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Appendix 2. Examples of J.A's written and oral spelling of words pre.
and post-therapy.

Responses

Pre-therapy Post-therapy
Target Written Qezl Written
answer ANACKEL ANSCWER +
wolf WOLL + +
cffort FGGRRT EFERT +
preuy PREFTY PREETY +
iskal 1LACD TLAND +
yacht YAUT YALT +
debt DERT BEPY dk
colonel COLNELL COLNFR COLNEN
friction dk FRICKEN +
break BREAT BRAK HRAKE
widdbe MININLE MENE +
blood BLEED BLOD +
check CHEGH + +
bowd BOOT Bow, BOL
morntgage MOKIOGE BORTGAL +
sure sTOP SHORE SERS
plant PACH + +
nyarsh MIMST + +
lose TR L., +
wedding WELLING + +
miracle MHACHE MIRA . MERACGEL
hospita HOSPILAL + +
session SECHON SESHON SECONE
gravity GRANVIEY + GRAVITE
attitude ATHITIC ATITUDE +
treason FRASSON TRESON +
satire SATISE SATARE +
clue G + +
tength Lhnest LENYTR TENTH
tohacce TREACO TOBRACH +
feather FEASTIER + +
valour VALLOR -+ VALLOR

N.B.: A disarhiguating sentence context was provided
for all homophone #tems
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Abstract

This research examined the effectiveness of verbal plus gestural trentment on the
acquisition and generalization of present, past and folere verb tenses in
NP +V + NP sentence production in a primary progressive aplas subject. Using
a single-subject multiple-baseline design across behaviours as well as 2 matrix
training procedure, treatment and generalization effects both within and across
language matrices were examined. The relation between gestural and verhal
responding was also examined post-boc using a modified reversal design
component. Resulis indicated improved production of sentences utilizing trained
verhy tenses and generalization 1o untrained verhs within tense. Maired gestural plus
verbal responding resulted in bigher levels of correct orl sentence production than
verbal training alone. Findings are discussed in the context of brain mechanisms
underlying gestural and verbal kinguage production.

introduction

Primary progressive aphasia (PPA) has been described in the literature as far back as
1892 using various labels such as ‘aphasia dementiz’, 'pure word deafness evolving
towards sensory aphasia’ and ‘slowly progressive aphasia (Poeck and Luzzatti 1088,
Mesulam 1982). During recent years the existence and nosological status of PPA have
been amply discussed in the literature, Dufly (1987) defined the disorder asa anguage
deficit ‘of insidious onset, gradual progression, and profonged course, in the absence
of generalized cognitive impairments (at least for a substantjal period of time}, due to
a degenerative condition, predominantly and presumally involving the fef perisylvian
region of the brain® {p. 349). Weintraub ef /. (1998 added to the definition a
minimum 2-vear history of progressive language decline with relative preservation
of other mental functions, and independence of daily living activities.

Controversy and questions have been raised about the ‘purity’ of the specific
languape deterioration. Certain authors have argued that the aphasiz may merely
represent the most prominent deficit in an atherwise diffuse process or generalized

Adkdress correspondence to: Sardr L Schneider, Communication Sciences and Disorders, Nohwestem
University, 2299 Norh Campus Drive, Evanston, 1L G0208-3540, 1SA,

G208 FO3R/90 B1200 ) 1996 Taylor & Francis Lud



298 : _ 8. L. Schneider et al.

dementia such as seen in Alzheimer's or Pick's disease. In a majority of the PPA
cases reported in the lterature, the authors (Mesulam 1982, Chawluk et al. 1986,
Heath et af. 1983, Kirshner ef al. 1984, Tyrrel] et al. 1990, Snowden et al. 1992) have
ruled out pathological evidence of Alzheimer's disease, although & post-mortem
diagnosis of Pick’s disease has been made in some cases (Holland ef al. 1985, Wechsler
el al. 1982).

Duffy and Petersen (1992) reviewed the literature on PPA from 1977 to 1990 and
found the following demographic information: {a} age of onset ranges from 40 to 75
years, with a mean of 59-3 years; (b) an approximate 2: 1 ratio of males to females has
been noted; (¢ the mean duration of isolated SYymptoms is 5-3 years, with a4 range from
1t 15 years; and (d) the longer the duration of isokited sytuptoms, the less chance
there s for @ broadening (o cognitive mpairment.

The language disturbances, while not uniform in their initial presentation or
progression, are closely associated with those of aphasic patients who present with
a focal single-event actiology {cerebrovascular accident -~ CVA). In some PPA patients
the characteristic language disorder is non-fluency characterized by agrammatism; in
others fluent patterns have been noted, and in stiil others both fluent and non-fluent
characteristics have been reported.

Those with non-fluent language patterns appear to be strikingly similar to those of
acquired agrammatism. Agrammatic language patterns have been well documented
in the kterature (Goodglass and Kaplan 1983) and are characterized by speech that is
slow and laboured. More specifically, morphologicali markers of inflectional and
derivational processes are simplified or left out; there is retention of, or over-reliance
on, content words {especially nouns) while functor words {e.g. articles, prepositions,
pronouns, auxiliary verbs) are frequently omitted, and phrase length is reduced
resulting in ‘telegraphic-type’ speech paterns. Syntactic complexity is reduced,
evinced by a breakdown in the construction and coordination of constituent phrases.
Verb production is impoverished and there is an over-reliance on simple verb usage.
That is, verls requiring simple argument structure arrangements are more frequently
produced in contrast to verls requiring more complex argument structure arrange-
ments (Thompson er o 1993). [n most cases auditory comprehension is relatively
spuredd.

In other PPA patients the speech patterns are typically fluent with Wernicke-type
verbai output. Although produced without apparent effor, speech is contaminated
by phonological, morphological, and semantic paraphasias; by circumbocution; and
by t tendency to ‘splice together’ grammatically incompatible syntactic structures

(Butterworth 1985,

Of adl the PPA cases reported in the literature only 20% have reported concomitant
amtomical/physiological (indings. Kirshner e o/, (1987) documented the existence of
is(_:l;nc‘{l left hemisphere degeneration in two cases who had aphasiz without spread
of cognitive impainuent. Snowden e/ /. (1992 foand a different distribution ofatrophy
depending on the neuropsychological syndrome. Their non-fluent PPA subjects had
marked atrophy on the left side, with grossly enlarged lateral ventricles and atrophied
felt subcortical structures, while their fluent PRA subjects had symmetrical atrophy in
both the feft and right hemispheres. Results of neurcimaging have shown equivocal
patterns, but bave fent support to the presumed Tunctionsl relation between left
hemisphere pathology and tinguage disruption

The reported literature (mostly cuse studies) on PPA has focused on initial
descriptions of the ¢linical nevrological and neuropsychological Andings, treating PPA
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more as a clinical curiosity than as a disease entity. Only three studies (Northern et al.
1990, Craenhals et al. 1990, and Holland ef al. 1983) have addressed treaiment and
management aspects of PPA. Absent in all three studies was specific information
concerning freatment efficacy and detailed inspection of the decline of language
behaviours. Instead the authors discussed the type and course of the treatment plan
in an anecdotal/case study manner. Language degradation, despite treatment, was
reported in all three studies, and failure on tasks that had been previousty successful
was found to cause anxiety and distress to the subjects. Also noted was the fact that,
in spite of the progressive language deterioration, other areas of functioning remained
intact. Only one study (Northesn e al. 19900 discussed the use of an alternative method
of communication when ‘traditional’ verbal methods of treatmens failed. A pictorial
communication chart/book was utilized as the alternative method; however, the
success or failure of this alternative comnunication strategy was never discussed.

An alternative communication treatment strategy lhat has not been attempted with
PPAsubjectsis verbal plus gestural training. Several authors (Kearns et al. 1982, Hoodin
and Thompson 1983, Rosenbeck 1985, Rao and Horner 1978, Raymer and Thompson
1991} have demonstrated the effects of this paired treatment approach in aphasic and
apraxic subjects. Usually gestures are introduced as a compensatory communicative
method for aphasic patients when exhaustive speech rehabilitation has Failed. Luria
{1970} referred to the pairing of gestures with verbal as a methed of ‘intersystemic
reorganization’ (p. 382). In essence, intersystemic reorganization is accomplished by
introducing an unprecedented form of behaviour into the act of speaking, thereby
reorganizing the neural system that supports speech (Rosenbeck 1983). In the present
study gestures were included to provide 2 means for facilitating verbal language
production for the subject. Thus, in addition to providing for possible reorganization,
ergofacilitation of the verbal system, the use of gestures alsc provided the opponunity
to examine the relation between gestural and verbal language decline.

Purpose of the study

The present study was designed to examine the effects of a verbal plus gestaral matrix
treatment proceduse on the acquisition and generalization of present, past, and future
verb tenses in simple noun phrase (NP) + verb{V} + NI sentence preduction in a
woman withy a 2}-year history of nonfluent progressive language dechine. A matrix
training procedure was utilized as a method of systematically training and measuring
generalization effects. Generalization was examined both within and across language
matrices. The relation between gestural and verbal productions of both trained and
uatrained NP +V + NP sentences acioss verly tenses also was evaluated. Specific
experimenizl questions included:

1. Will production of NP +V + NP sentences using present, past, and future tense
verbs be improved utilizing a gesture plus verbal treatment approachy?

2. Will generalization to untrained sentences using trained verb tenses occur and/or
will generalization across verh tenses result from this training?

3. Is there a functional relation between gestural and verbal sentence productions?

4. Will both verbal and gestural sentence production be maintained over time, or will
both decline at the same rate?
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Methods
Stbject

The subject was a G2-year-old right-handed, monolingual Standard American
English-speaking female with a 2-year college education. Her language difficulties
began 2} years prior to the study when she first noticed that there was ‘something
wrong with my tongue’. Longer and more difficult words were particularly
troublesome. In addition, reading and spelling were reportedly slower and more
difficult. She was referred for neurological and neuropsychological examinations
which revealed no deficite with memory tasks or abstract thinking (see Tahle 1),
A non-fluentaphasia, however, was indicated. Electroencephatogram (EEG), magnetic
resonance imaging (MRI) single-proton emission computed tomography (SPECT), and
computed tomography (CT) scans were performed, alf with negative results.? Resules
of the neuropsychological evaiuation showed normal intellectual abilities, intact
memory functioning, and intact time orientation, In general, an absence of cognitive
deficits was noted. Apraxia, finger agnosia, right/lef confusion, and visual construc-
tion abilities were within normal limits.

Hearing was screened and found 10 be within normal limits bilaterally with the
exception of a 40dB loss in the right ear at 4000 Hz, Vision also was reported to be
within normal limits.

The resulis of language testing are summarized in Tables 2-4. These data revealed
4 imild disruption in overall language processes, woud and sentence comprehension,
oral and written naming, and oral teading. Table 2 depicts data concerned with overall
language and cognitive functioning The Porch Index of Communicative Abilities
(PICA; Porch 1981) revealed an overall percentile score of 95. Subtest scores ranged
from the 89th percentile, on the verbal subtests, to the 99th percentile. The Western
Apbasia Battery (WAL, Kertesz 1982) yvielded an Aphasia Quotient of 93-6 and 2
Cognitive Quotient of 956, with subtest scores ranging from 78% to 100% correct,
On the Arizona Battery of Comnuication Disorders of Dementia (ABCD,; Bayles and
Tomeda 199D ber perfornuance was 87% cosrect, Subtest scores ranged from 72% to
100% correct, with comprehension of three stage commands and ves/no questions
involving comparative sentences being the most difficulr.

Sentence comprehension abilities were assessed using the Caplan Auditory
Sentence Comprehension Batery {unpublishied), the Philadelphia Comprehension
Batiery for Aphasia (PCBA; Saffran, unpublished}, and the dwditory Comprebension
1ost for Sentences (ACTS; Shewan 1980). Performance on all these measures indicated
2 mild sentence comprehension deficit witls most difficulty noted on non-canonicat,
reversible sentences (see Table 3),

Testing of lexical/semantic processing (see Tuble 43, which assessed the subject’s
ability to comprehend and produce single words across maodalities, revealed the
following results: the Pealbody Piclure Vacabtdary Test-Revised (PPVT-R; Dunn
and Dunn 1981) yielded 2 percentile rank of 81 performance on a battery of
fexical/semantic processing tasks, consisting of seven lexical sasks (e. oral/
writter naming, oral reading, writing 1o dictation, repetition, and auditory and

it’“”’““%h alb the newrofogical results (e, MRI, FEG. CT and SPECT) were reported as normal, a second
neurotagist who kiter reviewed the MR and SPECT seans noted feft syhvian fissure arrophy and decreased
profusion in the kefi perisylvian area, respeclively,
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Table 1. Subject information and neurological nevropsychologicat test results

Subject frformation

Female

62 years old

Right-handed

Monolingual (English-Standard American Dialect)
Vision and hearing within nosmal limis for age
2}-year history of language difficulties

Absence of major medical/psychiatric problems

Newrological/ newropsychological test resuits
Normal FEG, SPECT, MRI, and CT scans
Absence of cognitive deficits _
Intact memory functioning (Wechsler Memory Scale MQ 140 43
Normal intellectual abilities ( Wechsler Adult Inteliigence Scale-Revised PICY 121)
Praxis and gnosis essentially normat
Boston Naning Test (98% correct)
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Table 2. Summary of language test results

Test Score

Porch Index of Communicative Abilities (PICA)

Overall percentile 95

(Subtest sceores-percentile)
Writing G4
Copying 99
Readding 93
Fantonne 99
Verbal 8%
Auditory 99
Visual 9
Gestural 97
Graphic 94

Western Apbasia Battery ( WAB)

Aphasia quotient 936
Cognitive (uotient 956
Spontancous specch 19
Comnprehension 10

Repelition 78

Maning 10
Reading and sriting 192
Praxis iy
Construction 96

Arizona Baltery of Conpnurication [Nsorders of Dementic (ABCDY
Percentage correct 37
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Table 3. Summary of sentence comprehension test results

Percentage
Test correct
Caplan Auditory Sentence Comprehension Battery 92
Philadelphia Comprehension Battery {or Aphasia (PCBA)
Lexical comprehension 97
Sentence comprehension 03
Reversible sentences 87
Lexical sentences 100
Asedditory Comprehension Test fisr Senterzees (AGTS) 100

Table 4. Summary of lexical /semantic test resulty

Test Score

Peabody Pictire Vocabudary Tesi-Revised (PPVT-Ey

Percentile rank 41
Percentage
Lexical semantic processing tasks correct
Oral naming 92
Written naming 100
Onal reading 93
Writing to diciation ) 98
Reperition 160
Auditory 2nd reading verification 100
Test of Advdt Adolescent Word Fiteding (TAWE) o8
(Subtest scores-percentage correct)
Picture naming (nouns) 95
Sentence completion 100
Descriptive naming 100
Naming verls 106G
Category naming 160

reading verification) each utilizing 60 items with an equal number of high-freqliency
and low-frequency words in the English linguage (Francis and Kucera 1982), ranged
from 92% 10 100% accuracy: and results of the Test of Adilt/ Adolescent Word Finding
CEAWE: Genman 1990 were 98% correct,

In generad, binguage testing rovealed o ligh devel ol overall performance, #lthough
mild inypairments in both tanguage expression and comprehension were noted. Even
maore marked impairment in language production, however, was noted in an analysis
of spontancous language Spontaneous utlerances were characterized by non-
fHuercy, with a hesitani, broken, telegrammatic style of delivery, Sentences were
characterized by lack of free and bound morphological markers, and function words

“This patiem (e high overall perfornisnce on formal Fanguage testing with dear Jefiviss in sponluneoss
lasguage abilities) provides support for the kick of sensitivity of formal assessment instruments o detect
certain aspects of expressive language. Therefore non-standardized messures, designed to Langet specific
Hnguistic bebaviowrs, provide more appropriate infuraniion for evaluatiog, eatient resuls,

Sentence production in brimary progressive aphasie 303

Table 5, Summary of pre-treatmment linguistic analysis (Cinderelfa story)

Samples
Normat subjects
H z 3 X (5D) Irange]

Total words produced 193 280 288 324(114-55) (160472}
Mean length of utterance 606 G611 650 [3-87(214) [11-43-17-48|
Percentage of pranunatical sentences 038 032 026 BRLO-0D (074090}
Percentage of simple sentences 0-59 541 D74 0-45(0-17) 10-15-0-67}
Percentage of complex sentences 043 019 29 0-55(0-173 {0-33-0-83]
Percentage of conjoined semences 019 019 0-29 053009 [043-0-57
Mean no. of embedded clauses

(per sentence) 040 617 26 0-98(0-24) {0-67-1-33]
Noun:verb ratio G998 1-80 135 119
Open :closed class ratio 112 106 1:06 092
Verh morphology index (VM1 2:42 253 2-23 262(0-07) {2:37-3-00]
Percentage of correct VM 283 072 070 G99 (2-06) 10-98- 1-00]

(auxiliaries and prepositions) were emitted. Word-finding difficulty, niarked by both
phonological and semantic errors, was noted in spontaneous speech. Reading and
wriling mirrored spoken language. Serial speech and repetition were impaired, with
sound-based errors. In addition, an awareness of her disability led to Frustration and
distress,

Narrative language samples were collected on three separate occasions prior to the
introduction of treatment, and analysed to more precisely describe specific Hnguistic
behaviours. These samples were collected by having the subject retell the story of
‘Cinderella’ using procedures described by Saftran et af. (1989). A picture book of the
story, from which the printed words were defeted, was provided for the subject to
assist her in remembering the story. Alter the book was removed the subject was
instructed to retell the story in her own words. An example of the subject's narrative
sample is provided.

Cindereiia (uh) he was % she was & prince. A mother (ult) mean Cinderella, They
have a really pretty dress. Don't have a dress for Cinderella. T guess she's trying
crying. She don't go to the bail because no dress. And (uh) the fairy (uh) appear.
Fairy said (uh) T you go to the ball and 4 beautiful, a gorgeous dress (uh uh)
carriage (ub ub) houses horses. You have to leave the ball before and because
ater midnight you carriage will be ¢ pumpkin and (uln same dress. So she went
to the bail. The prince tuly in love with Cinderella. So Cinderella night time
before midnight. He saw the clock and says [have (o run Because (uh) TAgRs rags
and pumnpking not carriages. He [eft one glass slipper.

Udlizing a coding system developed by Saffron er al (1989), and revised by
Thompson ef al (1994), pretrediment narrative samples were linguistically analysed
for specific lexical and syntactic features. These data were then compared to the mean
of a six-subject control group (see Table 5). As can be seen, our subject produced
primarily short urterances (mean length of utterance (MLLD ranged between 606 and
6:50) containing few grammatical sentences (32%). This was in comparison (o the
normais, whose MLU averaged 1387 wit 88% of their sentences being grammatical.
In addition our subject produced sentences that were primarily grammatically simple
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Table 6. Summary of types of linguistic errors

Functionsl category errors

Failure to control for gender and number (third person pronouns)
Missing prepositions

Mis-selection of pronouns

Tense and agreement errors on the matrix verb

Missing detenminers

Mis-selection of wh-items

Negation errors

General syntactic errars
Missing subjects

ME-fonned genitive NI's
Missing and i#lt-formed verbs
Word-order errors
Coordinate structure errors
Embedded clause errors

(range 59% to 81%) as compared to 45% produced by the normal subjects. An average
of 30% of our subject's sentence production comained complex sentences Ge,
sentences containing moved sentence constituents or embedded clauses) compared
with 55% of the normals’ sentence production. The mean number of embeddings
{range G-17 to 0-40} produced by our subject was low compared to nonmal subjects’
mean embedding of 0-98. Our subject also used more open-class than closed-class
waords; within the open-class category she produced more nouns than verbs.
Consistent errors in verb morphology (i.e. tense and agreement) were noted as
revealed by the percentage correct verb morphology index (VMD which ranged from
070 10 0-83.

Further analysis of errors in the closed class {see Table & included fajlure to control
for gender and number in third-person pronouns and mis-selection of prepositions.
In addition, missing determiners, the inappropriate use of determiners with proper
names, mis-selection of wh-items, and errors involving negation were found. Due to
the involvement and consistency of tense and agreement errors concerning rhe matrix
verb, present progressive, past, and future verb tenses were targeted for treatment,

In sumimary, our subject presented with a pon-fluent language impairment
consistent with agrammatism concordant with non-fluent primary progressive aphasia
in the absence of signs of peneralized cognitive decline.

tixperisenital stimdi

A matrix trining procedure was utilized as a method of systematicaily training and
measuring generalization effects. The desived end-result of  matrix training is
recombinative generalization’, which has been defined by Goldstein (1983) as ‘the
differential responding to novel combinations of stimulus components that have been
inctuded previously in other stimulus contexts” (p. 281). By training selected
rule-driven combinations, generalization to untrained combinations can be examined
(Goldstein 1985); the concept being that generalization is an indication of treatment
efficacy.

One hundred and eight 4 X 5 incl black-and-white fine drawings were used to elicit
either the present, past, or future verb tense in a NP + V + NP senience structure.
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Subject and object NPs and V structures were placed in three different matrices
organized by verb tense. This array of NP+ V + NP combinations, depicted in
Figure 1, allowed for 36 possible combinations per verb tense (see also Appendix A).
Of these, three seatences were utilized for treatment while the remaining 33 sentences
were utilized for testing generalization. Only transitive verbs (pour, push, kick, kiss)
were selected for inclusion in this study. [n addition, all nouns and verbs were easily
depicted by an Amer-Ind (Skelly 1479} gesture.

Design

A single-subject multiple-baseline design across behaviours (McReynolds and Kearns
1983) was utilized in this study. During baseline an experimental probe was
administered in which ail 108 items were randomly presented 1o assess pre-treatment
production abilities. Following baseline, each treatment session began with adminis-
tration of the experimental probe. Treatment was then applied to one verh tense in
the context of NP + V + NP sentences, keeping untrained sentences utitizing that verb
tense and the other verb tense in baseline conditions to assess generalization. That is,
three sentences were trained while the remaining six sentences for that particular verh
iense, as weil as the 18 possible sentence combinations across the other three verbs,
served (o assess generalization. Treatment continued for each verly tense uril a
criterion of 808 was reached on the experimental probe task over three consecutive
treatment sessions.

Gestural pre-training

Frior to implementation of the mauix procedure, all gestures depicting the stimuli
utilized in the mairices (Four verhs, 24 nouns, and three tense markers) were trained.
A notehook containing pictures of all of the gestures was provided. All items were
preserded one at a tme to the subject with the name and the model of the gesture.
The subject was instructed o produce each gesture along will the therapist, and then
independently. Feedback as to the completeness and correctness of each gesture wis
provided. The notebook was given to the subject for practice at home. Prior to the
beginning of the matrix training procedure the subject was required to produce all
gestures upon command with 100% accuracy over two trials. Reference (o the
notebook was not afowed during the trials, the probe sessions, or during the actual
training procedure. All gestures were selected Irom the Amer-Ind Gestural Code Based
on Universal American Indian Hand Tatk (Skelly 1979).

Beseline

The subject’s ability o orally and gesturally produce the irget verl tense within the
NP + ¥V + NP sentence structure was measured over four consecutive sessions prior o
initiation of treatment. All sessions were videotaped for retiabitity purposes.

At the beginning of each session a 3-minute videotape provided the subiect with a
model of the expected responses. The tape consisted of the experimenter eliciting oz
and gestural NP -+ V4 NP sentence constructions conlaining the three verls tenses of
interest. Six stimwilus sentences were utilized that were simila r, bt not identical, o the
experimental stimuli.

All 108 picture stimuli were then randomly presented o the subject. The sentence
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past, and present progressive verl tenses.

Subject NP Verb Object NP
The man T T the woman T
The teacher will kiss the baby
The dancer the soldier
| The donkey G G the pig G
g The dog will kick the cat
@ 'The horse 1he cow
[
@ The bay G G the girl G
; The dentist will push the doctor
‘5 The thief the policeman
o9
The cook G G the soda G
The nurse will pour the wine
The sailor the coflee
Subject NP Verh Object NP
The man T T the woman T
The teacher kissed the baby
The dancer the soldier
The donkey G G the pig G
@ The dog kicked the cat
) | The horse the cow
o
o .
B iThe boy G G the girl G
s FThe dentist pushed the doctor
g The thief the policeman
=
Thecook G G the soda G
The purse poured the wine
The saifor the coffee
Subject NP Verb Object NP
The man G (41 the woman G
The teacher is kissing the baby
The dancer the soldier
3'; The donkey G L8] the pig G
5 The dog is kicking the cat
i~ | The horse the cow
pw)
S The boy G G the girl G
m {The dentist is pushing the doclor
= | The thief the policeman
o
The cook G G the soda G
The nurse is pouring the wine
The sailor the coffee
F= trained G = within matrix generalization

Experimentallangunage matrices: NPV, NP serrence constitste vocabulary stilized across future,
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Subject NP Verb Object NP
The man T T the woman T
The teacher will kiss the baby
The danrcer the soldier
The donkey G G the pig G
The dog witl kick the cat
The korse the cow
The hoy G G the girl G
The dentist will push the doctor
The thief the policeman
Thecook & G the soda G
The nurse will pour the wine
The sailor the coffee

Figure 2, Future tense language matrix for NP + V + NP septence structures.

used for eliciting the appropriate verb 1ense refiected the verb tense being elicited.
For example, if the present progressive verb tense was being elicited a picture was
presented to the subject with the instructions “This is a (NP1) and this isa (NP2). Gesture
and say what fs bappening in this picture’; for the elicitation of the past tense “This is
4 (NP1} and this is a {NP2). Gesture and say what happened in this picture’; and for
the elicitation of the future tense “This is a (NP1) and this is a {(NP2). Gestute and say
what will bappen in this picture’.

Specific feedback was not provided during the bascline procedure. However,
intermittent remarks of encouragement were given. The first response to occur within
10 seconds was scored according to s two-point mudtidimensional scale, shown in
Appendix B. The scale was sensitive to the nature of both verbal and gestural
responses.

Treatmernt

The vetb &is was randomly selected as the verb to be trained. The future tense was
targeted for reatment first due to performance on the haseline probes. That is, a stable
baseline for future tense was obtzined whereas variable production of sentences using
past and present progressive verh tenses was noted prior to trestment.

Sentence combinations containing the verb &isr for the future tense were selected
for training using the matrix compoenent, Three sentences consisting of subject NPs and
object NPs, arranged horizontadly in the matrix, combined with the verly wilf & were
targeted for training (see Figure 2). The remaining six sentences, as well as the |8
possible sentence combinations across the other three verbs served 1o assess
generalization for that particular verb tense in NP + V + NP sentences. That is, for
the future tense, the verb kiss was (rained in the following sentence context:
“The man wilf kiss the woman; The teacher will kiss (he baby; and The dancer will kiss
the soldier. Generafization 10 the other cell combinations within the submatrix
Cle. The muan will kiss ihe baby, The man will kiss the soldier, The teacher will biss
the woman, The teacher will kiss the soldier, The dancer wifl hiss the woman, and
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The dancer will kissthe baby”) was tested, as was generalization across the entire future
tense matrix. The a-prior assumption was that if the subject learned the linguistic rule

rriying future verly tense 1]t et correct producti ained a
umktly 2 future verl tens produ (.t.l()ﬂ, ther correct production of both trained and FUTURE TENSE Fallosw v
uatrained seatences atiliziog the trrined verb tense would occur, 100 - Bosatine ¥ Trostmam A
A verbal plus gestural treatment sequence designed by Raymer and Thompson 90 |
(19913, as seen in Appendix C, was implemented. Training on these specific a0 |
NP +V + NP verb tense combinations continued until performance reached an 80% o . ot a
N P . . . T 7 verbal
accuracy level over three consecutive training sets within a session. Feedback 60
. . k —
concerning the completeness and correctness of the response was provided esturs
O 50 |
throughout the training procedure, —8——— yarbal trained
ag
a0 | = verbal unteained
Probes . 20 4 B—— gestures trained
All frzined stimuli and alf of the untrained stimuli were probed at the beginning of ¢ et gesture untrained
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each treatment session. Probe stimuli were randomized and counterbalanced across
sessions, All probe stimuli were elicited and scored consistent with the procedures FAST TENSE . N—— Foltow

established for the baseline administration. Responses o these probes served as the 100 7 o
dependent variable throughout the study. 30 4 ';7 s
80 5 a
s 5 70
Reliability g
8 B0 1
All probe sessions were videotaped and scored for reliability purposes by an = 50 T
independent judge. Overall, point-to-point agreement, calcvl;.ited on responses § 40 1 pestarat
obtained from two baseline sessions and every third probe session, was 92%. As a & 3g
measure of reliability on the independent variable, the steps of the training protocol 20 ¥ B verbal trained ,
were scored {+ or =} by an independent judge. A 97% inter-judge agreement was 10 4 =0~ verbal untrained
cileulated based upon two randomly selecled videotaped training sessions. o
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PRESENT PROGRESSIVE TENSE
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Results
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Figure 3 ddepiets the percentage of grzmaaically correct sentences for both the trained 80 8
and untrained future, past, and present progressive verb tenses during baseline and 70 |
treatment phases of the study. As can he seen, a (0% accuracy level was noted during 60
baseline on verbal production of sentences containing verbs in the future tense, 50 4
Gestural responding was at a high level, as was expected following gestural a0 varbal
pre-training. As can be seen, stable baselines for past and present progressive verb 30 | T gestuce
tenses were not obiained. Inspection of these baselines suggested that the pre-trained 20 1
gestures nuty have faciitied verbal sesponding during this phase, as the acquisition ' 1o
cunves for gestural and verbal responding paraticled one another. After three treatment o ) T“_]
. - - H i N i A i B ' v v t
sessions applicd o future tense sentences an 80% accuracy level was achicved and 2 3 4 5 6 7 8 9 10 11 12 13 14 18 1'6 ' %;—"g
munintined Tor both verbal and gestural responses 10 trained and untrained stimuli, i Probe Session

During this treatment hoth the verbal and gestural responding for the past and present

progressive verh tenses remained at a high level. Therefore, as 2 measure of control, wnrined futare, past, and preseat peogressive ver tonses dirine o \i.u"_t_cs [[m{’_“lhmiuid_"‘"f‘{
a reversal component Gindicated by the arrow in the figure} was introduced into the of the study, Atronw ;n;liuuus m-:s:siml; isf\\ E‘&;Lh gustural ::p({n;z:::i! Vv“';:L;;:(__':l;}l{i!!]i:1‘?2‘:‘1‘;[‘![J" ]::lt}:
design, during which the gestural response was discontinued during probe sessions. tasks. ’ B ' e PR
That is, only verbal responses were required during the probe task. As can be seen,

a concomitant drop o verbal production was noted on past ense sentence

productions. Subsequently, treatment on the past tense hegan, following which

eriterion agdin was reached within three tuining sessions. Throughout this study, high

Figure 3. Percentage corredt production of verbal and pestmal NP+ V 4 MNP se
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pedormance on both verbal and gestural productions of the present progressive verh
tense was noted, thus no tralning was indicated.

Three months following treatment, production of both the gestural and verhal
sentence responses was assessed using the 108 experimental stimuii. Gestural
responses were maintained at criterion while verbal responses declined for future and
past tense verbs.

Two narrative language samples taken during treatment, and one sample tken 3
month post-treatment, were linguistically analysed and compared to the three samples
taken prior to the initiation of treatment. The results of this lexical and syntactic analysis
are summarized in Table 7. Although the mean length of viterance (MLU) and the mean
number of embedded clavses remained consistent over time, the percentage of
grammatical seniences produced by the subject decreased. The percentage of simple
and conjoined sentences increased over time as the use of complex sentences
decreased slightly. In addition, the noun-verb ratios and open-closed class ratios
increased slightly, while the verb morphology index decreased. These data suggest
that, while specific language behaviours declined, as expected with primary
progressive aphasia, the percentage of simple sentences increased. This could be the
direct result of treatment, since treatment targeted the production of simple
NP +V + NP sentences. What is difficult to explain is the steady, but slight, decline of
the verb morphotogy index, which should have reflected the specific reatment effects
of the verb tense groupings. However, it could be that this decline would have been
more significant without treatment; more in line with the decline seen inthe percentage
of grammatical sentence. These data were then compared to the mean of a six-subject
contrad group. As can be seen, the MLU, the percentage of prammatical sentences,
complex sentences, and conjoined sentences, as well as the mean aumber of
embedded clauses, was higher for normal subjects than for our subject. This was in
contrast to the proportion of simple sentences, which was smailer for noemal subjects
and higher for our subject. There was an approximare 1: 3 ratio of nouns to verbs and
open-to closed-class items for the control group which was in contrast to our subject,
who produced more nouns than verbs and more open than closed-class itens.
In addition, the percentage of correct verb morphology (VMD, indicating the
correctness of a verb or verh grouping's tense or aspect (i.e. She is washing the car
vs She washing the car or He might bave been going vs Lie be going), was higher for
normai subjects than for our subject.

Piscussion

This study was designed to examine the effects of a verbal plus gestural reatment
approach en the acyuisiion and generalization of present, past, and future verb tenses
in simple NP+ V4 NP seatences in a patient with non-fluent progressive aphasia.
A matrix training procedure was utilized as 1 method for systematically training arl
medsuring generalization effects and the relaiion berween gestural and verbal
productions of bhoth trained and untrained NP + V + NP sentences across verb tenses
wits evahuated. Results of the study showed that treatment resulted in acquisition of
trained verb tenses in NP + V 4+ NP sentence contexts, and that generalization occurred
for untrained structures within eacl language matrix,

Of interest were the findings concerned with the relation between verbal and
gesturzl responding. Rising baselines were noted for past and present progressive verh
tenses when gestures were first paired with verbal responses, suggesting that gestural
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Summary of linguistic anatysis (Cinderella story)

Table 7.

Samples

Pust-trearment

Treatment

Pre-treaiment

Normal subjects

X (3D [range}

ot

324€114-3%) [160~472}

307

318 433

288

280

193

Towai words produced

13-87(2 14 [11-45-17-48]
0-88(0-09) [0-74-0-96]
0:45{0-17)0°15-0-67]

689

560
0-20
000
010
030

611
032
0-81

606
038

Mean length of utterance

07
0-82
018

0-34

020
-89
G-1t

Percentage of gramematical sentences
Percentage of simple sentences

574
329
0-29

0-35(0-17) 10-33-0-85]
0-33{0-09) 10-43-0-67]

41
019

Percentage of complex sentences
Percentage of conjoined sentences
Mean no. of embedded clauses

-2

019

3980 24) {0-67-1-33]

017

013

D09
1-66
1-37
204
068

0-40 a17 026
398

1-12
2-42

{per sentence)

1-19
92

1-85
148
191

135
106
223

1-80
106

Noun:verb ratio

1-37

Open:closed class ratio

2-62(0-07) [2-37-3-00}

Verb morphology index (VMDD

0-99(0-08) 10-98~1-001

056

72 &70

o83

Percentage of correct VM

31
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responding affected the verbal behaviour. Further, the reversal design component
implemented showed a concomitant decline in verbal performance when the subject
was no longer allowed to pair verbal and gestural responses (although this was not
consistenily noted across all behaviours), and gestural responding was maintained
over time while verbal responding declined.

These findings are of theoretical interest in terms of the question of the relation
hetween gestural and verbal behaviour, or between motor and verbal aspects of
communication, That is, is fanguage dependent upon the motor system as evinced by
the close association of the apraxias with the aphasias (Kimura 1989, or is language
a purely symbolic system that is located predominantly in the left hemisphere?

Interestingly, Poizner ef al. (1987} and Klima ef af. (1988), in their research with
congenitally deaf aphasic subjects, have found that sign language breaks down along
tinguistic lines, independent of disorders of movement and gesture. Recognizing sign
languages, such as ASL, as full-fledged tinguistic systems, they found that deaf aphasic
subjects have fluent and non-fluent language patterns simifar to those of hearing
aphasic subjects. More specifically, fluent/paragrammatic sign aphasias resufted in
paraphasias and neologisms, word-retrieval difficuities, and significans comprehen-
sfon deficits in the presence of grammatical output and normal prosody, while
non-fluent/agrammatic sign aphasias were characterized by agrammatic output,
eftortful and slow signing, a predominant use of open-class signs, and impaired
morphology and syntax.

Continuing with this line of research, Corina ef al. {1992} presented evidence for the
dissociation of sign language lrom disorders of non-linguistic gestures. In other words,
gesture and sign have been found to differ in the type of movements and in their Jogical
and behavioural relation to speech, This separability could point to separate
neurcanatomical pathwvays that mediate sign and gesture. Is it possible, then, that
verbal aphasics have access to a gestural system as an alternative method when their
verbal system is inaccessible? Or are the two systems so linked that both will decline
over time? The finding of ihis study, indicating reliance upon and maintenance of the
gestural responding, provides some evidence which would support  separate
pathnways,

I addition to looking at the relation between gestural and verbal belaviour, speetfic
linguistic behaviours were analysed, revealing that although the mean fength of
utterance, noun-verh ratios, open-closed ratios, and verb group elaboration score
rerained consistent over time, the proportion of grammatical sentences decreased
over time. The percentage of simple and conjoined sentences increased as the
proportion of complex sentences decreased, These data suggest that treatment was
effective in maintaining specific linguistic behaviours despile the degenerative
language decline ensuing from primary progressive aphasia. Longitudinal in-deph
linguistic analysis of privary progressive aphasic subjects’ language could provide
important information concerning the organization and representation of grammatical
knowledge. For example, the progressive decline of linguistic behaviours affords
researchers the opportunity to observe whether finguistic behaviours are lost in the
same manner in which they are acquired. If they are not, what structures are fost and
how do these structures affect an individual's overalt language behavious? Are these
structures organized inmodulus as proposed by Schwartz e al. (1979), Yamada (1990,
and Pinker (19892 Is the entire language system a distinct and separale system with
principles of organization not shared with other cognitive systemns such as perception
or reasoning (Chomsky 1908, 1975), or is language grafted on top of cognition, as
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postulated by Piaget (19527 The progressive language decline seen in PPA has the
potential to contribute to the overall understanding of the neuropathologies of
language and communication, and the management of aphasia in general, by shedding
light on the behavioural manifestations of Janguage processing and production
breakdown.

In summary, the results of this study suggest that verbal plus gestural pairing may
be important in dealing with verbal language decline. However, agrammatic
primary progressive aphasia is a rare disorder and it is expected that, as with
agranunatic aphasia secondary to vascular lesion, heterogeneity among so-fabelled
agramumatic PPA patients is likely. Future studies with PPA subjects who demonstrate
agrammatic language behaviours might utiize this gesture plus verbal treatment
approach for training selected language responses, while closely examining
generalization within and across theoretically related language responses. In addition,
close inspection of the language decline observed in primary progressive aphasia
provides an opportunity and a mechanism for studying how language may be
interrelated to other cognitive systems, thus revealing important infermation about the
organization and representation of fanguage.
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Appendix A:

Future tense sentences

1. The man will kiss the woman. 30. The boy wiil push the policeman.
2. The man will kiss the baby. 31, The dentist will push the girl,

3. The man will kiss the soldier, 32. The dentist will push the doctor.
4. The teacher will kiss the women. 33. The dentist will push the policeman,
5. The teacher will kiss the bahy. 34. The thief wil] push the girl.

6. The teacher will kiss the soldier. 3%, The thief will push the doctor.

7. The dancer will kiss the women. 36. The thief will push the policeman,

8. The dancer will kiss the baby.

. ancer will kiss the soldier.
9. The dancer k Fast ternise senfonces

10. The cook will pour the soda. 37. The man kissed the woman.
1%, The cook will pour the wine. 38. The man kissed the baby.

12. The cook will pour the coffee. 39. The man kissed the soldier.
13. The nurse will pour the sodz. 40. The teacher kissed the womarn.
14. The nurse will pour the wine. 41. The teacher kissed the baby.
15. The nurse will pour the coffee. 42. "The teacher kissed the soldier.
16. The sailor will pour the soda, 43. The dancer kissed the woman.,
17. The sailor will pour the wine. 44, The dancer kissed the baby.
18. Fhe sailor will pour the coffee. 45. The duncer kissed the sotdier,
19. The donkey will kick the pig. 40. The cook poured the soda.

20. The donkey will kick the cat. 47, The cook poured the wine.
21. The donkey wilt kick the cow. 48. The cook poured the coffee.
22 The dog will kick the pig. 49. The nurse poured the soda.
23. The dog will kick the cat. 50. The nurse poured the wine.
24, The dog will kick the cow. 3 51. The nusse poured the coffee.
25, The horse will kick the pig. 52. The sailor poured the soda.
26. The horse will kick the cat. 53. The saifor poured the wine.
27. The horse will kick the cow. 54. The sailor poured the coffee
28, The boy will push the girh. 55. The donkey kicked the pig.

29. The boy will push the doctor, 50. The donkey kicked the cat.
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57. The donkey kicked the cow. 82. The cock is pouring the soda.

58. The dog kicked the pig, . 83. The cook is pouring the wine.

59. The dog kicked the cat. 84. The cook Is pouring the coffee.
60. The dog kicked the cow. 85. The nurse is pouring the soda.

61. The horse kicked the pig. 86. The nurse is pouring the wine.

62. The horse kicked the cat. 87. The nurse is pouring the coffee.
63. The horse kicked the cow. 88. The sailor is pouring the soda.

89. The sailor is pouring the wine.

G4. The boy pushed the girl 90. The sailor is pouring the coffee.
65. The boy pushed the doctor.

66, The boy pushed the policeman. 91. The donkey is kicking the pig.
67. The dentist pushed the girl. 92, The donkey is kicking the cat.
08, The dentist pushed the doctor. 93. The donkey is kicking the cow.
09, The dentist pushed the policeman. 94 The dog is kicking the pig.

70, The thief pushed the girl, 95. The dog is kicking the cat.

71. The thief pushed the doctor. 906. The dog is kicking the cow.

72. The thief pushed the policeman. 97. The horse is kicking the pig,

98. The horse is kicking the cat,
99. The horse is kicking the cow.

Present progressive sentences

100, The boy is pushing the girl.

73. The man js kissing the woman. 1831, The boy is pushing the doctor.

74. The man is kissing the baby, 102. The boy is pushing the policeman.
75. Fhe man is kissing the soldjer. 103. The dentist is pushing the girl,

76. The teacher is kissing the woman. 104, The dentist is pushing the doctor.
77. The teacher is kissing the baby. 105, The dentist is pushing the police-
78. The teacher is kissing the soidier. Ot

79. The dancer is kissing the woman, 106. The thief is pushing the girl.

80. The dancer is kissing the baby. 107. The thief is pushing the doctor.
81. The dancer is kissing the soldier. 108. The thiel is pushing the policeman,

Appendix B: Scoring protocol

Verbal responses Score
Grammatically correct sentence includes all dppropeiate lexical items 2
Appropriate verbal tense with incomplete noun phase 1
Main verb correct but merphological tense marker incorrect 0
Gestural responses Score
Gestures complete a “grammatically” correct sentence which

includes all appropriate lexical items 2
Appropriate verb tense gesture with an incomplete ‘noun’ gesture i
‘Main verb gesture comect with ‘tense’ gesture incorrect 0
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Appendix C: verbal plus gestural treatment sequence

- With the target picture placed in front of the subject, the foltowing instructions

were given: T am going to gesture and say that is bappening (present tense
training) (happerned for past tense training, will bappen for future tense training)
in this picture.’ A model of the verbal and gestural target was provided for the
subject.

. Following this verbal plus gestural mode!, the subject was instruczed ‘Okay this

lime you try. Gesture and say what is happening in this picture” A 7-second
response time was allowed. Feedback was provided regarding what part or parts
of the response was correct or incorrect. One trial was given.

. The gesture was then elicited in isolation. The instruction ‘Let’s praciise just the

gestural part of the response.” The gestural model was provided for the subject.
Three identical models were provided,

. Following the gestural model, the subject was instructed ‘This time you iy,

Gesture what is happening in this picture.” A 7-second response time was given.
Verbal feedback was provided concemning the completeness and correctness of
the response. A maximum of five trials was given.

- The verbal response in isolation was then elicited utilizing the same procedures

outined in steps 3 and ¢ with the exception that 'Verbal/Say' was substituted for
‘Gesture’.

6. The verbal and gestural response was again nodelled together for the subiect

o produce simultancously. The following instructions were provided: ‘1 am
going to put the gestural and the verbal parts together. Watch closely. T am going
to gesture and say what is happening in this picture.’ Three identical model were
provided.

. The verbal plus gestural response was elicited without a model. The instruction

‘Okay now you try. Gesture and say what is happening in this picture,” A
maximum of five trials was given,



