatic of a distinct
type of aphasic alexia and that "asymbolia" was not a
general characteristic of aphasic patients since
pantomime was found to be only weakly associated with
auditory comprehension and naming ability.

In a later study Varney (1982) investigated the
relationship of pantomime recognition to three relevant
cognitive performances: Sound recognition, alphabet
letter recognition, and the WAIS Rlock Design Test.

The results obtained were similar te those from his
earlier study which allowed him to again conclude that
aphasic defects in pantomime recognition were not the
result of a general "asymbolia" or "loss of abstract
attitude". Additionally he concluded that appérently

the defects in pantomime recognition result from a
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specific visuwal information processing disturbance,
".eupossibly limited to previously learned associations
which are semantically meaningful" (p. 3IB8). He also
proposed an interesting explanation for the close
relationship between pantomime receognition and reading
comprehension, that understanding of gestural
communication may have beeé "preadaptive", in the
evolutionary sense, for reading {(Varney % Vilensky,
19807 .

The findings by Ferro et a&l., (1980) of a close
association between gesture recognition performance and
reading in patients with central alexia provide
additional evidence to support the modality theorvy.

Another gestural study that obtained results in
support of the modality theory was conducted by Eadish
(1978). Gesture and pantomime impairment were examined
from a neuropsychological perspective using Luria's
theoretical framework for categorizing receﬁtive and
Hpressive gesture.  8Six apﬁasic subjects of varying
etiology and severity were included in the study,
however, there were no controls. Fadish found a
significant relationship between speech comprehension
and receptive gesture but no relationship between

speech production and expressive gesture. It was
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concluded that receptive gestural ability is closely
related to the various percepfual processes which are
dependent upon Lwria’s second functional unit;
specifically, visuo—-spatial organization and mnestic
(memory) processing. Thus, Luria’s conception of a
common underlying neural substrate for receptive
activities received support from FKadish®s data.

Although the results regarding expressive gesture
and speech did not support any strong conclusions,
Fadish offered a possible explanation for the gestural
production impairment. It was suggested that such a
deficit may be best understood as a breakdown in
complex sequential manual motor activity, such as
proposed by Kimura (1979).

Seron, Van Der kEaa, Remitz, and Van Detr Linden
(1979) alsp demonstrated a modality influence on
gestural deficits in their study of pantomime
interpretation and aphasia. Their results indicated
that pantomime recognition was more strongly correlated
with reading comprehension (- = .64) than with oral

comprehension (¢ = .48)., Finally, a recent study
conducted by Dr. Faul Rao (198B6), investigating
Amer—Ind sign comprehension and production by aphasic

adults, also obtained results that upbheld the modality
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model. Like Varney (1978), Rao found reading to be the
most potent predictor of gest@ral recognitions;
additionally, he found pracxis to be the most potent
predictor of gestural imitation and production.
Firnally, in a retrospective analysis of data from
an earlier study, Duffy, Duffy, Urvase, and Merritt
(198%) obtained results at variance with the modality
theory. The specific guestion addressed by the
investigation was: Is the relationship between
deficits in pantomime recognition and visual modalities
greater than the relationship with nonvisual verbal
madalities? Measures of the pantomime recognition
deficit and pantomime expression deficit were obtained
from 47 aphasic subjects. Correlation coefficients
were computed between the Fantomime Recognition (FRT)
and Fartomime Expression (FET) measures and various
measures of viswal (matching, copying, reading, and
writing) and nonvisual (speech and auditory
comprehension) verbal abilities. Their analyses
revealed that the correlations between the FRT and the
four visual measures were nhot significantly greater
than either of the correlations between the FRT and the
two nonvisual measuwres. Also, none of the correlations

between the FRT and the visual measures were
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significantly greater than the correlations between the
FET and the four visual measuwres. Therefore, the
results did not confirm any special relationshipl
between visual verbal and visual nonverbal deficits in
aphasia.

Although the results are interesting they must be
interpreted cautiously due to several problems
associated with the study. For example, etiology for
the aphasics was not well controlled, and the visual
and nonvisual tests used in the analysis were not
thorough evaluations of the specific language areas but
rather subtests taken from the FICA.

Cognitive Theory

The cognitive position on the gestural skills of
brain—damaged adults was first articulated by Eurt
Goldstein (1948). Goldstein considered the gestural
impairment seen in mixed or global aphasia, as part of
a cognitive impairment of the “abstract attitude".
However, he alsp recognized that gestuwres and
pantomimes may remain intact in some aphasics, as long
as the "abstract attitude" is unimpaired. Another
early proponent of the cognitive view was Denny-Erown
(1958) who believed that the inability to perform

gestures to command was due to a loss of the
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"conceptual process".

Based on the errors made by aphasic subjects Seron
et al., (1979) interpreted their findings of impaired
pantomime interpretation in aphasics as due to an
intellectual /cognitive impairment. These investigators
found that when reguired to choose from among several
pictures associated with a pictured gesture, aphasic’s
incorrect choices often shared movement and location
characteristics versus semantic/lexical similarities.
In a similar vein, Faul Rao (1985; 1984) also found
that aphasics were more likely to choose motor foils
compared to semantic foils on a gesture recognition
task. These results serve to point out the importance
of examining the conclusions of gestural studies in
relation to the tasks and stimuli presented to the
brain—-damaged subjects.

Anatomical Explanations for Gesture Impairment

Apraxia Theory

Hugo Liepmann (1900/1977) is credited with
establishing the neuropsychological theory stating that
the gestural disturbance seen in aphasia is due to
destruction of anatomical structures in the left
hemisphere related to control of skilled movement.l He

proposed the term motor apraxia to describe disorders
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of learned skilledlmovement not caused by poor
comprehension, motor or sensory defects, or
intellectual deterioration (Liepmann, 1900/1277).
Liepmann viewed apraxia as an independent
neuropsychological disorder and considered the various
types of apraxia as due to disturbance at one of
several possible levels of the same basic praxis
mechanism. Although Liepmann believed that the memory
for & complex motor act rould not simply be localized
to a circumscribed cortical area, he was responsible
for relating the different types of apraxias to damage
in specific cortical areas (Hecaen % Albert, 1978).
The region he considered most critical for praxic
control was the left supramarginal gyrus.

Goodglass and Faplan®s study (1963) was the first
"gestural study of brain-injured adults that supported
Liepmann®s apraxia theory, including his interpretation
that aphasia and apraxia are independent disorders
linked only by the contiguity of their anatomical
structures. Because of the results Goodglass and
Faplan (1963) acknowledged that the gestuwral deficiency
seen in aphasia could pot be part of a " common
psychological factor®. They proposed instead that

their results Eupported Liepmann®s concept that aphasia
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and apraxia are independent disorders and the gestural
impairment indicates a separate apraxic disorder.

The last two studies to be presented describe
patients exhibiting unusual cerebral organization of
praxis and language. The first study was conducted by
ertess and Ferro (1984) who, as part of a large study
on the association of lesion size and apraxia, reported
on 1& patients with computerized tomography (CT)
evidence of left hemisphere stroke who exhibited severe
aphasia and spared praxis. The sparing of praxis
suggested to the investigators bilateral representation
of visuokinesthetic motor patterns and functionally
active right parietofrontal comnections. This
corclusion was based on the finding of uncommon
patterns of skull asymmetries which the authors
postul ated may have been related to bilateral
distribution of function. The second investigation
conducted by Selnes, Rubens, Risse and Levy (1982)
reported on a case of mixed cerebral dominance for
language. Their patient was a S8-year—old right-handed
man who became aphasic following a left—hemisphere
stroke. Despite the massive size of the lesion his
aphasia was only transient. In the acute period he

presented with a bilateral ideomotor apraxia and



agraphia which persisted for three years following
initial onset. These two studies showing how aphasia
and apraxia can be differentially affected by
circumscribed brain damage provide strong evidence in
support of Liepmann®s theory that aphasia and apraxia
are independent disorders.

Some recent anatomic investigations of apraxia,
using LT evidence acquired from large numbers of stroke
patients, have raised some serious questions regarding
the anatomic proximity thesis and Liepmann’s long
supported claim that the parietal cortex was important
in praﬁis. Basso, lLuzzatti and Spinnler (1980)
evaluated computerized axial tomography (CAT) scans
recorded from 123 patients with left hemisphere damage
from stroke. The patients were divided into four
experimental groups according to the presence or
absence of ideomotor apraxia and length of illness.

The investigators could not find any difference in
lesion sites between patients with and without
ideomptor apraxia except for a higher frequency of deep
lesions in the nonapraxics. A later study conducted by
Fertesz and Ferro (1984) reported findings at variance
with Basso et al., (1980). The CT scans of 177 adult

right-handed left-hemisphere stroke patients were



74

examined for site of lesion and evaluated in relation
to performance on an apraxia test. Fkertess and Ferro
(1984) +found lesion size to be positively correlated
with aphasia severity, although not all patients
presenting with ideomotor apraxia had large lesions.
These authors aléo found that only some of the small
lesions producing ideomotor apraxia involved the
parietal lobe, specifically the angular gyrus and
suwrrounding areas. Rather in their patients the most
frequent location of small lesions producing apraxia
was in the anterieor half of the periventricular white
matter. The specific lesions identified with apraxia
were found in the deep parieto— and occipitofrontal and
anterior callosal fibers. There were also pnatients
with large lesions who did not exhibit apraxia. As in
the Fertesz and Hooper (1982) study, FKertes: and Ferro
(1984) attributed this negative finding to atypical
skull asymmetries suggesting a right hemisphere role in
sparing and recovery of praxis.

Elaborations on Liepmann’s Model

Elaborations on Liepmann®s model have been
presented by Norman Beschwind (Benson & Geschwind,
19713 Geschwind, 1973) and Eenneth Heilman (1979;

Heilman, Rothi & Valenstein, 19832).



Geschwind., Geschwind (1975) proposed that the
left hemisphere is dominant not only for speech but
also for learned movements. Geschwind has based his
view of ideomotor apraxia on a disconnection model (see
Figuwre 1). The schema is as follows: When a patient
with & dominant left hemisphere is given a verbal
command to make a movement with his left hand, it is
first registered in the left Wernicke s area. The
stimulus is then projected to the motor association
corter of the dominant hemisphere via the arcuate
fasciculus. From the motor association cortex the
neural impulse moves across the corpus callosum to the
motor association cortex on the right side, and then to
the motor cortex, which is fesponsible for innervation
of specific body parts.

As can be seen from the above discussion the
parietal lobe plays little role in Geschwind®s schema.
Geschwind®s model instead, emphasizes the involvement
of the pyramidal tract and Wernicke’ s area. In
Geschwind®s design there are three possible areas where
disconnection can occur each leading to a different
variety of ideomotor apraxia. Damage localized to

Wernicke s area interferes with comprehension of verbal
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Figure 1. Geschwind’S’schema.(Beschwind, 1975).
Lateral view of left side of brain. AF = arcurate
fasciculus, MAC = motor association cortex, MC = motor
cortex, VAC = visual association cortex, VC = visual
cortex. The arrows indicate major connections of the

areas shown.
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commands. Therefore, the patient, although unable to
carry out verbal commands, wiil correctly imitate
movements.

Disconnection occurring further down in the
arcuate fasciculus allows comprehension of the spoken
command, but interferes with the ability to carry out
the command, thus these patients will not improve
significantly on imitation. Lesions of the dominant
motor association cortex usually involve the adjacent
motor cortex which causes hemiplegia in the
contralateral limb. The limb innervated by the
opposite hemisphere will also perform poorly to verbal
command. This is the disorder “sympathetic apraxia",
first described by Liepmann (Eimura,19280). Another
disorder first described by Liepmann (Eimura, 19280)
occurs when there is a lesion of the anterior corpus
callosum, or callosal fibers deep in the white matter
of either frontal lobe. 1In this case the patient can
carry out commands with the dominant limbs but not with
the limbs of the other side.

Thus, Geschwind's disconnection theory attempts to
account for the various types of ideomotor apraxia on
the basis of disconnection of the areas in which the

command is comprehended from those areas where the
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command is carried out. Beschwind realized, however,
that the disconnection approach could not account for
all of the phenomenon observed among apraxics. In a
later paper he (Geschwind, 1975) proposed an
explanation for why many apraxic patients fail to
improve on imitation or wher presented with the object
assotiated wifh a movement. The theory is based on
Liepmann®s suggestion that the hemisphere domimant for
handedness is also a repository for the learning
involved in.the acquisition of motor skills (Kimura,
1980). Geschwind proposed that the left hand exhibits
reduced motor skills resulting in impaired imitation
because much of its skill is borrowed from the left
hemisphere across the corpus callosum.

Heilman. Heilman {(1979) suggested an alternative
to Geschwind®s hypothesis (see Figuwe 2). According to
Heilman®s theory, when an individual is reguired to
perform a skilled act to command, imitation or to use
objects skillfully, the idea of the movement projects
from the speech areas to the parietal lobe where
visuokinesthetic motor engrams are located. These
engrams then program a sequence of movements and each
of the movements in turn is programmed in the motor

association cortex. The motor association cortex then
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Figure 2. Heilman®s schema (Heilman, 1979). View from
top ~f brain. W = Wernicke's area, VA = ﬁrimary visual
area,.VAA = visual association area, AG = angular
gyrus, SMG = supramarginal gyrus, FM = premotor area
(motor association cortex), M = motor cortex, CC =
corpus callosum, LH = left hemisphere, RH = right
hemisphere. The arrows indicate major connections of

the areas shown.



81




coordinates activation and inhibition of different
motor newron pools via the motor cortex.

Based on their research Heilman et al., (1982
have identified two separate forms of ideomotor apraxia
which can result from destruction of specific
structures in the proposed system. One form of apraxia
results from lesions of the supramarginal or angular
gytrus. The patients perform poorly to command and
imitation, and also cannot discriminate poorly
perfaormed from well performed acts. The other form
results from lesions anterior to the supramarginal
gyrus that disconnect the viswokinesthetic motor engram
from the premotor and motor areas important in
pragramming movements. Fatients with this
disconnection form of ideomotor apraxia cannot perform
well to command or ihitatiun, but can discriminate
between well—-performed and poorly performed acts.
Heilman (197%9) notes that "when a patient with
ideomotor apradia performs poorly he does not make an
inappropiate movement, rather his movements are correct
in intent but they are clumsy" (p. 174). He continues
"since & patient with ideomotor apraxia does not
perform inappropiate acts it is not swprising that he

can recognize inappropiate acts" (p. 174).
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Heilman et al. (1982) postulate that the reason
why the patients with supramarginal or angular gyrus
lesions are unable to perform and recognize
well-performed acts is that the posterior lesions
destroy the visuokinesthetic motor engrams. It is also
proposed that patients able to correctly use objects
and perform to command but who are unable to imitate or
recognize gestures, may have a disconnection between
the visual areas and the visunkinesthetic motor
engrams.

Fimuwra. Another view of the relationship between
apraxia and aphasia stems from Doreen Eimura®s
hypothesis that the left hemisphere is specialized for
the selection and production of complex motor sequences
"which happen to lend themselves readily to
communication " (Eimura, 19746, p. 145). FEimura has
supported her position by noting the freguent
association of limb apraxias with aphasia following
left hemisphere lesions (Kimura, 197&). FKimura has
four basic arguments to support her claim: (a) the
association between hand preference and speech
lateralization in the brain, (b)) the frequent
asgsociation of hand movements with speaking in normals

(Eimura, 1972), (c) the freqguent association of apraxic
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disorders with left hemisphere lesions (Fimuwra %
Archibald, 1274), (d) the association of disorders of
manual communication in the deaf with left hemisphere
damage (Kimura, 1981).

According to Eimura (1979) both manual and voceal
communication involve a series of complex
sel f—-generated movements, which appear to depend
minimally, if at all, on sensory feedback. Rather both
forms of communication depend critically on the left
hemisphere of the brain for normal functioning. Eimura
has postulated that the left hemisphere contains a
"prasic' system which seems to be especially important
for the selection and execution of & new posture, but
once a posture is achieved, it can run off repeatedly
without the intervention of this system. This was
evidenced on a simple tashk like repetitive finger
tapping (Kimuwra, 1977) as well as a more complex
repetitive movement such as the Screw Rotation task
(Fimura, 1979).

Fimuw-a has identified the left posterior
perisylvian region as critical for control of praxic
movements (Eimura, 1979). This posterior praxis system
is believed to exercise control over both hands, and

the oral musculatuwre when complexr postural changes must



be produced.

Further evidence for Fimura® s posterior pradis
system comes from her finding (Eimura, 1979) "...that
the degree of apraxia is, if anything, more highly
correlated with "receptive" aphasia scores than with
"expressive" scores, suggesting & more posterior locus
for praxic control" (Eimura, 1979, p. 214). She has
also observed that although manual apraxia can occur
from left frontal lesions, it appears to be generally
less severe after frontal than after posterior damage
(Fimura, 1979).

In contrast to sequential movements, production of
single movements (static postures), whether verbal or
nonverbal, is associated with a more anterior system on
the left (Eimwra, 192793 Eimura, 1982). Kimura did not
laterlize static hand postures, however, based on her
investigations of the effects of anterior lesions
(Eimura, 1982), it might be assumed that both oral and
manual static postures may be mediated by the same left
anterior system.

Fimura®s theoretical frameworlk has been supported
by two separate studies. The first investigation was
conducted by Kolb and Milner (1981) who examined the

pertormance of complex arm and facial movements after
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focal brain lesions. Fatients with unilateral removals
from the left or right frontai, central, temporal, or
parietal regions and normal control subjects were asked
to copy complex movements of the arm or face. The
movements were intended to be meaningless. Left
parietal lobe lesions were found to impair the
performance of arm movements, with a milder impairment
observed following lesions of either frontal lobe. In
contrast, the patients with left parietal lobe lesions
were not impaired in the imitation of facial movement
sequences. Lesions elsewhere in either hemi'sphere did
rnot affect performance on either the arm or face task.
In this patient population, which contained few
aphasics, no relationship was found between aphasia and
mmvement—copying deticits.

Additional data supporting Kimura's theoretical
design comes from her own laboratory (Eimura, 1982).
Several tasks reqguiring oral and manual movements were
presented for reproduction to patients with unilateral
restricted lesions of the right and left hemisphere.
Fatients with frontal and parietal left hemisphere
lesions erxhibited the most severe impairment on both
the manual and oral tasks. The left frontal area was

fournd to be most important in the control of oral
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movements, and the parietal lobe in control of hand
movements, however, both regions were reqguired for the
more complex oral and manual tasks. Separability of
the oral and manual control systems was found to be
greatest in the frontal than in the parietal region,
meaning that the left parietal lobe appeared to be much
more important for producing oral movements in additioﬁ
to manual movements, than the left amterior region was
for the production of manual movements in addition to
oral movements.

In a review of 11 cases of manual signing
disorders in the deaf, following left-hemisphere brain
damage, Fimuwa (1981) reported that in right handers
disorders in production and comﬁrehension of manual
signs clearly ocow from left—-hemisphere damageg while
in left handers sign impairment is associated with
left— or right—-hemisphere damage. The pattern of
errors produced in manwal signing following left—
hemisphere damage was also very similar to that seen in
speech aphasia. Further, it appears that within the
left hemisphere posterior damage may be sufficient to
produce a manual signing disorder. The thrust of
Fimura®s argument is that the signing disorders

observed in deaf brain—damaged individuals are the
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result of a manual apraxia, which is characterized by a
motor selection deficit that is not language based.

One observation that is presented in support of the
manual apraxia argument is that writing is typically
affected in association with manual signing disorders,
while reading is relatively unaffected. This
observation is particularly compelling because reading
is not syllabically based in deaf as it is in hearing
individuals.

Included in Fimuwa s unique conception of the
"praxtic" system is the suggestion that there may be
several, presently unknown, complementary systems in
praxic control, and that such control may not depend

#clusively on cortico-cortical or callosal pathways
(FKimura, 1979 . FKimura (1979) speculates that the
bilateral control mechanism may conceivably operate via
basal ganglia pathways, and/or other subcortical
Structureé including the thalamus.

Eimura s conceptualization of aphasia has not
received strong support. One severe critic of Kimura’s
position is Marshall (1980). Marshall’s criticism is
based on the idea that in Kimuwra®s model aphasias are
reduced to movement disorders. 8Such a view of aphasia

is considered detrimental by Marshall because it serves
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to deny that there are any principles unique to the
language faculty: to deny, as it were, that there is a
language faculty. Finally, based on the reported
dissociations of vocabulary types found between some
cases 0Of Broca’ s and Wernicke®s aphasia, and of
paraphasic distuwbances across the modal ities of speech
and writing, Marshall finds Eimura’s senzorimotor
explanation of aphasia difficult to support "unless one
loosens the hypothesis to the point of vacuity"
{(Marshall, 1980. p. 282).

Although Eimura®'s view has been strongly
criticized, her suggestion that there may be alternate
anatomical pathways capable of subserving the prauxis
system, remains an intriguing area for further
investigation.

Gestuwre Impairment in Aphasia: Critique of the Theories

To date no single theory or model has been able to
adequately explain the complex issue of the gestural
deficit seen in aphasia. The asymbolia framework has
been criticized for being too broad and making
urnsubstantiated sweeping claims, such as, that symbolic
movements should be less well interpreted than abstract
movements. 0On the other hand Fimura®s apraxia concept

has been labeled as simplistic because it reduces
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aphasia to a general movement disorder without taking
into account receptive gesturél deficits. Foth
theories have been criticized for viewing language in
such a naréow manner that the principles considered
unigue to the language faculty have been practically
ignored. However, despite all the criticism the
asymbolia theory is the one with the largest number of
supporters and the ome gaining in popularity presently.
Alsﬁ despite the fact that their data may not have

completely supported asymbolia few investigators have

beern willing to totally discount it as an alternative

~

explanation for their results (Kadish, 1978; Gainotti &
Lemmeo, 1976). Marshall also warns that it would be a
mistake, to assume that language and gesture ar;
unrelated. After all, in association with language.
humans produce many movements that serve to accentuate
and color their communication: and these movements are
produced appropriately in the context of the situation.
Clearly there must be some éentral mechanism that
coordinates both body and language. An interesting
study conducted by Cicone, Wapner, Foldi, Zwif, and
Gardner (197%) analyzed short conversation samples from

two anterior (Broca’s) aphasics and two posterior

(Wernicke's) aphasics). The observations revealed that
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gesture production paralleled speech production both
quantitatively and qualitatively. Thus, the Broca's
aphasics produced relatively few gestures per unit
time, which were reasonably clear and informative. The
Wernicke's aphasics used more gestures and their
gestures were more compled, noniconic, vague and
general. Further analysis of the two Wernicke®s
subjects data (Delis, Foldi, Hamby, Gardner, % Zurif,
1979) revealed that they were more likely to gesture at
the initial boundary of an embedded clause when there
was semantic discontinuity between the main and
subordinate clause. A more recent study conducted by
Duffy, Duffy, and Mercaitis (1984; Duffy, 1987),
comparing the pantomimic performance of a fluent and
nonfluent aphasic, obtained similar results. Fluent
subjects were observed to produce significantly more
gestuwres than normal controls, and nonfluents
significantly less. Additionally the pantomime of the
fluent subject appeared tangential and circumlocutious,
while the responses of the nonfluent subject were often
delayed, brief, unelaborated, and effortful. These
studies on spontaneous gestural production reveal that
both speech and language reflect the patient’s general

communicative "style".



With respect to the neural basis of gesture
recognition most esxperts identify the dominant
hemisphere parietal lobe as essential for the
recognition function. Some of the exceptions are
Fadish (1978) and Foizner and Lane (1279). Eadish
includes the left hemisphere occipital cortex. the
temporo-parieto-occipital structures, and the right
hemisphere, as well as the parietal cortex in her
formuilation. Foizner and Lane (1979 found that for
both deaf and hearing adults static signs appear to be
processed by the right hemisphere and kinetic signs
(Foizner, Battison, % Lane, 1979), examined only among
deaf subjects, were not clearly lateralized.

Due to the various situations (imitation, movement
to command, object use, communicative use) in which
gxpressive gesture can be elicited, no single lesion
site has been identified for that function. Most
investigators have concluded that the left posterior
parietal zone is important for communicative gesture.
The other types of expressive gestural bebavior may be
explained by Geschwind®s disconnection model
(Geschwind, 1973), Luria’s (Lwia, 1973) dynamic
functional system approach, or Eimura®s subcortical
conceptualization. What is clear is that there are

several forms of movement disorder and the newological
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framework to account for all of them has yet to be
delineated. Although the left hemisphere has been
identified as important for kinetic and complex
movements (Kimura, 1979, neither hemisphere has been
specifically implicated in the control of static hand
postures (De Renzi et al., 1980) or repetitive
movements (Kimura, 1977, 1979).

Since none of the current neuwropsychological
theories proposed to explain the gestural deficit
observed among aphasics have been able to adequately
handle the variety of gestural impairments, in addition
to not being universally embtraced, perhaps the time has
arrived to consider one more alternative. Hecaen
(19782) has presented an interesting idea in his
proposal that an underlying neuwropsychological deficit,
such as defective sensory guidance of +ine motor
behavior, might represent a necessary, if not
sufficieht condition for apraxia. In addition, the
combination of such & disorder, which he refers to as
"prepradic”, with a specific hemispheric location could
perhaps explain the various manifestations of aprania.
It is hoped that Hecaen™s suggestion may serve to
stimulate future investigations into the complex
disorder of apradia which, it is clear, has yet to be

fully explained.
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Gestuwral Systems Used in Aphasia Rehabilitation
In the last fifteen vears there has been great

interest in training severely aphasic patients to
communicate using gestural methods. Glass, BGazzaniga.
and Fremack (1973) conducted one of the earliest
studies to report the successful use of an artificial
lTanguage training program in global aphasics with no
"functional expressive capacities" (p. 96). They
trained seven gleobal aphasics with severe expressive
language impairment to use Fremack symbols (cut out
paper symbols of varying color, size, and shape) as the
functional equivalent of words. These symbols were
uwsed to expresé understanding of various semantic
principles (i.e., same-different, negation., etc.).
Various levels of competence were attained among the
seven subjects suggesting "...that rather sophisticated
and abstract symbolic thought can be carried out in
patients having been rendered essentially
languageless..." (Glass et al., 1973, p.102). The
Visual Communication system (VID) developed by Gardner.
Zurif, Berry, and Baker (1976), has also revealed that
some cognitive operations are preserved even in certain

severely impaired aphasics. VIC is a technigue in
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which the patient uses an index card system of
arbitrary symhols to represent syntactic and lexical
compponents. The patients then manipulate the symbols
to respond to commands., answer guestions. describe
actions, and may even progress beyvond the basic level
to express their own wants and feelings.

A gestural alternative to VIC, Visual Action
Therapy (VAT), has been developed by Helm-Estabrooks,
Fitzpatrick, and Barressi (1982). VAT is a
hierarchically structured three level program that
relies heavily on visual cues, and wltimately trains
patients to produce symbolic gestures for visually
absent stimuli through the manipulation of real
obhjects. Helm—-Estabrooks et al., administered VAT to
wight global aphasics and reported posttraining results
indicating significant improvement by these patients in
their performance on FICA subtests which measure
pantomime and auditory comprehensionrn. These results
indicate that even severe aphasics can learn to
recognize and produce distinct pantomimes in
association with specific objects.

Although use of artificial communication methods

such as chips or picture symbols in aphasia



rehabilitation has resulted in reports of some limited
success, a major problem associated with their
acouisition is the inability of subjects to generalize
their use beyond the training situation. As an
alternative to these artificial modes clinicians have
recently become interested in training aphasics to
communicate using gestural methods. With the cuwrent
interest in gestuwal communication it is unfortunate
that very few studies have actually investigated its
efficacy with aphasic subjects. The lack of published
studies is probably due to both the many reguirements
for undertaking training programs in general, such as:
(a) motivation of patients, (b)) family support, and (c)
the need to plan for a large number of training
sessions; as well as the problems specific to gesture
studies which include: (a) skepticism on the part of
patient®s families regarding the universality of
gestures, and (b)) lack of kﬁowledge on the part of
patients regarding the potential of gestures to convey
ideas. Those studies that have been conducted
generally have been exploratory in nature, and have not
included systematic examinations of the efficacy of

different training procedures. Most important,
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descriptions of subject’s lanéuage and motor
impairments prior to training have been severely
lacking, thus providing insufficient information from
which to establish firm conclusions.

In the following sections the various gestural
methods currently being used to facilitate
communication in severe aphasics will be described
followed by a discussion of gestural training programs.
Farticular emphasis will be placed on those programs
that have trained aphasics to communicate using
Amer—Ind Gestural Code and American Sign Language (ASL)
vocabulary signs. The reason for this focus is that
both ASL and Amer—Ind have been shown to be good
facilitators of language in severly language impaired
individuals {Musselwhite & St. Louwis, 1982).

Non—-1anquage gestuwral svstems

Fantomime. According to Disimoni (1981)
"parntomime may be conceptualized as the propositional
use of nonverbal motor behavior, including the body and
facial expressions, in order to convey specific
messages'" (p. 340). Silverman (1280) has identified
several major differences between pantomime, and other

gestural systems, such as ASBL or Amer-Ind:
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1. It uses the musculature of the entire body, not

only that {(or primarily that) of the upper

edtremities;

2. The gestuwres tend to be kinetic rather than

staticy

Z« More gestures usually are needed to convey a

message than with the manual systems;

4. The gestures are an analogue of the

message—that is, they are a dramatization of the

message (p.73).
Musselwhite and 8t. Louis (1982) have also noted
another difference between pantomime and other gestwral
methods, that is, because pantomime is truly concept
based, events and objects can be represented in a
variety of ways. In contrast conveying concepts using
ASL or Amer—-Ind involves using specific gestures where
the ease of perceiving a relationship between each
gesture and its referent varies among the gestures.

Limited hospital or center—-based svstems. Limited

gestural systems are sometimes developed for use in
facilities serving language impaired individuals. They
are generally developed by the staff to facilitate

communication of basic needs. The number of gestures
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included in such systems tendé to be limited, which
also serves to make these systems easy to acgquire.
Typically, the systems require only moderate control of
one hand (Musselwhite % 5t. Louis, 1982). The
disadvantage of such systems is their limited range of
USE.

Adapted fingerspellina. Fingerspelling is a

gestural language code which uses 26 distinct
handshapes to represent the 26 letters of the Roman
alphabet. When compared to speech and manual signing,
fingerspelling is relatively slow. 8Since
fingerspelling requires good motoric control in order
to properly execute each posturéy and the ability to
spell, it is not commonly the method of choice with
aphasic patients.

Amer—Ind Bestural Code. Amer-Ind is a gestural

system based on universal American Indian Hand Talk,
which was used by a variety of Indian tribes to
accommodate their large number of spoken languages
(Skelly, 1979). The current clinically tested signal
repertoire includes 250 concept labels. Eighty percent
of the signal repertoire can be executed using only one

harnd, and most of the remainder can be adapted for
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orne-handed execution using suggestions provided by
Skelly ((1979). For the 11 signs which cannot be
adequately adapted Skelly (1279) suggests that other
signals or a string of signals be used. Amer-Ind is
composed of signs which are concrete representations of
the characteristics of the obiects, actions or persons
being referred to. Amer-Ind is not considered a
language in the true sense because rather than an
arbitrary relationship existing between the symbols and
their referents, the relationship is clearly a direct
representational one. It has been demonstrated that
interested and motivated viewers can interpret Amer—Ind
signs at an 88% level of comprehension without any
prrior instruction (Skelly, 1279).

Amer—Ind was first described as a gestural
communication system for the speechless by Skelly et
@ley inm 1274 and has become widely used by clinicians
over the years. The reasons proposed to explain why
tﬁia system has become so attractive for use with
severe aphasics (Skelly, 1979) include Amer—Ind’s low
symbolic level, ease of acquisition, Flexibility, speed
of transmission, lack of grammatical structure. and use

of concrete demonstrable referents which enable
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interpretation with minimal training. Additionally, a
recent study by Daniloff and Vergara (1984) has found
that the production reqgquirements of Amer—-Ind signals
are less motorically demanding than those for ASL
SigQNS.

Faget—-Gorman Svstematic Sign. Faget-Gorman

Systematic Sign was developed by Sir Richard Faget
(1951, cited in Musselwhite % St. Louis, 1982) in
England and was the first English based educational
sign system. This system does not use English
morphological structures or ASL signs. Faget—-Gorman
Systematic Sign is based on pantomimic signs which
include combinations of 21 standard hand positions and
X9 basic signs. The basic signs serve to group signs
with & commen concept such as FOOD and ANIMAL, while
the hand configurations indicate specific entries
within each group (Musselwhite % 8t. Lowis, 19832).
Signs are formed by combinirmg the basic signs with the
standard hand configurations. It is bhelieved that this
system of sign and mime allows not only faor the
development of an extensive vocabulary, but the
production of grammatical sentences as well (Disimoni,

1981).
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Makaton VYocabulary. The Makaton Vocabulary is a

nine stage system of signs that is based on the British
Sign Language of the Deaf (Stuart-Smith & Wilks, 1979).
The signs of this system can be performed with either
hand often making it possible for physically
handicapped persons to adapt the signs without loss of
meaning. Fine manuwal dexterity is needed to
differentiate between many of the signs.

Sign Languanes: fmericen Sign Lanquage

The history of American Sign Language is reported
to have begun in France in 1730 when a priest, Michael
L Epee, interested in providing education for poor deaf
children, developed a new approach to deaf education
(Flima % Bellugi, 1979; Stokoe, 19603 Lane, 1976).
L*'Epee’s method included combining the signs used by
his deaf pupils to converse among themselves with
additiornal adapted or invented signs (Klima % Bellugi.,
1979). The sign language developed by L Epee was them
brought back to the Urnited States by an American,
Thomas Gallaudet, and he along with Laurent Clerc
implemented this method of instruction at the Americam
School for the Deaf in Hartford, Connecticut (Klima %

Bellugi, 1979).
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American Sign Language (ASL) is the language most
of the deaf in this-country use to communicate. Thisg
language, which is not based on English, has its own
process of word formation, and its own methods of
expressing meaning by incorporating basic units. These
basic units, called signs, are incorporated into sign
phrases to express variations in meaning. American
Sign Language is & self contained, largely arbitrary
system that is nolt universally understood. For
example, British deaf individuals use a sign language
that is very different from ASL, although the written
language in the two countries is the same. This is
guite understandable since ASL is descended from a
lineage very separate from the oral language tradition
of English, mainly an older form of French Sign
Language (Feng, 1978). Eince ABL is a language and not
merely a code to represent English or any other
language, there is often not a one-to-one
correspondence between ASL signs and any other spoken
language.

When deaf pecple communicate among themselves the
"signing" is often interspersed with elements of

pantomime. However, signers do make a distinction
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between what is clearly signihg and what is clearly
pantomiming. There are conditions of "well formedness"
in ASL, which means that particular handshapes are
required and different renditions of ASL sians are
recognizable across all signers. The distinction
between pantomime and sign is that pantomime depends on
effective pictuwing of the concept and sign is the
acceptable rendering of the inherent form of the sign.
Fantomime allows body movement as well as use of all
the space within reach of the arms (Elima & Bellugi,
1979). S8Bigns are restricted to the hands alone and to
well specified handshapes, locations, and movements
within & limited signing space.

Signs have traditionally been described as

transparent. Transparency is defined as the extent to

which a signs meaning can be understood from its form
alone (Klima & Bellugi, 197%9). Studies conducted to
determine ASL sign transparency bhave found that
hearing subjects, with no prior knowledge of sign
language, have difficulty identifying the correct
meaning of signs (Klima & Bellugi, 1979). The results
of these studies have indicated that only about 10

percent of ASL signs are transparent. These findings
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serve to verify that ASBL Signé are not merely
representations of concepts but rather a limited set of
handshapes that correspond to formational values.

Based on several analyses of ASL signs four
parameters have been identified as essential for the
construction of an individual ASL sign (Lane, 1976;
Stokoe, Casterline, % Croneberg, 197&4; Baker % Fadden,
19783 Bellugi % Elima, 19793 Battison, 1980). These
parameters include:

1. Tabula {(tab), the leocation (LOC) on the body,
or in space, where the sign begins and ends, also

referred to as the place of articulation (example:

cheal).
2. Designator (dez), the distinctive handshape(s)

(HB) or configuration(s) used to make the sign

(example: fist).

F. Sionation (sig), the movement (MOV) of the hand
or hands when producing the sign (example:
up-and-—daowr) .

‘4. Orientation, the direction in which the palm of

the hand(s) face (example: palm up). This parameter

will be referred to in the text as FO.
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William SBtokoe developed & classification scheme
far ASL signs which is presented in the Dictionary of
American Sign Language (DASL) (Stokoe, Casterline,
Cronebern, 1976). According to Stokeoe™s analysis there
are 19 classes of hand configurations, 12 places of
articulation, and 24 different types of movement which
can occur singly. in seguence, or simultaneously within
a single sign (Klima & Bellugi, 1979 . Each of the
four parameters can illustrate minimal contrasts. For

vample, the signs home, flower, and pegach, are all

formed with the same handshape. however each of these
signs differs from the other by either the laocation,
movement or orientation of the hand.

Im addition to the hands ASL takes advantage of the
special abilities of the human body amd the human eye
to increase its efficiency of conveying information
(Baker % Fadden, 1978). The face serves an important
raole in sign transmission due to its ability to express
shates of meaning.

Musselwhite and S5t. Louis (1982) list several
skills that they feel a candidate for ASL training
should possess or be expected to acquire:

1. Bood motor control of both hands.



107

2. Good range of motion with both arms.
Z. Bood control over facial musculature.

4. Good visual acuity and visual discrimination.

Y. Sensorimotor stage S or 6 intelligence.

(p. 100-101)

Characteristics of ASL signs fall into three
categories: {a) phonological parameters i.e., the
basic building blocks of signs; (b)) motoric factors
i.e.y features associated with the movements involved
in making a signi (c) conceptual features
i.e.y semantic information conveyed by sign referents.
In this section studies relevant to the characteristics
associated with each of the three categories will be
examined. The discussion will address both theoretical
and clinical issues. The theoretical focus will be the
specific characteristics that influence acquisition of
ASL signs. The clinical focus will be the
characteristics most facilitative of sign learning by
severely language impaired individuals.

Fhonological parameters. Signs are constructed by

the simultaneous combipation of the four previously
described parameters of LOC, HS, MOV, and FO. Each

parameter can assume a limited set of values
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alternately referred to as cheremes (Btokoe, 1260) or
primes (Elima % Bellugi, 1279). Although these four
parameters typically occur simultaneously in the
production of an individual sign, they have also besn
vamined to determine their singular contribution to
sign acquisition and retention. The primary concern
has been whether or not a hierarchical order of
difficulty in acguisition or retention can be assigned
to the parameters and whether or not similar
hierarchies can be established within each parameter
(Doherty, 1983).

Research conducted by Wilbur and Jones (1974) on
the acquisition of simple, single signs by three
hearing children of deaf pafents suggest the following
order of acquisition for the phonological parameters:
location, movement, handshape. This seqguence has also
been.observed in the acguisition of sign classifiers
among deaf children of deaf parents (Fantor, 1980).
Additionally, the children in Kantor®s study exhibited
mastery of orientation simultaneously with that of
handshape during the final stage of acquisition.
Therefore, based on observations of the acquisition of

signs by deaf children of deaf parents, the
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phonological parameters may bé ordered from least to
most difficult to acguire as follows: location,
movement, handshape combined with orientation. Support
for this hierarchy of acquisition for ASL parameters
also comes from a study where productive acguisition of
ASL. signs by deaf mentally retarded individuals was
examined (Doherty, 1985). The subjects received their
sign imstruction in a training environment rather than
by interacting with deaf signers. When compared to
novice severely and profoundly retarded learners,
sperienced moderately retarded learners made fewer
phonological /cheremic errors, however, the pattern of
errors was the same for both groups. Froduction errors
were greatest on HS cheremes, than on MOV cheremes, and
least on LOC cheremes. In summary, it appears that for
deat and hearing subjects in a deat environment,
phonological sign parameters are acquifed in the
following order: LOC, MOV, HS. Further studies are
neesded in order to verify this as the sequence of
acquisition of sign parameters.

Support for the sequence as indicative of the
hierarchy of importance for each of the sign parameters

comes from a study conducted to determine the effects



110

of sign simplification (Rornstein % Jordan, 1982 cited
in Doherty, 1985).

The subjects were deaf college students who were
reguired to indicate the meanings of 324 basic signs
when: (a) location was eliminated by showing hands
without the head or body; (b)) handshape was held
constant by the use of formless mittens on the hands:
or () movement was eliminated by fiking the hands in
the position corresponding to the center of movement.
Correct Identification of 65% of the signs was achieved
by the majority of the students (greater than S0%) when
location information was eliminated, S2%4 correct
identification was achieved with movement eliminated,
and only 42%4 of the signs were correctly identified
when handshape was eliminated. It can be inferred that
in addition to eliminating handshape information the
mittened hands also resulted in removal of orientation
cues, therefore, the identification results obtained
for handshape probably simultaneously indicate the
relative importance of orientation in the hierarchy.
Hence, the most important parameters for
identification, handshape and orientation, are the most

difficult to acquire, followed by movement, and the
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least important for identification, therefore least
difficult to acguire, is location. Rased on these
results it can be concluded that “...the relative
importance of the four parameters to sign
identification parallels exactly their hierarchical
order of initial acquisition” {(Doherty, 1985, p. 4).
In order to ascertain whether there is a
hierarchical aordering in memory for the major
formational parameters among deaf signers, and if so
what the relative importance of the parameters is,
Bellugi and Elima (1979 cohducted a study in which
each of the parameters and primes within parameters
were held constant. The investigators constructed a
total of 18 lists with five signs. The 18 lists were
divided into three groups each group containing sisx
lists each. The signs in each group of six lists
shared one particular formational parameter (either HS,
FA (place of articulation = LOC), or MOV), while the
pther two parameters were varied. Immediate serial
recall of these lists was compared to that of lists
disgsimilar on all three parameters. Results indicated
that of the three major parameters, only similarit; in

L.OC produced a decrement in recall. Similarity of MOV
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seemed not to affect recall in a consistent way;
similarity of HS enhanced recall.

Flima and Bellugi (1979 further examined possible
reasons for the difference in recall. A group of
hearing pecple unfamiliar with ABL were asked to rate
the similar—form lists for degree of shared similarity
among signs. It was found that similarity in MOV was
less salient than similarity inm HS or in LOC. Elima
and Bellugi (1979 concluded that the saiiency of HS
anc LOC may be explained as follows: {a) Handshape may
he stored as a property of the entire list and function
in recall to provide a strategy for choosing
alternatives, and (b)) location may well be the key
information associated with the serial position of
remembered items.

The hierarchical ordering in memory among the
major parameters of ABL signs (i.e., HS, MOV, LDC) is
thus the reverse of the order found for their ease of
acquisition and their importance to sign comprehension
{(i.e., LOC, MOV, HE plus OR). Doherty (1985 examined
the processing demands of serial recall versus
acquisition and comprehension, and proposed an

interesting explanation for why the reciprocal nature
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of the two hierarchies is consistent rather than
contradictory. According to Doherty use of locational
differences among signs would allow maximal spatial
distinctions to be made between signs., which then could
serve as convenient memory pegs for them. The
distinctions between signs would be based on easily
observed gross-—-motor differences that would reduce
encoding demands and thereby increase time available
for rehearsal, facilitating sign acquisition and
comprehension. Following Doherty®s line of reasoning
one could speculate that when location is held
constant, due to its saliency for sign differentiation,
there is & reduction in the observable differences
between signs resulting in an increase in confusion and
a subsequent reduction in recall. In explaining why
the HS feature impedes acquisition and comprehension
Doherty (1983) states .that “conversely, handshape
differences allow only miniﬁal spatial differentiations
that would function poorly as memory pegs and that
would concomitantly increase encoding demands because
of the necessity of more complex fine—-motor
discriminations among items" (pp. 6-7). Doherty (1985

adds that "holding handshape constant enhances recall
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because it greatly reduces the encoding demands through
redundancy. thereby increasing time available for
rehersal" (p. 7).

The consistent hierarchical order of parameters
that has been identified for deaf signers and found to
apply to hearing signers of deat parents, has nobt been
verified for hearing signers who acquired ABL as a
second language. Crittenden (1974) administered a
Freceptive sign identification task to two groups of
hearing college students aftter they had completed an
introductory sign couwse. Analysis of the confusion
errors made by the two groups of subjects revealed that
signs differing in action/direction of movement were
confused most frequently, followed by those differing
in handshape, and the least frequently confused signs
were those differing in location. Movement, handshape
and combined movement/handshape confusions accounted
for 60 to BOYL of all errors made by subjects in the two
groups analyzed. Hence it can be tentatively concluded
that for novice non-brain-damaged individuals decoding
ASL signs., the hierarchical order of parameters is LOC,
H8, and MOV. Interestingly, the results contrast with

those of deaf signers. Hearing signers experience more
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difficulty perceiving and producing movement
distinctions compared to deaf signers whose difficulty
is primarily with handshape distinctions. Whether
either of these hierarchies would apply to
brain—damaged individuals learning ASL signs is an open
area for investigation.

Acquisition order within parameters. 0f the four

major parameters, the acquisition of handshape cheremes
has been examined the most freguently (Doherty., 19835).
EBoyes—-EBraem (1973) developed a four stage model for
describing the process of acquiring handshapes in A&L.
This model was based on the analysis of one ane—-hour
videotape of a deaf child aged two years and seven
months. The stages in the model are thought to reflect
the child’'s gradually emerging ability to control
weaker fingers. According to Boyves—-Braem, anatomical
and cognitive constraints at. first control the
development of baby handshapes. The earliest
handshapes produced by infants include those associated
with the primary functions of the human hand: pointing
and grasping. More complicated and specialized
activities such as typing, using chopsticks, and sign
language, demand independent manipulation of the weaker

middle and ring fingers, which come under conscious
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control late in development. In sign language, the
demand for manipulatiorn of the weaker fingers means
that it is physically more difficult to produce more
advanced handshape features such as insertion of the
thumb between two fingers and crossing adjacent
fingers. The HS cheremes hypothesized to be acquired
during each of the fouwr stages are as follows: Stage 1
- Ay S, Ly baby 0, G, 5, C; Stage II - B, F, D3 Stage
ITT - I, ¥Yu D, Py T, V, Hy Wy Btage IV - 8, 7, X, R, T,
(M NLEY. Two additional predictions regarding
developmental progression have alsc been derived from
the model: Ffirst, that signs formed with handshapes
from a stage beyond the child’s ability would be
produced by substituting those handshapes already
mastered; and second, that higher stage bandshapes
would not be used to substitute for handshapes of an
earlier stage (Doherty, 19835).

Boyes-Braem realized that not all of the child’'s
output could be accounted for by this model alone,
therefore, she also proposed several secondary factors
that could influence a child’s performance. 0One such
factor is the child®s preference for making contact

with the tip of the index finger over other parts of
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the hand or other fingertips.  Another secondary factor
is pantomiming. Often handshapes are influenced by an
action associated with the referent. When this happens
the correct handshape is changed to one that more
closely resembles a mimetic representation of the
referent. A third possible influence on performance is
the nature of the sensory feedback. A sign made within
the visual field offers visual feedback that may help
to guide production. A fourth factor that may "
influence handshape is the complexity of the movement
required to make a particular sign. There is no
systematic empirical data regarding the acquisition of
the movement parameter. Movement complexity has been
defined by some as the number of movements involved in
producing the sign (Coelho, 1982:; Grinnell, Detamore, %
Lippke, 197&6), with a single movement sign considered
less complex than a double movement sign. However,
this definition has been surrounded by controversy
because there is no empirical date to support it. A
detailed discussion of movement complexity can be found

in a later section of this review.



118

The fowth and final secondary influence proposed
by Boyes—Braem is assimilation, which includes both
anticipation and perseveration. Handshapes from
adjacent signs are either anticipated or perseverated,
which results in "slips of the hands". These types of
errors have been extensively investigated by Elima and
Bellugi (1979). Most of Boyes-Braem' s predictions were
supported by her data and additional support has been
provided by later studies (MclIntire, 1977; Holmes &
Holmes, 1980).

Mclintire (1977) examined the corpus of ASL signs
produced by a deaf child (FF) acquiring the language
from deaft parents. The child was videotaped at 13, 15,
18, and 21 months. The study focused on the child®s
acquisition of ASL handshapes using Boyes-Braem®s
(1973) model to evaluate the stage by stage
progression. The data confirmed BRoyes—Braem®s model.
Molntire (1977) found that virtually all of FF's output
in the corpus was from Stage I. Also, handshapes from
an earlier stage were regularly substituted for
handshapes associated with a later stage. Stage 1
handshapes were the primary ones used for substitutions

(only 4 out of 1846 substitutions were not made using
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Stage I handshape cheremes). 'Although Boyes—Braem®s
model was able to account for most of FF's
subsitutions, certain substitution patterns were not
consistent with the distinctive features proposed by
Boves—Braem (192772).

Another study with results that support the early
emergence of Stage I handshape cheremes was conducted
by the hearing parents of &8 hearing male child (Davey)
as he learned both ABL signs and spoken English (Holmes
¥ Holmes, 1980). Davey’s communicative behavior was
recorded from age 26 weeks throwgh 17 months while both
parents communicated with him in signs and spoken
words. DOf the B handshapes Davey was able to produce,
five or &3%4 were from Stage I, two or 25% were from
Stage II. and one was unclassifiable according to
Boyes-Braem"s model {(i.e. K).

Although the stage model is strongly supported by
the data from these two studies, the model itself has
not been systematically investigated. Eoth studies
presented pooled data from various ages rather than age
specific data. Hence, the model awaits substantiation

from a longitudinal investigation.
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Boyes—Braem”™s model has also obtained support from
a study of the developmental acquisition of ASL
classifiers (Kantor, 19280). Classifiers are a late
developing syntactic compornent of ASL and reflect
certain semantic properties of their noun referents.
Their use is linguistically complex, requiring
syntactic, semantic, and phonological information for
correct choice and function on the part of the user.
Fantor®s cross—sectional study employed nine
congenitally, profoundly deaf children aged three to
eleven years. The data revealed that the earliest
handshape substitutions used when forming classifiers,
show the same relations as those found in the stages of
handshape acquisition.

Boyves-Hraem®s stage model is based on the
assumption that as motor control increases more complex
harndshapes can be produced. However, énother system
for analyzing handshape motoric difficulty has been
developed by Daniloff and Vergara (1984). These
investigators have assigned a developmental age to 43
handshape cheremes based on a formula using
developmental prehension patterns. "Frehension

involves a gradual refinement of motor skill based on



both stability of postural muscles and mobility of
discrete body parts" (Dennis, Reichle, Williams,
Vogelsbetrg, 1982, p. 21). A comparison of the two
systems has revealed that the developmental ages
assigned by Danileoff and Vergara (1984) do not follow
the stage-wise progression predicted by BDYes—Eraem’s
model. It is clear that future studies are needed to
determine which, if either, of the two systems is a
valid reflection of handshape motoric complexity.

Only a limited émount of information is available
on the order of sacguisition, or difficulty, of movement
and location cheremes. Acquisition of the various palm
orientations has yet to be explored. A proposed
sequence for acquisition of movement patterns and palm
orientations, based on infant developmental milestones,
is presented by the present author in Tables 7 and 9.
One study that examined movement in the context of sign
acguisition was conducted by Holmes and Holmes (1980).
These investigators noted that between 6 and 17 months
the movement or sig featuwres prominent in their son
Davey's signing included contacting or touch,
repetition of dovement, side to side action, and

movement toward the signer. The sequence of emergence
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of location cheremes is also available from this study.
Davey®s most freguent tabs included neutral signing
space, elbow/forearm, and head. The frequent
occurrence of the head tab is unusual since the number
of signs in ASL with head tabs has been determined by
Shane and Wilbur (1980) to be relatively small (29%).
Shane and Wilbur’s (1980) determination was based on a
task analysis of & core vocabulary of signs. Doherty
(1985) has postulated that Davey’s preference for the
head tab may have derived from imitation given the
prevalence of this feature in the sign models presented
by his parents. 8Since these results are based on a
single hearing child additional research is needed to
determine whether these results can be generalized to

other hearing children and adults acquiring ASL signs.

Motoric reguirements. In addition to the four
parameters described above signs are differentiated
along motoric dimensions such as contact, sometimes
referred to as "production mode”" (kKohl, 1981), and
motoric complexity. Although the suggestion that
motoric requirements be considered when selecting signs
for training was made a decade ago (Stremel-Campbell,

Cantrell, % Halle, 1977) very few studies to date have
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examined the issue. The studies that have investigated
these sign features for their influence on sign
acquisition will be reviewed here.

Signs labeled as contact signs are produced with
tactual contact ococurring betweeﬁ the hands, or between
the hand and body., at some point in the sign's
execution, whereas noncontact signs are made without
any such tactual contact (Kohl, 19813 Lloyd % Doherty,
198Z%; Doherty, 1983). In Stokoe’ s (1976) notational
system contact has traditionally been described by the
motion parameter sig. However, the two sig actions
available within Stokoe’s system (contactual action,
and link/grasp) are not detailed enough to fully
describe the type of action that is made when a sign
includes, contact in its production. In recent vyears
new notational systems have been devised that allow
better descriptions of the type and location of touch
movements ‘Friedman, 1976, cited in Doherty, 1985;
'Mandel, 1981, cited in Doherty, 1985).

Fouts (1972) was the first investigator to suggest
that touch may influence ASBL sign acquisition. In his
training (Experiment 1) of the chimpanzee Washoe it was

reported that the performance of nontouch signs was the
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poorest relative to the other signs being taught under
the same conditions. However, a similar edperiment
(Experiment 2) performed one year later revealed that
touch and nontouch signs were acquired with equal ease.
Holmes and Holmes also reported a prevalence of touch
signs in Davey’™s sign vocabulary which may suggest a
preference for contact in early sign acquisition. Data
frrom severely handicapped children and adu1£é‘regarding
initial sign acquisition also report that touch
facilitates sign acquisition. Kohl {(1981) trained
eight severely handicapped students on eight ASL signs
that varied according to several sign features
including touch, and found that touch signs were
acquired faster than nontouch signs. The
generalizability of kKohl s (1981) results are limited
due to the small number of stimulus items included. the
use of different signs to evaluate the
corntact/noncontact difference, and the use of only
two-handed signs. Also the signs used in training were
not evaluated for their production difficulty.
Theretfore, contact may not have been the only factor

that influenced her subjects”™ acquisition of signs.
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Imn an initial attempt to examine some of the
aquestions raised by Fohl's (1981) study Lloyd and
Doherty (1983%) conducted an investigation of sign
acguisition using a stimulus pool of 40 signé. The
influence of contact on the acguisition of each sign
was examined by teaching half of the signs with contact
and half without contact to two groups of female
college étudents; The results indicated that for one
subject group contact signs wefe acqguired more readily
tharn noncontact signs. Dwring recall (same—day and
one-week) more contact thamn noncontact signs were
produced correctly by both groups of subjects. Also
the decrement in recall from same—day to one—week
posttraining was smaller for contact than for
noncontact signs. In a later study Doherty and Lloyd
(1287) trained 16 mentally retarded adults to produce
16 ASL signs. The signs varied in the number of hands
required for their production (either one or two
hands), and in their degree of iconicity (moderate and
high translucency signs were used; See later section
for discussion of translucency). Contact was found to
facilitate signm learning in &ll but the moderately

translucent two—-handed sign condition. For these
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two-handed signs contact and noncontact signs were
learned with equivalent ease. Examination of the data
led the authors to propose that some of the two handed
signs of moderate translucency used in the study may
have been easier to learn without contact because of
the type of contact reguired for their production. It
was noted that signs which reqguired contact midway
through their execution e.g., EGG, FORE, were more
likely to be incorrectly produced because of failure to
follow the continucous motion through to its completion.
Rather, the subjects tended to end production of these
signs at the midway point of contact. Therefore, for
these signs, the noncontact mode facilitated
acquisition.

In the studies discussed above contact was
consistently found to facilitate sign acquisition.
Contacf is also apparently a feature that is preferred
by subjects during the early stages of sign learning.
In Lloyd and Doherty®s (1983) study college students
were found to add contact to signs imitially taught
without contact more often than they deleted it from
signs initially taught with contact. This finding is

guite different from what is seen among experienced
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=igners. Fluent signers are more likely to delete
contact from signs during conversation as a means of
emphasis or stress (Wilbuw, 1979). Therefore contact
has been implicated as a sign feature that may be
particularly important to novice signers early in their
sign training.

Explanations that have been offered for the
facilitative effect of contact on sign learning have
stressed the importance of tactile feedback (kohl,
1981). Support for this idea comes from research in
the area of learning and memory which indicates that
the amount of sensory and perceptual processing an item
receives directly affects the item”s strength of
storage and retrieval (Craik, 1273:; Norman % Rumelhart,
1970). Two related theories of motor skill learning
(Adams, 19713 Schmidt, 1979, first discussed by Lloyd
and Doherty (1987%), have proved to be helpfulkin
explaining how additional sensory feedback, such as
touch, can act to enbhance acquisition and recall of
signs. Althouwgh different terms are used by each
investigator, the concepts referred to by the two
theories are similar. Movements are believed to be

initiated by & concept refterred to as the "memory
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trace" (recall memory). When a movement is reproduced
the feedback received from the senses (vision,
kinesthesis, touch, and pressure) is believed to
combine to produce a "perceptual trace" (recognition
memory). The "perceptual trace" then functions to
guide the limbs to their correct final location, and to
Jjudge whether the movement has been produced without
error. I+ the movement is judged to be inaccurate the
"perceptual trace" allows the actor to recognize the
specific error associated with the movement and make
the necessary adiustments. The strength of the
"perceptual trace" is believed to increase as a
function of the quality and amount of sensory feedback
received. The stronger the perceptual trace, the more
accurate the motor memory (Adams, 19713 Adams,
Marshall, % Goetz, 19723 Schmidt, 1975). Therefore,
when individuals are trained to produce signs the
"perceptual trace" is strengthened whern touch is added
as a featwe, resulting in the increased likelihood
that the sign will be recalled at some later time.

In addition to the increased amount of sensory
irnformation provided by signs that include contact in

their production, contact also provides specific



information regarding where tﬁe sign is produced.

Using this information Doherty (19835) has proposed an
explanation for why locational information plays a key
role in the memory of signs by deaf signers (Elima %
Bellugi, 1979). It is suggested that contact may
facilitate sign acguisition by allowing the learner to
register in a concrete fashion the location of signs at
some point in their execution. Furthermore, if the
location parameter is indeed acquired first, and
contact assists i1n location specification, then contact
might be most likely to facilitate acquisition during
the initial stages of learning. There are presently a
variety of language impaired individuals being trained
to communicate via ASL signs. Further research is
needed to examine whether contact alsp facilitates sign
acquisition in these severely impaired populations.

The motoric dimension of reduplication has not
been extensively investigated. A few studies have
advocated the selection of single movement signs rather
than repeated movement signs on the assumption that the
former are less complex than the later (Grinnell,
Detamore, % Lippke, 197é6: Shane & Wilbur, 1980). No

empirical data are available to support the assumption.
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In their observation of a hearing child acquiring
signs, Holmes and Holmes (1280) noted that the child
spontaneously added reduplication to signs originally
taught as single movement signs. Doherty (1983) has
suggested that the addition of repetition during
initial stages of sign a;quisition may pirovide
additional sensory information that couwld serve to
facilitate sign learning. It is evident that more
studies need to be conducted to clarify the role of
repetition in sign learning and retention.

Motoric or production complexity, another sign
feature that in the past has not received careful
analysis, will be the final feature to be addressed in
this discussion. Sign motoric complexity has commonly
been determined by the number of distinct movements
that compose the sign (Kohl, 1981:; Coelho, 19832).
Hence, signs requiring the production of two distinct
motor movements would be considered more complex,
therefore more difficult to acquire, than signs that
require only one movement, and signs requiring no
movement (static signs) would be considered least
motorically complex. One study (Coelho, 1982) that

examined the influence of motoric complexity, as
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defined above, on the acguisition of Amer—Ind signs
found that signs of low and medium motoric complexity
were more eésily acquired than those of high motoric
complexity. Therefore defining ASL sign motoric
complexrity according to the number of discreet
movements involved in producing the sign was supported
by Coelho’ s (1982) results.

Despite Coelho's (1982) positive findings ASL sign
motoric complexity needs to be more empirically
defined. 0One approach might be to hierarchically
arrange the cheremes associated with each of the four
sign parameters using motor skill development data.
This information can then be combined to render a
specific production complexity value for each sign. Ry
redefining motoric complexity in a more empirical
mannet differences in production difficulty can be more
easily assessed and compared. The ability to isclate
the value of each sign®s parameters individually will
allow more specific information to be obtained
regarding the motoric features that influence sign

acquisition.

Concgptual'features, The final category of sign

characteristics to be discussed emphasizes the semantic



information conveyed by sign Feferents in association
with sign formation. Although there is a sizeable body
of literature on the influence of iconicity on sign
acquisition it is only recently that studies have been
conducted to examine the influence of translucency on
sign acquisition. In the following discussion
definitions for the featwes of iconicity and
translucency will be presented along with reasons for
the switch in experimental emphasis away from sign
iconicity to the current focus on sign translucency.
Additionally, studies that have examined the influence
of translucency on sign acqguisition will be reviewed.
An important attribute of manual sign has been
that of visual representativeness. According to
Luftig, Fage, and Lloyd (1987) this visual attribute of
sign facilitates learning by allowing the relationship
between a sign and its referent to be handled on a more
concrete basis. According to Karlin and Lloyd (cited
in Luftig et al., 1987%) visual representativeness can
be delineated along & continuum of transparency, with
one end identified as manual sign iconicity (the sign
and referent physically resemble each other) and the

other as manual sign opagueness (little or no
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relationship perceived between sign and referent).
Translucency, considered to fall between the two

Htremes of iconicity and opagqueness, is defined as the
degree of perceived relatedness between a sign and its
meaning (Luftig et al., 19820.

Although a substantial amount of research has
been conducted on the facilitative effects of iconicity
on sign language learning (Bonvillian & Nelson, 197&;
Luftig & Lloyd, 1981:; Coelho, 1982), recent research
has indicated that sign language is less iconic than
originally believed (Klima % Bellugi, 1979).
Therefore, the focus on iconicity may have been
misguided. It has been suggested that rather than
iconicity, tramslucency may be the key factor in
facilitating acouisition of signs (Luftig % Lloyd,
1981). Luftig et al. (1983) have argued that because
the sign learner is usually shown the sign with
simul taneous presentation of its referent, the
attribute of translucency more nearly approximates
real-life learning of signs. There is experimental
evidence to indicate that translucency facilitates sign
learning in normal hearing adults (Luftig % Lloyd,

1981), and autistic children (Konstantareas, Duman %
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Webster, 1978). In their study Luftig and Lloyd (1981)
investigated how a combination of high and low levels
of sign concreteness and translucency would influence
sign learning. They found that significantly more high
translucency—high concreteness signs were acquired than
low concreteness—low translucency signs, with mixed
list conditions not significantly different from each
other in terms of learning performance. Rased on their
findings Luftig and Lloyd (1981) concluded that "...
sign translucency may be a better predictor of sign
learnability than iconicity for severely

language-impaired populations..." (p. S7).

Clinicians inQolved in signing programs with
severely language impaired individuals are particularly
interested in the influence of sign characteristics on
sign acquisition. Their interest stems from a desire
to choose the best signs fof inclusion in an initial
sign lexicon. For cliniciamns working with nonfluent
aphasics there are limitations in the development of
such & lexicon. These limitations are due to the motor
impairment (apraxia) that often accompanies the aphasic

lénguage impairment. Considering all of these factors
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and the literatuwre reviewed above, the sign
characteristics that should facilitate acquisition
among aphasics include: moderate to high translucency,
contact, and low production difficulty/complexity.
Studies are now needed to examine these predictions in
aphasic subjects., in order to determine their validity

and hence importance in sign acquisition.

Manual Communication Training Frograms
With Aphasic Fatients

In most human societies, except among the deat.
spoken language serves as the primary means for
communication. However, tools such as facial
expression, eye movements and bodily gestures can also
be used to convey information and express feelinags and
attitudes. Within the last fifteen years there has
been a growing interest in training aphasic individuals
to use these alternative communication methods. The
main reason that some cliniciams favor training
aphasics in manual techniques is to provide an
alternate means of communication (temporary or long
term) or to auvgment residual verbal skills. Some

clinicians use nonverbal methods as a facilitator for
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verbal language production betause they want to make
their aphasic patients realize that they can
communicate better than they can speak. Despite the
growing interest in manual training only a few studies
have been published which examined the viability of
manual techniques as a communication alternative for
aphasic patients. The studies conducted have generally
reported positive results. However, due to poor
description of subjects it has been difficult to
establish firm conclusions and many questions still
remain wnanswered. A few of the unanswered questions
ares {a) How much success can aphasics expect in
acquiring communicative gestures? (b)) What is the
influence of motor impairment (apraxia) on manual
communiication learning? (b)) What is the actual
communicative use of the limited number of signs
acquired? and (c) Which cerebral hemisphere is
responsible for processing manual gestures?

Discussion of Training Frograms

One of the {first attempts to train aphasic
patients to use manual signs for communication was
undertaken by Eagleson, Vaughn, and kEnudson (1970).

These signs were developed as an interim communication
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system to allow nonfluent aphasics to express urgent
self-care concepts such as "I am hungry.". In
constructing this manual system signs were freely
borrowed from the American Indian sign code and the
sign language used by the deaf. The twelve signs that
were ultimately selected were first presented to a Sé
vyear old eupressive aphasic for training. Despite
problems in comprehension and motor coordination the
subject was able to learn all of the signs in a few
houwrs and return to his family after a six year
absence. Following this patient’s success 30
additional expressive aphasic patients were
successfully trained to produce the signs. Another
positive result of the training was the patients”
observed increased drive to succeed in verbal
communication. |

The manual alphabet has also been used with
nonfluent aphasic individuals in manual communication
training. Chen (1968) initially devised a left-hand
manual alphabet which closely simulated the printed
form of each letter. In order td reduce the difficulty
of having to spell out each word Chen (19468) also

developed a gestural system or manual shorthand based
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on this alphabet. Eighteen aphasic stroke patients
were instructed in this "talking hand" communication
system with generally positive results. Due to the
lack of details regarding the subjects” specific
aphasia diagrnosis it is difficult if not impossible to
understand the results obtained. Chen (1968) noted
that sensory aphasics were unable to learn the system,
however, it is not clear if the 5 patients who obtained
poor results were the ones diagnosed as sensory
aphasics. Another criticism that has been advanced
pertains to Chen's (1968) assumption that his manual
alphabet plus gesture system is easier to learn than
the standard manual alphabet used by the deaf.
Christopoulou and EBonvillian (198%5) propose that
because Chen's system employs letters and gestures it
may in fact be more difficult to acquire than a sign
system where each sign represents one concept. Also,
since spelling is often impaired among aphasics,
acgquisition of such a system could prove very
difficult. Due to the questions left unanswered in
this study, its implications for the training of

aphasic populations remain unclear.
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Stuart-8Smith and Wilks (197%9) also developed a
unigue gestuwral system to provide an alternative means
for severe aphasics to communicate. Their system is
based on the automatic gestures seen in day—-to-day
conversation. In this program aphasics are trained to
reincorporate these basic gestures into their mode of
communication as a supplement to their limited verbal
skills. Four subjects were trained to produce the 495
functional gestures. Success was achieved with only
two of the four subjects. Subjiect personality
variables and family dynamics were presented as reasons
for the poor results with the remaining two subjects.
These subjects also exhibited body apraxia, although it
should be noted that orme of the subjects who achieved
success on the gestural program was also diagnosed as
aptrraxic. Hence, a diagnosis of apraxia does not
necessarily indicate an inability to produce
communicative gestures. It is because of results like
those of Stuart-8mith and Wilks (197%9) that it is
difficult to know which subjects will indeed be
successful in a gesture training program.

More recently investigators have begun using

formal gestural systems, ASL vocabulary signs, and
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Signed English in communication training programs for
aphasic patients. The sign systems used have either
been Amer—-Ind Gestuwral Code or one of the sign
languages used by deaf persons. One reason freguently
given for the use of Amer—-Iind in some of these
investigations is its ease of recognition (B0 to 90 %
iconic), imitation (Daniloff, Fritelli, Buckingham,
Hoffman, and Daniloff, 1984) and production (Daniloff
and Vergara, 1984). ASL signs, on the other hand. have
been determined to be only between 10 and 30 percent
iconic, though, there are indications that ASL signs
are significantly more translucent (R. L. Luftig,
personal communication, March 8, 1982).

Since aphasic patients often exhibit an
asspociated hemiplegia, signs that will be used in
aphasic training programs need to be adapted for
one—handed productions. Coelho (1%982) has examined
this issue and reported that when such an adaptation
was made for the I7 Amer—-Ind signs used in his study,
and presented to 20 normal subjects, correct
identification of the signs was only 24%. Based on
this finding he concluded that ..."a great deal of the

Amer—Ind system signs® iconicity is lost when they must
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be adapted into one-handed siéns“ (p. 145). He
subsequently suggested that when two—-handed Amer-Ind
signs are produced with one hand the Amer-Ind signs
"...may be no more recognizable than signs from other
sign systems (for example, American Sign Language)
(Coelho, 198X, p. 14%9). Because his aphasic subjects
acquired one—handed Amer—Ind signs as well as
fabricated signs, Coelho further suggested that it may
be more important to use a psycholinguistic definition
of iconicity which considers associational cues ®.9..
translucency, when selecting signs for a training
program.

Coelho believes that his results should provide an
incentive for clinicians to investigate training
proagrams that uwtilize sign systems other than the
Amer—Ind system. Some additional reasons for employing
one of the sign languages of the deaf, rather than
Amer—Ind, in aphasic trainiﬁg programs include a more

tensive vocabulary and the potential to communicate
with a much larger established population of signers.
Unfortunately no studies have been done to investigate
the long term advantages of training aphasics on one

versus another formal sign system.
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Holmes (1973) used the Faget-Gorman sign system
with a 60-year-old right—-handed male who suffered a
left middle cerebral artEfy infarct and mild diabetic
neuropathy. The patient was diagnosed as a Wernicke'™s
aphasic with only fair comprehension. His performance
on the BDAE revealed that visuospatial organization,
praxis, and motor sequencing were adequately retained.
Further examination however sugoested some apraxia.
Holmes reported that the patient was able to acquire
120 signs (the majority of which were nouns) with very
little difficulty. The patient was also able to name
in sign objects which he could not name verbally.
Holmes reported very little success with conveying the
concept of syntax to the patient hence, he was unable
to combine the signs acquired to generate short phrases
and tended instead to use the signs primarily for
labelling.

Bonvillian and Friedman (1978) reported similar
results with a 49 year-old male aphasic and dysarthric
patient who also exhibited severe apraxia. The
patient™s brain injury was the result of head trauma.
Over the nine months of training the patient mastered

79 ASL signs, but, as in Holmes® study, he did not
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spontaneously combine the signs acquired to produce
short phrases. The authors neglected, however, to
state the patient®s hand preference or the general site
of lesion, which makes it difficult to adequately
interpret the results.

Coelho (19823 1987) attempted to train 12 chronic
nontluent aphasic patients to produce Amer—-Ind sign
combinations following training on 37 individual signs.
The training of signs progressed throuwgh three
successive levels: imitation, recognition, and
production. Following completion of the production
training a generalization task was presented for all
signs suceessfully acquired.  Althowgh the results of
individual sign training with the 12 aphasic subjects
were varied and limited a significant relationship was
found between severity of aphasia and success in the
acquisifion and generalization of manual signs.
Because only seven of the 12 subjects acquired an
adequate number of individual signs, few combinations
were able to be trained. According to Coelho (1982)
the moderate to poor results imply that there may be
threshold of severity of aphasia below which

acquisition is negligible. Furthermore, "...Jjust
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berause an individual aphasic'can acquire® signs does
not mean he can “use’® them" (p. 138). It is felt that
Coelho™s (1982) statement is too broad since it was not
made clear whether the patients were in an environment
where use of signs for communication on a daily basis
was encouraged. Despite Coelho’™s poor results authors
of a recent case study (Code % GBaunt, 1986&6) have
reported that am aphasic patient taught only a few
Makaton signs (N=10) was observed to use the signs
spontaneously in everyday communication. Furthermore,
based on additional observations the authors felt that
the subject would continue to make progress toward
generalizing the signs learned.

Two additional case studies of the acquisition of
Amer—Ind and ASL (Heilman, Rothi, Campanella % Wolfson,
19793 kirshner % Webb, 1981) have indicated that some
aphasic subjects demonstrate the ability to combine
signs and generalize their use beyond the structured
training situation. In both of these studies the
subjects acquired over 100 signs and were able to
sequence them to produce short phrases. This apparent
sequencing ability suggests that some syntactic skills

may be retained in some aphasics. Both of these



148

subjects retained moderate to good reading
comprehension following their stroke, which may be
directly related to their observed sequencing ability.

The largest literature on the acquisition and use
of signs by aphasic patients was compiled by Skelly
(1979) . In her book Skelly (1979) described the
results of ten Amer—Ind training projects. some of
which were conducted by the author, for approximately
180 subjects. The results of these projects were
fairly positive, however, there was such a wide range
in treatment methods employed, subjects used, project
durations, and trainers, that generalization across
projects is difficult. Dne major difficulty was the
confounding of verbal apraxia (the inability to produce
the movements associated with speech) and aphasia in
some of the patients. Despite all the limitations,
Skelly’s report indicated that most of the patients
were capable of acquiring signs that could be used to
express basic needs and wishes.

In addition to its use for the expression of baszic
needs, gestural communicative technigques have been used
to facilitate the rehabilitation of spoken language.

This has generally been accomplished by pairing
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gestures with spoken language using a deblocking
paradigm. Deblocking is a therapy strategy based on
the concept of transcoding developed by Weigl (1974).
In a deblocking paradigm a disturbed function (in this
case spoken language) is paired with a more intact
tfunction (in this case gesture) (Rao % Horner, 1978).
The first study theat employed this technique
effectively was conduacted by Skelly, Schinsky, Smith,
and Fust (1974). 8Six oral and verbal apraxic patients
were trained to produce Amer-Ind signs accompanied by
speech. At the end of two months all six patients had
mastered S0 signs. At the end of six months they had
all developed some spontaneous oral verbal production
synchronous with their signing. By the conclusion of
the project five patients had made considerable
progress in using speech accompanying signs., and four
patients were able to combine several words to produce
short phrases. In another study AQmer-Ind was used by
Rao and Horner (1978) to deblock listening, reading,
and speech. The patient, a I8-year—old male, was
described as profoundly aphasic, both receptively and
“pressively, and mildly apraxic, with a striking

residual gestural ability. He had retained the ability



147

to recognize and spontanecusly produce gestures.
Following 18 months of training, although gesture was
the most fluent and productive mode of communication,
the patient®s conventional linguistic skills were also
showing remarkable improvement. A more recent study
(Code and Gaunt, 1986) that employed a deblocking type
paradigm, with a severely apraric-—-aphasic patient, also
repor-ted improvement in access to single words
following treatment. The patient was trained over an
eight month period to produce 10 hand signs from the
Makaton Vocabulary. At the end of the training period
the patient indicated an improved ability to produce
the single word equivalent when cued with the
appropriate hand sign, and alternatively to access the
associated sign when cued with the appropiate word.

The encouraging results of these studies indicate that
the pairing of spoken langauge and gesture in training
work, in some aphasic patients, to facilitate access to
the impaired language ability. Therefore, gesture does
not necessarily have to remain the only mode of
comnmunication for those who have been trained

successfully in its production.
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Discussion of Training Outcomes

The studies discussed above indicate that for
nonfluent aphasics who have experienced little or no
success with vocal language retraining, training in the
use of certain aspects of a gestural language proved
more viable. In many instances it was reported that
when patients were able to express their basic needs
and wants with gestures their social behavior improved.
Most of these studies, however, lacked careful
descriptions of the patients motor impairments and none
digcussed the type of errors produced by the patients
during various aspects of training. The patients’
desire to communicate, and the influence of some of the
various sign featwres on acquisition, are additional
areas that were not explored. Due to the many issues
not addressed in the previous studies, and the obvious
practical benefits of gestural language training for
aphasics, additional research is needed that will
address some of the unresolved problems.

The limited success experienced by many aphasic
patients in the acquisition of manual communication
skills has also been difficult to exdplain, particularly

since the results of the training programs do not
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provide definitive support for either of the four
theoretical positions i.e., asymbolia, modality,
cognitive, and apraxia. For example, the asvymbolia
hypothesis is both supported and rejected by the
research since aphasics® motor skills have been shown
to be impaired, alfhough less impaired, than their
auditory-vocal skills. The data are also eguivocal
with regard to the apraxia and modality theories. In
the study conducted by Stuart-8mith and Wilks (1979)
apraxia was associated with difficulty in acquiring
gestures, yet Code and Gaunt (1986) presented
information on a patient with severe limb apraxia who
was sucecessful in manual language acquisition.
Additionally, inadequate reading comprehension scores
have been found in patients who were successful in
using gestuwres to communicate (Code % Gaunt, 1986;
Eagleson % Enudson, 19703 Holmes, 1973). It is obvious
from the studies that have obtained results at variance
with the theoretical models that these models have not
been successful in being able to explain why some
aphasics can acquire and use gestures to facilitate

communication while others cannot.



In addition to the proposed theories other
investigators have attempted to understand why gestures
have worked for some aphasics by looking at the
specific differences between speech and gesture. Since
sign language and fingerspelling are visuomotor rather
than auditory-vocal communication systems, it has been
suggested that the pattern of cerebfal organization may
differ between the two systems of speech and gesture.
As discussed sarlier, Foizner et al., (19279) have
obtained results indicating that comprehension of ASL
may in fact be more bilaterally represented than
English. Thus, it may be the more bilateral cerebral
representation of manual signs that contributes to its
successful acguisition by aphasics. The importance of
the right hemisphere in the acquisition of gestuwres is
further highlighted by the observation made by Heilman
et al., (1979) of an aphasic patient who had
successfully acquired Amer-Ind gestures and later lost
his ability both to comprehend and use the gestures
subsequent to a right hemisphere stroke.

Another explanation that has been proposed for the
success of gestuwral programs with aphasics has been

that there is an increased opportunity for the



clinician to provide proprioceptive information
regarding the gesture by molding and guiding the
subject’s hands during trainings and it is not possible
to provide this type of manipulation to the speech
muscul ature.

There are probably many additional reasons that we
have not yet euplored for why gestural communication
therapy programs are freguently more successful than
speech—-based approaches with aphasic subjects. It is
héped that future studies will continue to examine how
gesture can be used by aphasics for communicative
purposes, and in so doing provide further information
on why gestuwre has developed as such a viable

communication alternative.
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CHAFTER III

Method
Subjects
Subjects were 8 aphasic adults (males = 5,
females = 3) and é& non—neurological adults served as
controls (males = %, females = 3). Seven of the eight

aphasics and all of the controls were native English
speakers. All subjects were right-handed as determined
by the Annett Handedness Inventory (Annett., 1970). The
two groups were not significantly different at the (08
level for either age or education (see Table 1). The
time since stroke was guite variable among the groups
with months poststroke ranging from 4 to 190.

The subjects were divided into four groups for
training purposes. Four aphasics were assigned to
group A and four to group B. The six control subjects
were also divided into two groups af three subjects
sach and assiéned to groups € and D. The aphasic
subjects were selected on the basis of the following
criterias

1. Diagnosed as aphasic on the basis of scores

obtained on the Boston Diagnostic Aphasia Examination



Table 1

Subject Biographical Data

No. Days
Months Aphasia Lesion Speech Betuwsen
Subj fige Sex Educ  Occupation Post Onset Type Location Therapy Hemipares Prbl and Prb2
Aphasics
Js &8 M 13 Corrections Aide 50 mild express L fronto-pariet Y R ?
AR 59 M 15 Electroplater 4 mild express L fronto-pariat ¥ recov R ?
0J 62 F 16 Admin Assistant 104 mild express L frontal Y ‘R ?
RB 62 H 11 Bldg Engineer 60 mild «press L fronto-pariet ¥ recov R ?
HF 47 M 17 Law Student 21 mix 1 onfluent L fronto-pariet ¥ R ?
SS 52 F 16 Cosmetologist 50 Broca L fronto-pariet Y R 1
P8 56 F 12 Clerk/housewife 190 mild express L fronto-tempor Y R ?
EA 56 M 18 Engineer Admin 51 mix nonfluent L fronto-pariet Y mild R ?
temporal
Mean 52.75° 14.75 656.25
Controls
BB S8 M 16 Translator ?
JB S8 F 18 Elem Teacher ?
BL 43 F 1? SP ED Teacher 7
JT 49 ! 16 Military Police B8
FH 66 M t8 Musician/Teacher ?
EH 62 F 13 Clerk 1
Mean 56 16.33

eql



(BRDAE) (Boodglass & kKaplan, 1972, 1987 .

2. Alert and well motivated.

. Tested no sponer than three months poststroke.

Frior to the experimental sessions the aphasic
subiects were:

1. Evaluated to determine their level of praxic
functioning.

2. Evaluated to confirm that they had no prior
knowledge of the 24 signs to be presented during
training.

3. Trained to respond to all task relevant
instructions using example sign stimili similar to
those used in the study.

4, Evaluated to confirm that they were not
e;dperiencing any tactile impairment on the left side of
the body or any other body aress associated with the
signs to be trained. Tactile perception was examined
using & tactile perception test created by the present
examiner {(see Appendisx A) and administered according to
the method developed by Fink, Green and Bender (1952
to administer the face-hand test (Fink et al., 1932).

Frior to the experimental sessions the control
subjects were:

1. Evaluated to confirm that they had no prior



knowledge of the 24 signs to be presented during
wraining.

2. Trained to respond to all task relevant
instructions using example sign stimuli similar to
those used in the study.

AT x 2w 2 (Translucency ® Body Contact x
Froduction Complexity) analysis of variance design was
used in thisg investigation. The three independent
variables were translucency, production complexity, and
bady contact. Levels of the independent variables were
high ve. medium vs. low (translucency), contact vs. no
contact (body contact), and high vs. low (production
complexity). The dependent variables were total number
of training trials (handshaping and physical guidance
trials) administered duwring acquisition, and total
number of correct parameters produced on the immediate
posttraining test, the same day posttreining probe
(probe 1) and the one week posttraining probe (probe
2). SBubjects were randomly assigned to groups for
order of sign presentation. A non-newroleogical control

group was used.
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Materials

The following assessment was made of each aphasic
subject prior to beginning sign training:

1. Type_ and Severity of Aphasia. The Boston
Diagnostic Aphasia Examinatiorn (EDAE) (Goodglass %
Faplan, 1972) was used in this study to determine the
type and severity of aphasia each subject exhibited.
The BDAE test battery was devised to provide a
comprehensive assessment of the components of language
that may be disturbed following brain injury (Goodglass
% Kaplan, 1972). Twelve function areas defined by
factor analysis as related to communication, are
systematically examined by this test. Five main
language areas are examined, they include:
Conversational and expository spesch. auditory
comprehension, oral expression, understanding written
language and writing. A total of 274 subtests comprise
the battery. Scoring of each subtest begins with
determining the number of correct items. Raw scores
are then converted to z-scores derived from a normative
study of aphasic patients. By completing the seven
7-point scales included in the "Rating Scale Frofile of

Speech Characteristics" the patient’s type and severity
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of aphasia can be determined.

An evaluwation of the reliability of the subtests
was obtained by examining the protocols of 24 aphasic
patients distributed through five levels of severity
(Goodyglass & Kaplan, 1972). Using the kuder-Richardson
method of determining subtest reliability, coefficients
have been obtained that indicate good internal
consistency within subtests. All the internal
reliakility coefficients, except one, are above .B0.

Norme were collected from a non-~brain-injured
population of 147 subjects sampled across age and
educational levels (Borod, Goodglass % Kaplan, 1280).
All the subjects were English speaking and
right-handed. Means, standard deviations and ranges
were computed for each group. Rased on the performance
of the subjects it was suggested that the lowest score
for each group be the cut-off below which impairment
may be expected.

2. Auditory Comprehension. The "Short Version" of
the Token Test (DeRenzi % Faglioni, 1978) was
administered to assess auditory comprehension. The
test consists of 20 plastic tokens. Ten are circles
and ten squares. Five sguares and circles are large

and five squares and circles are small. In each series



of 9 circles or squares, the colors black, white, red,
yellow and green are represented. The test is
administered by presenting the 20 tokens, arranged in a
specified mamnner, to the seated subject. The test
contains Ib-items presented in‘;ix parts. This test
differs from the original Token Test (De Renzi %
Vignolo, 19&62) due to the inclusion of a sixth section,
Fart I. Fart I was added to lower the test™s ranges of
difficulty. The patient earns one credit for each
successful performance on the first try. If the
patient fails or does not respond for five seconds a
second chance is provided., Success on the second try
is given half credit.

Normative data was obtained for 215
non~brain~daméged control subjects and 200 aphasic
patiernts. The authors recommend that the scores be
adjusted for education. The adjusted score that was
found to best distinguish normal from pathological
performance was 29. 0Only 5% of the control subjects
scored lower and 74 of the aphasic patients scored
higher. A scheme for grading awditory comprehension
based on the adjusted scores is presented for making
clinical discriminations. The authors found that

scores below 17 distinguished patients with global
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aphasia from the higher scoring ones with Broca’s
aphasia.

Z. Evaluation of Gesture Froduction (Pra)ic

evaluate praxic fumctioning is presented in Appendix B.

Two normed tesisemiees-axia were administered to
examine praxtic functioning, they were: The Eimura Hand
Fosture Copving Test (Rimura, 1982 and Fimuwra’'s
Movement Copying Test (Eimura, 1982).
abbreviated version of the Kimwa Hand Fostuwre Copying
Test described and normed in Eimura (1982). This test
requires the subject to copy five hand postures, most
of which are taken from the deaf alphabet. S8Since the
hand on the same side as the lesion is typically
unaffected by the stroke this hand is used for the
test. Each posture is scored 2, 1 or O depending on
whether it is correctly copied on the first or second
trial, or not at all. The maximum score is 10,

Eimura (1982) reported data from 118 brain—-damaged
patients with unilateral brain damage, 72 left
hemisphere damaged patients and 46 right hemisphere
damaged patients. The scores reported by Eimura were

for the harnd on the same side as the lesion. The mean
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score of the patients with left hemisphere damage was
65.5% correct, compared to the mean score of the
patients with right hemisphere damage which was 79%
correct. Fimuwra suggested that scores below a 90%
performance level of the mean score of the right
hemisphere damaged patients, be considered impaired.
Based on Kimuwra®s recommendation the cut-off value for
impairment was 71.1% correct.

Normative data were obtained from a group of
elderly normals (Kimura, 1982). The group performéd at
a level similar to that of the right hemisphere group
(normals, 72% correct; right hemisphere lesions, 79%
carrect).

Testing of additional static hand postures was
also included in the examination of praxis to enable a
thorough evaluation of the subjects” ability to make
all hand postures to be used in training.
form of the movement copying task described in Eimura
and Archibald (1274). The form used in the present
battery is described and normed in Eimuwra (19282). This
test requires the subject to imitate movements of the
hands and arms that form unfamiliar meaningless

sequences. Three series of movements involving one
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hand and arm are presented for imitation. The patient
copies the movement as soon as the experimenter has
completed it. Several featuwres of a particular
movement sequence are independently scored, such as
hand posture, hand orientation, occurrence of movement,
direction of movement, etc. If on the first trial the
movement pattern is not correct in all these
characteristics a second trial is given. Each
component of the sequence is scored 2, 1 or O depending
on whether it is correctly performed on the first or
second trial, or not at all. The maximum possible
score is 24.

Eimura (1982) reported deta from 118 brain-damaged
patients with unilateral brain damage, 72 left
hemisphere damaged patients and 46 right hemisphere
damaged. The scores reported by Eimura were for the
hand on the same side as the lesion. The mean score of
the patients with left hemisphere damage was 59%
correct, and those for the right hemisphere damaged was
78% correct, which was significantly higher. Fimura
suggested that scores falling below a 204 performance
level of the mean score of the right hemisphere damaged
patients, be considered impaired. Based on Kimura’s

recommendation the cut-off value for impairment was
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70.2% correct.

Normative data were obtained from a group of
elderly normals (Kimwa, 1982). The group of normals
per-formed at a level close to that of the right
hemisphere group (normals, 5% correct; right

haemisphere group, 78%).

The two apradia tests discussed above were used to
evaluate nonrepresentational movements.
Representational movements were investigated through a
combination of selected BDAE Ideomotor Apraxia test
items and items selected from Brown (1972). The items
chosen from those two sources evaluated buccofacial
movements, arm and hand movements that are both
transitive and intransitive, and whole-bhody movements.
Within each of the limb movement types, movements made

on the body and away from the body were also evalualted.

4. Evaluation_of Geswure_Comprehension. The

ability to recognize meaningful, nonlinguistic

Recognition_Test (Benton, Hamsher, Varney, Spreen,

198%). Each pantomime on the test shows a man

pretending to use a common object such as a spoon, pen,
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or saw, followed by 7 seconds of blank tape. The
subject is reqguired to point to drawings of objects
whose pantomimed uses are shown in a series of
videotaped performances. Each page of the test booklet
contains fowr drawings for each test item. The four
response choices include the correct choice (e.g. saw).,
a semantic foil (an object belonging to the same class
as stimulus, e.g., a=e), a neutral foil (an object
whose use is pantomimed &lsewhere on the test, €.g9..
per) , and an odd foil {(an object whose use is not
suitable for pantomime, ©.g9., train). There are 20
test items, and four practice items. Each test item is
scored one point for each correct choice.

Normative data have been obtained from 20O
non—-brain—damaged hospitalized patients (Benton et al.,
1987%). The non—-brain-damaged subjects’® scores ranged
from 26-30. 0On the basis of these results, scores of
less than 26 were classified as defective.

Data has also been obtained from 1035 patients with
left hemisphere brain damage. About Z0%4  of the group
made perfect or near-perfect scores (29-20) and about
60% performed within the normal range. The remaining
patients obtained either mildly defective (24-25) or

severely defective (10-19) scores.



Other subtests included in the apraxia battery
ware the test of visuwal discrimination, portrayal of
emotions, kinesthetic memory, kinesthetic-visual
matching, and movement identification. These tests
were developed by the present author for the puwrposes
of this experiment. The visual discrimination subtest
evaluated the ability to dizcriminate between two
handshapes. The ability to portray emotions with the
face was tested on the portrayal of emotions subtest.
For the kinesthetic memory task the subject was
required to close his/sher eyes and the hands were
melded into a handshape, after which the subject was
reguired to reproduce the handshape first with one hand
then the other. Subjects were reguired to perform ;he
task with their left hand. The kinesthetic-visual
matching task reguired the subjiect to chnose from an
array of three pictures the picture that corresponded
to the handshape his/her hand had been molded into.
The movement identification task required the subject
to choose the three pictures that corresponded to the
movements performed by the experimenter.

. Subject’s Desire to Communicate. The subject’s

desire to communicate was the final area assessed.
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Several of the guestions in this assessment were based
on Sutherland and kEates (1975) suggestions for
assessing communication needs in language impaired
subjects. The remaining questions were developed by

the present author (see Appendix ).

5

Signgs

The English glosses for the 24 signs employed in
training are displayed in Table 2. 0f the 24 signs
used in this study 15 were normally produced using one
harnd and 9 of the signs required two hands for their
correct production. For the purposes of this
prperiment all signs were taught using one hand.
Therefore, the ? bimanual signs were modified into
unimanual signs. The 24 signs were chosen from Fristoe
and Lloyd® s (1980) suggested core lexicon of signs and
from the items suggested by Skelly (197%) as important
for a beginning sign vocabulary. Additional signs were
obtained from Fristoe and Lloyd s (197%9) compilation of
850 words which appeared in several sign manuals. Two
signs CHILD and FIFE were not obtained from either of
the above mentioned souwces. They were included in
order to obteain the desired number of signs in each

category. The two reference souwces for sign



Table 2

English Glosses of Sign Stimuli Organized According to Translucency,

Body Contact, and Production Cosplexity

Sign ¥ Translucency Body Contact Notoric Complexity

LOW TRANSLUCENCY (£3.00)

APPLE  2.09= +BC HIGH
E6G 1.40¢ -BC LOW
PIPE 2.17 +BC HIGH
SHOES  L.70< -BC LOW
STORE  1.67¢ -BC HIGH
TOILET 1.63® -Be HIGH
WATER  2.71 +BC LOW
WOMAN 2,460 +BC LOW

HEDIUM TRANSLUCENCY (23.01 £5.49)

BLANKET 3.53* -BC LOW
BOOK 3.83 -BC HIGH
CAT 4,29+ -BC LOW
CLOTHES 3.33= +BC HIGH
COFFEE  3.30 -BC HIGH
cop 4,742 +BC LD
Foop 3,97+ +BC LO¥
HAN 3.030 +BL HIGH

continued

166
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{Table 2 continued)

English Glosses of Sian Stimuli Organized According to Translucency,
Body Eontact, and Production Cosplexity

Sign M Translucency Body Contact Motoric Complexity

HIBH TRANSLUCENCY (25.50)

RIRPLANE  5.71° -BC HIGH
BABY¢ b. 10 +BC HIGH
BED 6.23° +BC LOW
CHILD 6.03* -BC LOW
COMB¢ b.54¢ +BC HIGH
DRINK 6770 ~BC LOW
PENCIL 5.87¢ -BC HIEH
TELEPHONE  6.86° +BC LOW

Note. -BC = no body contact; +BC = body contact.

®Mean translucency values taken froa "Ratings of Sign Translucency and Gloss
Concreteness® by R. L. Luftig, L. L. Lloyd, and J. L. Page, 1982, Sign Lanquage

Studies, 37, 305-343. Adapted by permission,

®Mean translucency values taken from "Ratings of Perceived Translucency in Manual

Signs as a Predictor of Sign Learnability® by R, L. Luftig, J. L. Page, and L, L. Lloyd,
1983, Journal of Children with Cossunication Disorders, 6, 117-134.

fidapted by peraission.

“Mean translucency velues taken from Appendix E.

9The signs BABY and COMB were taught as body contact (+BC) signs.




Language (Humphries, Fadden

% Croneberg, 1976).

The signs were divided
translucency into groups of
2.

translucency {(see Table

168

% 0°"Rouwrke, 1980) and A

______ (Stokoe, Casterline
according to their rated

high, medium, and low

Signs were also classified

into two groups according to whether they involved

body contact (touch)
additional groups according

complexity value (see Table

chosen for each translucency level.

in their production and into two

to their production
2)

Eight signs were

Twelve signs were

also chosen for each level of the other independent

variables

(12 touch and 12 no touch signsy

12 high arnd

12 low production complexity signs).

The signs were randomly

assigned to one of eight sets to vield a single rancdom

order of

in Table 2

items in the order of their

presentation for training all subjects.

Given

are the English glosses for the 24 stimulus

presentation. The eight

sign sets were further divided into two subsets labeled

A through D and E through H for administration during

training.

in their average translucency,

production complexity,

U==e

The two subsets did not differ significantly

£(22) = 1.58, W13,

E:

~

2.9, P = 452, or amount of



Table 3

Enalish Blosses for the Twenty—four Stimulus ltems

Organized Into Sets
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Set A
DR INE
COF

TELEFHONE

CHILD
CAT

STORE

Set D
MAN
COFFEE

CLOTHES

TODILET
BLANEET

COME

Set F

FIFE
FOOD

SHOES

Set G
BOOE:
WATER

FENCIL

Set H

AIRFLANE

AFFLE

EGG
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body contact,‘)(z (1, N = 24) = 667, p = .42,
Pictures

The pictured referents of the signs were drawn on
separate 2 x O inch cards. The written word
corresponding to the picture was presented along with
the pictwe on the card (pictures are presented in
Appendis D).

Frocedure

The mean translucency values used to group 15 of
the 24 signs according to high, medium, and low
translucency were obtained from Luftig, Fage and Lloyd
(1983) and Luftig., Lloyd, and FPage (1982) . These
authors used & rating procedure to obtain translucency
values for many signs. Ratings were tallied and
averaged for the individual signs. Signs were then
ranlk ordered by mean ratings. For the purposes of this

speriment &ll signs with mean ratings of :£5.50 were
assigned to the high translucency category, those rated
22,01 to £5.49 were assigned to the medium translucency
category, and those rated 27.00 were aszigrned to the
low translucency category.

Mean translucency ratings for unimanual versions

of bimanual signs (N = 9) were obtained from a pilot
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study using the procedure prasented by Luftig, Lloyd
and Fage (1982). The subjects were a group of 30
college and graduate students, none of whom had any
prior knowledge of ASL signs. The translucency

assessment procedure is described in Appendix E.

Language (Stokoe, Casterline & Croneberg, 197&) and A
Basic Course in Manual Communication (O0°Rourke, 1973Z)
were used to determine whether accurate rendering of
unimanual signs involved body contact. The
determination of whether accurate production of
unimanual versions of bimanual signs involved body
contact was made by the present author.

A1l the signs chosen for use in this experiment
were analyzed according to the parameters of location,
handshape, and movement as described for ASL by Stokoe
(Stokoe, Casterline % Croneberg, 1976). In addition to
the three parameters proposed by Stokoe et al. (197&)
the signs were also analyrzed according to a fourth
parameter, that of orientation, as suggested by

RBattison, Markowicz and Woodward (19275). Based on the

four individual analyses the 24 signs were assigned a
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production complexity value. This value was obtained
by adding together the values for each of the four
components determined to be important in the production
of signs {location, handshape, movement, and
orientation). In Appendix F are the descriptions of
the 24 ASL signs listed according to the parameters
location, handshape, movement, and orientation. The
production complexity value assigned to each sign,
based on the descriptions presented below, is also
listed. |

For this experiment the 24 signs were separated
into one of two categories based on their production
complexity value. 8igns with production complexity
values :233.26 were assigned to the high production
complexity category and signs with values 233,285 were
assigned to the low production complexity category (see
Table 4).

Handshape_ (H5). Handshape was analyr-ed according
to a formula developed by Daniloff and Vergara (1984).
This formula uses the average age (M) in months at
which prehension patterns are produced during
development (Dennis et al., 19282) toiestablish a

hierarchy of production difficulty for each handshape

uwsed in the production of signs. The formula is as
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Table 4

English Glosses of Sign Stimuli Ranlk Ordered

According to Froduction Complenxity

Low Frod Complexity High Frod Complexity
(133,25 (233, 28)
"""""""""""""" Total value  Total value
1. SHOES 27.00 1%. FPIFE IFL2
2. BED 27.40 14. MAN - 33,79
. COF 28.60 1%. COFFEE F4.00
4. DRINK 28. 60 16. COME 34,10
5. WATER 29.90 17. TOILET 35.90
4.  BLANEET EOLST 18. AFFLE F6.90
7. TELEFHONE 20.75 19. AIRFLANE 37.25
8. CHILD 20,90 20. STORE 37.325
?. FOOD F1.10 21. CLOTHES 38.00
10. CAT Z1.50 22. ROOE 40,40
11. EGG F2.80 2Z. FENCIL 40,65

12. WOMAN IE.25 24. RABY 45, 65

it o it e et e e S0 s i Mmem s eme PPN SES Pt W0 i o e s s Smee e SRS S0 SRS Rkt M oo 4 S Bt s e Saeve P PP Rt MAAMe Wt fm (o Gt S S TR ot et e St atY PRt Soeee SNAe e
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follows: Mw = Mz + %My; or My = Mz + %Mz + %M, (where
Mx > Mz * Mi). Mw is defined as the weighted
developmental value assigned on the basis of the
weighted sum of the average age levels at which each
component of the handshape is acquired. The weighting
is determined by the number of prehension patterns
incorporated in the handshape. The rationale used by
Danilcff and Vergara (1984) for the ad hoc weighting
was based on the assumption that each additional
prehension pattern, in handshapes incorporating greater
than one prehension pattern, added an additional 2541 to
the production difficulty of the handshape. Therefore,
the weighting for each prehension pattern was
determined by adding 2594 to the weighting of the
previous prehension pattern in the formula. 8See Table
9 for list of signs organized according to LOC, HS, and
MVT.

Location_ (LOC). Location was judged according to
three of the 12 locations in the signing space
delineated by Stokoe et al. (1976), face, head, and
trunk. These three locations correspond to all the
locations for the signs to be used in this study. The
three locations were rank ordered in terms of the

amount of motor control necessary to place the hand in
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Table §

English Glosses of Sign Stimsuli Organized According to Location,
Handshape, and Moveaent

Sign Location Handshape Movement
{Tab) {Dez) {Sig)
AIRPLANE neutral Y-"horns* hand pronating rotation/
auay
APPLE cheek X-hook hand twisting
BABY trunk B-t1at hand side to side
BED side-face B-flat hand hold
BLANKETY trunk B-flat hand upward/toward
BOOK% neutral B-flat hand supinating rotation
CAT pid-face F-"three ring” lettward
CHILD neutral B-flat hand pronating rotation
CLOTHES? trunk S-spread hand lettward/downward
COFFEEX neutral A-tist circular
COMER whole head  C-curved hand downward
cop trunk C-curved hand contact
DRINK chin C-curved hand pronating rotation

continued



{Table 5 continued)

Sign Location Handshape Hoveaent
(Tah) {Dez) {5ig)
EGGs neutral H-index & second pronating rotation
finger, side by
side extended
FooD chin 0-tapered hand toward
MAN forehead S-spread hand » closing/away
0-tapered hand
PENCILY neutral X-hook hand leftward/nodding or
bending
PIPE chin Y-*horns"hand anay
SHOEST neutral A-fist pronating rotation
rightward
STORES neutral 0-tapered hand downward/bending/
anay
TELEPHONE cheek Y-*horns" hand toward/hold
TOILET neutral T-thusb cross to-%-fro
BATER chin W-3-finger hand contact
WOMAN chin » S-spread hand downward
trunk

Note. Location = place in signing space where sign is made;
Handshape = hand configuration used to forms sign; Moveaent = moveaent

involved in making sign.

1 = bimanual signs produced unisanually,
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each location. PBased on the suggestion by Daniloff and
Vergara (1984) that less control is necessary to place
hands in the trunk area compared to the face or head
area, the trunk area was predictéd to be the easiest
location for hand placement and was assigned a location
value of 1. The ftace was predicted to be the next most
difficult location and therefore was assigned a
location value of 2, followed by the head which was
assigned a value of 2.

Movement (MVYT). Movement was analyzed according
to 17 of the 24 values oultlined by Stokoe et al.
{1976) . Based on data presented by several
investigators (Halverson, 19213 Gesell % Amatruda,
19413 Bukiennicki, 1971), Stokoe’s 17 values were
organized by the present author in terms of a
developmental sequence of arm and hand motor pattern
daveiopm&nt (see Table &).

Each sign was assigned a movement value based on a
formula similar to that used for handshape analysis.
The formula is as follows: Mun = Mzw + UMip OF Maw =

“,

Mo + YiMaze + ¥Mip (where Mm, * Mz, * Mait. Mwe is
defined as the weighted developmental value assigned on
the basis of the weighted sum of the average age levels

at which each component of the movement is acquired.



Table &

Developmental Sequence of Movement Patterns in the Production of Unimanual Signs

Movement Pattens fige Level Basis for Decision

1. Mowvement Toward Signer 1-4 months Hand to mouth; Object brought toward
chest (Sukiennicki, 1971 Halverson, 1931;
Gesell & Amatruda, 1941)

2. Upward Movement 1-4 months Hand to mouth (Gesell & Amatruda, 19415

3. Opening Action 3 months Hands initially fisted >> open hands
(Sukiemnicki, 1971}

4. 5Side to Side Movement 3 months D. Berman (personal communication,’
October B, 1985)

3. Pronating Rotation 4 months Reaches with palm facing douwn
(Halverson, 1931)

6. Movement Away from Signer 4 months Hands come out to object (Gesell &
Amatruda, 1941)

?. Up and Down Movement 4-5 months Bangs toy (Gesell & Amatruda, 1941)

B. Leftward Movement 5 months Arms swing out laterally (Halverson, 1931;

Gesell & Amatruda, 1941)

. —
cont1nued ~
®



(Table 6 continued>

Movement Pattens fige level Basis for decision

9. Rightward MHovement 5 months Arms swing out laterally (Halverson,
1931; Gesell & Amatruda, 19412

10. Closing fAction 5-6 months Primitive squeeze Y{Halverson, 1931)

11. To and Fro Movement 7 months Shakes toy actively and vigorously
(Gesell & Amatruda, 1941}

12. Downward movement 7 months Planing approach begins to be seen
(Halverson, 1931}

13. Supinating Rotation 7-12 months Control supination (Sukiemnicki, 19713

14.

135.

16.

17.

Nodding or bending action

HWiggling action of fingers

Twisting movement

Circular action

9~-10 months

3-10 months

12 months

12 months

Haves and shakes grasped bell
(Gesell & Amatruda, 1941)

Neuromusculature of arms, hand, and
digits has attained practically adult
value (Halverson, 1931)

Hrist demonstrates greater
flexibility (Halversan, 1931)

Hrist demornstrates greater
flexibility (Halverson, 1931)

6L1
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The weighting was determined by the number of motor
patterns incorporated in the movement.

Two additional analyses of movement were
performad. 0One examined hand position and the amount
of movement required to produce the sign. 8Signs were
determined to either reguire movement (kinetic) or not
to require movement (static). Kinetic signs were felt
to be more difficult to produce than static signs. The
second analysis of movement categorized signs according
to two developmental categories of movement patterns.
These categories were the two which pertained to
unimanual signs from among seven unimanual /bimanual
movement patterns described by Dennis et al. (1983).
The mean developmental age at which the two unimanual
movement patterns are seen in infants are: (a) S
months ~ The arm does not cross the midline of the
body,., therefore, the sign is made with the arm parallel
to the body or at midline, and (b)) 9.5 months - The
hand crosses the midline of the body or face.

Orientation_(HD). Hand orientation was analyzed
according to five distinct palm orientations. The
notations used to designate the five palm orientations
was developed by Daniloff and Vergara (1984) and are

presented in Table 7. The developmental age at which
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Table 7

Notation For Five Falm Orientations

Horizontal

1. Down

2
2. Up | _Zlh

Vertical
1. Toward Body
2. Away From Body |j>

3. Faces Opposite Side E I

Note. From "Comparison Between the PMotoric
Constraints for Amer-Ind and ASL Sign Formation®
by J. K. Daniloff and D. Vergara, 1284, Journal

of Speech and Hearing Research, 27. p. 78.
Copyright 1984 by American Speech—Language-Hearing
Association. Adapted by permission.
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production of each palm orientation becomes possible
was determined wusing research on prehension pattern
development {(Halverson, 1931; Gesell % Amatruda, 1941;
Sukiennicki, 192713 Dennis et al., 1982) (see Table &).
The two horizontal orientations were (a) up (palm to
ceilingd), and (b)) down (palm to floor). The three
vertical positions were (a) toward the body, (b) away
from the body, and (c) unilateral opposite side (e.qg.

left palm faces the right).

Informed consent. FPrior to the administration of
any experimental items subjects were given a careful
explanation of the proceduwres, risks, and benefits
associated with the study. The subjects were reguired
to sign & consent form to auwthorize their own
participation in the study. For subjects not legally
authorized to represent themselves consent was obtained
from the spouse or legal guardian on behalf of the
subject. Subjects were given a copy of the consent
form to keep (see Appendix G for forms).

Evaluation of siagn_knowledge. Once eligibility
for the study was determined, and all pretests had been

administered, subjects were evaluated to confirm that

they had no prior knowledge of the 24 signs to be



Table B

Developeental Sequence for Production of Five Pals Orientations

1875

Palm Orientation fge Level Basis for Derision
Notation
V 4-6 months Approach hand pronated

throughout (Sukiennicki, 1971;
Halverson, 1931) -

& wonths D. Berean {personal communication,
October 8, 1985)
object (Halverson, 1%931)

10-12 months hia of hand at when approaching
object (Halverson, 1931)

":: 8-9 months fia of hand in when approaching
>
AN

12 months Control supination {(Sukiennicki, 1971)

Note, Syabels in colusn 1 are from "Comparison Between the Motoric Constraints for

fmer-Ind and ASL Sign Formation" by J. K. Daniloff and D. Vergara, 1984, Journal of

Speech and Hearing Research, 27, p. 78. Adapted by pereission.
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presented during training.
The experimenter gave each subject a presentation of
the wide variety of uses of gesture in American life by
persons who have command of spoken language. The
experimenter discussed the regular wse of gesture by:
{(a) construction workers, (b)) sports referees, ()
policemen, (d) sailors, () stock market personnel, (F)
auctioneers, and (g) television and radio directors.
The experimenter had the subjects demonstrate any of
the aforementioned gestures they were familiar with.
The experimenter demonstrated some signals in
daily use by many people, such as: (&) headshake (yes,
no), (b) a shoulder shrug (maybe, perhaps), () finger
poainting (that person, that thing), (d) an extended
hand, palm up (give med), () an extended hand, palm
out, wist flerxed (stop), (f) Ffinger crooking (come
here), (g) finger over lips (guiet, hush).
Iraining_in_task relevant instructions. The
experimenter trained the subjects to respond to all the
task relevant instructions using examples independent
from the study.

The subjects were seen for approximately 2 hours



(two 60 minute sessions). The two training sessions
were separated by one week. Each enperimental session
focused on the training of four sets of signs. Three
signs were included in each set, totaling 12 signs that
were presented during each training session. The sets
were labeled A through H (see Table Z). The order of
sign presentation to subjects was determined by group
affiliation. Subjects in groups A and C received
training in sets A through D dwing session one and
sets E through H during session two, and for subjec£5
in groups B and D the set order was reversed, E through
H in session one, and A through D in session two. The
signs were administered in the two different orders,
described above, in order to obtain short-term
retention data on all signs without having to require
subjects to return for a third session.

Three types of trials were administered for each
sign:  Handshaping and physical guidance trials, test
trials, and probe trials. During the handshaping and
physical guidance trials the subjects were taught to
produce the sign correctly when presented with the
pictorial referent. Handshaping and physical guidance
training continued until either the sign was produced

correctly or fouw trials had been completed, whichever



was achieved first.

Once handshaping trials for the three signs in a
set had been completed, receptive and elicited test
trials were administered, in that order. Following the
tests, the 12 signs trained during the session were
probed using the procedures developed for the elicited
and receptive tests. One elicited and one receptive
sign probe trial was administered for each sign.

At the beginning of the second graining SESSI 0N,
one week following the first, another probe of the
previous session’s signs was administered.

All sign training was done with & minimum of
verbal input. Training procedures were as follows:

Fhysical guidance (trainingl). Subjects were
trained individually by a female experimenter. The
card with the appropriate picture was presented and the
exsperimenter directed the subject’s attention to the
picture. While the subject was attending to the
picture the experimenter molded the subject’s hand into
the sign®s handshape and physically guided the
subject’s hand throwgh the sign that corresponded to
the pictuwre. The subject was then requested to produce
the sign unassisted. Fositive verbal feedback was

provided for correct responses, and correction for
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errors. A maximum of fouwr physical guidance trials was
administered for each sign.

Receptive signing (test). The three cards
corresponding to the sign set being trained were
presented. The experimenter produced a sign
corresponding to one of the referents shown and asked
the subject to point to the card associated with the
sign produced. Np reinforcement or feedback was
offered during the test. Four receptive signing test
trials were administered for each sign. The order of
presentation of the trials were randomly determined.

Elicited signing_ (test). The card with the
picture of the sign being trained was presented and the
subject’s attention was directed toward it. The
subject was instructed to produce a sign that
corresponded to the picture. The experimenter gave the
subject F0 seconds within which to respond. No
reinforcement or feedback was offered duwring the test.
There were fouw elicited signing trials for each sign.
The order of presentation of the elicited signing
trials were randomly determined.

Frobe_ . FProbes were administered using the

procedures developed for the elicited and receptive

signing tests. At the completion of each of the two
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training sessions one receptive and elicited signing
probe trial was administered for- each sign trained. A
probe was alsp administered at the beginning of the
second training session for the signs trained at the
first training session. No feedback was provided
during probe trials.

All training sessions were videotaped allowing the
experimenter conducting training to rate each subject’s
performance throuwgh the couwse of each session. Each of
the four components or "parameters" of a sign
(handshape, hand orientation, location on the body, and
movement) were scored one or zerpo according to whether
or not its production was sufficiently accurate to
contribute to the overall comprehensibility of the
sign. Fawcett and Clibbens (1983) referred to this
method of scoring sign performance as a cheremic two
point scale.

The following criteria was used to score sign
parameter errprs:

1. Handshape errors = the subject produces an
incorrect handshape.

2. Hand orientation errors = any deviations from

correct orientation of palm and/or fingers.
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J. Location errors = the subject produces the sign
at an incorrect body location.

4. Movement errors = the sign is produced with an
incorrect movement. Touch errors were graded as
movement errors.

Movement error types were scored separately using
the following criteria:

1. Inmtrusion errors = the subject produces a
response that includes all or part of another sign.

2. Unrelated errors = the sign produced is
uwrrelated to any of the 24 signs being trained.

Z. Duplication errors = signs may involve either
single or repetitive movement cycles. This error type
reflects any multiplication of single cycles or
reduction of repetitive cycles to a single movement.

During initiai training (handshaping and physical
guidance/sign acquisition) the number of handshaping
and physical guidance trials reguired to elicit a
correct sign production was recorded for each sign for
all subjects. I+ a sign was performed correctly but
was slightly distorted ie. stiff, slow etec. additional
training trials were administered to help the subject
improve the quality of the sign production. These

additional trials were included in the sign training



score. The number of additional trials administered
did not exceed the maximum of four traiming trials
allotted for each sign.

On the immediaterposttraining elicited signing
test, the same day elicited signing probe, and the
one-week posttraining elicited signing probe, the
number of correctly executed parameters was recorded
for each sign presented for all subjects. A response
was considered correct if all fow sign parameters were
performed correctly in combination. If a sign was
formed correctly except for a contact/no—contact
discrepancy, the response was scored as correct except
for contact (CEC) (Lloyd Doherty, 19873). Thus, if a
sign was taught as a body—-contact sign and was produced
without the contact dimension or was taught as a
non—body—-contact sign and was produced with contact
added, it wonld be scored as correct except for
caontact.

Due to the scoring on the body-contact/
non—-body-contact dimension twe scores were cobtained for
each sign produced, a strict score and a lenient score.
The strict score was composed of the total number of
correctly erecuted parameters for each sign, the

lenient score was composed of the total number of
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correctly executed parameters except for contact. The
reason that the scores were separated is because in
rapic signing among fluent signers the contact
dimension is sometimes omitted without a significant
reduction in intelligibility.

Receptive signing tests, and probes were scored
according to whether the picture chosen was correct or
incorrect.

As a measure of the reliability of the trainergs
scoring of each subject’s sign productions an
independent judge fluent in ASL scored 1004 of the
elicited signing probe trials from videotape.
Inter—-judge reliability was determined in two ways,
first, a Fearson product moment correlation was
computed to determine the degree of relationship
between the two scorers evaluations of the subject’s
correct performance of the 24 signs. The values used
in the correlation analysis were obtained by tallying
the number of correct responses on each probe and
dividing by the number of trials presented (N = 12).
The Fearson product moment corvrelation indicated that
agreement between the independent judge and the

experimenter on the number of correct responses
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averaged 85Z for the probes administered at the end of
the training session (probe 1) and 80%Z for the probes
administered one week following initial training
(probe 2).

The second value computed was the mean percent
agreement between the two judges on the scoring of the
four sign parameters of handshape (HS), hand
mrientation (HO), locetion (LOCY, and movement (MVT) as
correct or incorrect. Table 9 1ists’the mean percent
agreement on scoring between the two judges for each
sign collapsed across all probes. This value ranged

from 77.94% to 96.25% and the mean was 0.11%.
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Table 9

Mean Fercent Scoring Agreement for the

Twenty—fowr Signs

s e e et S4001 $adat St o S S SO PSS U M S S alp faras et re? SHd Sirms S et et o4t P ST R S L4As A St P Y M Sl P b PP SALMR $hdmt ety P v S g S S et $44SS Bavon

Siagns MN Z Agreement Signs MN % Agreement
AIRFLANE  81.58  DRINK B6.90
AFFLE 88.75 EGG 88.24

EARY 89.2 FOOD ?1.47

BRED 95.24 MAN 92.864
BLANKET B86.70 FENCIL 89.29

ROOH ?2.50 FIFE 4. 05

CAT 21.25 SHOES 87.50

CHILD 8%9.29 STORE B86.84
CLOTHES ?1.67 TELEFHONE 2.86
COFFEE 2.86 TOILET F0.67%

COME P4, 05 WATER 77.94

COF ?6.25 WOMAN ?4.12

B e e e L ot b i e .
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CHAFTER IV

Results

Summary of Fretest Reswults

Fresented below is a brief description of each
aphasic subject’s performance on the language and
gesture pretests. Several pretest scores are presented
in Table 10 and Table 11. The Boston Diagnostic
Aphasia Examination (BDAE) Z-score profiles and praxis
profiles for each aphasic are presented in Appendix H.

Subject J5 was rated at severity level "4" on the
EBDAE Aphasia Severity Rating Scale indicating a mild
edpressive language impairment. This language
impairment was secondary to a CVYA that damaged the left
fronto-parietal region of the brain. A score of I3 on
the Shortened Version of the Token Test indiceated a
mild auditory comprehension impairment. BGesture
production was relatively unimpaired, however the score
obtained on the Kimura Movement Copying Test was just
at the cut off of 17, indicating impairment on kinetic
gestures. BGesture comprehension was generally
unimpaired with the obtained score of 29 above the

cut—off of 246. JB5 exhibited a strong desire to

communicate.



Table 10

Aphasic Subjects’ Language Pretest Results

Reading Comprehension RAuditory Comprehension Oral Expression
Hd Pict Match Commands Complex Material Short Token Test Confront Naming Hord Reading Repetition Words
Subject Max Score = 10 l Max Score = 15 Max Score = 12 Max Score = 36 Max Score = 105 Max Score = 30 Max Score = 10
Js 10 ' 15 10 33.0 102 24 10
AR 10 15 10 28.0 39 30 10
oJ 9 S 2] 17.5 ’ 101 28 10
B 10 15 9 31.5 101 30 ‘ 10
MF 9 3 8 10.5 15 . 6 9
SS 9 & ? 17.5 72 30 9
EA 10 ) 7 3 10.0 24 6 10
PB S 15 . 11 31.5 -7 99 30 10

Se6l



Table 11

Aphasic Subjects’ Praxis Pretest Results

Gesture Comprehension Gesture Production
Nonrepresentational Representational
Mvt Ident Pantomime Recog Kimura Hand Posture Kimura Mvt Copying Buccofacial Intrans Limb Trans Limb Khole Body
Subject Max Score = § Max Score = 30 Max Score = 10 Max Score = 24 Max Score = 6 Hax Score = 12 Max Score = 12 Max Score = 12
JS 5 29 8 17 <] 12 10 11
PA 4 30 ] 10 = 6 12 12 12
aJ 4 29 10 16 = 4 11 9.5 9
rB 5 30 10 24 6 12 11 9
MF 5 30 10 19 5 11 12 6
s5 4] 29 8 13 = 5 9 a8 2]
EA 5 30 ' 10 16 = 3 : 12 9
PB ] 30 10 16 * 6 11 12 9

Note. * = impaired performance

961



197

Subject AA rated at severity level "4 on the
Aphasia Severity Rating Scale, exhibited a mild
espressive language impairment characterized by literal
and verbal paraphasias. This language impairment
resul ted from a CVA that damaged the left
fronto-parietal cerebral area. Ferformarnce on the
Shortened Version of the Token Test was slightly
impaired indicating mild auditory comprehension
difficulty. OGesture production was Jenerally mildly
impaired, however, per-rformance on the Eimuwra Movement
Copying Test was severely impaired, indicatimg severe
difficulty with kinetic movementz. No difficulty was
displayved on gesture comprehension. AA also exhibited
a strong desire to communicate.

Subject DJ exhibited a mild to minimal expressive
language impairment secondary to a CVA that damaged the
left frontal lobe. DJ was rated at severity level "5¢
on the BDAE. Re=ceptive language, as evaluated by the
Shortened Version of the Token Test and various BDAE
subtests, was determined to be moderately impaired.
Ferformance on the gesture production subtests revealed
moderate to severe impairment. Transitive and whole
bocdy movements were also moderately impaired. Besture

comprehension was unimpaired and a strong desire to
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communicate was displayed by the subject.

RE obtained a level "5S" aphasia severity rating on
the BDAE indicating a mild to minimal expressive
language impairment secondary to a CVA. C7T scan
reveal ed damage to the left fronto-parietal region of
the brain. Auditory comprehension and gesture
comprehension were unimpaired. Evaluation of gesture
production via the Eimura Hand Fosture and Movement
Copying tests, revealed no impairment, although,
examination of whole—-body movements and hand postures
specifically associated with the study revealed slight
gesture production impairment.

Subject MF was rated at severity level "1" on the
BDAE Aphasia Severity Rating Scale indicating a severe
expressive language impairment. MF was diagnosed as
exhibiting a mixed nonfluent type of aphasia due to his
performance pn the BDAE and Shortened Version of the
Token Test. This languagse impairment was secondary to
a CVA. CT scan revealed damage to the left
fronto-parietal region of the brain. Gesture
production was mild to moderately impaired, although,
whole-body movements were severely impaired. There was
no evidence of gesture comprehension impairment. This

subject displayed a strong desire to communicate using
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gestures.

8S presented with a moderate to severe expressive
and receptive language impairment secondary to a CVA.
CT scan revealed damage in the left fronto-parietal
cerenral area. This subject was rated at severity
level "2" on the BDAE and displayed moderate auditory
comprehension impairment on the Shortened Version of
the Tokern Test. Rased on performance on the BDAE and
Shortened Version of the Token Test, S5 was diagnosed
as exhibiting Broca’ s aphasia. Gesture production was
moderate to severely impaired while gesture
comprehension was determined to be unimpaired. SHubject
85 displaved a moderately strong desire to communicate.

EA received a level "1" rating on the RDAE
indicating & severe edpressive and receptive language
impairment which was secondary to a CVA., CT scan
revealed damege in the left fronto-parietal temporal
cerebral area. Receptive language impairment was
further verified by an extremely poor performance on
the Shortened Version of the Token Test. Rased on
performance on the BDAE and Token test EA was diaagnosed
as exhibiting a mixed nonfluent aphasia. Gesture
production was moderate to severely impaired while

transitive movements remained unimpaired. Gesture
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comprehension was unimpaired and the desire to
communicate was determined to be very strong.

FE exhibited a mild to minimél language impairment
as evidenced by a BDAE Aphasia Severity Rating of "5".
This subijiects™ language impairment was secondary to o
CVA that damaged the left fromnto-temporal region of the
brain. No auditory or gesture comprehension impairment
was evident. 0Gesture production was in general
minimally impaired, however, whbple—-body movements were
moderately impaired. The desire to communicate was
very strong.

Due to an unplanned arror in training, the data
from subject DJ was based on 27 signs as opposed to 24.
In order to account for this missing data, mean values
were used in the statistical analyses discussed below.

Elicited Signing Results

Very few errors were made on the receptive signing
portions of the study. The results of this
investigation will therefore be presented as they
pertain to each hypothesis, in terms of the elicited
signing data only. The receptive signing errors will
be discussed separately in the last section of this

chapter.
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Acquisition’

Hypothesis 1| (Acquisition and Brain Injury)

The first hypothesis stated that brain injury
{(stroke) will result in the need for an increased
number of initial training trials (handshaping and
physical guidance trials) in order to achieve criterion
performance (one adequate sign performance or
completion of fouwr training trials), and will result in
fewer signs being acquired. To evaldate the effect of
brain injury on ASL sign acquisition, the mean number
of handshaping and physical guidance trials
administered to sach subject, and the total number of
signs acquired by each subject, were analysed using a
Marn—Whitney U test, the nonparametric alternative to
the independent samples t—-test (8iegel % Castellan,
198&). The Mann—-Whitney U test was used because the
sample sizes were small.,

Table 12 presents the total and mean number of
training trials administered to each subject and the
means for both subject groups. A maximum of four
trials was administered for each of the 24 signs,
resulting in a maximum possible total score of 96
training trials for each subject. It can be seen that

the total and mean number of training trials



Table 12

Total and

Mean Number of Sign
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Training Trials

oot soms sene s e e o Site Seoet B Mo P e s RS 400 Gt S 4SS St b (o e S0Rse PP St e At 4410 PUSHS St Semd i e e Aat eae4 Shabe i e B S P e Sk

Subject:

Aphasics

Total Sign
Training Trials

Mavimum = Q@6

Mean Sign
Training Trials

Maximum = 4

2. 67

2.17
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continued
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(Table 12 continued)

Subject: Total Sign Mean Sign
Controls Training Trials Training Trials
Maximum = 94 Maximum = 4
R 55 1.46
JE 9 1.6%3
BL 29 1.721
JT 44 1.8%
FM 49 2.04
EW ) 2.21
Mean 41.350 1.7.';-“-b
gD 8.74 0.3

Note. Means with same superscript indicate

distributions are significantly different at p < .05.

Sy . . L -
This subject received training on 23 signs.
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administered to the aphasice were in general larger
than the values %or the controls, U = 7.00, p = .03Z.
Shown in Table 13 are the total number of signs
acquired by each subject. The difference between the
groups on the number of signs acquired just reached
significance, U = 2,00, p = .0497. Therefore, controls
acquired significantly more signs than the aphasic
subjects.

~

Hypothesis 2 (Acguisition and Froductfion Complexity)

The second hypothesis stated that for both
aphasics and normal controls fewer training trials will
be necessary to achieve criterion performance during
acquisition of low production complexity (LFC) compared
to high production complexity (HFC) signs. The mean
number of training trials administered for each sign
was analyzed by a 2 (Group) i 2 (Froduction Complexity)
analysis of variance (ANDVA) with repeated measures on
the last ftactor.

Significant main effects were found for the

subject groups variable, F(1, 22) = 24,37, p = 0002,
and for production complexity, F(1, 22) = 12.33,
p = JO02%., The interaction between the two variables

was not significant. As shown in Table 14 the

significant main effect for production complexity
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Table 13

Total Number of Signs Acguired by Subljects

Subject: Total 8igns Signs Not
Aphasics Acqui red Acouired
J8 22 Marn, Clothes
AR 24
DJ® 16 Cop. Woman, Cat, Store,

Man, Comb, FPencil

RE 24
M 21 Comb, Cop, Cat
8% 22 Man, Egg
EA 24
. PR 23 Man
Mean EE.OOb
sD 2.67

. onme sotes Botbe it ety bems ot e S US4 PO (o4 S e S Pt rebe Faasn ARG St FHAt STY AL MAR SHAAS S Feo W ke A S S 1 T LS B4R AHAS Tkt et S AR Sih vty Ve T MBS e Sttt Seane

continued
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(Table 13 continued?

Subject Total Signs Signs Not
Controls Acguired Acquired
EBE 24
JE 24
BL 24
JT 24 -
Fi 24
EW 24
Mean 24“00b
sn 0,00

Note. Means with same superscript indicate

distributions are significantly different at p « .0G.

ar, . . . . - s
This subject received training on 23 signs.



Table 14

Mean Number of Training Trials for High and Low

Froduction Complexity Signs

it et e a0 Do Se000 s s e Sotes Seehs s kit Pt e St SO4bS Pt Mt ey S0 4008 BT LS MY Arire e i STRES $481% Moedk Serid SRS e s Srmte Beves Bme? FAALe $55H¢ S et Sevrs BSOS Fmts v PRASS Sasms Smts poNRe bemen bovet Sovet

High Low
Aphasics 2. 64° 2. 05°
Controls 1.85 T 1.6l
NMote. Madimum Score = 4.

Mearis with same superscript are significantly different
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indicated that aphasics reqguired significantly fewer
training trials on LFC compared to HFC signs.

Since there was differential acquisition of signs
only by the aphasics the second hypothesis was
partially supported.

Relationsghip between acoguisition and production

conplexity. One further computation made pertaining to

the production complexity feature was that of eta
squar-ed (E“). This statistic is derived from the

following formula for eta (E) (RKirk, 196B):

EBetween Groups Sum of Sqguares

ores ot B4t Hrrn H41es S Srme ae Seem B S 44 St S Fee et bt mees st it Fe4as bt bobrs beres e Smasn st St

Total Sum of Sguares

E can be used to describe the degree of
relationship between independent and dependent
variables and E2 indicates the proportion of variance
in a dependent variable accounted for by the
independent variable.

For the production complexity feature an E value
of .57 (EE = ,3%) was obtained for the aphasics. Eta

for the controls was equal to .30 (E* = .09). Thus,

approximately I34 of the variance in sign acguisition
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by the aphasics may be accounted for by the production
complexity feature compared to 2% for the controls.
Thig indicates that the relationship between production
complexity and acquisition was much stronger for the
aphasics than for the controls.

SBince, among the aphasics, the relationship
between acquisition and the production complexity
feature was determined by eta to be moderately strong,
an additional analysis was conducted‘to provide & more
accurate description of the relationship. Presentéd in
Figure I is the scatter plot of the relationship
between the 24 production complexity values and the
mearn number of acguisition trials per sign. A Spearman
rark order correlatbtion was computed between these two
sete of values because (a) the relationship appears
linear, and (b)) the distribution of production
complexrity values was determined to have a significant
negative skew. The Spearman rank order correlation is
a nonparametric alternative to the Fearson product
moment correlation and has a ?1%4 efficiency when
compared to the Fearson (Siegel % Castellan, 198B2).

The value obtained from this analysis was

-

r i »S6y p = 007, which represents a moderate but
—ranl

significant correlation that was very close to the E
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Figure 2. Scatter plot of reiationship between sian
production complexity values and number of training

trials (acquisition) required by aphasics.
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value of .57 obtained for the relationship between
acquisition and production complexity designated
according to two discrete levels.

-

Hypothesis F (Acguisition and Bodv Contact)

The third hypothesis stated that for both aphasics
and rnormal controls fewer trials will be necessary
during training of body-contact (+RC) compared to
non—-body-contact (-BC) signs. The influence of body
contact on the number of training trials required
during sign écquisition was examined by a 2 (Group) » 2
(Body Contact) analysis of variance with repeated

measures on the last factor. A between groups main

i

effect was the only significant effect found E(1l, 22
T0.835, = ,0001., Since body contact was not shown to
influence the number of training trials administered to
either the aphasics or normal control subjects, the
third hypothesis was not supported.

Hypothesis 4 (Acguisition and Translucency)

The fouwrth hypothesis stated that for both
aphasics and normal controls fewer training trials will
be necessary duwwing acquisition of high compared to
medium translucency signs, for medium compared to low
translucency signs, and for high compared to low

translucency signs. The influence of translucency on



sign acquisition was examined by a 2 (Broup) x

T ATranslucency) ANOVA with repeated measures on the
sast factor. A significant between groups main effect
was the only significant effect found,

F{l, 14) = Z2.24, p = 0002, Since no significant
differences were found within the subject groups for
the training of signs differing in tramslucency, the

fourth hypothesis was not supported.

In summary, the sign feature found to have a
strong relationship with acquisition for the aphasics
was production complexity. None of the three sign
features was found to strongly influence sign
acquisition by the controls.

Hypothesis 5 (Acowisition of Farameters)

No prior predictions were made regarding the
hierarchy of acguisition for ASL parameters in aphasics
and normal controls. This issue was examined fnr each
group of subjects by totaling the number of correct
responses produced for each parameter and dividing this
value by the total number of training trials
administered for all signs. The value obtained from
this operation was the proportion of correct responses

for each parameter across all signs. The hierarchy of
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acquisition for ASL parameters will be presented for
both subject groups and for the individual aphasic
subjects. The four ASL parameters are detined as
(a2) handshape (HS), (b)) hand orientation (HO),

() location (LOLC), (d) movement (MVT).

The relationships between the values for each
parameter are graphically presénted in Figure 4. These
results indicate that the order of acquisition for the
four parameters by the aphasic subjects was HD » LQOC
HS *» MVYTs and the order of acguisition by the controls
was HS = HO > LOC > MYT. For both aphasics and
controls the percent of correct responses produced on
the MVT parameter during acquisition was considerably
lower than that produced on any of the other
parameters. The difference between the percent correct
on the movement parameter and the other three
parameters was much larger for the aphasics than the
contrels.

Individual aphasit subjects results. Fresented in

Table 15 are the values obtained by the eight aphasic
subjects for the percent of correct responses
associated with each of the four sign parameters. The
order of acguisition for the four parameters was the

same for only two subjects JS and EA, the remaining six
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Fiaure 4. Fercent of correct responses for each

parameter during acquisition.
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Table 15

Fercent Correct Responses on Sign Farameters by

Individual Aphasic Subjects During Sign Acqguisition

Subjects

Farameter Order

of Acqguisition

First

L

ast

AR

D.J

RE

MF

88

EA

FE

92. 9

91.9

89.8

6.2

100

B4. 4

6.2

88.7

100

100

b&2.7

0.6

70.5

HO
HO
HOD
HO
LOC

L.0OC

RYa

]

» HS

» HS

F MVT

- MVT

= MVT

= MVT

= MVT

- MVT

- MVT

= MVT



subjects acquired the parameters in unique orders,
although the general trend was for the hand orientation
and/or location parameter to be acquired before the
movement and/or handshape parameter. The movement
parameter was acquired last by all of the aphasic
subrjects except RB who acguired the handshape parameter
last. SBubject 588°'s acquisition order was also
interesting because both the HS and HO parameters were
acquired at about the same point in training.

Recall

The results discussed below pertain to the recall data
obtained from the subjects at three different time
intervals following training (&) immediately following
training - immediste posttraining recall (initial
test), (b)) at the end of the training session - same
day recall (probe 1), and (c) one week following
trairning — one week posttraining recall (probe 2). The
test and probe 1 data are based on eight aphasics and
six controls. During training each of the two subsets
vamined on the second probe (A through D and E through
H) was presented to half of the subjects in each group.
Therefore, four aphasic subjects were examined on the
signs in subset A through D on probe 2 and four were

examined on the signs of subset E through H.



Similarly, on probe 2 three normal controls were
examined on the signs comprising subset A through D and
three were examined on the signs from subset E through
H. Therefore each subject only received a one week
posttraining recall probe on the twelve signs trained
at the first session. o

Hypothesis 6 (Recall and Brain Injury)

The sixth hypothesis stated that brain injury will
result in a smaller mean number of sign parameters
performed correctly during immediate posttraining
recall (test), same day recall (probe 1), and one week
posttraining recall (probe 2). 8Since the two subject
groups were small in size the differences between the
distributions of scores for the three different recall
periods were examined using the Mann-Whitney U test.

As shown in Table 16 the mean number of parameters
recalled by aphe-ics was lower than that of comtrols at
all three recall periods. The results of the
Mann—Whitney U test support the observed differences in
performance between the two subject groups. Under both
the strict and lenient scoring conditions significant
differences were found between the aphasics and
controls on the test and probe 1 data,

rest (Stricty = “» B = «0028 Uop e 1 (Btriety = 105



Table 16

Mean Number of Parameters Recalled by Each Subject

Under Strict and Lenient Scoring Conditions

Test Probe 1 Probe 2

Maximum Score = 16 Maximum Score = 4 Maximum Score = 4

Aphasic
Subjects  Strict Lenient Strict Lenient Strict Lenient
JS 10.04 10. 46 2.42 2.42 2.08 2.25
AR 13.08 13.38 2.92 2.96 2.33 2.33
nJ 9.87 10.13 1.92 1.96 2.33 2.33
RB 12.63 13.21 3.21 3.28 2.58 2.58
MF 13.42 13.92 3.00 3.04 0.83 0.83
SS 11.08 11.50 2-.13 2.21 2.25 2.42
EA 12.63 12.75 3.04 3.13 1.67 1.92
PB 13.21 13.38 2.67 2.79 1.33 1.33
Mean 12.00R 12.34b 2.66° 2.?§1A 1.93 2.00
Sh 1.35 1.36 0.44 0.45 0.56 0.57
continued

(VYA



{Table 16 continued)

Test

Maxkimum Score = 16

Probe 1
Maximum Score

= 4

Probe 2

Maximum Score = 4

Control

Subjects Strict Lenient

Strict Lenient

Strict Lenient

BB 13.54 13.96 3.42 3.46 3.50 3.67
JB 14.67 14.67 3.13 3.17 2.00 2.08
BL 15.13 15.42 3.54 3.67 2.50 2.50
JT 14.83 15.04 3.21 3.46 2.17 2.25
FM 15.13 15.13 3.54 3.38 2.42 2.50
EHW 14.58 14.75 3.54 3.38 3.00 3.00
Mean 14.652 14.831D 3.40°€ 3.49d 2.60 2.67
SD 0.54 0.46 0.17 0.16 0.591 0.53

Note. Means with same superscript indicate distributions are signficantly

different at p < .0G.

1ce
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B = 004, The distributions with the probe 2 data were

not significantly different from each other, although

the differences approached significance, U -
“probe 2

(Strict) = 11, B = 0%, The strict and lenient scoring
results were similar.

Since two-of the three distributions were
significantly different from each other, the siuth
hypothesis is given substantial support. The data
therefore, suggest that brain injury results in
significantly impaired sign recall, and particularly

same day recall.

Hypothesis 7 {(Recall and Froduction Complesity)

The seventh hypothesis stated that for both
aphasics and normal controls low production complexity
(LFC) signs will be produced with a higher mean number
of sign parameters performed correctly than high
production complexity (HFC) signs during immediate
posttraining recall (test), same day recall (probe 1),
and one week posttraining recall (probe 2. The scores
obtained by the subjecte on the initial recall tests
were determined to have a significant negative shkew.
Therefore, the differences between HFC and LFC signs
within each subject group were analyzed by the Wilcoxon

matched pairs test. The mean number of correctly
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performed parameters for the signs administered on

~y

probe 1 and probe 2 was analyzed by a 2 (Group) »

2 (Production Complexity) analysis of variance with
repeated measuwres on the last factor.

Table 17 presents the subjects” mean recall scores
for both high and low production compledity signs under
each scoring condition (strict and lenient). Since the
results under the two scoring conditions were similar,
only the results scored under the strict condition are
discussed below.

Norne of the analyses of differences between the
distributions of mean number of correct parameters per
sign of HFC versus LFC yielded significant results.

It can be seen that the means for HFC and LFU signs are
similar to each other at all three recall periods for
both aphasic and control subjects. Since these resultsg
do not indicate that HFC signs are more difficult to
recall than LPC signs, hypothesis seven was not
supported.

Relationship between recall and production

conplexity. Examination of the relationship between
recall on the probes and production complexity was
conducted by the computation of eta squared. The

results obtained revealed a very weak relationship



Table 17

Mean Recall Scores for High and Low Production Complexity Signs

Under Each Scoring System

Strict Lenient
Group HPC LPC HPC LPC
Test
Aphasics 11.68 12.29 12.18 12.48
Controls 14.67 14,63 14.86 14,67
Probe 1
Aphasics 2.50 2.83 2.61 2.85
Controls 3.33 3.46 3.45 3.53
Probe 2
Aphasics l.Eé 2.00 1.92 2.08
Controls 2.98 2.93 2.72 2.61




between the two variables for both subject groups, and

similar results under strict and lenient scoring,

= .22 (ET = .05); = . 2= oo,
EAphasics (B O3 % Eoontrols 16 (E )

Hypothesis 8 (Recall and Rody Contact)

The eighth hypothesis stated that for both
aphasics and normal controls there will be an increased
mean number of sign parameters performed correctly for
body contact (+BLC) than for non-body—-contact (—=BC)
signs during immediate posttraining éecall, same day
recall (praobe 1), and one week post training recall
(probe 2).

The data from the normal contreols on the tests
was found to have a significant negative skew and
therefore both the aphasic and control data were
analyzed by nonparametric methods. The Wilcoxon
matched pairs test was used to examine the influence of
body contact on sign recall. S8trict and lenient scores
on the two probes were amalyzed by a 2 fGroup) by
2 (Body Contact) analysis of variance with repeated
measures on the last factor.

Imnediate posttreining recall (test). Under

strict and lenient scoring conditions a significant
difference was found for the aphasics on the number of

parameters performed correctly for +BC compared to -BC
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i i H = 10.5C = 02
signs, Wilcoxon IStrict 10.530, p 02, The control
subjects also exhibited a significant difference on +RC
compared to -RBC signs., Wilcoxon ILenient = Strict =
700, p = .01. The means displayed in Table 18 reveal
that significantly more parameters were performed

correctly for +BC compared to —-BC signs and this was

true for both aphasics and controls.

Same day recall (probe 1). The control subjects
performed more parameters correctly on +BC compared to
-BC eigns. No significant difference was found between
+EC and ~BC signs for the aphasics, although their mean
recall scores were in the hypothesized direction.

Under strict and lenient ccoring conditions significant
main effects were found for Group,
1, 22 = 10.959, p = .003;

Fotrict

ELenient(i’ 22) = 11.41, p = .00Z%, and Rody Contact,

EStFict(i’ 22) = 7.90, p = 0103
ELenient”“ 22) = 9.35, p = .00&4. No significant

interactions were found.

Examination of the simple effects assnciated with
the significant main effect for body contact was made
by repeated measures ANOVA's. The analysis revealed a
significant difference between +BC and —-BC signs for

- 1 ] = 2 = ---7:
the control subjects, EStrict(i’ 11) 11.26, p 007



Table 18

Mean Recall Scores for Body-Contact (+BC> and

Non-Body—Contact (-BC} Signs Under Each Scoring Condition

Strict Lenient
Group +8C ~-BC +8C ~BC
{ Test

Aphasics  12.922 11.05° 13.340 11.32
Controls  15.17° 14.13° 15.324 14,34

Probe 1
Aphasics 2.77 2.955 2.84 2.62
Controls  3.58€ 3.21€ 3.71f 3. 260

Probe 2 .
Aphasics 1.83 2.02 1.96 2.04
Controls 2.978 2.228 3.08" 2.2

Note. Means with same superscript indicate distributions are

significantly different at p < .05,

L2t



ELenient(i’ 11) = 18.14, p = .00%. The means
presented in Table 18 show the direction of the
difference.

One weelk posttraining recall (probe 2. A

significant main effect was found for Group,

E‘Stl"ict(l" 22) = 4.87, p = .0F6;

Fienient (1r 28) = 4.39, p = .045 and a significant

interaction of Group with Body Contact,

- 2Wy = 2% = L0023 . 22) = 4,864,
E‘Strict(15 - sy B WS ELenlent(l5 ) 4.86,
P = .04. In order to understand which group means were

significantly different and therefore responsible for
the observed significant main effect and interaction
two one-way ANDVA's were computed. The analyses
vielded the results presented in Table 18. Significant
differences were found betwesen the aphasics and
controls for +BC signs, Eu . (1, 22) = 9.55,

p = .005; E

"Lenient(i’ 22) = 7.585, p = .011l. However,

recall of the -BC signs was not significantly different
hetween the two subject groups. A significant
difference was found between recall of +BC and -BC

i < = -:!; = -:E:
signs for the controls, EStrict 7.36, B 02;

ELenient = 6.38, p = JO03. No significant difference

between +BC and -BC signs was found for the aphasic

subjects.
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The results obtained by both groups of subjects on
the immediate posttraining test provide strong support
for hypothesis eight. 0Only the control subjects
results on probe 1 and probe 2 support the hypothesis:
the aphasics™ recall scores were in the predicted
direction.

Relationship between recall and body contact. The

relationship between recall and body contact was
determined by the computation of eta ‘squared (EE). The
results obtained revealed a moderate relationship
between the two variables for both subject groups on

the initial tests, and strict and lenient results were

~

41 (E¥ = ,17): E = 37

similar, Controls

Eﬁphasics =

(E¥ = .14). The relationship was also moderate for the
controls on the probes, with similar results under both

scoring conditions, EPrDbe 1 = .47 (ES = by BH

EProbe o = <44 (E7 = J20). The relationship was very

wealk for the aphasics on the probes, and strict and

lenient results were similar, EPrDbe ;= - 15

- = .10 (BT = .01).

2 = Lom;
(E 2D EPrDbe 2

Hypothesis 2 (Recall and Translucency)

The ninth hypothesis stated that for both aphasics
and controls at every posttraining test there will be =a

positive relationship between the number of parameters
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performed correctly and each sign’s translucency. The
influence of translucency on sign recall was examined
by both parametric and nonparametric methods. Bince
the mean recall scores obtained on the tests from the
aphasics under lenient scoring were found teo be skewed,
both the strict and lenient data were analyzed by a
Friedman two—-way ANOVA by ranks.

All of the control data from the initial tests
were found to have a strong negative skew and were .
also analyzed by a Friedman two-way ANOVA by ranks.
For both subject groups the data from the two probes
(same—day, and one—weel posttraining) were analyzed by
a 2 (Broup) x 3 (Translucency) ANOVA with repeated
measures on the last factor.

Imnediate posttiraining recall (test). As shown in

Table 19 for bpth aphasics and controls the
distribution of mean recall scores across the three
levels of sign translucency were not found to be
gsignificantly different from each other. Translucency
was therefore not a significant factor in sign recall
on the initial tests. In order to determine whether
the distribution of mean recall scores for the aphasics
differed significantly from those of the controls on

the tests, Mann—~Whitney U's were calculated comparing



Table 19

Mean Recall Scores for High, Medium, and Low

Transluency Signs Under Each Scoring Condition

Strict Lenient
Group High Medium Low High Medium Low
Test
ﬁphasics 13.35 11.43 11.18 13.83 11.78 11.32
Controls 14,83 14.25 14.85 15.19 14.35 14,94
Probe 1
Aphasics 3.138  2.94b 1 goab 3.24¢ 3.00d 1,94cd
Controls 3.67 3.42 3.10 3.77 3.50 3.19
Probe 2 X
Aphasics 2.78¢f 1.8 1.13f 2.9780  1.918 1430
Controls 3.08 2.46 2.23 3.21 2.54 2.25

Note. Means with same superscript indicate distributions are significantly

different at p < .085.

1€e



the two subject groups at each level of translucency.
The difference between aphasics and controls on sign
recall was found to be significant under strict scoring

for medium and low translucency signs, ba. 00,

QMEdium=
p = «00&; QLDN= .51, p = .006. Under lenient scoring
the distribution of mean recall scores revealed

significant differences between aphasics and controls

at all three levels of sign translucency, uHigh= 1o, p

= L0023

7.50, p = L01l0; U = 5,50, p = .006.

gMedium= =L ow

These results indicate that compared to controls,
aphasics demonstrated a significant impairment in sign
parameter recall on the immediate posttraining tests
for medium and low translucency signs scored strictly,
and for high, medium, and low translucency signs scored

leniently.

Same day recall praobe (probe 1). Analysis of the
mean recall scores on probe 1 revealed a significant

main effect for Group., E 14) = 45,55,

Fotrict (L

p = Q0013 F 1, 14) = 57.44, p = .000, and

—Lenient(

Translucency., EStrict(L’ 28) = 1Z3.42, p = .0002;

ELenient(i’ 14) = 14,799, p = .001. In order to
understand these results simple effects were computed.
Within each subject group mean recall scores for

high, medium, and low translucency signs were compared.
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A significant difference was found for the aphasics
between the mean recall scores associated with each of
the three levels of translucency,

14’) = 1(’-36, E = -OO';

R

EStrict(L’

2 = 2 = ]
ELenient(“’ 14) 11.872, p L001. For the control

subjects the difference between the means just

approached significance, (2, 14) = 3.52,

Estrict
p = 0573 ELenient (2, 14) = 3.59, p = .034., To
determine which pairs of means were significantly
different for the aphasics, correlated samples t-tests
were computed. Significant differences were found
between medium and low translucency signs,

Eﬁtrict(7) = 2.90, p = .02;%

p = .02, and between high and low translucency signs

1:-LE\nit=_=r\t(7) = .19,

(7) = 4,72, p = .003%; (7) = 4,811,

tStFiCt LLenient

p = .002. However, the difference between high and
medium translucency signs was not found to be
significant. These results indicate that aphasics
recalled significantly more high and medium compared to
low translucency signs.

Dne weel posttraining recall (probe 2). The

overall ANOVA on the mean recall scores obtained on

probe 2 yielded significant main effects for Group,
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" = 23 R = I L »
it (s 148 23.8%, p L0004 s

El epiont (1e 142 = 20,68, p = .0007; and Translucency,

E‘Str"ict('ﬁ’ 28) = B.83, p = .001,

ELenient(L’ 28) = 10,22, p = 0007, Simple effects

were computed for each group’s data across levels of
translucency and significant differences were found for

the aphasics, EStrict(E’ 14) = 9.49, p = .003,

ELenient e 14) = 11,739, p = 0015, No significant

differences were found for the controgl subjects.
Correlated samples t—tests were computed to determine
which pairs of means were significantly different from
each other. The results revealed that for the aphasics
two of the three means were significantly different
from each other. Under both strict and lenient scoring
the means for high translucency signs were

significently different from the means of medium

3 ) = = =
translucency signs, 1:_(7)Strict 2,30, p .05,

t (7) = 2.60, p = .03, Also, the means of hiah

lLenient

translucency signs were significantly different from

the means of low translucency signs, t(7) = B.57,

Strict

p = 00%, t(7) = 4,96, p = .002. This result

Lenient
indicated that significantly more high translucency
signs were recalled compared to those of medium and low

translucency.



The group main effect was examined by comparing
mean trecall scores on probe 2 between aphasics and
caontrols at each level of translucency individually.

As shown in Table 19 only the means at the low
translucency level were significantly different between
aphasics and controls, F(l, 14) = 7.949, p = .01%. The
mean recall scores for the aphasics and controls were
not significantly different for high and medium

translucency signs. -

Relationship between recall and translucency. The

relationship between recall and translucency was
determined by the computation of eta squared (EE)u
Since analysis of the test data revealed that
translucency was nbt a significant facteor in sign
recall on the tests, eta sguared was calculated for the
probe data only.

1. Probe 1. The aphasics obtained an E value of
«71 (E2 = .591) under stri;t‘scéfing%ahdL.75 under
lenient scoring (EE = ,54). These results indicate
that for the aphasics 914 of the variance in recall on
probe 1 could be accounted for by the transiucency
feature with strict scoring, and with lenient scoring

the amount of variance explained is S96%. The E value

for the controls under strict and lenient scoring was
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57 (ET = .33). These results indicate that on probe 1
under strict and lenient scoring 33% of the control
subject’s variance in recall could be accounted for by
the translucency feature.

2. Probe 2. 0On probe 2 under strict scoring the
aphasics E value was .74 (E2 = ,93), indicating that
55% of the variance in recall could be accountéd for by
the translucency feature. Under lenient scoring the E
value for the aphasics was .76 (EE =",88), indicating
that S98% of the variance in recall on probe 2 could be
accounted for by the translucency feature.

Under strict scoring the E value for the controls on
probe 2 was .42 (E7 = .18), and under lenient scoring
the E value was .44 (E2 = L20). Thus, with strict and
lenient scoring 18% of the variance in recall
performance on probe 2 could be accounted for by the
translucency feature.

The relationship between translucency and recall
was determined to be very strong for the aphgsics on
probes 1 and 2, and moderately strong for the controls
on probe 1. In order to provide an additional
description of these relationships Fearson product
moment correlations were computed to indicate the

degree of linear relationship between the two
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variables. The values obteained for r were as follows:
r (probe 1, aphasics) = .363_r (probe 1,

controls) = .87, r (probe 2, aphasics) = .68.

Fresented in Figuwe 5 is the scatter plot of the
relationship between the 24 translucency values and the
mean number of parameters performed correctly on

probe 1 under strict scoring for the aphasics. The
scatter plot with the same relationship for the
contrels is presented in Figure 4. Fresented in

Figure 7 is the scatter plot of the aphasic data for
the relationship between the 24 translucency values and
the mean number of parameters performed correctly on
probe 2 under strict scoring. Since the relationships
in these three figures appear nonlinear the Fearson
caorrelations were supplemented with sta (E) values.
Begides its wsefulness in describing the extent of the
relationship between independent and dependent
varriables eta is & general index of correlation
particularly adapted to data where the relationship
between variables is nonlinear (Guilford, 19265). The E
values obtained were essentially the same as the
Fearson values., The F test of linearity was conducted
to determine if the degree to which these regression

lines were nonlinear was significant. None of the F
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Figure 5. Sceatter plot of relationship between.
mean translucency and mean number of correct parameters

on probe 1 for aphasics (strict scoring).
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Figure é6. Scatter plot of relationship between mean
translucency and mean number of correct parameters on

probe 1 for controls (strict scoring).
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Figure 7. Scatter plot of relationship between mean
translucency and mean number of correct parameters on

probe 2 for aphasics (strict scoring).
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values obtained from this analysis were significant

(F = .05 for all three regression lines, must be » 2.03
to be significant at .03 level). It was concluded, for
all three regression lines, that the difference between
eta (E) and the Fearson r was not large enough to
suggest nonlinearity. Therefore, the Fearson r value
adequately describes the relationship between recall
scores and translucency values.

In summary, both body contact and translucency
were found to influence various aspects of sign recall
in the two subject groups. On the initial tests the
relationship between body contact and recall was
moderate for both groups. 0On the probes the
relationship between translucency and recall for the
aphasics was found to be much stronger than the
relationship between body contact and recall. In
comparison, for the controls a moderate felationship
was found between recall and both franslucency and body
contact.

Hypothesis 10 (Movement Errors and Brain Injury)?

The tenth hypothesis stated that brain injury wilil
result in an increased mean number of movement errors

being produced during post training tests. To examine



this hypothesis the number Df'movement ervrors produced
by aphasics and controls on the three different recall
evaluations was compared by the Mann—-Whitney U test.

Intrusion errors, unrelated errors and local
errors were the movement errors examined. Intrusion
errors were responses that included all or part of
another sign, unrelated errors were responses that were
unrelated to any of the signs trained, and duplication
errors were signs produced with mult{plication (ul
reduction of correct movement cycles.

The means presented in Table 20 reveal the
differences in amount of movement errors produced by
the two subject groups at the three recall periods.
The statistical analysis yvielded significant

differences between aphasics and controls on the

'

initial tests, U = 9.50, p = .02, and probe 1,

U= 8.00, p= .04, These results indicate that the
aphasic subjects produced significantly more

movement errors on the initial tests and pruobe 1 than
the controls. The subjects did not differ however., on
the number of movement errors produced on probe 2.
Thus, aphasics and controls both produced

movement errors during recall, although on the tests

and probe 1 aphasics produced significantly more
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Table 20

Mean Number of Movement Errors on Recall Evaluations

For Each Subject Group

Test Frobe 1 Frobe 2
Aphasics
M b.75% 1.79° 0. 94
sD L35 1.50 1.08 i
Controls
M 2.67% 1. 007 0.61
8D T 60 1.2 0.78

Note. Means with same superscript indicate

distributions are significantly different at p < .05.
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movement errors than controls.

The mean number of each of the three types of
movement errors produced by the two subject
groups during the three recall evaluations are
presented in Table 21. Analysis of the individual
distributions revealed that there was a significant
difference between the aphasics and controls on
duplication errors produced on the tests, U = 7.50,
p = .03, and probe 1, U = &.00, p = » 02 The remaining
distributions were not significantly different from one
another. Therefore, the sigrnificant differences in
movement errors observed between aphasics end controls
on the initial tests and probe 1 were due to the
increased number of duplication errors produced by the
aphasics. These results indicate that aphasices were
more likely than controls to multiply or reduce
movement cycles when producing signs on the tests and
first probes. Although significant differences were
not found between the aphasics and controls on
unrelated errors and intrusion errors the trend was for
aphasics to produce more of each of those two types of
errors as well, during recall.

Hypothesis ten was supported by the results from

the tests and probe 1 but not by the probe 2 data.
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Table 21

Mean Number of Three Types of Movement Errors Froduced

During Recall
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Aphasics

Intrusion T 63 1.75 0. &3

Unrelated 0. 50 Q.50 - 1.25
) . - | b

Duplication 16413 S 5 1.00

Caontrols

Intrusion 2.33 2. 00 1.00
Unrel ated 0,00 Q.00 0. 33

. , ' - a .-b R
Duplication S.67 1.00 0. 50
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Note. Means with same superscript indicate

distributions are significantly different at p « .05,
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Hypothesis 11 (Movement Error Tvypes Froduced During

No prior predictions were made regarding the
proportion of three different types of movement errors
(intrusion errors, unrelated errors, and duplication
erirors) that individual subject groups or individual
subrjects would produce during recall. To examine this
issue the proportion of each type of movement error
produced by each of the two subject dgroups during
recall was calculated. The calculation procedure
involved dividing the total number of errors associated
with each of the three error types by the total number
of movement errors produced. The value obtained was
the percent of total errors attributed to each type of
movemant error. As shown in Table 22 duplication
errors were proportionally the most common for both
aphasics and controls on the tests. The number of
unrelated errors, thouwgh small on the tests and probe
1, was considerably higher on probe 2 for both subject
groups. 0On all three recall evaluations the proportion
of intrusion errors produced by controls was larger
than that produced by aphasics. Additionally. the
probe 2 data indicate that movement errors produced by

aphasics were more likely to be gestures that were



Table 22

Fercent of Three Tvpes of Movement Errors Froduced

During Recall

Mvt Error Test Frobe 1 Frobe 2
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Aphasics

Intrusion 17.9 2. 21.7
Unrelated 2.5 2.3 - 43,5
Duplication 796 o8.1 4.8

Controls
Intrusion 29.2 b&.7 94.59
Urnirel ated 0.0 0.0 18.2

Duplication 70.8 BELD 27.3



unrelated to any that were trained while controls were
more likely to incorporate a portion of another sign
frrom the 24 being trained.

Individual aphasic subjects results. Fresented

in Table 27 are the percentages associated with each
movement error type produced during recall by the
individual aphasic subjects. As indicated in Table 23,
on the initial test most of the aphasics®™ movement
errors were duplication errors, however, subject EA
produced proportionally more intrusion errors than any
other error type. 0On probe 1 duplication errors were
again the major error type produced by most aphasics.
The performance of subjects 585 and EA differed from the
other aphasics because they produced a much larger
proportion of intrusion errors thanm the majority of
aphasics (85 - S7%4, EA - S0X). Another unusual
pertormance was that of Subject FB who produced an
equal number of unrelated errors and duplication errors
on probe 1.

Frior to probe 2 the proportion of unrelated
errors remained relatively small for most aphasics.
However, on the second probe subjects DJ, RB, and MF
produced an unusually large proportion of unrelated

errors. For subject EA the largest proportion of



Table 23

Fercent of Each Movement Error Type Froduced Dwinag

Recall by Individual Aphasic Subjects

Subject Test Frobe 1 Frobe 2
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JS 8.7 28.6 0.0
Af 0.0 =2B.6 0.
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RE 0.0 20,0 0.0
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55 19.5 57.1 bba7
EA 76.9 0.0 S90.0
FR 46.2 0.0 1.0
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Unrelated Errors

JSs F. 0 14,73 S0.0
A/ 0.0 14.3 0.0
DJ 7.1 25.0 1.0
RE 0.0 0.0 75. 0
MF 0.0 0.0 1.0
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(Table 27 continued)
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Unrelated Errors
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FE 0.0 0,0 0,0

e o iy (s e e v S0 Gorms nme o s Soris S P e P P PS8 et Mk e e At Gkttt P PSS 000 ot e LS4t S FRELS SHATY BPUES Aaind (et i PSR LeRt BHARD $ked ke s e Sames S o P SN Mbes e S

Duplication Errors
Js 78. 7= 57.1 S50.0
AA 1.0 57.1 1.0
DJ 72.7 S0.0 0.0
RE 1.0 80.0 25.0
MF .35 71.4 0.0
85 BO.S 42.9 I
EA 2=, 0.0 25.0
FE o9x.8 S0.0 0.0

e e s oo nont 03 44 S SRISF SR PSS et Skt AP Gthd Mo ST R St e 4 R SHRSS HSPR SPES £ S Wi Mt e S STEES S04 FR893 F eir rd Be Poane P SRS e e e Saar Semae oo S s Arirm Sutte Foube g Poeed esee



254

~

movement errors on probe 2 was again the intrusion
type.

Hyvpothesis 12 (Recall and Farameter Errors)

No prior predictions were made regarding the
hierarchy of parameter errors produced during recall of
ABL migns in aphasics and normal controls. The
hierarchy of parameter errors exhibited by aphasics and
normal contreols during sign recall was examined by
computing the percent of total errors associated with
each of the four parameters: handshaping (HE), hand
orientation (HD), location (LOC), and movement (MVT),
for the 24 signs trained to subjects. This percent was
obtained by totaling across all signs and all subljects
in each of the two subiect groups the number of errors
produced for each of the four sign parameters. The
valué obtained for each parameter was then divided by
the total number of errors summed across all four
parameters. The numbers used in this analysis were
ohtained from recall trials on which subljects produced
a response. The features common to signs where no
recall response was produced ("no response" signs) are
discussed in the subsidiary analyses section.

Group results. The percents computed to determine

the hierarchy of parameter errors exhibited by aphasics



and controls on the récall test and probas_are
presented in Table 24.

The highest perceht of parameter errors produced
by the aphasic subjects was on the handshape parameter.
As seen in Table 24 handshape errors were the largest
percent of errors under strict and lenient scoring for
all three recall evaluations. Control subjects
produced their largest percent of movement parameter
ertrors under strict scoring and under lenient scoring
the largest percent error was on the handshape
parameter. 0On all three recall evaluations the percent
error produced by both aphasics and controls was
génerally lower for the location parameter. However,
on probe 2 the percent error produced by aphasics was
lowest on the hand orientation parameter.

The order of recall for the four sign parameters
are presented separately for each subject group in
Table 24. The parameter recall order for aphasics on
the test and probe 1 was LOC * HD » MVT * HS. Between
the administration of probe 1 and probe 2 the percent
of recall errors on the location parameter increased
for the aphasics from 12¥% to 184, although the percent

of errors on the other three parameters did not change

very dramatically.



Table 24

Percent Error on the Four Sign Parameters By Aphasics and Controls

Parameter Recall Order

Recall Scoring HS HO Loc HUT First > Last
Aphasics
Test
S5trict 38.1 14.7 10.5 36.6 LOC > HO > MUT > HS
Lenient 42.8 16.5 11.8 28.9 LOC > HO > MUT > HS
Probe 1
Strict 36.1 16.5 11.9 35.6 LOC > HO > MUT > HS
Lenient 38.5 17.6 12.6 31.3 LOC > HO > MUT > HS
Probe 2
Strict 33.3 17.4 18.1 31.3 HO > LOC > MUT > HS
Lenient 35.0 1B.2 19.0 27.7 HO > LOC > MUT > HS
continued

9¢¢



{Table 24 continued)

Parameter Recall QOrder

Recall Scoring HS HO Loc MUT First > Last
Controls
Test
Strict 33.? 17.6 7.3 41.5 LoC > HO > HS > MUT
Lenient 9.2 20.5 B.4 31.9 LOC > HO > MUT > HS
Probe 1
Strict 32.5 14.5 12.0 41.0 LOC > HO > HS > MUT
Lenient 38.6 17.1 14.3 30.0 LOC > HO > MUT > HS
ProbeiZ
' Strict 35.6 15.1 12.3 37.0 LOC > HO > HS > MUT
Lenient 38.2 16.2 13.2 32.4 LOC > HO > MUT > HS

LST



The order of parametér recall by the control
subjects was influenced by the removal of touch
errors from the scoring (lenient scoring). llnder strict
scoring the order of recall was LOC » HO » HS » MVT and
urnder lenient scoring the order was LDC * HD » MVT
HS. This result indicates that when touch errors are
removed from the scoring of movement errors the percent
of total parameter errors accounted for by movement
becomes lower than the percent accournted for by
handshape. Thus, compared to the aphasics a larger
proportion of the movement parameter ervors produced by
the control subjects were touch errors.

Individual aphasic subjects results. The

individual subject data will be presented as it relates
tn each of the three recall evaluations.

1. Test. Shown in Table 20 are the percent error
scores obtained by the individual aphasic subjects on
the four sign parameters. For most of the eight
subjects the percent error score on the hand
orientation and location parameters was lower than that
on the handshape or movement parameters. Subiect 58°s
performance on the test was very different from the
others. This subject produced a higher percent of hand

prientation errors than any of the other aphasics.



Table 25

Percent Error on the Four Sign Parameters

by Individual fiphasic Subjects: Test Data

Parameter Recall Order

Subject Scoring HS HD Loc MUT First > Last
JS Strict 32.3 15.6 15.86 36.5 HO = LOC > HS > MVT
Lenient 36.5 17.6 17.6 28.2 HO = LOC > MUT > HS

AA Strict 47.1 B.6 17.1 27.1 HBO > LOC > HYUT > HS
Lenient 52.4 3.5 19.0 19.0 HO > LOC = MUT > HS

DJ Strict 40.3 21.6 10.1 28.1 LOC > HO > MUT > HS
Lenient 42.4 22.7 10.6 24.2 LOC > HO > MUT > HS

RE Strict 43.2 4.9 9.9 42.0 HO > LOC > MUT > HS
Lenient 52.2 6.0 11.9 29.9 HO > LOC > MUT > HS

MF Strict 19.6 19.6 0.0 60.9 " LOC > HO = HS > MUT
Lenient 26.5 26.5 0.0 47.1 LOC > HO = HS > MVUT

55 Strict 22.2 27.8 12.5 32.5 LOC > HS > HO > MVUT
Lenient 25.8 32.3 14.5 27.4 LOC > HS > MUT > HO

EA Strict 58.0 2.0 B.O 32.0 HO > LOC > MUT > HS
Lenient 61.7 2.1 B.5 22.7 HO > LOC > MUT > HS

PB Strict 28.6 8.6 2.9 60.0 LOC > HO > HS > MUT
Lenient 32.3 9.7 . 3.2 54.8 LOC > HO > HS > MUT

6S¢C
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Follow—up of 55°s performance on probe 1 and probe 2

(see Table 26 and Table 27) reveals that ﬁand
orientation errors did not continue to be comparatively
frequent relative to the other subjects.

The results of two other subjects MF and FR were
also different from those of the other six aphasics.
These two subjects produced a relatively small number
of location parameter errors (MF = 0 (Strict and
Lenient); FB = 2.9% (Btrict), Z.2% (Lenient)) and a
comparatively large number of movement parameter errors
(MF = &60.9% (Btrict), 47.1% (Lenient); FBR = 0%
(Strict), S4.8% (Lenient)). EBetween the two subjects
the high percentage of movement parameter errors
produced under lenient scoring was primarily on ten
individual signs (AIRFLANE, BRODK, COFFEE, COME, FENCIL,
STORE, AFFLE., MAN). Eight of these ten signs are high
production complexity signs.

As shown in Table 2% the percent errors obtained
by subject MF on the handshape and hand orientation
parameters were equal, while for the other subjects the
hand orientation value was substantially lower than the
handshape value.

2. Probe 1. The percent of parameter errors on

probe 1 (see Table 24) indicates that for five of the



Table 26

Percent Error on the Four Sign Parameters

by Individual Rphasic Subjects: Probe 1 Data

Parameter Recall Order

Subject Scoring HS HO Loc MuT First > Last
JS Strict 30.8 19.2 15.4 34.6 LOC > HO > HS > MUT
Lenient 32.0 20.0 16.0 32.0 LOC > HO > HS = MUT

AR Strict 34.6 19.2 139.2 26.9 HO = LOC > MUT > HS
Lenient 36.0 20.0 20.0 24.0 HO = LOC > MUT > HS

DJ Strict 40.4 21.3 10.6 27.7 LOC > HO > MUT > HS
Lenient 43.2 22.7 11.4 22.7 LOC > HO > MVUT > HS

RB Strict 47.4 5.3 5.3 42.1 HO = LOC > MUT > HS
Lenient 52.9 5.9 5.9 35.3 HC = LOC > MUT > HS

MF Strict 20.0 15.0 15.0 50.0 HO = LOC > HS > MUT
Lenient 21.1 15.8 15.8 47.4' HO = LOC > HS > MVUT

Ss Strict 3?2.9 20.7 10.3 31.0 LOC > HO > MUT > HS
Lenient 40.7 22.2 11.1 25.9 LOC > HO > MUT > HS

ER  Strict 54.5 0.0 0.0 45.5 HO = LOC > MUT > HS
Lenient 66.7 0.0 0.0 33.3 HO = LOC > MYT > HS

PB Strict 25.0 12.5 12.5 50.0 HO = LOC > HS > MVT
Lenient 30.8 15.4 15.4 38.5 HO = LOC > HS > MVT

19¢




Table 27

Percent Error on the Four Sign Parameters

by Indiwvidual Aphasic Subjects: Probe 2 Data

Parameter Recall Order

Subject Scoring HS HO LoC MUT First - > Last
JS Strict 26.3 21.1 21.1 31.6 HO = LOC > HS > MUT
Lenient 29.4 23.5 23.5 23.5 HO = LOC = MUT > HS

AR Strict 25.0 37.5 .0 37.5 LOC > HS > HO = MVT
Lenient 23.0 37.5 g.0 32.5 LOC > HS > HO = MUT

DJ Strict 40.0 20.0 10.0 30.0 LOC > HO > MUT > HS
Lenient 40.0 20.0 10.0 30.0 LOC > HO > MUT > HS

RB Strict 47.1 17.6 11.8 23.5 LOC > HO > MUT > HS
Lenient 47.1 17.6 11.8 23.5 LOC > HO > MUT > HS

MF Strict 31.8 22.7 18.2 22.3 | LOC > HO > MUT > HS
Lenient 31.8 22.7 18.2 272.3 LOC > HO > MUT > HS

5SS Strict 28.6 14.3 19.0 38.1 HO > LOC > HS > MUT
Lenient 31.6 15.8 21.1 31.6 HO > LOC > HS = MUT

EA Strict 25.0 10.0 35.0 30.0 HO > HS > MUT > LOC
Lenient 29.4 11.8 41.2 17.6 HO > MUT > HS > LOC

PB Strict 50.0 0.0 12.5 37.5 HO > LOC > MUT > HS
Lenient 50.0 0.0 12.5 32.5 HO > LOC > MUT > HS

292
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eight aphasic subjects the hand orientation and
laocation parameters were recalled egually well followed
by either movement or handshape. Thus, the order of
recall by 63%4 of the aphasics on probe 1 was different
from the overall aphasic group performance.

The percent error obtained by subjects RR and E&
on the hana orientation and location parameters was
considerably lower than that of the other subjects.
Subject EA produced no hand orientation or location
parameter errors on any probe 1 administered, and
subject RE produced a comparatively small percent of
hand orientation and location parameter errors on these
probes. Conversely these two subjects produced
comparatively more handshape parameter errors than the
other subjects.

The results in Table 26 also indicate that subject
MF and FPB again produced comparatively more movement
errors than any of the other aphasic subjiects.

Z. Probe 2. 6As shown in Table 27 the individual
aphasic subjects” performances on probe 2 reveal an
order of recall similar to that on the tests; the
percent error on the location and/or hand orientation
parameters was lower than that obtained on the movement

and/or handshape parameters. Thus, for most subjects
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the hand orientation and/or location parameter was
recalled better than the handshape and/or movement
parameter. Under lenient scoring subject JS produced
an equivalent proportion of errors on the hand
orientatiorn, location, and movement parameters
resulting in a very different order of recall than thé
other subjects: HO = LOC = MVT & HB.

In summary, the percent error obtained for each of
the fouwr sign parameters on the three recall
evaluations allowed the ranking of parameters in terms
of recall order from first to last. The general order
for both aphasics and controls was HO and/or L.OC
followed by MVT and/or HS. Examination of individual
aphasic subject data revealed thal some aphasics
exhibited orders of recall that varied from the general
order.

Hypothesis 13 (Relationchip Petween Gestural Deficit

and Apraxia or Modality Deficit)

The thirteenth hypothesis states that the gestural
deficit observed among aphasics duwring acquisition and
recall will be largely attributable to a coexisting
apraxia or modality deficit. In order to address this
issue the relationship between praxis and sign

production was examined by correlating performance on



the immediate post traiping recall test (test), same
day recall probe (probe 1), and one week posttraining
recall probe (probe 2) with performance on siy
different praiis subtests from the apraxia battery
presented in Appendix B. The Spearman rank order
correlation method was applied to the score
digtributions of the five praxis subtests because they
were determined to be significantly negatively skewed.

The correlations obtained by the aphasic subjects
between the expressive gestufe subtests and acguisition
and recall scores are presented in Table 28. A strong
positive relationship was found between the mean recall
score obtained on the initial tests and the apraxia
subtest that examined transitive (object use)
movements, = .845, p = 023

s (Strict)
8l6, p

i

] 03- 4 N
" (Lenient) A strong relationship

was also found between performance on probe 1 and the
transitive movements apradia subtest, . (Strict =

. 672, p = 07. These results indicate that
Lenient) T

transitive movements are strongly related to the number
of sign parameters performed correctly both immediately

following training (initial test) and at the end of the

training session (probe 1).



Table 28

Correlations Retween Fraiis Subtests and Siagn

Acguisition and Recall Scores (Strict Scoring)

Acquisa Hecallb
Subtest Training Test Frobe 1 Frobe 2
Eimura Hand -, 09 « 45 .22 —. 01
Eimura Movement .00 - 13 -« 48 . 08
Buccofacial -~ 62 .ol .29 .
Intransitive —u 13 . 08 » 25 . 48
Transitive - 58 . 85 . 68 —a

Note. “Number of training trials.

bNumber of correct sign parameters.
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Relationship between gestuwral deficit and modality

deficit. A FPearson product moment correlation was used
to examine the relationship between aphasic gestural
deficits, as measuwed by the recall tests and probes,
and spoken language deficits, as measured by the visual
confromtation naming and word reading subtests from the
Roston Diagnostic Aphasia Examination (BDAE). As shown

in Table 29 the relationship between probe 2 and visuwal

confrontation naming was strong, B9 p o=

Cotrict

. 063 Ol p = 211y and a similar

ELenient
relationship was found between word reading and probe

= .68, p = 063 cbly p = L1l

“r Lotrict D enient

Bince errors on transitive movements were found to
be strongly related to recall of signs both immediately
following training and at the end of the training
session it can be concluded that the gestural deficit
observed among aphasics at these two recall po%nts may
be attributable to a specific ideomotor apraxia for
transitive movements. The lower negative correlations
found between the visual confrontation naming and word
reading BDAE subtests and sign recall on the tests and
probe 1 do not provide convincing evidence that a
madality deficit may be responsible for the aphasics?®

observed gestural deficit.
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Table 29
< N ' Ly o - . L ad -

Correlations Between Selected Expressive Languaage

Subtests and Sign Acquisition and Recall Scores

(Strict Scoring)

Acquisa Recallb
Subtest Training Test Frobe 1 Frobe 2
Confront Naming -.10 ~.41 - D - 69
Word Reading -. 18 ~a 51 - 40 . &8
Repetition Wds -.2 211 M « 40

e T L

Note. aNumber of training trials.

b .
Number of correct sign parameters.
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The relationship between receptive performance at
the three posttraining recall intervals and receptive
language subtests for reading comprehension and
auditory compreﬁension, was not examined statistically
because subjects made too few errors to allow such
analysis.

Receptive Siagning Results

Sincé very few receptive signing errors were made
by the aphasic subjects and none were made by the
controls, the receptive signing data was not
statistically analyzed. In this study & receptive
signing error was defined as the cheoice of an
incorrect picture as the referent for a sign produced
by the exuperimenter. In the discussion to follow the
receptive errors made by individual aphasic subjects
will be described.

The four aphasic subjects who made receptive
signing errors were 85, RBE, DJ, and JS. Subject 5%
made two receptive errors, one occurred when a picture
of food was chosen as the referent for the sign SHOES,
and the other occurred when a pictuwre of a book was
chosen as the referent for the sign FPENCIL. No
relationship was found between 85%s elicited signing

errors and these receptive errors.
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The receptive errors produced by subject RE all
involved the signs STORE and CHILD. On the four
Feceptive signing test trials where the CHILD sign was
produced by the experimenter REB chose the picture of a
store as the referent for CHILD. This same error
occuwrred on probe 1. A related error was found on RE s
probe 1 elicited signing performance of the sign STORE.
The STORE sign was made with the HS from the CHILD
S19n. .
Subject JE made receptive errors on the signs
STORE, and TOILET. On both probes 1 and 2 J% chose the
picture of & cat as the referent for the sign STORE.
Another error occurred when the picture of a comb was
chosen as the referent for the TOILET sign. No
relationship was found between J58"s elicited signing
performances and these receptive errors.

Subiect DJ made one receptive signing error. The
picture of an egg was chosen as the referent for the
sign AIRFLANE.

In total there were six signs on which aphasic
subjects made receptive errors, these were: SHDES,
FENCIL, CHILD, AIRFLANE, STORE, TOILET. In
relationship to the three variables, translucency.

production complexity, and body contact the six sians
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can be characterized as follows: (a) all six signs are
non*body—contéct signs, (b) four of the six signs are
high production complexity signs, and (c) three signs
are high and three are low translucency signs.

Subsidiary Analyses

Influence of Sian Training Order on Mean Recall Scores

Signs were presented to all subjects in the same
random order duwing training. In order to examine the
influence of a sign’s position during training on the
mean recall scores obtained on the probes, Fearson
product moment correlation coefficients were computed.
Signs in each of the two subgroups trained during the
two experimental sessions were assigned a value between
1 and 12 corresponding to its training position. The
correlation computed was based on the relationship
between each sign®s training position and the mean
recall score obtained for the sign on the two probes.

Table Z0 lists all the computed values for the
Fearson r. Examination of the r values reveals that
all of the relationships between recall scores on probe
1 and the training position of signs were weak and
nonsignificant. The relationships between the probe 2
recall scores and sign training order were all

negative, and two of the six correlations were



Table 30

Correlations Between Sign Training Order and Recall Probe Performance for Each Subject Group

Scoring: Strict Strict Lenient Lenient

Sign Set: A-D E-H A-D A-D

Subj: Aphasics Controls Aphasics Controls fAphasics Controls fAphasics Controls
Sign Train Order (Probe 1) .10 -.24 ~.04 .18 -.02 -.35 -.0?7 .08
Sign Train Order (Proba 2; -.38 ~-.62 -.15 -.37 -.41 ~.59

-.15 -.40

cLe
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moderately high. The moderately high correlations were
obtained from the normal control subjects on the

probe 2 which evaluated the signs from sets A through

= —,59. Based on these

D.

= -, 62,

r . I~ .
—Strict ~Lenient
4

results the amount of variance in the probe 2 recall
scores for signs inhéaté A through D that could be
explained by the sign training position is ZBA (strict
scoring) or 359% (lenient scoring).

In summary, the relationship between sign training
order and recall performance on the prohes was
generally weak and nonsignificant. Only the
relationship between probe 2 performance on sets A
thrrough D by the controls was moderately high. Since
the correlation was negative, it indicates that for
sets A through D, signs presented early in training to
control subjects were recalled better than signs
presented later.

Aoguisition and Recall of Signs in Sets A Throuagh D

Versus Setgs E Throuagh H

In order to limit the length of training sessions
arnd obtain short—term retention data on all signs
aphasic and control subjects received training on one
group of signs during session one, and a second group

of signs during session two. 8Sign sets A through D
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were trained to subjects during one session and sign
sets E through H were trained during the second
session. Dwing the training several aphasic and
control subjects remarked that signs in sets E through
H were more difficult for them to acqguire and recall
than signs in sets A through D. In order to examine
this issue the acuisitiorn and recall data from each
subject group were analyzed to determine if there was a
significant difference between the two groups of signs.
None of the means were found to be significantly

different from one another for either the aphasic,

i

(11} w201, p = .82, or control subjects,

!

) = .57, p = .58,

The number of sign parameters performed correctly
on signs from sets A through D and E through H by
subjects on the initial tests was examined by the
Wilcorxon matched pairs test, because the data from the
control subjects was determined to have a significant
negative skew. The difference between the number of
parameters performed correctly on the test for signs
from sets A through D compared to signs from sets E
through H was found to be significant for the control
subjects under lenient scoring, Wilcoxon T = 12.00,

p = 0%, The difference for the controls under strict



scoring, approached significance, Wilcoxon T = 17.5,

p = .09. These results indicate that under lenient
scoring control subjects produced more sign parameters
correctly on the recall test for signs in Sets A
through D compared to the number of parameters
performed correctly for signs in sets E through H.

This result was not found for the aphasic subjects.
Also, no significant differences were found between the
recall on probe 2 of signs in either of the two groups
A through D and E through H.

Therefore, although both the aphasic and control
subjects believed that signs in sets E through H were
more difficult to acquire and recall than signs in sets
A through D, only the controls performance under
lenient scoring on the.test indicated a significant
difference in recall between signs in the two sets.

"No Response'" Siogns: Their Features

In the following discussion the features common to
the signs that did not elicit a response on recall
trials will be presented.

Shown in Table 1 are the number of trials
associated with each sign where no response was
produced by individual subjects. The numbers presented

are for the three recall evaluations. The control



Table 31

Number of Recall Trials and Specific Signs Where No Response Was Produced by Each Subject

Tast Probe 1 Probe 2
Aphasic Subjects Sign Num. Trials Sign Num. Trials Sign Num. Trials
JS RIRPLANE 4 CopP 1 CAT 1
cAT 2 STORE 1
CHILD 2 WOMAN 1
EGG 4
AA APPLE 1
TOILET 1
HATER 1
nJ
RB
MF TOILET 4 SHOES 1 EGG 1
FoOoD 1
. SHOES 1
TOILET 1
ss BLANKET 4 BOOK 1
BOOK 4 SHOES 1
EGS 3 WATER 1
HOMANM 1
ER FODD 2 TOILET 1 CLOTHES 1
TOILET 4 WATER 1 STOKE 1
HOMAN 1
cantinued

9L¢



(Table 3i continued)

Test Probe 1 Probe 2
Aphasic Subjects Sign Num. Trials Sign Num. Trials Sign Num. Trials
PB EGG 4 EGG 1 AIRPLAME 1
TOILET 4 FOOD 1 EGB 1
SHOES 1 FOoD 1
TOILET 1 SHOES 1
TOILET 1
HWRTER 1
Total 41 15 16
Control Subjects
BB
JB EGG 1 RIRPLANE 1
EGG 1
BL EGG 1
HATER 1
JT CLOTHES 1
FH CLOTHES 1
: WOMAN 1
EH
Total 1 7

LLT
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subjects did not respond on one test trial and seven
probe 2 trials. The remaining descriptions of the
featuwres of "no response" signs will be discussed
separately for each subject group.

fpphasics. 0On the tests the sign that was
responsible for the highest number of "no respmnse“_
trials was TOILET (12 trials). followed by EGG
(11 trials). As shown in Table 21 seven out of the
eight (87.3%) "no response” signs weie —body contact
signs, indicating thet for the aphasics body contact
may have influenced whether enough information was
recalled about a sign to allow the subject to produce a
response when requested to do so. On the probes the
"no response” signs were primarily low and mediuwm
translucency signs (&0% — &77%). These results indicate
that body contact may have been important in eliciting
a response on the test, and translucency may have been
important for the probes, though neither of the two
levels of production complexity were found to be
differentially represented among the "no response"
signs.

Controls. The controls® "no response" signs were
a subset of those from the aphasics, EBG on the test,

and AIRFLANE, EGG, WATER, CLOTHES, and WOMAN on



probe 2. Three out of these five signs were low
translucency signs, and one each was medium and high
translucency. Neither of the two levels of body
contact or production complexity appeared to be
important variables in eliciting a recall response from

the control subjects.
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CHAFTER V

Discussion

Summary of Results

Acquisition and recall of signs was expected to be
negatively influenced by stroke and the results
generally supported that hypothesis. Aphasics reguired
significantly more handshaping and pHysical guidance
training trials than controls during sign acquisition,
and aphasics acqguired significantly fewer signs than
control subjects. Recall of signs was also
significantly impaired in aphasics compared to controls
on the immediate posttraining tests {inmitial tests) and
the same—day probes (probe 1). The performance of the
aphasicg aon the one-week posttraining probe (probe 2D
was not significantly impaired compared to the
controls. This result indicates that although aphasics
did more poorly than controls on acquisition and
same—day recall of signs, when the memory demands were
increased by delaying recall for one weel, the
performance of the controls was just as impaired as

that of the aphasics.
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For the three variables, production complexity,
body contact, and translucency the following results
were obtained:

1. Production complexity was found to
significantly influence sign acquisition for the
aphasics but not for the controls. However, recall of
signs was not significantly influenced by production
complexity. Therefore, the production complexity value
of a sign determined its ease of acgdisition by the
aphtiasic subjiects.

2. PRBody contact did not influence sign
acquisition by either aphasics or controls, though
recall of signs was influenced by body contact. Roth
the aphasic and control subjects recalled significantly
more body-contact signs than non-body-contact signs on
the initial tests. On both probes 1 and 2 the benefit
of body contact on siaon recall was only observed for
the control subjects. Thus, although both the aphasics
and controls used body contact to aide initial sign
recall, the normal controls were more likely than the
aphasics to use body contact to aide delayed sign

recall.
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F. Translucency was not found to influence sign
acquisition or initial sign recall in either the
aphasics or controls. 8ign translucency did however
influence recall by the aphasic subjects on probes 1
arnd 2. Specifically, on probe 1 significantly more
madium and high translucency signs were recalled
compared to low translucency signs., and on probe 2,
significantly more high translucency signs were
recalled compared to medium and low translucency signs.
Therefore, aphasics were more likely than control
subjects to use a sign®s translucency feature to
tacilitate delayed wign recall.

Comparisons of aphasics to control subjects on the
three variables indicated that the aphasics® recall
performance was significantly impaired compared to the
controls® on the irnitial tests and probe 1. On probe 2
no overall significant differences were found between
the two groups. Analysis at the individual levels of
the three independent variables revealed, however, that
aphasics were significantly impaired compared to the
controls on probe 2 body-contact signs and low
translucency signs. A summary of the major results is

presented in Table 32,



Table 32

Summary of Major Findings Obtained From the Present Study

Acquisition Recall
Initial Tests Probe 1 Probe 2
Aph Cont Aph Cont Aph Cont fph Cont
Produc Comp HPC > LPC -- - - - - - -
Body Contact - - +8C > -BC  +BC > -BC - +BC > -BC - +BC > -BC
Translucency - - - - Med > Low - High > Mad -
High Low

Note. Aph = Aphasics; Cont = Controls;

-- = No effect found.

€8¢
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The acquisition order for the four individual sign
parameters, handshaping, hand orientation, location,
movement, differed between the two subject groups. The

modal order among the aphasic subjects was hand

orientation *» location * handshape * movement, and
amorng the controls the order was handshape = hand
orientation *» location » movement. Therefore, the

movema2nt parameter was the most difficult to acguire by
both subject groups. An investigation of individual
aphasic subiects” results indicated that the order of
acquisition was unique for six of the eight subjects.
However, the movement parameter was acguired last by
seven of the sight subiscts.

The recall order for the four sign paramsters
among the aphasic subjects on the initiasl tests and
probe 1 was location * hand orientation » movement
handshape, and the order on probe 2 was hand
orientation » location » movement » handshape. The
order of sign parameter fecall by the control subjects
was influenced by the removal of towch errors from the
scoring (lenient scoring). Under strict scoring the
following order was obtained on all three recall
evaluations: location * hand orientation

handshape *» movement. Under lenient scoring the order



of parameter recall was location * hand orientation -
movement » handshape. Therefore, for both subject
groups the most difficult parameters to recall were
movement and handshape.

In terms of the three movement error tvypes
(intrusion, unrelated, and duplication) both aphasics
and controls produced these error types during recall.
Df the three types of errors edamined duplication
errors were the most often produced By aphasics on the
tests and probe 1. The hierarchical order of movement
error types produced by the aphaszic subjects was
duplication » intrusion * unrelated. on the tests and

probe 1, arnd on probe 2 the order was unrelated

duplication * intrusion. The order for the controls
was duplication * intrusion > unrelated on the tests,
ard intrusion  duplication = unrelated on probes 1

and 2. Therefore, dwing same—day sign recall (initial
tests and probe 1) aphasics and controls were likely to
repeat sign productions beyond the required number of
movement cycles, however, during delayed recall

{(probe 2) unrelated ervrors were the usual cause of the

aphasics impaired performance while intrusion errors
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were the cause of the control subjects® impaired
performance.

The aphasic subjects” performance on the gesture
subtest that evaluated transitive movements (pretend
object uwse) was found to be strongly related to sign
recall on the initiael tests and moderately related to
sign recall on probe 1. Altheough, no strong
relaticonship was found between recall on the test or
probe 1 and expressive speech, probe 2 recall was found
to be moderately related to the aphasic subjects’
expressive language performance.

Receptive signing errors were produced by four
aphasics (55, RE, DJ, J8) and no controls. The
compelling featuwres of the siy signs on which receptive
errors were made were that all were non-body—-contact
signs and four of the six were high production
complexity signs. Two of the receptive errors were
particularly interesting because the relationships
between the sign presented and the pictorial referent
chosen were more linguistic than arbitrary.

Examination of the errors revealed that the incorrect
choice of the picture of a book as the referent for the

sign FENCIL, was semantically related, and the choice



of comb as the referent for TOILET was associatively
related.

No significant difference was found between the
acquisition and recall of signs from the two groups of
sets (A through D armd E through H) for the aphasic or
contirol subjects on the initial tests and probe 1.
However, under lenient scoring on probe 2 the controel
subjects were found to recall significantly more sigﬁs

from sets A through D compared to sidns from sets E

throwgh H. This result suggests that although all

il

igns were recallod with equal difficulty by the
aphasics and controls on the first day of training,
signs in sets A through D were easier for the control
subjects to recall compared to those in sets E through
H at the one-week posttraining evaluation.

The number of triales where no response was
produced during recall was highér for aphasics than
controls, The primary feature of the signs on which
aphasic subjects refused to respond on the test was
lack of body contact. since most of tﬁese signs were
naon—body—-contact signs. On the probes "no response"

sigrs were primarily of low and medium translucency.
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‘Among the control subjects no particuler feature was
salient among the "no response" sians.

Sign Acguisition and Recall in Aphasia

The results of this study, like the majority of
others on gesture in aphasia, indicate that aphasics
are impaired compared to normal controls in the
acquisition and recall of symbolic gestures. This
finding also supports the results from studies on new
motor learning which have found that “left hemisphere
lesions impair the acquisition and retention of motor
skills (Heilman, Schwartz, % Geschwind, 19275).

There are four theories that have been advanced to
gxplain the observed enhasic gestuwral deficite
asymbolia, modality, apraria, and cognitive. The
results of the present investigation will be discussed
as they relate to the asymbolia, modality, and apraxia
theories.

Asvmbolia Theory

Finkelnburg®s asymbolia theory (Dufty & Liles,
197%9) proposes that the human brain possesses one
central communication and symbol system which when
damaged results in impaired performance on all tasks

that reguire manipulation of symbols. Therefore, the
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aphasics™ impaired rate of acquisition and recall of
ASL. signs cowuld be the result of damage to the central
communication symbhol system. However, the finding that.
sign translucency (degree of perceived relatedness
between a sign and its meaning) was strongly related to
the aphasic subjiects” performances on probe 1 and

probe 2 does not lend support to the asymbolia theorvy,
parficularly, since the asymbolia model suggests that
symbolic movements should be less well interpreted than
abstract movements.

One suggestion for why translucency did not
influence sign acquisition and immnediate recall in the
present study is the sign training and test procedure.
Subjects did not observe the signs being produced wntil
the receptive test was administered, following the
elicited recall test. 0On the receptive test subjiects
observed the sign being produced and were reguired to
select the associated pictorial referent from among the
three pictuwres. It is possible that when subject™s
were given the opportunity to observe the signs being
produced in the presence of their referents, a symbolic

link was formed.



290

In the studies where translucency or iconicity was
found to influence sign or gesture acquisition {(Luftig
¥ Lloyd, 1981l Konstantareas, Ouman, % Webster, 1978)
the training procedure ditfered from the one used in
this study. In those studies, during training the
signs were produced by the examiner in the presence of
the pictorial referent, which suggests that only by
observing the production of a sign., along with its
referent, can one develop the cnncepfual link that is
necessary to understand how a sign is related to its
referent, the cruciel factor in sign translucency.
Since in the present study the opportunity to observe
production of the signs did not occur until after
training had been completed, the conceptual link
developed by the aphasics was not apparent until the
end of the training session (probe 1) and again at the
one weelk posttraining probe (probe 2). The presence of
a mirror during training may have helped the subjects
by allowing them to develop a visual representation of
the sign that could then be used to develop the
sign—referent association. Under these conditions the
the transluceﬁcy variable’s effects might have been

stronger.



Modality Theory

The modality theory proposes that the gestural
deficit observed in aphasia is due to to a breakdown in
specific perceptual modalities. Studies conducted by
Varney (1978, 19B2) have found a specific relationship
between deficits in pantomime recognition and
impairments in reading comprehension. Based on
Varnmey™ s work, in order for the modality theory to have
heen supported in the present study impaired gesture
performance would have to be shown to have a comparable
effect on its linguistic counterpart (expressive
speech) (Varney, 1978). Investigation of the
relationship between the observed expressive gestural
deficit (acquisition and same—day recall) and
expressive speech, as measwed by three BDAE expressive
language subtests (viswal confrontation naming, word
reading, and repetition of words), revealed low to
moderate negative correlations between the same-day
recall performances (test and probe 1) and all three
expressive language subtests . These results indicate
that subjects with poor BDAE express.ve scores had
better gestuwwral performances than those with good oral

HODrEssion.
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The moderate to high positive correlations
obtained between the expressive speech subtests and the
probe 2 recall performance reveal that when long-term
memory demands are added to ASL sign recall, aphagics
perform almost as poorly on the signs as they do on
expressive language tests. Therefore, deficits in
expressive language may be a good predictor of how wsll
signs will be performed over time. The probe 2 results
provide moderate support for the moddlity theory.

Im the present study, the low correlations
obtained between expressive language and sams day
recall sign performance support Fadish®s (1978) finding
of a nonsignificant relationship between speech
proaduction and expressive gesture. The previous
studies that have obtained results in support of the
modality theory have primarily reported high
correlations between reading comprehension and gesture
comprehension. However, studies showing a strong
relationship between expressive gesture and speech are
less common. Since the results of this study also did
not provide strong support for the modality model, it
may be that the modality model holds more strongly for

receptive than expresesive gesture.
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Apraxia Theory

According to Liepmann (1200719773 Eimura, 1980)
apraxia is not caused by language or symbolic deficits.
Rather, he argues that prazis is an independent
functional system. As delineated by Heilman (1%79)
this functional system extends from the parietal cortex
to the fromtal lobe. Dysfunction of the praxis
functional system could‘cause slow acguisition of
signs. According to Heilman®s (1979r model, in order
for a subliect to have produced a correct siagn during
training, the following chain of events would have to
occur. Movement is initiated by verbal commands
projected to Wernicke™ s area. The idea of the movement
is then projected to the parietal lobe where the
viguokinesthetic motor engrams are_lmcated. These
engrams thern organize a sequence of movements
associated with the sign®s production and each of these
movements is then seguentially programmed in the motor
performance system (Rothi % Heilman, 1984) located in
the motor association cortex. The motor association
cortex in twn controls the production of the complete
sign via the primary motor system located in the motor

cortex. An impairment in precise movements would be
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observed following destruction of the primary motor
system, and disconnection from the visueokinesthetic
motor engrams would impair complex motor activity.

In the present study five of the eight aphasic
subjects (IS, AR, RR, MF, 88) suffered cerebral damage
that extended from the parietal to the frontal lobe.
The remaining three subjects suffered either frontal
laobe damage edclusively (D), or damage that extended
from the frontal lobe to the temporal cortex (FE, EA).
The anatomical evidence thus suggests that much of the
hypothesized pravis system may have been damaged in
these subjects. Further evidence to support this
hypothesis comes from the observation that six of the
eight aphesics displayed right hemiparesis. and seven
of the eight exhibited between moderate to severe
impairment on the Kimura Movement Copying Test. The
high positive correlations obtained between the
aphasics” initial tests and performance on the
transitive movements (pretend object use) praxis
subtest (- = .83), and the moderately high negative
correlation observed between the production complexity
feature and sign acquisition {(r = -.97), further

suggest that a pravis disorder was present in most of



the aphasic subjects. The praxis disorder observed
among the aphasics is believed to be responsible for
why the aphasics as a group required significantly more
training trials to acquire ASL signs, acquired
significantly fewer signs, and recalled significantly
fewer sign parameters on the test and probe 1.

The subjects whose gesture impairment was
probably not parietal in nature were subjects DI and
88, CT scan indicated that DI's cerébral damage was
contined to the frontal lobe, suggesting that her
gestural deficit may have been caused by either
disconnection from the motor engrams or damage to the
primary motor system. Subject S8, whose performance on
the BDAE indicated a Broca s aphasia, also may have
suffered more anterior damage, possibly in the motor
cortex or motor association cortex. Subiect DJ
acqguired the lowest number of signs, 1é6, and 85 only
acouired 22 signs. These two subjects were also among
the four who produced receptive sign errors, and
performed poorly on the BDAE auditory comprehension
subtests and the Token test. The especially poor

performances by both of these subjects suggest that



they may have been displaying a different type of
aptraxia than the others, possibly one that was more
anteriorly based.

In summary, although there was moderate support
for the modality theory from the probe 2 results, the
majority of the findings of the present study suggest
that an apraxia associated with the subjects® aphasia
was responsible for the poor acquisition and recall of
ASL signs. The low to moderate associations between
recall and eupressive language further indicate that
Eimura s concept of a breakdown in complex sequential
manual motor activity may not be the best explanation
for the apraxia observed, but rather, that it is best
edplained by impaired motor engrams, as described by
Liepmann (19200/1977) and further delineated by Heilman
(1979).

Specific Apraxia Errors Exhibited During Sign Execution

Parameter Errors

The subjects® sign performances wetre evaluated
throughout training (acquisition) and recall according
to correct simultaneous execution of the four
parameters associated with each sign. The order for

acquisition of the four sign parameters by the apbasics
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and controls in the present study was very different
from that observed for deaf and hearing children of
deaf parents (Kantor, 1980; Wilbur & Jones, 1974) and
deat mentally retarded children learning signs in a
training environment (Doherty, 1985). Specifically,
these investigators found that production errors were
greatest on handshape. followed by movement, and least
on the location parameter. The hand orientation
parameter was observed by Eantor (1980) to be acquired
simultaneously with the handshape parameter. The
sequence of acquisition found in the present study more
closely followed that found by Crittenden (1974) for
hearing college students on a receptive sign
identification task following completion of an
introductory sign couwse. Crittenden (1974) found that |
the largest number of confusion errors occurred on
signs differing in movement followed by those differing
in handshape and the least number of errore were on
signs differing in location. Hand orientation was not
examined. In the present study both the aphasics and
controls acquired the movement parameter last. The
contirols acquired handshape and hand orientation

simul taneously, as did Kantor®s (1980) subjects. In



the present study these parameters were acquired in the
early stage of acouisition compared to Eantor's
subjects who acguired these two parameters in the final
stage of acqguisition. In the'present study the values
for the bandshape, hand orientation, and lméatimn
parameters were generally very close, indicating that
they were acquired at very similar points in training.
The difference in the acqguisition sequence
observed in the present study may be "attributed to the
procedure of handshaping and physical guidance used
during sign training. It is possible that by melding
the hanmd into the correct handshape and orienting the
frand in the correct direction the trainer may have
provided kinesthetic cues that facilitated earlier
acquisition of the handshape and hand orientation
parameters by both subject groups. A problem that
sufaced during training which may be responsible for
the slow scguisition of the movement parameter was the
difficulty in guiding subjects through a movement that
they had never observed. 8ince the subjects had not
observed the sign produced they had no idea of the
movement they were expected to produce and thus many

errors were made while the trainer tried to get the
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subjects to relax and allow their limb to be put
through the movement. There was stiffness and
tenseness that had to be overcome, particularly in the
aphasics.

-

According to Adams® theory of motor skill learning
(1971 1976) movements are initiated by a "memory
trace" and must have direction and extent; however,
orce a movement has been produced its reproduction is
dependent on a "perceptual trace" to gquide the limbs
arnd to judge the movement’ s correctness. In this
experiment the stiffrness and rigidity exhibited by
subrjects upon initial exposuwre to each sign®s movement,
may have had an unfavorable effect on the kinesthetic
feedback obtained dwing initial production of the
movement. Therefore, the kinesthetic feedback may have
been insufficient to allow the development of an
adequate "perceptual trace" to guide the limbs to the
correct locetion when the movement had to be
reproduced.

The hierarchical ordering in memory among the four
sign parameters by the aphasics and controls in this
study also closely followed Crittenden®s (1974)

findings. The location parameter was recalled with the
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fewest number of errors, followed by hand orientation,
and the largest number of ervrors were produced on the
handshape and movement parameters. The values for the
handshape and movement parameters were generally not
signiticantly different from each other. One can only
speculate as to why handshape and movement were the
mast difficult to recall. It ig possible that the poor
recall of these parameters may reveal the greater
sensitivity of the aphasics to the mdtor demands of
executing handshape and movement.

The observed salience of the location parameter
during recall may be explained by Doherty®s (1285)
suggestion that contact may serve to help sign learners
register the location of signs. As the results
indicate, body contact did not influence the rate of
sign acguisition, though the body contact feature
influenced sign recall on the initial tests for both
aphasics aﬁd controls and was also a factor in the
control subjects® performance on probes 1 and 2.
Additional support for the importance of body contact
comes from the finding that there was a trend in the
aphasics®™ probe data for more body—contact signs to be

recalled than non—body-contact signs.



Movement Errors

The largest proportion of movement errors
produced by aphasics on the test and probe 1 were
duplication ervrors. However, on probe 2, unrelated
errors became responsible for the largest proportion of
movement ervrors. The controls produced more
duplication errors on the test but on the probes the
largest proportion of their errors were attributed to
intrusions. The majority of these duplication errors
wara observed to bhe repetitions of the appropriate
movement. The finding for both subject groups that
duplication errors were dominant omn the test, and
cdomirarnt for the aphasics on probe 1, suggests that the
subjects may have added extra movements to help them
remember the signs during early exposure. This result
supports Deoherty’s (1985) suggestion that repetition
during the initial staeges of sign acquisition may
provide additional sensory information that could
facilitate sign learning.

The fimding that on the probe administered one
week following training (probe 2) control subjects
produced proportionally more intrusion errors while

aphasics produced proportionally more unrelated errors,
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indicates that when the memory demands were highest
(probe 2) aphasics were more likely to produce a
gesture with no relationship to the signs that bad been
trained and controls were more likely to produce a
gestuwe that contained some elements from the group of
signs that they had learned. Observation of the
aphasic subjects” performances on probe 2 revealed that
many of the unrelated errors they produced were
pantomimes associated with the picture presented to
elicit the sign. For edample, several subjects
pantmmimed pulling a string when the toilet sign was
being elicited or dialing & telephone when TELEFHOME
was being elicited. Thus, although the gestures
produced were unrelated in terms of movement to the
signs that they had learned, they were not unrelated to
the referent beirng elicited by the picture.

In terms of individual aphasic subjects’
production of movement errors, it was interesting to
nocte that the performances of two severe aphasics EA
and 8% were very similar. On probe 1 and probe 2 both
of these subjects produced a large proportion of

intrusion errors. The movement most responsible for
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S8%g intrusion errors was the "down and away" movement
associated with the production of the sign CLOTHES.

Since intrusion errors were defined as a response
that includes &ll or part of another sign, some
intrusion errors may not have been intrusions but
rether paraphasias. Ooodglass and Faplan (1972) define
& paraphasia as "the production of unintended
syllables, words or phrases during the effort to
speak" (p. 8. During elicited and receptive signing
both aphasic and control subjects produced errors that
could be labeled "gestural paraphasias”. The type of
gestural paraphasia most often produced was a complete
reproduction of anpther sign from the training set when
a specitic targelt sign was being elicited. This ltype
of error was similar to a verbal parapbasia produced
when sp=2aking, thus, a type of gestural analog of a
verbal paraphasia.

The clothes sign was responsible for a substantial
number of these gestural paraphasic analogs. The error
observed most often was a complete reproduction of
CLOTHES when the picture to elicit STORE was presented.
Both aphasics and controls produced this error, however

aphasics produced a greater number of them compared to
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the controls. In addition to the possibility that this
error was a gestural paraphasia it may have been caused
by a similarity in the pictures depicting clothes and a
store. The finding underscores the need for caution
regarding the selection of sign training stimuli.

Additional gestural paraphasic analogzs included
the production of CLOTHES when CAT was being elicited,
CHILD when BARY was being elicited, CHILD when MAN was
heing elicited, and SHOE when RBLANEET was being
elicited. OFf the six aphasics (AR, 85, EA, MF, J&, DI}
who produced errors that could be interpreted as
gestural analogs of verbal paraphasias, three of the
aphasics (AR, EA, MF) were alspo found to produce verbeal
paraphasias on the Boston Diagnostic Aphasia
Examination administered prior to training. This
result suggests that there may be a relationship
between the production of verbal paraphasias while
speaking and gestuwral analogs of verbal paraphasias
while signing.

Additional Issues

Bign Training Order

The recall performances of the aphasic subjects

were shown to have a weak relationship to & sign®s
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position in training. The relationships observed for
the controls were in general very weak as well, except
for a moderate negative relationship observed for
recall of signs in seté A through D on probe 2. For
control subjects, signs in sets A through D presented
early in training were recalled better than signs
presented later.

Ferception of Sign Set Difficulty

Dverall subjects performed about the same on signs
from both groups of sets. Although several subjects
remarked that signs in sets E through H appeared more
difficult to acguire and recall than those in sets A
through D there was only a slight indication that this
may have been true. It is difficult to understand why
subjects felt one group of signs were more difficult
than the other since there were no significant
differences between the two sets on the variables of
translucency, productibn complexity, or body contact.
However, there was a trend for signs in sets E through
H to be less translucent than those in sets A through D
and this may account for the perception that these
signs were less difficult. This finding suggests that

compated to production complexity and body contact,
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translucency may have a stronger impact on the
perceived acquisition and recall difficulty of a sign.

"No Response" Siagns

Signs with no body-contact and low and medium
translucency were the cones most likely not to elicit a
response from the aphasic subjects. This result
sugyests theat in order to insure that subjects,
particularly aphasics, recall signs following training
the signs should be highly translucerit and incorporate
body contact in their production.

Fractical Implications of the Results

These findings support an apraxia based brain
model that stresses the importance of visuokinesthetic
motor engrams in the acguisition and recall of skilled
movements. It has also been shown that aprasic
aphasics are capable of acquiring and recalling
communicative gestures, although acguisition and recall
are impaired compared to normal controls.

The results of the present investigation also
support the development of an empirical definition of
maovement production complexity that includes an
examination of as many aspects of the movement as is

practical. As shown in this study. evaluations of
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movement provide important data which can help the
clinician to more completely describe praxis errors
obhserved. The high correlations obtained between
pretend object use (transitive) movements and recall
imply that pretesting of such movements may help to
determine which aphasic subjects may benefit best from
ASL. sign training.

In terms of the three sign featuwres examined in
this study, the results suggest that among aprasic
aphasices production complexity may be more important
for sign acquisition, and translucency may be more
important for sign recall. Body contact, although an
apparently important feature in the recall of signs by
normal controls, may not be as important for the
long—term recall of signs by apraxic aphasics.

The implications of these results for other types
of aphasics are intriguing. For example, these results
imply that production complexity may not be an
important feature in sign acqguisition among nonapraxic
aphasics. Also, aphasics who exhibit conceptual
deficits (e.g., Wernicke’s and global) may not be able

to use translucency to assist in sign recall.



308

Sugonestions for Future Resesarch

The finding that aphasics and controls recalled
similar numbers of sign parameters on the probe
administered one week following training suggests that
although both subject groups forgot information, the
aphasics recall signs almost as well as controls. On
probe 2 translucency was found to be more important for
aphasics, while body contact was more important for
controls., Focusing on signs of high “translucency may
facilitate long term recall of signs in the aphasic
patient. Futuwre studies using larger subject groups
are needed to further examine the features of signs
that can facilitate their acquisition and recall.

Also needed are studies to chronicle the long term
use of communicative gestures once training has been
completed, and euplore practical methods for
encouraging use of these gestures among subjects and
their families.

Im summary. the results of the present study are
consistent with Liepmann’®s apraxia theory which
conceptualizes aphasia and apraxia as separate

disorders that are sometimes associated because of the
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contiguity of the underlying cerebral structures that
mediate language and praxis. They do not seem to
support the theory that aphasia and apraxia are both
manifestations of an underlying central symbolic
deficit, though the use of such a small sample of
subjects and the many questions left unanswered, make
it difficult to state this categorically. The purpose
of this study was to explore some of the features that
influence sign acquisition and recall among aphasics.
The results indicate that future work needs to focus on
techniques that will facilitate gesture recall and use

among aphasics.
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Appendix A

Tactile Ferception Evaluation

Instructions: Have subject close eyes. The examiner
touches or strokes stimulus area. Subject is asked,
"what did you feel?".

Btimulus Area Response

2 Left trunk (stomach)

4. Left mid face (nose area)

continued
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Appendix A (continued)

12. Midline chest
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20. Top of head (midline)
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Appendix B

Apraxia Battery

A Gestuwre Comprehension

1. Movement Identificetion Test.
Instructions: Have patient identify movement
produced by the examiner from a series of
pictures depicting various arm and hand
movements., i
Scoring: Items scored 1 point for each
correctly identified movement.
Maximum Score: S points.

~)

2. Fantomime Recognition Test (Varney

[
~

Benton, 1978).

Available from: PBenton Laboratory of
Neuropsychology, University of Iowa
Hospitals, Iowa CityH ITowa.

Maximum Score: 30 points.
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Et. Gestuwre Production

1. MNonrepresentational Movements

be

a. Eimura Hand Fosture Copying Test

(Kimura, 1982).

Instructions: Fresent hand posture. Have
patient produce hand posture from memory.

If the patient Fails on this trial he is
given a second trial in which to copy
directly from the examiner’'s hand which
serves as a model throughout the trial.
Scoring: Each posture is scored 2, 1, or O
depending on whether it was correctly copied
on first or second trial, or not at all.

Maximum Score: 10 points.

Additional Hand Fostures for Copyving.

Instructions and Scoring: - Same as for
Fimura Hand Fosture Copying Test (Eimura,
1982) .

Maximum Score: 16 points.

(1) X~hook hand

(2) C—curved hand

(%) O-tapered hand

(4) H-index and second finger
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(3) A-fist
(&) F-"3 ring"
(7)) Y-"horns" hand

(8) W-Z finger hand

Fimuwra Movement Copving Test (Himura, 1982).

Instructions: Face the patient.
Demonstrate a movement with one hand and
arm. Have patient copy movement as soon as
you complete it. Fatient is given a second
trial if all components ate not performed

correctly on first trial.

Scoring: 2 = component performed correctly
on first trialy 1 = component performed
correctly on second trial: O = component

not performed correctly on either trial.

Maximum Score: 24 points.

Afdditional Movements for Copying.

Instructions and Scoring: Same as for
Fimua Movement Copying Test (Himura, 1983).
(1) Rotate/twist wrist.

(2) Repeat movement — open and close fist

twice.
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(Z) Wiggle fisted hand at wrist - back and
forth movement.
(4) Circular movement with fisted hand.

Maximum Score: 8 points.

2. Representational Movements

a. Buccofacial.

Instructions: Movements are to be per%mrmed
by the patient to command first. If failed
to command movements should then be done to
imitation. Where applicable movements
failed to imitation should be done with the
real object.

Scoring: Ezach correctly performed movement
receives 2 points if done to command, 1
point if done by imitation, and .5 points if
done with the real object.

Maximum Score: & points.

(1) cough

(2) snitf flower

(3) kiss
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Intransitive Limbh.

Instructions: Movements are to be performed
by the patient to command first. I+ failed
to command movements shouwld then be done to
imitation. Where applicable movements
failed to imitation should be done with the
real object.

Scoring: Each correctly performed movement
receives 2 pointe if done "to command, 1
point if done by imitation, and .9 points if
done with the real object.

Maximum Score: 2 points.

away from body

(1) wave good—-bye

(2) beckon "come heres"

(X)) signal "stop"

on_body

(4) salute

(%) finger on lip for "shsh"

(&) scratch head

Transitive limb

Instructions: Movements are to be performed

by the patient to command first. If failed
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to command movements should then be done to
imitation., Where applicable movements
failed to imitation should be done with the
real object. If body—-part as object (BFD)
errors are observed performance should be
corrected as indicated below.

Scoring: Each correctly performed movement
receives 2 points if done to command, 1
point if done by imitation, and .5 peoint if
done with the real objiect.

Maximum Score: 2 points.

away from body

(1) hammer {correction — "Do not use vyour
hand as a hammer. Make believe you are
really holding a hammef"u)

(2} saw board (correction — "Do not use your
hand (arm) as & saw. Make believe you are
really holding a saw".)

() uwse screwdriver (correction — "Do not
use your  finger as a screwdriver. Make
believe you are really using a

screwdriver".)
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on_body

(4) brush testh (correction - "Do not
use your finger as a toothbrush. Make
believe you are really using a
toothbrush".)

(%) shave (correction — "Do not use your
finger as a razsor. Make believe vou are
really using a razor'.)

(&) comb hair (correction’™— "Do not

use your fingers as a comb. Make

believe you are really using & comb".)

Whole-body Movements.

Instructions: Movements are to be performed
by the patient to command first. If failed
to command movements should then be done to
imitation. Where applicable movements
failed to imitation should be done with the
real object. If body-part as obiect (BFDO)
errors are obhserved performance should be
corrected as indicated below.

Scoring: Each correctly performed movement
receives 2 points if done to command, 1

point if done by imitation, and .5 point if
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done with the real object.

Maximum Score: 2 points.

(1) 8tand, sit, turn around, walk backwards.
(2) Stamd like a boxer.

(3 Stand like a batter.

(4) How does a soldier march in place?

{5) How do you shovel snow?

-

Fe Test of Einesthetic Memory (Nonvisual).

Instructions: Have patient close eyes. Mold
patient’s hand into handshape. Have patient
produce hand posture from memory. If subject
cannot remember handshape remold hand. Eves
should remain closed throughout test.
Scoring: Each posture is scored 2, 1, or O
depending on whether it was correctly copied
on first or second trial, or not at all.
Maximum Score: 10 points.

(1) S—spread hand

(2) T—-thumb cross

{Z) B-flat hand

(4) L—angle hand

(5) X--hook hand
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4., Test of Emotional Fortirayal

Instructions: Ask patient to pretend the
specified emotion.

Scnring: Items are scored 1 point for each
accurafely portrayed emotion.

Maximum Score: I points.

Show me & ___  look.

(1) sad

(2) confused

(Z) happy

(4 angry

(5) afraid

Texzt of Einesthetic-Visual Matching

Instructions: PMold patient®s hand into
handpeostuwre. From an array of three pictures
have patient choose the pictuwre matching the hand
posture.

Scoring: Each correctly matched posture receives
1 point.

Maximum Score: S points.

() A D L: D

(1 H 0 B: H
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3 T Y N: N
4 G F 2 F
(& A 8 M: A

Test of Visual Discrimination

Instructions: Have patient judge whether two
handshapes are the same or not the same.
Scoring: Items are scored 1 point if judged
within 9 seconds and .5 point if discriminated
correctly after hesitation.

Maximum Score: o points

(F} Flat hand: "3" Fist:s "A"

(1) Thumb cross: "E" Curved hand: tapered "0Q"
(2) Index finger: "X" Index finger: "X"

(%) Fist: "Y" Fist: "A"

(4) Thumb touch: "W" Thumb touchs: "W"

(3) Curved hand: "C" Curved hands "O"
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Appendix C

DPesire To Communicate

Does patient attempt to communicate 7
Does patient have yes and no response?
Describe yes responce:
Describe no response:
Is patient able to meke choices?
What is the actual present means of communication?
{(check all that apply) g
a. well articulated vocalizations

b. limited speech vocalizations

C. gestures

de facial expressions

= other

Does patient exhibit frustration when his/her
idea is not understood?

Rate frustratimn: High Medium Low

Is patient’™s present means of communication
commensurate with his/her communication needs?
Are familiar persons the only ones who understand

patient’ s speech?

To what extent is an altermnate mode of communication

necessary as a supplement or complement to speech?
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Appendix D

Fictorial Referents of Sign Stimuli
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Appendix E

Determining the Translucency of Unimanual

Versions of Rimanual Signs

A particular group of language impaired
individuals that have been shown to benefit from ASL
training are aphasics with motor impairment. These are
aphasic individuals who have suffered left frontal lobe
brain damage resulting in paresis on-the right side.
The hemiparesis usually leaves only one hand available
for manual activities such as signing. Frior to
teaching such aphasic individuals one-handed
(unimanual) versions of two-handed (bimanual) ASL signs
& study was done to examine the effect of unimanual
productions of bimanual signs on perceived
translucency.

The purpose of the present study was to answer the
following question: When a limited set of bimanual ASL
signs are produced unimanually, what is the effect on
perceived translucency?

The goals of the present study were:

1. To obtain mean translucency ratings for

unimanual productions of 18 bimanual ASL signs.
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2. To determine the degrée of relationship between
translucency ratings of unimanual and bimanual
productions of 1B ASL signs.

Z. To determine the degree of relationship between
translucency ratings of unimanual and bimanual
productions of 9 signs to be uéed with aphasics in an
ABL. traimning study.

Method

Subjects. Thirty subjects with'no prior knowledge
of ASL participated in the study. These subiects
ranged in age from 17 to 45 with a mean age of 24.8
vyears. Undergraduate and graduate students and college
professors comprised the subject group. All subjects
had essentially normal hearing and vision.

Materials. The 18 noun signs that were rated were
taken from Fristoe and Lloyd"s (198B0) suggested core
lexicon of signs and Fristoe and Llovd s (1979)
compilation of 850 words which appeared in several sign
manuals. The mean translucency ratings for bimanual
signs were obtained from the Luftig, Lloyd and Fage

(1982) and Luftig, Fage, and Lloyd’'s ((1983)

translucency ratings.
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A videocassette tape recording containing the
randomized list of signs was used for the presentation.
The videotape was produced in a format identical to
that used by Luftig, Lloyd and Page (1982):

Each sign was presented twice in succession.

During both sign productions a graphic

representation of the sign’s meaning was visible

on the lower portion of the video screen. During
the first sign presentation, thé sign’s gloss was
spoken as the signer produced the sign. Both the
signer and the speaker were female. A 78-second
blank screen interval separated the offset of the
second production of a sign from the onset of the
next sign produced. During the blank interval,
the sign number as it appeared on the videotape
sequence and on the subject®s rating sheet was
announced. Signs were shown on a&a 19-inch color

television monitor. (p. 3I10)

Procedure. The procedure used in the present
experiment was identical to that used by Luftig, Lloyd
and Fage (1982) to obtain translucency ratings on 380

ASL signs.
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Upon entering the viewing room the subjects were
given instructions defining translucency and describing
their rating task, as follows:

In this study you will' be shown manual signs

and asked how closely tHe form of each sign seems

to be related to ité meaning. You will hear a

number which corresponds to a number on your

answer sheet. Immediately after hearing the
number you will see on the screeén a person making

a manual sign. She will make the sign two times.

You will also be given the meaning of each sign.

Your task is to rate each sign according to
how closely you think the sign and its meaning are
related. Circle_1 to show that you can see no
relationship between a sign and its meaning.

Circle 7 to show that you can see a very strong

relationship. Flease make a rating for each item.

You should circle one and ONLY ONE number for each

sign. You may use any number as many times as yocu

wish.

Since there will not be a great deal of time
between signs, you should not spend toco much lime

on any one rating. Also, do not go back to revise
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ratings of words encountered earlier. FPrior to
beginning the task, five practice trials will be
provided. These are numbers Fl1 - PS5 on your
answer sheet (see Figure E-1). Do you have any
guestionsg?

Upon receiving instructions, all subjects
were given a rating sheet which contained the
number of the sign as it appeared in the list, the
written word corresponding to the sign, and the
numerals "1" through "7". Subjects viewed both
productions of the sign and the graphic gloss of
the sign on the television screen and heard the
meaning of the sign via the audio track of the
videotape before making a translucency judgement.
Judgements were made during the 7-second interval
between the offset of a sign production and the
onset of the next sign production. Five seconds
into the 7—-second blank interval, a female voice
announced the sequential number of the next sign.
This served to cue the subjects to the next sign.
(p. Z11-312)

Production_of Signs. The signs were produced by a

hearing, non—-native signer. A second individual,
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Figure E-1. Answer sheet for study of unimanual

versions of bimanual signs.
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Name ___ __ _ _________ _ _ Date___ e
Pge___ .

Relationship: None Moderate Strong
F1 TOILET 1 2 3 4 5 6 7
F2 WATER 1 2 Z 4 S & 7
F3  MAN 1 2 3 4 S = 7
F4 COF 1 2 3 4 S 6 7
FE TELEFHONE 1 2 = 4 5 6 7
End Practice Trials

1. COAT i 2 3 4 S &6 7
2. EDODK 1 2 = 4 S & 7
3. SHOES 1 2 Z 4 5 ) 7
4. BARY 1 2 Z 4 S 1) 7
S. WINDOW 1 2 3 4 S 6 7
4. STORE 1 2 3 4 S & 7
7. CLOTHES 1 2 3 4 5 b6 7
8. DODOR i 2 x 4 S 6 7
9. COFFEE i 2 3 4 S 6 7
10. EGBG 1 2 i 4 S é 7
11. COOKIE 1 2 3 4 5 [ 7
12. BLANKET 1 2 3 4 S 6 7

continued
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fluent in ASL, checked the accuracy and conventionality
of the videotaped sign productions. Each of the 18
signs was also documented against two sources. The two

sources in the order of their use were A Dictionary of

American Sign Language (Stokoe, Casterline & Croneberg,

1974) and A_Rasic Course in American Sign Lanquaqe

(Humphries, Fadden % 0O°’Rourke, 1980).
Results

A Pearson product-moment correlation revealed a
stirong relationship ( r = .82) between mean
translucency ratings of unimanual and bimanual
productions of the 18 ASL signs listed in Table E-1.

A Fearson product-moment correlation was computed
to determine the degree of relationship between
translucency ratings of unimanual and bimanual
productions of nine signs to be used with aphasic
subjects in an ABL training study. The correlation
coefficient r = .61, was not significant. The
nonsignificant correlation suggested a weak
relationship between the unimanual and bimanual
productions of the nine signs.

To identify which means were contributing to the

low correlation coefficient & scatter plot of the nine



Table E-1

¥eans and Standard Deviations of Translucency Ratings for
Unimanual and Bimanual Productions of 16 Signs '

tniaanual Bimanual

Translucency Translucency
Gign . 0 4 D
BABY 6,10  1.30 6.88 .32
BICYCLE L73 L3 5.54 1.0
BLANKET 3.53  1.45 4,00 1.21e
BOOK 3.83  1.75 3.83  1.18e
CHURCH 1.63 114 271 1,10
CLDTHES 333 1.7 4,08 1.4
CoAT 3.93 1.63 5.43  1.35=
COFFEE 3.30 1,97 3.3 1L.33
DaoR .20 1.28 5.60 126
EG6 1.40 .80 429 1.84
KEY .97 1.0 5.9 L4
PENCIL 5.87 1.34 5.82  1.29
SHOES 1.70 .82 1.97 115
STORE 1.67 1.42 .77 1,00
TABLE .67 1.66 428 1.42
NINDOW 47 1.9 3.80 1.64

Note, ®5tandard deviations obtained froa

L. Lloyd (personal communication, March 17, 1984).

335
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means was examined to identify which means lay furthest
from the best—-fit straight line. Figure E-2 shows the
mean values for BARY, BOOK, and EGG to be the most
outlying points. T-test results on the nine means
further support the observation. The difference
between unimanual and bimanual translucency means for
the signs RARY, BOOK, and EGG was found to be
significant at the .01 level (see Table E-2). The mean
bimanual translucency ratings for thé three signs
ranged from highly translucent (BABY = 6.88,
BOOK = 5.83) to moderately translucent (EGGE = 4.29).
The reduction in translucency ratings between the
bimanual and unimanual data was .78 points for BARY,
2.00 points for BOOK, and 2.8% points for EGG.
Discussion

The results obtained from this experiment show
that for the set of 18 signs evaluated unimanual
praoductions of bimanual signs did not result in a
severe loss of information regarding the perceived
translucency of the sign. The relationship between the
unimanual and bimanual translucency ratings was strong

and significant.
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Figure E-2. Scatter plot of relationship between

bimanual and wnimanual mean translucency values for

nine ASL signs.’
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Table E

-2

Means and Standard Deviations and Standard Mean Errors of Translucency

Ratings for Unimanual and Bimanual Productions of Ni'ne Siqns for ASL Study

Unimanual Bimanual
Translucency Translucency

Sign i sD N s T-Ratio Value
BABY 6.10 1.30 .88 «32 3.48
BLANKET 3.53 1.65 400 1.2 1.32
BOOK 3.83 1.75 .83 1.18 54N
CLOTHES 3.33 1.76 4,08 1.48 1.87
COFFEE 3.30 1.57 3.3 1.5 .10
E6B 1.40 B0 4.29 1.84 7.981
PENCIL 5.87 1.36 .82 1.29 - 15
SHDES 1.70 B2 1,97 L.1§ 1,07
STORE 1.47 1.42 .77 1,00 .33
Note. 8 = significant at p ¢ .0f.
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A separate analysis done on a subset of nine signs
to be used in another study found a weak relationship
between the unimanual and bimanual ratings. Thus, for
the subset of signs perceived translucency was found to
be significantly reduced between the bimanual and
unimanual ratings.

Illustrated in Figure E-2 are the bimanual
productions of each of the three signs BARY, BRODE, and
EGGE. A possible reason for the significant loss of
information between the two translucency ratings may be
found from a comparison of the bimanual and unimanual
productions of the three signs. The bimanual
production of each of the signs incorporates an action
associated with sign™s referent. For example, the sign
BODK is made by placing the hands in a manner that
simul ates opening and closing a book. The removal of
one hand in the sign production results in a degrading
of the sign to such an extent that the essence of the
relationship between the sign and its meaning is
impaired.

Examination of each of the other two signs shows a
similar need for the two hands to work together to

adequately convey the essence of the sign®s meaning.
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Figure E-~-%. Illustrated bimanual productions of three

ASL signs.



342




343

In general it appears that at least for the signs
examined in this study, unimanual productions of
bimanual signs do not result in a significant loss of
perceived translucency unless the bimanual production
of the sign incorporates essential features of the

referent which are lost when the sign is produced

unimanually.



Appendix F

Production Complexity Descriptions and

Values for tha Twenty-four Sign Stimuli

Sign Location Handshape v Hovament v Hov Pattern V Hand Pc
AIRPLANE neutral Y-*hotrns*® 15.25 pronating rotation/ 4.00 parallel 5 kinetic
avay .
APPLE chaek X-hool¢ 11.90 twisting 12.00 parallel 3 kinetic
BRBY# trunk B-Flat: 11.90 side to side 10.25 across 9.8 kinetic
widline
BED sida-face B-Flat: 11.90  hold o perallal 5 static
BLANKET# trunk B-Flaf: 11.90 upuard/towvard 3.13 parallal ] kinatic
BOCK* nautral B-Flat. 11.90 supinating rotation 9.50 aidline S kinatic
CAT aid-face F-"thi-ea 12.50 laftuward 35.00 parallal 3 kinatic
. ring"
CHILD nautral B-flat: 11.90 pronating rotation 7.00 parallael S kinetic
CLOTHES* trunk S-sprad 12.25 1aftuard/downvard 10.23 parallel 9 kinatic
COFFEE#* neutral A-fist 9.00 circular 12.00 midline 5 kinatic
coms whole C-curved 12.10  downuard 7.00 parzlilal 5 kinetic
haad
cop trunk C-curved 12.10 contact 0 across 9.5 static







Appandix F
n Cosplaxity Descriptions and

r the Twenty-four Sign Stimuli

v Mov Pattern V Hand Position V Orientation V Total Prod Complexity Value
tation/ 4.00 parallel 3 kinetic 1 1> 11.00 372.25
L]
12.00  parallal 5 kinatic 1 v 5.00 36.90
10.25  across 9.5 kinetic 1 a 12.00 45.65
aidline
0 parallel 5  static o i< 8.50 27.40
-] 3.13 parallel 3 kinetic 1 K 8.50 30.53
station 9.50 aidlina 5 kinatic 1 2 12.00 40.40
5.00 parallel 5  kinatic 1 &1 6.00 31.50
tation 7.00  parallal 5  kinetic 1 N .00 30.90
ward  10.25  parallel 5  kinetic 1 I< 8.30 38.00
12.00  wmidline 5 kinatic 1 &l 6.00 34.00
7.00  parallal 5  kinetic 1 &1 6.00 34.10
o across 9.5 static 0 c' 6.00 28.60
midline
continued
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Rppendix F (continuad)

Sign Location V Handshapa v Movesarit v Mov Pattern V Hand Pos
ORINK chin 2 C-curved 12.10 pronating rotation 2.30 midline o] kinatic
EGG» neutral 1 H-index & 16.80 pronating rotation 4.00 nidline L] kinatie
2nd fFinger,
side by side
extended
F000 chin 2 O-tspered 12.10  toward 2.50  eidline s kinatic
MAN forshead 2 S-spread > 12.2% closing/avay 8.50 sidlina kinetic
O~tapered
PENCIL® nautral 1 X—hook 11.90 laftuard/nodding or 10.73 aidline 3 kinetic
bending
PIPE chin 2 Y-*horns” 13.25 ouay 4.00 midline kinatic
SHOES# neutral 1 A-Fist 2.00 pronating rotstion 6.00 parallel s ] kinatic
rightward
STORE# neutral 1 O-tapered 12.1 downward/bending/ 13.23 paral lal L] kinatic
’ auay
TELEPHONE chawek 2 Y-"horns* 15.23 toward/hold ] parallel S static
TOILET neutral 1 T-thusb 14.90 to-&-Fro 3.00 paral lel 9 kinatic
cross : )
¥
HATER chin 2 H-3-Finger 11.90 contact 4.00 aidline kinatic
HOMAN :hti::.f 2 S-spread 12.28 downward 2.00 midline kinatic
r

Note. V = Valus.

* = bimanual signs produced unisanuslly.






v Mov Pattern V Hand Position WV Orientetion V Total Prod Cosplexity Value

ation 2.50  midline 5  kinetic 1 B 6.00 28.60

ation 4.00  midline %  kinetic 1 v 5.00 32.80
2.5  midline 8  kinetic 1 K 8.50 31.10
0.50 sidline 5 kinetic 1 v 5.00 33.78

ing or 10.79  amidline 5  kinatic 1 > 11.00 40.40
4.00  eidline 85  kinatic 1 & 6.00 33.25

ation 6.00  parallel %  kinatic 1 v 5.00 27.00

rightward

ing/ 13.25  parallal 8  kingtic 1 V2 5.00 37.35
0 parallel S static ] I< 8.30 30.73
3.00  parallel 8  kinetic 1 K 11.00 . 33.90

: .

3
4.00  aidline 5 kinatic 1 B 6.00 29.90
2.00 aidline 3 kinatic 1 &) 6.00 33.23

cve
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Apperndix G

Informed Consent

Subject’s Name: Date:

Project Director: Roxanne Hughes-Wheatland
Project Title: S8Symbolic Communication and Aphasia

Description and Explanation of Procedure: The

symbolic communication skills of people with and without
aphasia will be examined using words, letters, and
pictuwes as stimuli.

Risks and Discomforts: No drugs or painful

procedures. Mo potential risks to the subjects. The
subjects are free to leave the experimental environment
at any time —— there are no restraints.

Potential Benefits: Individual subjiescts are likely
to learn technigues that may improve their communication
skills duwing the course of their participation.

Alternatives: (Not applicable; these behavioral
studies do not involve treatments of therapy.)

Consent: I have fully esxplained to ___
Subject

the nature and purpose of the above-described procedure

and the risks thalt are involved in its performance. I

have answered and will answer all guestions to the best

of my ability.

Froject Director®s Signature
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Appendix 6 (continued)

I have been fully informed of the above-described
procedure with its possible benefits and risks. I give
permission for my participation in this study. I know
Raoxanne Hughes—-Wheatland will be available to answer any
gquestions I may have. I know that in the event that she
is not available her advisor Dr. James Tweedy can be
contacted &t _____ “ I understand that I am
free to withdraw this consent and discontinue
participation in this project at any time. 1 have
received a copy of this form.

Signature of Subjert
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Appendix H

Language and Praxis Profiles for
the Eight Aphasic Subjects
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Z-SCORE PROFILE OF APHASIA SUBSCORES

NAME: JS DATE OF EXAM:
of 2 .25

-3 2 ol

SEVERITY RATING ] '

Aric. Rating ’ 1 4 3
FLUENCY Prrave Langih 1 ‘2 3
Veraal Agliity . s o 2

Wword Olacrimin, 1B 20 23 30 I3 40 43 ‘30

AUDITORY fBody Part ldant, . 3

COMPREH. Cammands Q9 3

Coampisa Material -] 2

Respansive Neming o L
Conisenl. Naming s s 23
’ o

-]

NAMING

Animal Noming & B 20 =

Bady Port Noming ‘o

ORAL READING Word Reading -] -] ] &8
Oral Seatance . o 2 4

i

{

1

!

Repatition (wds) Q 2 4 [ :
REPETITION Hi Prox. o 2 4
La Preb, o :
[]

2

[}

1

]

[

Naeleg,

Litaral 2
‘Verbal 2 4 s
Extonded 2

4 [} 8 10 -4 14 16
8 0 R M & I8 20 22 24
4 [ s 12 t4 |s

PARAPHASIA

Autom. Sequencas

AUTOM. SPEECH .
Reclling

Symbel Discrim,
Ward Recoy,
READING Compr. Oral 3p0iL
COMPREH. Wd. Piclure Maten -]
Réad, Jenl, Perey.

Machanica ’ Q
Saciel Weiting

Primer. Dict.

Wrelt, Contrant. "Nemiag
Spelling Te Dlct.
SentencesTe Dict,
Natrelive welt,

WRITING

Singing
RNy thm

MusiC

Drewing 1o Cammand
Stech Memary
Telel Fingare

PARIETAL Right-Left o
Arithm giic
Cloch Satting ro2
3 0im Diogus




A. Besture Comprehension

350

Name: JS
Praxis Profile
Total Score = 135 = 84)
Maxisus Score = 160
Bercent

{Hax = 33) ¢34 97

1. Movement-ldentification Test {Max = D) 5 100
2. Pantomime Recognition (Max = 30) 29 97
B. Gesture Production {Max = 115) (’ 91> | 87.8
i, Nonrepresentational Movements
a. Kisura Hand Posture Copying Test {Max = 10) B B8O
b. Additional Hand Postures for Copying (Max = 14) b 38
€. Kimura Movement Copying Test {Max = 24) 17 P)!
d. Additional Movements for Copying {Max = B) 7 88
2, Representaional Movements
3. Buccofacial {Max = 6) 6] 83
b. Intransitive Liab (Hax = 12) 12 160
€. Transitive Linb {Hax = 12) to 83
d. Whole Body Movements {Max = 12) 11 92
3. Test of Kinesthetic Memory-Nonvisual {(Hax = 10) 10 100
4, Test of Eaotional Portrayal (Nax = d) 3 100
L. Test of Kinesthetic Mesory-Matching {Max = §) 3 100
D. Test of Visual Discrimination {Max = 9) 5 100

FINPAIRED PERFORMANCE



Z-SCORE PROFILE OF APHASIA SUBSCORES

DATE OF EXAM:

NAME: AA

"SEVERITY RATING

LUENCY

AUDITORY
COMPREH,

NAMING

ORAL READING

REPETITION

PARAPHASIA

AUTOM. SPEECH

REAOING
COMPREH,

WRITING

MusIC

PARIETAL

=22 -2 !

(1)

2

351

*25

-]
N
o_|ac oo

Arne, Rsting 1
Prrese Length - H
Verael Aqliity .

IS 20 25. 0 3 40 43 20
3 o .

Ward Discrimin.
Body Part ldeat,

L1

Cammends

4V.‘

n
»

Camyplex Materisl
-

‘Varbat

Responaive Neming

—— e e D -

w
2 1
“03‘.
a
g a

Contront. Neming
Animal Naming

-]
~
.8 &
»
:

Body Part Naming

Ward Raediag
Orol Sentasce .

Regetition (wdel
Hi Prob.
Le Prob.

S R Y R S

LITILTN
Literal

Extended

o R B K
s B

fo

-3 14 16
8 20 22 24

12 14 e

Autam, Sequencas
Reclting

~

Symbel Diserim,
Werd Recoq.
Campr,. Ocal Ipell
Wd.Picters Match
Réad, Jeal, Peray.

Mechanics
Sacial Weiting
Primer, Dict.
Writ, Confront,'Neming
3peliing Te Dict,
Sentences Te Dlct.
Nargative Writ,

Singing
Anythm

Orawing le Command : ]
Sthieh Memary . P
Yetel Fingers
Nighi =t oty

Aeiidmgtic

Clocr Snllm( t
3 0im. Glesxs




Name: AR

Praxis Profile

f. Gesture Comprehension
1. Movement-Identification Test
2. Pantomise Recognition
B. Besture Production
i. Nonrepresentational Movements
a. Kimura Hand Posture Copying Test
b. Additional Hand Postures for Copying
t. Kimura Movement Copying Test
d, Additional Movements for Copying
2. Representaional Moveaents
4. Buccofacial
b, Intransitive Liab
t. Transitive Liab
d. Whole Body Movements
3. Test of Kinesthetic Memory-Nonvisual
4, Test of Esotional Portrayal
£. Test of Kinesthetic Memory-Matching
D. Test of Visual Discrimination

FIMPAIRED PERFORMANCE

(Max

(Max

{Max

{Max

(Max

(Max

{Max

{Max

(Max

(Max

(Max

(Max

3%

3

= 30)

= 113)

= 10)

= 16)

= 24)

= B)

Total Score = 138 = B4%

Maximum Score = 140

3

L]

30

(L

14

101

i2

12

{2

Percent

97

80

100

82

90

88

42

75

100

100

100

100

Bo

100

100

100

352



NAME: DJ

SEVERITY RATING

FLUENCY

AUDITORY
COMPREH.

NAMING

ORAL READING

.REPETITION

PARAPHASIA

AUTOM. SPEECH

READING
COMPREH.

WRITING

MUsiC

PARIETAL

Z-SCORE PROFILE

OF APHASIA SUESCORES

DATE OF EXA
.2

M:

.28

353

Arne, Rating
Phrens Llnqlh_
Vartal Agility ..

Word Discrimin.
Body Part {deat.
Commanda

Comglex Matsrial

Ratoontiva Haming ]
Ceanfrant. Naming
Animal Naming

Body Pert Naming ' o

L4

1l

-]

31 48 :::cs'n [~

L] 10
20 23

20 2:

o3 X103
14 s = 20 =

Word Resding (]
Oral Seatance

20

Ragetition {(wda} (4] 2
Hi Pron,
Lo Pron,

Neoleq.
Literal
Vertal
Eatended

[
2

1
4
1
1
k3

4

o 12
to

4 s 8
[ ]
R’ MU e
¢ s K

12 14

.14

I8 20 22 2%

Autem, Saquences 1]
Raciling

Symbal Qiscrim, 4
Word Recagq. 2
Compr, Oral SpeiL

Wd Piclure Match [ 2
Reed, Sent, Perey. o

Mechenics ]
Serial Writing

Primer, Dict. Q 2z
Welt, Confrenl. 'Namiag

Seslling Ve Dict.

Sentences Te Olct.

Narrative Wril,

4

2

3
2

Singing [}
Rhyihm '

Drewing 1o Cammand 4

Stich Mamory . - b
Total Fingers 40
Pighr-Latt ° 2 4
LIOLETYITY o
Cloes Jaiting
3 0im Dloers o 1




Nape: D4

Praxis Profile

A. Besture Coaprehension
. Movement-Identification Test
2, Pantonise Recognition
B. Gesture Production
1. Nanrepresentational Movements
a. Kisura Hand Posture Copying Test
b. Additional Hand Postures for Copying
t. Kinura Movement Copying Test
d. Additional Movemeents for Copying
2. Representaional Moveaents
a. Buccofacial
b. Intransitive Lisb
t. Transitive Liab
d. Khole Body Movements
3. Test of Kinesthetic Memory-Nonvisual
4, Test of Emotional Portrayal
C. Test of Kinesthetic Memory-Matching
D. Test of Visual Discrimination

$INPAIRED PERFORMANCE

{Max = I5)
(Hax = §)
{Max = 30)
{Max = 113)
{Max = 10)
(Max = 18)
{Nax = 24)
{Hax = 8)
{Hax = 6)
{Nax = 12)
{Max = 12)
{Max = 12)
{Hax = 10)
{Max = 35)
(Hax = §)
{Hax = 9)

Total Score = 129.5 = B1Y

Maximue Score = 160

29

( 87.5>

i0

{1

164

11

9.5

Percent

94

8o

97

78

100

69

67

B8

67

92

9

75

60

80

{00

80

354



NAME: RB

SEVERITY RATING

FLUENCY

" AUDITORY
"COMPREH.

Z-SCORE PROFILE OF APHASIA SUBSCORES

-2

DATE OF EXAM:

(A 42

.25

355

N

*

Aruc. Reting
Phress Langth
Vardal Agillty .

Vel e =0

[
13
o

o

2 “

Ward Olacrimin,
Bady Part Ideat,
Commands
Compinz Malarial

13 20 2. 30 I3 40 43 30

L]
-]

s

10

4.

&0
3

PR PN | % W

6 7
20
-8 [ -3

NAMING

ORAL READING

REPETITION

PARAPHASIA

AUTOM. SPEECH

READING
COMPREH.

WRITING

_ Music

PARIETAL

Responzive Heming
Canfront. Neming
Animal Raming
Bedy Pert Haming

=|sz:::4::s:c:7:

o L]

Py

L4

S8t 20

R ]
20

i
'
B

23
a3 93.Xi103
r” 4 [ L. 20
23

Waed Reeding
Orel Seatence

20

Reestition (wdal
Hi Pros,
Lo Preb.

23
3 s
. ;
.
4

Nesiogq,
Literal
Varbatl
Eatandsd

4
4
8

10 12
o

¢ 8
s &
o R ¥ B
L. ]

2 14 18
8 20 22 24

12 14 8

1
i
1
I
i
[}
4
|
I
T
2z
!
!
1

>

Autom, Ssquences
Reciting

Symbol Oiscrim,
Ward Rscog.
Compr. Orad 3,00t
Wd. Picture Malch
Raed. Sent, Perug,

Machanics
Seriel wWelting
Primer. Dlct.

Weit. Conlront, ‘Nemiag

Spelling Te Dict.
Jentences Te Olct,
Narrative well,

Singing
Arythm

Ciaming 1o Command
Stick Mamary "
Telal Fingers

Riqat =Ll

Aremagits

Cluck Setting !

3 Oim. Dloers

1120




Name: RB

Praxis Profile

A, Besture Coaprehension
. Movesent-Identification Test
2. Pantoeine Recognition
B. Besture Production
f. Nonrepresentational Moveeents
3. Kigura Hand Posture Copying Test
b. Additional Hand Postures for Copying
t. Kimura Movement Copying Test
d. Additional Movements for Copying

2, Representaional Moveaents

a, Huccofacial
b. Intransitive Lisb
t. Transitive Lish
d. Whole Body Moveaents
3. Test of Kinesthetic Memory-Nonvisual
4, Test of Emotional Portrayal
L. Test of Kinesthetic Memory-Matching
D. Test of Visual Discrimination

FINPAIRED PERFORMANCE

{Max

(Max

{Max

(Max

{Hax

{Max

(Max

(Hax

{Max

{Max

(Max

{Max

(Max

{Max

(Max

{Max

= 39)

= 9l

= 30)

= {13)

= 10}

= 14)

= 24)

=B

= 12)

= 12)

= 12)

= 10

=5

Total Score = 133 = 961

Maximue Score = 140

(352
3
30

< 108 >

10

13

24

12

i

10

Percent

100

100

100

94

100

81

100

100

100

100

92

73

100

100

100

160

356



NAME: MF

SEVERITY RATING

FLUENCY

AUDITCRY
COMPREH.

Z-SCORE PROFILE OF APHASIA SUBSCORES

DATE OF EXAM:

:2

*25

Athic, Rating
Preenn Leaglh
Vartal Agiilty

Wore Olscrimia,
Body Parr Jdent,
Cammanda

Camplenr Material

NAMING

ORAL READING

REPETITION

Respansive Neming
Canirant, Haming
Animal Neming
Bedy Purt Neming

L]

13l

20

n
o

23

30

29 33 43 39les 73 &3 95 03

B R’ 1

23

o]

& n

20

Word Raeding
Orel Sentence

"~
o

o

~
u

8

Repatition {wdel
Hi ‘Prov, <

+Le Pron.

" Neslag.

PARAPHASIA

AUTOM. SPEECH

REAOING
COMPREH,

WRITING

MusiC

PARIETAL

Literal
Varbal
Eitended

- v v N -

o ” u K

L]

]

<z

4

1.

I8 20 22 24

1z 14

Autem, Saquences
Recitiag

Symbat Discrim.

Word Recog.

Compr. Oral 3pait
Wd.Picture Match -]
Raad, Sent, Perey.

Mechenics ]

Ssriel Weiting

Primer. Dlct.

Welt. Confrant. 'Neming
3pelling Te Diet.
Sentencas Ve Dilct,
Nerralive Weil,

Singing
Rhythm

Orawing 1o Cammand

Sher H-ﬂovy‘

Totol Fingers

Right =Left o
Atithmatic

Clacy 3etiing t 2
3 0im. Dloans

357



Name: MF

Praxis Profile

A. Gesture Comprehension
{. Movesent-Identification Test
2. Pantomime Recognition
B. Besture Production
1. Nonrepresentational Moveaents
2. Kimura Hand Posture Copying Test
b. Additional Hand Postures for Copying
c. Kimura Movement Copying Test
d. Additional Movements for Copying
2. kepresentaional Movements
3. Butcofacial
b. Intransitive Liamb
. Transitive Lisb
d. Whole Body Movements
3. Test of Kinesthetic Memory-Nonvisual
4, Test of Emotional Portrayal
C. Test of Kinesthetic Memory-Matching
D. Test of Visual Discrimination

$IMPAIRED PERFDRMANCE

{Max

(Max

(Max

(Max

{Max

(Max

{Max

{Max

(Max

{(Max

(Max

{Max

{Max

{Max

{Max

(Max

Total Score = 136 = B3I

Maximum Score = 140

= 35) (33
= 3 b
= 30) 30

=115 <1012

= 10) 10
= 16} i6
= 24) 19
= B) 7
= ) 3
= 12) 11
= 12) 12
= 12) b
= 10 10
= 5) 3
= 5) ]
= §) 3

Percent

100
100
100

be

100
100
19

i

83
92
100
30
100
100
100

1o

358



NAME: §§S

_SEVERITY RATING

" FLUENCY

" AUDITORY
: COMPREH.

NAMING

ORAL READING

REPETITION

PARAPHASIA

AUTOM. SPEECH

READING
COMPREH.

WRITING

MusiC

PARIETAL

359

Z-SCORE PROFILE OF APHASIA SUBSCORES

' DATE OF EXAM:
(3 *2 25

Arne. Rating
Phrese Langlh
Verbal Agility .

Ward Olscrimin,
Body Part I&eat,
Cammanda

Campies Matericl
-

"Verbatl 2 4

Rasoansive Neming ] E 10
Canlrant, Naming 3 13 25
Mnimat Noming ’ o 2 4
Body Purt Naming [+ s 0

Ward Reaging o s © = fo 23
Orel Sentance - Q 2 1 | 0
Repetition (wds) ] 2 4 s

Hi Prod. [} 2
Le Prea. X Q 2

LITILT N
Literal

[P

Extended

Aulem. Sequences -] 2 4
Reclting 0

Symbal Discrim, 4 [
Ward Recay, 2 4
Campr. Ocal 3pelt

Wd. Piciure Maten [+] 2
Read. Sens. Perny.

.—___)‘_ -
L]

Mechanics 4]

Serial Welting o s
Primer. Dict. [}
Weit. Contrant. 'Naming

3peiling Ta Dict.

Sentences Ta Dlet,

Nerralive well,

Singing -]
Ay ihm ‘o ([ 2

Draving te Commend [ 3 3 7! ’ h L -
Shed Memery . a0 ’
Tetal Fingers 40 0 [14 ico
Rigat-Lety o 2 4
Atiihmanic o 4 L] [
Cloek Setting 12 3 4 3 & T 8
3 Dim. Dioens ot 2 3 4 3




Name: §§

Praxis Profile

A. Besture Comprehension
{. Movesent-Identification Test
2, Pantomiee Recognition
B. Gesture Production
1. Nonrepresentational Moveaents
a. Kieura Hand Posture Copying Test
b. Additional Hand Postures for Copying
. Kimura Moveaent Copying Test
d. Additional Movements for Copying
2. Representaional Movesents
a, Buccofacial
b. Intransitive Liab
t. Transitive Liab
d. Khole Body Movements
3. Test of Kinesthetic Memory-Nonvisual
%, Test of Emptional Portrayal
€. Test of Kinesthetic Memory-Matching
D. Test of Visual Discrimination

$INPAIRED PERFORMANCE

(Max

(Max

{Max

(Max

{Max

{(Max

(Max

(Max

{Max

{Hax
iHax
(Max
{Max
{Max
{Max

(Max

= 33)

= 30)

115)

= 10)

= 14)

= 24)

= 4)

= 12)

= 12)

= 12)

= 10)

= 3)

= 3)

= 5)

Total Scere = 125 = 781

Maximum Score = 140

¢ 34
]
29

{ B>

14

133

Percent
97
100
97

70

80
a8
4

100

75
67
47
60
Ll
100

100
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NAME:

SEVERITY RATING

FLUENCY

AUDITORY
COMPREH.

NAMING

ORAL READING

REPETITION

PARAPHASIA

AUTOM. SPEECH

READING
COMPREH.

WRITING

Music

PARIETAL

PB

SUBSCORES

DATE OF EXAM:

Z-SCORE PROFILE OF APHASIA

361

e2s -2 - .2 .25
° ' K
Arte, Rating’ .‘ ! 2 3
Prrass Langid 1 2 3

Varsal Aqility S -, o 2 4

ward Olscrimin,
Baody Port fdeat, . L 0 1 =
Commands .. o C 3 - -]

Comgiss Material . -] 2 4.: [ 31 8 10 -3

2
"Vardat 2 4 &
2

Maspansive Neming -] H 0 184 20 23

Canfeunt. Naming S 1M 25 33 43 33les T3 es w8
Animel Naming ' Q 2 4 [ a
Bedy Port Haming o 3 ] -] 20

Ward Reading 1] s ¢} 1~

Cral Sentance o 2 4

Ragstition {wda) [} 2 4 L]
Hi Prod. -] 2

4 [ 3 L ] [T t-4
4 € B8 0 R 14 18
3 10”2 MK 120 22 24
4 6 8 B 12 14 18

Neaoleq,

i
|
]
|
1
1
4
Lo Pron. o z : . 8
)
2
Litecal !
1
1

Extanded

Autem, Saquances o 2 4
Reclting . °

SN

Symboel Discrim, 4 8 L]
Ward Recogq. 2 4 [ ]
Compr, Oral 300t [} 2

Wd. Picture Motch o 2 4 L
Read. Sent. Parung. [} 2 4

4 s
[

Machamics -] ]
Serial Writing - o s 2
Primar. Dlct. ] 2 4 L}
Well. Confront.'Namiag Q 2
Jpeiting Te Dlclh, [} s
Bentences Te Dict, -] 2
Nerrative writ, [}

i
1
!
!
|
}
[
!
|
L
1]

o
e lBw
(73

'
©
[}
]
i
{4
1

!

Singing [+]
Anytam [

Drewing to Command 1 3 s 7 ] n )
3hich Mamory . . PO
Tatal Fingern 40 <0 (1] L]
LETIRNY]} ] 2 4
Aranmeiic o 4 s 1z he 20 24 28 w2
Claca S-mn{ ] 2 3 4 -} [ 7 .

1
i

3 Olm Otoats OI::A\:."Ia!lo
]

23
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Nare: PB
Praxis Profile
Total Scare = 144 = 901

Maxisua Score = 140

Percent
A, Besture Coaprehension {Hax = 39) <35> 100
{. Movement-Identification Test {Max = §) ] 100
2, Pantosime Recognition | {Hax = 30) 30 100
B. Gesture Production {Max = 113) (’101 ? B8
1. Nonrepresentational Mavements
a. Kisura Hand Posture Copying Test {Hax = 10) 10 100
b. hdditional Hand Postures for Copying {Max = 1) 13 94
. Kimura Movement Copying Test (Max = 24) 14 67
d. Additional Movements for Copying {Max = B) 8 100
2. Representaional Moveaents
3, Buccofacial {Max = 8) b 100
b. Intransitive Lisb {Hax = 12) 11 92
c. Transitive Liab {Hax = 12) 12 100
d. Whole Body Movements {Hax = 12) 9 73
3. Test of Kinesthetic Memory-Nonvisual {Nax = 10) 10 100
4§, Test of Emotional Portrayal (Max = 5) 4 8o
C. Test of Kinesthetic Meaory-Matching {Max = 5) 3 60
D. Test of Visual Discrimination {Max = ) 3 100

$IMPAIRED PERFORMANCE



Z-SCORE PROFILE OF APHASIA SUBSCORES

NAME: EA,

SEVERITY RAT NG

FLUENCY

AUDITORY
COMPREH.

NAMING

QRAL READING

REPETITION

PARAPHASIA

AUTOM. SPEECH

READING
COMPREH.

WRITING

Music

PARIETAL

DATE OF EXAM:
.29 .2 -t [} of .25
1 .
. I
b S z 3 4
’ !
]
Artic. Rating ! 2 3 7
Phrase Longth 1 2 -] T
Vactal Aglitly . 2 :ﬂ !l [T
T
Ward Olacrimin, 13 20 25 30 35 40 43R0 5|5 60 €3 TOT2
Bady Port ldeal, 3 o ) 15 20
Commands L 3 to B’
Campies Meferiol 4] 2 4, sl s [ T -2
. ] R
Raspansive Huming ] L} st 20 23 J0
Canfrest, Heming s 13 38 48 :::u TS X 98 108
Animal Noming LU

Bady Pert Naming

Word Reaaing
Oral Seatance

Ragatition (wded
Wi Prob,
Lo Pred.

Naoleg.
Litersl
Varsel
Catended

Autom. Ssquences
Reciting

Symbol Discrim.

Ware Recog,

Compr, Orel Sypell

Wd Picture Matcn -]
Réad. Senl. Porug.

Mechenics Q

Saclatl Writing

Primaer. Dict.

Well, Contront. ‘Haming
Spelling To Qict,
SeatencesTs Dict,
Nerrative Weit,

Singing
Anythm

Orswing 1o Command

" Shes Homary

Telal Fingara

Right =L eft o
Aesihmeiie

Cloch Salting 2
3 0im. Blaens

363



Name: EA

Praxis Profile

A. Gesture Comprehension
1. Movesent-ldentification Test
2. Pantorime Recognition
B. Gesture Production
1. Nonrepresentational Movements
a. Kimura Hand Posture Copying Test
b. Additional Hand Postures for Copying
¢. Kimura Movesent Copying Test
d. Additional Moveaents for Copying
2. Representaional Moveaents
2. Buccofacial
b, Intransitive Liab
€. Transitive Liab
d. Whole Body Movements
3. Test of Kinesthetic Memory-Nonvisual
4§, Test of Emotional Portrayal
L. Test of Kinesthetic Memory-Matching
D. Test of Visual Discrimination

$INPAIRED PERFORMANCE

(Max

(Max

(Max

(Max

(Max

{Max

(Max

(Nax

{Max

{Max

{Max

{Max

{Max

{Max

(Max

{Max

. Total Score = 137 = B&%

= 30)

= 115)

= 10)

= 18}

= 28)

= B)

= 12)

= 12)

= 12)

= 10

= 5)

= 3)

= 3

Mazimum Score = 160

Percent
(357 100
b 100
30 | 100
(‘ 92 > 8o
10 100
13 81
16 &7
b 73
3 30
9 13
2 - 100
9 75
HY 100
4 80
3 100
b 100

364
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