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Abstract

Purpose: This study investigatewhether a group of peoplégth severe aphasia
could learn a vocabulary of pantomime gestures through therapy, and compared their
leaming of gestures with their learning of words. It also examined whetbirge
therapy cued word production and whether naming therapy cued gestures.

Method: Fourteen people with severe aphasia recel\tedours ofyesture and
naming treatment. Evaltians comprised repeated measures of gesture and word
production, comparing treated and untreated items.

Results: Baseline measures were stable, but improved significtoikbwing
therapy. Across the group, improvements in naming were greater than impravement
gesture. This trend was evident in most individuaisults although three made better
progress in gestureGains were item specific and thavas no evidence of cross
modalitycuing Items that received gesture therapy did not improve in naming, and
items that received naming therapy did not improve in gesture.

Conclusions. Results show that people with severe aphasia can respond to
gesture and naming therapy. Given the unequal gains, naming may be a more productive
therapy target thagesture for manyalthough not all) individualsith severe aphasia

The communicative benefits of therapy were not examined, but are addressedow a foll

up paper.



Introduction

Whenformal languagés impairedby aphasia gestuseems an obvious
alternative. Yet, while some people turn to this medium spontaneously, others do not, so
aphasia therapy oftdargets gester(Rose 2006). This paper reports an evaluation of
such therapy and compares the outcomes with those achieved by naming therapy.

Gestures ar@ot simply employed by those with impaired language, but are
ubiquitous in humanammunication (Kita2009). Definitions of gesture draw a
distinction between thsethat accompany speech (often termegpeech gestureand
thosethatstand abne (McNeill, 200%. The latter include pantomimgethe type of
gesture focussed in this studyhese have been describechiadumb showwhich can
conveya complete idear belinked in sequence to convey a narrative (McNeill, 1992).
They @n include &cial and even vocal elements, in addition to hand movements.

Many argue thaa primary function of gesture is to communica&sy(,see Beattie
& Shovelton, 2006). This is the case even fosgeech gestures, with close analysis
showing that they supplement, rather than simply reflect what is being saddiK
2000; Melinger & Levelt, 2004). Furthermore, it has been shown that listeners pay
attention to gestures and derive information from them (Be&at8bovelton, 1999 a & b;
Cocks, Sautin, Kita, Mgan & Zlotowitz,2009).

Although gesture production is greatest in face to face conditions, speakers
continue to gesture even when they cannot be seen (Alibali, Heath & Myers, 2001). This
suggests that gestures perform an additional facilitory rolénéospeakefKrauss, Chen
& Gottesman2000). In line with this, there is evidence that gesturing increases when

production is demanding (Melinger & Kita, 200@rwhenspeech is unrehearsed



(Chawla& Krauss 1994). There is also evidence that gestupgpression impacts
negatively orspeakerse.g., by inducing non fluency (Rauscher, Kraussh&n 1996)
and Tip of the Tongue states (Frick-Horbury&&ittentag 1998; although see Beat8e
Coughlan, 1999 for counter evidence). The proposal that géatiliates peech is also
consistent withevidence of neural connections between language and action. For
example, we know that hearing face or leg action terms (such as ‘lick’ an ‘kick
stimulates cortical activation in the relevant motor areas @Pulviler, 2005); and
Transcranial Magnetic Stimulati@pplied to motor areas speeds lexical decision on
relatedaction terms (Pulvermuller, Hauk, Nilulin & lImonien2005).

Theories about the connections betwkegrguageand gesturehave informed
models of gesture and speech production. In de Ruiter’'s Sketch Model, gesture and
speech originate from a common conceptualizer (de Ruiter, 2000). Thus they share the
same communicative intention and collaborate in conveying that intention. Accarding t
this modelanygestural facilitation of speech arises at the conceptual gelby
stimulating access to mental imagery (de Ruité88). The model of Krauss and
colleagues (2000hcludesa link between the motoric level of gesture production and
phonobgical encoding, so enabling gesture to facilitate access to word f&unk.
facilitation is only available from what tfeuthorserm ‘lexical gestures’, i.e.
spontaneous gestures that accompany and bear a meaningful relationship to speech.

The centrality of gesture in human communication has important implications for
people with aphasia. Most obviouslgey may be able to exploit its communicative
function to compensate for their impaired language. They maypaitsfit from its

facilitative ole. For example, gestures produced during word finding blocks may



stimulate access tword forms (Lanyon &Rose, 2009) Stand alone pantomimes might
also facilitate conceptual processimgth eventual benefits for naming.

There are several documenteasesof people with aphasia who made good use of
gesturele.g.,Kemmerey Chandrasekaran & Tran@007;Marshall Atkinson,

Smulovitch & Thacker, 2004Vilkinson, Beeke & Maxim2010. However, there is also
longstanding evidence aphasigesture impairment®(g.,Duffy & Duffy, 1981; Duffy,
Watt & Duffy, 1994). These may be due to other stroke related disorders of movement
(Borod, Fitzpatrick, Helm-Estabrooks & Goodglass, 1989) or executive skillsy(Rurd
Koch, 2006), or may reflechampairmentm symbolic thinking Goldenberg, Hartmann

& Schlott, 2003). Whatever the reason, it seems that many individuals, particulagly thos
with severe aphasia, need therapeutic input to help them exploit gesture.

Whether gesture can be enhanced by therapy has been investigated in a number of
studies. Rose (2006) reviewed 18 that promoted the compensatory use of gesture.
Although all reported positive results, the quality of evidence was varialdst M
accounts were of single cases or very small groups, ang racked an experimental
design. A recent study (Daumuller & Goldenberg, 2010) attempted to address thes
concerns. This entered 25 people with severe aphasia into the treatment gnoupltalt
only 9 completed all phases) and compared their outcomes to untreated controlis Res
showed that repeated testing, as experienced by the control group, did notesitipific
improve gesture production, whereas therapy did. Gains were greatest on dglestures
were practised in therapy, but were also evidentinpractised ones, albeit to a much
lesser extent. The rate of learning was also egglaith the finding that about three

hours of therapy was needed for the acquisition of each gesture.



In the above study, gesture was promoted as a compensat@g\stradthers
have explored its potential to facilitate lexical access. Rose and Do2@H9 ound
that making an iconic gesture for an item significantly improved immediate naaming f
half (threg of their participants. Furthermore other cues, such as pointing or visualising
the use of the object, had no such effect @ds@Rose, Douglas & Matyas, 2002).

If ‘one off’ gesture cues can stimulate naming, the effects of gesture thaegp
be even more marked. Two single case studies conductedhBskR4897, 1998)
supported this view. Both companedmingtherapywith treatment that combined
naming and gesture. Results showed superior outcomes for the verbal plus gesture
therapy although this was not demonstrated statistically

Further studies have shown timaiming therapies with a gestural element can
significantly improve the production of nouns (Rayntingletary, Rodriguez, Ciampitti,
Heilman & Rothi,2006; Rose & Douglas, 2008; Rose et al, 2002) and verbs (Boo &
Rose, 2011Marangolo et & 2010; Raymer et al, 2006; Rodriguez, Raymer, & Rothi,
2006; Rose & Sussmilch, 2008). While encouraging, these findings do not confirm the
facilitatory role of gesture. In all studies the gestural therapy included aentlefn
verbal practice, such aspeated namingarangolo et al, 2010; Raymer et al, 2006;
Rodriguez et al, 2006; Rose & Douglas, 20083emantic feature analysis (B&Rose,
2011). None of the studies replicated Pashek’s finding, or showed that treatments
involving gesture were nme effective than purely verbal approaches. It should also be
noted that not all participants benefited, at least in terms of their ngentngee

Rodriguez et al2006).



Although questions remain, studies to date suggest that gesture can be asquired a
a compensatory strategy in aphasia, and may support the rehabilitation of language.
However, not everyone advocates its use. Practitioners of Constraint Induced Aphasia
Therapy (CIAT) argue thatrategies likgesture should be actively discouraged (o
constrained), becaudaely promotehelearnt non use of speech (Pulvermuller,

Neininger, Elbert, Mohr, Rockstroh, Koebbel & Taub, 2001). Although Constraint
Induced therapies have achieved positive outcomgsBerthieret al,2009;Meinzer,

Djundja, Barthel, Elbert & Rockstroh, 2005; Pulvermuller et al, 2001) this is not a reason
to banish gesture from aphasia therapystly, it may beantensity of practice, rather

than constraint, that is the key ingredienthese therapig®.g.see arguments

Cherney, Patterson, Raymer, Frymark & Schooling, 20%@condly, for people with

limited prognosis for speech recovetiyernative communication strategies, lgesture,

may bethe only option.

This study aimed to offer more evidence about the ebgesture in the
rehabilitation of aphasiaOur immediate concern wasaégamine whether a group of
people with severe aphasia could acquire a vocabulary of pantomime gesturds throug
therapy Bytreating botlgesture and namg we aimed to discover whether, for some
participants, therapy for gesture offers a better prospect for commanitizn therapy
for spoken or written words. We also explovduetherearning of both gestures and
words was item specific or extended to untrained itemswéuether learning gestures
cued the equivalent words (and vice versa). In so doing, we ensurgedbaents were
modality specifice.g.,no nhaming practice occurred during gestoeatment, and items

treated in one modality were not treated in the other. Thus we contribute to the debate



about the potential of gesture to cue word retrieval. The study questions and hyothese
can be summarised as follows:
1. Can people with severe aphasia acquire a vocabulary of gestures?
2. Will learning be specifido treated items, ageneraliséoeyond these?
3. Can people with severe aphasia acquire a vocabulary of spoken or written words?
4. Will learning be specific to treated itemsg@neralisdoeyond these?
5. How does learning of gestures compare to learning of words?
6. Will gesture therapy cue word production?
7. Will naming therapy cue gesture production?

Given the results of previous studies (e.g., Daumuller and Goldenbergvwa911)
hypothesised that gesture acquisition would be achieved (question lgamtimg
largely confined to treated items (question @je similarly hypothesised that naming
gains would occur (question 3), although again restricted to treated itemsajodestiA
number of studies suggest that word acquisition is limiteade context of severe
impairments (e.g., Mangolo et al, 2010). We therefore hypothesised that gesture gains
would outstrip naming gains (question Hwas difficult topredict the effects afross
modality cueing (questions 6 and gince pevious studies have not explored the cueing
effects of gesture alone, or the impact of naming treatment on gpsbdrection. In line
with the Sketch Model (de Ruiter, 2000) we hypothesised that pantomime gestures might
prime conceptual processing, with potential gains for word production.

As noted by Daumuller and Goldenberg (2010) studies of gesture therapy should
also explore whether acquired skills impact upon communication. This question is

addressed in a companion paper (Caute, Pring, Cocks, Crustek Btarshall,



submitted. In this we examine whether gesture @mahaming therapy improved
performance on communicative tasks (conveying messages and narrativegrierg, par
and whether gainwere enhanced by follow up therapy focussing on interaskuks.
Method

The study received ethical approval frenNational Health Servideocal
Research Ethics Committdieze local NHS Research and Development departments, and
the Research Ethics CommitteeQify University London.
Participants

Twenty fourparticipants were recruiteda NHS and independent speech and
language therapy services, community groups and self referral. Tentdadechplete
the study, mainly because of ill healto dita is reported on fourteefinalyses of the
available datandicate that the groups that completed and failed to complete the study did
not differ on screening and background test scores. Table 1 reports details for the 14
participants who completed the study.

All participants had severe aphasiapringbelow 20% on spoken and written
naming(assessed byénaming subtest of th@omprehensive Aphasia TeSIAT,
Swinburn, Porter & Howard, 2004 Theywereat least six months pestrokeand were
fluent premorbid users of English (established via self report). They had no diagnosed
cognitive impairment, such as dementia, and could match objects to photos and drawings
with at least 60% accuracy (established vi® @em screening test). They received no
other speech and language therapy during the study.

We al® recruited an Advisory Group of fopeople with aphasjavho were not

otherwise involved in the study. The group itieeéetimes during the project, to advise



us on: (i) participants' information and consent materi@ghe test stimuli and (iii) te
content and administration of therapy. The group was led by an independentdacilita
and the discussion was recorded by students of speech and language thiezagrpup
recommendedeveral revisions to the project procedures. For example thecuein
hierarchy used in therapy was revised in response to their feedback

Background Assessments

Testsof semantic memory, recognition memory and written and spoken word
comprehension (CAT, Swinbuget al,2004)were carried out during the baseline period
to develop a profile of participantanguage and cognitive abilitieIhe oral and limb
subtests from the graxia Battery for Adult§ABA, Dabul, 2000)wvere also
administered These required participants to imitate ten oral gestures (e.g.obite y
lower lip') and ten hand/arm gestures (e.g., 'wave goodbyefuréte imitatiorof the
gesture was scored as 2. Inaccurate or ‘crude' gestures were scored 1ngvidta co
inability to perform the gesture was scoredA& many participants had impaired
comprehension, stages involving purely verbal instructioere omitted.Finally, we
screened for picture and gesture recognition.

Scores on the background assessments are presented in Table 2, together with
control data from Swinburn et al (2004}ontrol data were not available for the ABA,
given the modification to the test procedures. Control data were also not collected on our
screening tests. However, as these simply involved matching a picture to aroobbject
iconic gesture, controls would le&pected to perform at ceiling.

Design

This study had a repeated measures experimental d&sdore therapy,wo

10



baseline assessments weoaductedTime 1 & 2) separated by fourweek gap. The
assessments were repeated immediately thieefirst ghase otherapy(Time 3)and

again at least six weeks laf@ime 4) Treated and untreated items were assessed at each
time point. Thalesign thereforenabled us taompae change during treatment and no
treatment phases as well as on treated andatetrééems.All participants received
TherapyA between Time 2 and 3, which aimedrain 20 gestures and 20 different

words. Sevenparticipantgook part in a second phase of therapy (TherapyB)is did

not work on the treated vocabulary, batgeed communication strategie§ his second

phase took placeetweerilime 3and 4. Therapy B is reported in a companion paper.
Assessment and Therapy Stimuli

Sixty items were included in our experimental assessméahigty of these were
standard acrosslgdarticipants, whilé80 were personalr selected byach individual
The personal items aimed to increase motivadiath took account of the fact that
learning is often item specifie (9.,Daumuller& Goldenberg201Q Nickels, 2002.

The 30 standardtems were concrete, picturable nouns from the categories of
food, drink, clothes, transport, furniture and household objétnderspecific items
such asazor were avoidedand all could be gestured using one hapibting with 10
healthy controlg¢aged >40) confirmed that this was possiblene 30 persmal items
were chosen for their relevance to the individual and hddfer from the standard
items. They had to be picturable and gesturable so that a stranger could understand.

Composition of treatment groups. The 60 items wredivided into three groups
of 20. One group received gesture treatment, one received naming treatmmame ara

untreated. Each group included an equal number of standard and personal items.
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Table3 shows that thetandard items in the three treatment groups were well
matched for gesturability, operativity, familiarity and imageabil®ythough frequency
is lesswell matched, thgroup means do not differ significantly (F (2, 57) = 1.668, df 2,
p>.2). The gesturability and operativity ratings were obtained for the study3ft
students of speech and language therapy. For gesturability, the stuelerasked to
rate each item on a fiy@oint scale according to how easy or difficult it would be to
gesture with ne hand. For operativity theyereasked toate each itenan asevenpoint
scale usingthe crteria defined by Gardner (1973)t was not feasible to gather ratings
for thepersonal itemsgiven that these differed for each participartese were
therefore randomly allocated tieeatment and no treatmegroups.
Experimental Assessments

At each assessment point, four tasks were carried out. Two explored the impact
of therapy on communication, so are described in a companion paper. Here wéeeport t
gesture and naming assessmeiitsese employed colour photos and drawings of the 60
items, aproximately 15 x 12 cm in size. Images excluded text or brand names.

Gesture assessment. Target gesturefor each item inhe gesture assessment
were modeled to and agreed with participants in a separate session beforeemsessm
began. At each time point (Time 14) participants were assessed on their ability to
producethe gestures for th@0items They were shown each stimulus picture ehdl.
'show me with your hands and face what this is'.

Gesture production was videoed and scored by student assessors, using the
following procedure. The 240 gestures produced by each participant across the whole

study were edited inttour separate sets. Each sehtained all 60 items, witaequal
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distribution of gestures produced at each time polhie order of appearance of these
gestures was randomise@ne scorer was allocated to each set. They scored each
gesture in two conditionsyith materials presged to them on a power point
presentation. In the first ‘blind’ condition, they watched the video clip of the gestdre
wrote down their understanding of the target. They were then shown a second slide
which presented fowwritten options for selectio(the ‘select’ condition). These were
the targefe.g.,bed),a semantic distractde.g.,chair), a gesture distractor (e.g.,
telephone) and an unrelated distraceg(,computer). Gesture distractors were items
that might elicit a similar gesture the target. So in the given examgled was
gestured by holding a flat hand against the side of the face and tipping the head to that
side. Telephone is also gestured at the side of the face, but with a different pandsha
The unrelated distracters were semantically related to the gesture distradiisrs.
ensured that scores did not simply select from two related options. Studesb@sses
were told not to amend their first ‘blind’ response after the options were presented.
Throughout, they were unaware of which gestures were produced at which time point.
This procedure yielded two recognition scores for participants’ gesture poyduc
at eachtime point. The ‘blind’ score was the number of gestures that could be recognised
without any context.Theassessorsblind’ responses were recorded as correct if they
named the targea synonym of the target or if they produced a phrase containing the
target, such a®e’s in bed. The ‘select’ score was the number of gesturasdbuld be
recognised gainst four written options, with one point awarded for each target selection.
Thisdual scoringaimed to banaximally sensitive to change. For example, a small

improvement in gesture production migitrease seledtut not blind scores.
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To assess intaater reliability,eightsets of gestured4% of the datajere
scored by a second student asse&smrh set was taken from a different participant.
Correlations showed good levels of reliability (blind scoring r=.641, p<@«£l&ct
scoring r=.877, p<0.001

Naming assessment. Naming of the 60 items was assessed at each time point.
Participants were shown eastimulus pictureand asked to name it using either speech or
writing, depending on their chosen modality. Spoken responses were transgribed b
first author. Responses were scored correct if they named the target or a synonym of the
target. Responses that deviated from the target by one phoneme or letter were recorded
as errors.960 responses (2886 the datawere scored independently two members of
the research team to cheéiability. Percentage agreemdmttween scorers wégl.4%.

At each time point the naming and gesturing of the 60 items was assessed over
two sessionsand in each session half the items were assessed in reamdimglf in
gesture The order of test administration was counter balaregdio ensure thahat
gesture was not always assessed before naming.
Therapy Procedure

Therapy comprised5 one-hour sessions. The planned regimetwasessions
per week, although unforeseen circumstances, such as ill health, varied this for some
participants. Half of each session wagwbted to gesturgeatment anthalf to naming
and the order of treatment (gesture vs naming) alternated across sessioapy The
followedthe same tasks and procedures for all participants (albeit with diffexestnal
items) and these were prescribed in a manNalming and gesture tasks were applied in

blocks offive items, to ensure that iterrseach treatment group received the s&vel
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of exposure. The pictures usedrneatmendiffered from those used in assessment.

Gesturetreatment. Each block began with a recognition task. The participant
was shown théve target pictures and had to match each one to a gesture produced by
the therapist. If they made errors the number of pictures was reduced. When they
succeeded with afive, semantically related distractors were introduced

The focus of therapy moved onto production when participants achieved 100% in
the recognition tsks, or aftethreetrials on each blockThere were three levels of
production task. The first involved producing the gesture from a picture with the
therapist's support. The second and third involved conveying a hidden picture to the
therapist, so it it could be selected from unrelated (leveh2)l thersemantically
related (level 3pptions. Gesture production was supported by a hierarchy of cues,
ranging from mouldingig which the therapist made hand on hand contébtthe
participan}, simultaneous copying, delayed copying, providing the first handshape, and
giving a verbal cue, such as 'imagine that you are taking a photo' foracaies
maximal level of cue needed by each person was established at the start of thi@produc
phase and gdaually reduced.

Naming treatment. Naming was very challenging for most participants. To
promote some level of success and therefore engagement, naming treatment was
conducted in the participanthosemmodality, i.e., spoken or written. All naming
assesments were conducted in the corresponding modality.

As in the gesture treatmemetach blockegan with a recognition task.

Participants were shown the five target pictures and were required to matcio #tnem

spoken or written name. As above, the recognition task was adjusted by reducing the
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number of pictures or introducing semantic distractdise criteria for progression was
the same as in gesture treatment (100% correct or afterttiale The first production
task involved naming pictures with the therapist's support. The second and third involved
naming a hidden picture so that it could be identified from unrelated (level 2) and then
related (level 3) distractors. Naming was supported by an increasragchieof cues: a
verbal lead in (‘that's a ..."), a semantic definition (such as 'that's a pfeceitoire that
you sleep on))a semantic closure (such as 'on Sundays they stabed),.a minimal
phonological cue (first phonemea) maximal phonological cue (first syllable or initial
consonant plus vowel), and provision of the target for the person to repeat.
Results

Gesture Assessment. This analysis addressed the first two study questiQas
people with severe aphasia acquire a vocabulary of gesamaesill learning be specific
to treated items, or generalise beyond these? It also examined whethehatems t
received naming treatment showed benefits in gesture production (question 7), and
whether results differed across scoring methods and for standard and persmal ite

The resllts of the gesturassessmelfsee Table 4) wergubjectedo afour factor
within subject analysis of variance {(MOVA). Factors were time (4 levelsme 1,2, 3
& 4), scoring condition (2 levels: blind and select), type of item (2 levels: perzodal
standard) and treatment (3 levels: gesture treatment, naming treatment aatedtre

There was a significant main effaafttime (F (3,39) = 3.188, p < .052p =
0.197. Planned comparisons showed no difference between the two baselin®} @ vs
between the post therapy and follow up assessn(@uss4). The comparison between

the two baseline and the tyost therapy assessmeit & 2 vs 3& 4) was gynificant
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(F(1,39)=8.48,p< .O]:|2p = 0.29. These results show that participants' gesture
production improved significantly over the course of the study, and that gains were
contingent upon the receipt of therapy.

There was also anain effectof treatment (F (2, 26) = 5.298, p < ;@.fp =0.29.
Items that received gesture treatment scored more highly than items reoaiviimyy
and no treatmentFigure 1 suggests that these effects arose primarily from the improved
performance on the items tredtby gesture at time point 3. However, ititeraction
between time and treatmemés not significanfp = .11).

The final significant main effect was for the scoring condition (F (1, 13) = 451.7,
p <.00% nzp = 0.97). Unsurprisingly, gesturesrescored more highly in theelect than
the blind condition. This, however, did not interact with tilme, gains over time were
no greater in the select thtre blind scoring condition.

There was no significant main effaftitem (p = .4), althouglpersonal items
achieved marginally lower scores than standard itehinere was, however, an
interaction between item and condition (F (1, 13) = 7.381, p;<i1.293 0.39. Figure2
shows that personal items were particularly disadvantaged in the morerstbhgd
scoring condition.All other interactions wernot significant.

Naming Assessment. This analysis addressed the 3rd and 4th study questions:
Can people with severe aphasia acquire a vocabulary of spoken or written words; and will
learning be specific to treated items or generalise beyond these? Itaatsoe
whether items that received gesture treatment showed benefits in naminmpobleand
whether gains differed across standard or personal items.

The esults of the naming assessmi@ate Table 5) were subjected to a three

17



factorwithin subjectANOVA. Factors were time (4 levels: time2,,3 & 4); type of
item (2 levelspersonal and standard) and treatment (3 levels: gesture treatment, naming
treatment and untreated). Whéhe datdailed the sphericity assumption, the
Greenhousé&seiser correction was applied.

The analysis revealed a main effect of time (F{115.2) =10.93, p < .OO:anp
= 0.49. Planned comparisons found difference betweetimes 1 and 2 (before
therapy) ortimes3 and 4(after therapy). However, tle@mparison othe two baseline
with the two post therapy assessments (1 & 2 vs 3 & 4) was highly signific&ht39)
=31.65,p< .00,]312p =0.61). Thus participants' naming improved over the course of the
study, with gains being contingent tire receipt of therapy.

There was also a main effecttodatment (F (1.1, 14.4) =5.23, p < .051]2p =
0.29. Items hat received naming therapy achieved higher scorestdmas receiving
gesture or no treatment

Figure 3 shows a similar patternfagure 1. As in the gesture assessment, gains
occurred mainly on items that received the relevant treatment (in thinarageg)
Here, however, the interaction of treatment with time was highly signifiEaf® 23,
42.61) =7.63, p <.001)

The final main effect of item was also significght(1, 13) = 5.15, p < .05]2,, =
0.28), with standard items scoring more highly than personal. Puzzlingly, thistederac
with treatment (FX.4, 18.24) =4.39, p < .Oﬁzp = 0.02). The interaction was derived
mainly from theuntreatedyroup, withstandard itembeing namedurgisingly well, and
personaltemsnamed very poorly. None of the other interactions was significant.

Gesturevs Naming. Thefinal analygs compared the learning of gestarwith

18



the learning of words (study question he analyses so far showed thaing on the
gesture and naming assessmewre largely confined to itentkat were treated in the
relevant modalitySo gesture gairerose mainly on items that received gesture treatment,
and naming gains arosaainly on items that received naming treatr The treatments
were therefore compared by analysingwhigin modality responses over tinfi@ each
treatment group. Thus gesture responses to the gesture treatment iterogmared to
naming responses to the naming treatment items. Blindrgesstores were used for the
analysis.

A threefactor within subject ANOVAwas conducted. The factors were time (4
levels: time 1, 2, 3 & 4), response (2 levels: gesture and naming) and item (pengonal a
standard).Where results failed the sphericitysamption, the Greenhous$&eiser
correction was applied. The only significant main effect was for timé&.@.(20.9) =
22.66, p <.OO:Lr|2p = 0.63), confirming the overall improvement in responses during the
course of the study. Although there was no ificent main effect of response, the
interaction betweenrtie and response was significant (F (1.71, 22.24) = 3.99, g < .05
nzp =0.23. This interaction is illustrated in Figude showing that, while responses in
both modalities improved, gains in naming outstripped gaigesture.No other
interactionswere significant.

The ANOVA showed that, across all participants, naming was more responsive to
treatment than gesture. However, this might conceal important individuakditgss.
Individual gainscores in gesture and naming were therefore computed. These were the
differences between scores at time point 3 and the mean of scores at time point 1 and 2.

Total gesture and naming scores were used (60). Figure5 shows the gain scores of
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each participantMostindividuals follonedthe geneal trend, some dramatically.so
However, participants 4, 8, and ffbfited more in gesture than naming.
Discussion

This section will evaluatthe study questionagainst the resulteind consider
theirclinical implications Our first questions asked whether participants could learn a
vocabulary of gestureand whether learning would be confined to treated itéhhese
guestions can be answered by a qualified 'yes'. Responses on the gesturemissessm
were stable over the baseline period, but improved following therapy, and the gain was
maintained at time point 4Results also showed that gains occurred mainly on iteats
received gesture treatmenthere was an effect of treatment grofgwvoring thegesture
items;and although there was no interaction between treatmeminagdrigure 1
indicatesa strong trend in this direction.

We similarly asked whether participants could learn a vocabulary of words, and
whether here too learning would be itepecific. Again results were positive. Naming
improved after therapy but not before, and although scores fell at time point 4,dhey di
not do so significantly. As with gesture, there was an effect of treatment grioiah,iw
this analysis interacted with time. Thusming gains were highest in the group that
received naming treatment.

The fifth study question addressed the comparative learning of gestures and
words. Results were unequivocal. Improvements in naming clearly outstripped
improvements in gesture, both at the group level and in most individual gain Sthi®s.
finding was surprising, given the severity of participants' aphasia, anduatecto our

hypothesis. As an explanationegualities in the treatment regimes can be dismissed,
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since words and gestures wereeg the same level of exposure and were practised in
very similar tasks Another possibility is that gestures were disadvantaged by our
assessment process. However, the inclusion of the select condition aimed t@eaxim
scoring sensitivity. It was also striking that, although blind scores were mweh than
select, the gains achieved in both were simikathird possibility is that participants

were more motivated to learn words than gestures, although this was not evident during
therapy. We therefore offer three alternative explanations.

Ouir first proposal is thaesture and namingipose unequal learning demands.
Naming treatment aims to restore access to lexical forms that were laid down préor to th
stroke. The lack of such pestablished representations for gestaneans thamovel
forms have to bacquired potentially making them more challengingmploying
gesture also requirgmrticipants teswitch from speechnto a non habitual response
mode which may increase the challen@&urdy and Koch, 2006).

The second, related proposal is that pantomime gestures are particularly
demanding to acquire. It has been suggested that pantoarenspecial gestures' that
impose heavy cognitive demandsy, of working memory (Bartolo, Cubelli, Della Sala
& Drei, 2003). As a result, they may be particularly challenging for peaftesevere
post stroke impairments.

The finalpossilility is that baseline factoradversely affected the learning of
gesture.For example, it is striking that all participants displayed a degree of limbiaprax
(see table 2). The negative impact of apraxia on gegtackiction is disputed.

Research has shown that it may not inhibit gesture use in natural conversatse® (R

Douglas, 2003)and even people with severe limb apraxia can participate successfully in
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gestural therapy for word retriev@aymer et al, 2006)In the current studyimb
apraxia scores were not predictive of gestural gains. For example, one oééhe th
individuals who improved nre in gesture than naming (participant 8) had the lowest
limb apraxia score, and participants with simdaraxia scoreachieved very different
outcomes in gesture (e.g. compare participant 1 andNI®)erthelesghe snall
participant numbers make our findings inconclusigdarger studycould explore the
role of apraxia further by coringbaseline apraxiasseasment scores with treatment
gains.

The final study question concernexss modality generakition, @ the degree to
which each treatment cued responses in the other modality. Such generalipatbn w
be signaled by improved naming of the items that received gesture tngadnme
improved gesturing of the items that received naming treatment. Ifrigetes 1 and 3
provide no evidence that this occurred. Although naming of the gesture treatment item
improved marginally at time 3, the gain wass than on the items that received no
treatment. Gesturing of the naming treatment items remainedlyitnghanged
throughout the study.

The lack of auingeffect for gesture runs counter to previous findings (Rgse
and Douglas, 2008; Marangadd al 2010) so requires explanation. Differences between
participant groups may be a factdétarticipants inhe current study had profound
naming impairments, with 10 showing evidence of impasedantianemory (see table
2). Their prognosis fagestural cuingtherefore, may have been poor. Indeed several
previous studies suggest that people with sgiméevel impairments respond least well

to gestural naming therapilarangolo et al, 2010; Rose and Douglas, 2001; Rodriguez
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et al 2006; Rose & Sussmilch, 2008)\nother difference may lie in the therapy.
Previous studies employed therapies thigated gesture with naming practieeg.,by
encouraging participants to gestpreor to word production (Rose & Douglas, 2008).
The current studgeliberately separated the modalitikging treatmentThis gives rise

to two possibilities. Revious studismayhave overestimated the contribution of gesture
to their results, with facilitation arising mainly from the verbal component cdplye
Alternatively facilitation may occur only whegesture is employed with speech. This is
argued by Krauss and colleagu28(0), although not with respect to the pantomime
forms of gesture thateretaught in thigherapy. We hypothesigd thatstand alone
pantomime gestures might prime conceptual processing, with potential gaiitkdor e
spoken or written naming. Our results do not support this hypothesis.

The study produced one further, unexpected finding. The assessment and therapy
stimuli comprised 30 standard and 30 personal items, the latter being chosen by each
participant. An effect of item was notypothesied although anyprediction would
probably favor personal items, given that participants were presumably higlvatadt
to work on theseYet, in both the gesture and naming results, personal items scored
below standard. This was a general feature for namingseaificto the blind
condition for gesture. It was not possible to match personal and standard items on
psycholinguistic variables, given that participant chose their own sets. We @ahduct
post hoc analysis of the available freqay, familiarity and imageabily values for all
personaltemschosen across the group (N = 216). This indicated that the personal sets
were marginally less imageable and familiar than the standard sets, aredimnbrks

frequent (mean imageability = 572.68 (59.25); mean familiarity = 567.61 (3&8a)
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frequency= 8.99 (10. 35); see table 3 for standard item valuesgelns, thereforghat

our participants opted to work on a vocabulary thas more challenging than the one set
by thestudy teampossibly because they were targeting items that they knew to be
problematic In this respect they were in line with recent proposals cdidlingomplex,
rather than simpléherapy stimuli Kiran, 2007 2008.

Results of this study show that improvementgesture andaming can be
achieved by peopleith severe and chronic aphasia, and in responsénuted therapy
dose. As in Daumuller and Goldenberg (2010) gains in gesture were modest, with an
average of just undéwo new gestureacquired fronmseven and a halfours of gesture
treatment.The rate of word learning was greater, with an averagenair8s acquired.

It might be argued thahéresults of this study do not strongly advocate for the
use of gesture in therapy for people wadvere aphsia. Gestural gains werendest,
and well exceeded by the naming gains. There was also no indication that testapy
cued naming. However, here the individual results are important. Although most
participants followed the group trend, three denrasd improvements in gestuteat
were not matched by naming, indeed in all three instances, naming comaidel yd
benefit from therapylt seems thafior some individualgesturds more responsive to
treatment than conventional languadelarger study might reveal the baseline factors
that identify such individuals. Another unresolved question relates to communication, or
whether or not gesture and naming treatment benefits interactions. This iseddnes
our companion paper.
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Table 1: Participant Details

Pseudonym M/F | Age | Months| Neurological | L/R Hemiplegia/| Occupation
post Information handed hemiparesis
onset | (all left
hemisphere)
1 | Barbara F 76 |49 Subarachnoid | R Hemiparesig Cleaner
haemorrhage
2 | Claire F 52 |43 Ischaemic, R Hemiplegia | Health
MCA professional
3 | David M 49 |42 No further R Hemiplegia | Creative
details industries
4 | Edwin M 75 |15 Ischaemic, R Hemiparsis | Policeman
MCA
5 | Gall F 74 |58 Haemorrhagic| R Hemiparesig Secretary
6 | George M 83 |13 Haemorrhagic| R Hemiparesig Technician
fronto-parietal
7 | Jack M 67 |67 Ischaemic, R Hemiplegia | Teacher
carotid artery
8 | Jacob M 66 |43 Ischaemic, R Hemiplegia | Painter
carotid artery
9 | Kathy F 55 |16 Aneursym R Hemiplegia | Cashier
10 | Mabel F 87 |48 Ischaemic L Hemiplegia | Nurse
11| Nora F 55 | 26 subarachnoid | R Hemiplegia | Shop
haemorrhage assistant
intracerebral
haematoma
secondary to
left MCA
aneurysm
12| Olivia F 84 | 180 No further R Hemiplegia | Translator
details
13| Robert M 58 |53 Ischaemic R Hemiplegia | Computing
14| Terry M 64 | 135 Haemorrhagic| R Hemiplegia | Businessmar
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Table2: Background test results

Pseudonym | Spoken| Written | Comp | Comp | Semantic | Recognition | Limb apraxia | Oral apraxia | Object/ Gesturé
naming| naming | spoken | written | memory | memory picture picture
matching matching
1 | Barbara 0/48 0/48 2/30 7/30 2/10 3/10 14/20 14/20 8/10 7/10
2 | Claire 0/48 9/48 28/30 | 27/30 | 10/10 9/10 15/20 11/20 10/10 10/10
3 | David 0/48 0/48 11/30 | 0/30 8/10 9/10 14/20 12/20 9/10 10/10
4 | Edwin 0/48 0/48 14/30 | 6/30 4/10 2/10 13/20 12/20 6/10 4/10
5 | Gail 9/48 0/48 30/30 | 27/30 | 10/10 10/10 12/20 20/20 10/10 10/10
6 | George 0/48 0/48 7/30 6/30 4/10 7/10 13/20 13/20 8/10 4/10
7 | Jack 0/48 2/48 20/30 | 26/30 | 7/10 5/10 15/20 10/20 10/10 10/10
8 | Jacob 2/48 0/48 16/30 | 4/30 2/10 2/10 8/20 10/20 7/10 7/10
9 | Kathy 0/48 2/48 18/30 | 16/30 | 10/10 4/10 13/20 18/20 10/10 9/10
10 | Mabel 0/48 0/48 21/30 | 22/30 | 8/10 10/10 13/20 7/20 9/10 7/10
11 | Nora 0/48 2/48 25/30 | 0/30 2/10 9/10 10/20 3/20 10/10 9/10
12 | Olivia 4/48 0/48 20/30 | 26/30 | 8/10 10/10 10/20 10/20 9/10 8/10
13 | Robert 2/48 0/48 24/30 | 22/30 | 10/10 10/10 14/20 18/20 10/10 10/10
14 | Terry 4/48 0/48 18/30 | 15/30 | 6/10 9/10 17/20 16/20 9/10 10/10
Control 46.37 29.15 |29.63 |9.81 9.7
Mean (SD) | (1.6) (2.35) | (.79) (.40) (.54)

1 Data from Swinburn et al, 2004
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Table 3: Mean Values (S.D.) for the Standard Items in Each Treatment Group

Gesture Treatment

Naming Treatment

No Treatment

Gesturabiliy 2.43 (.8) 2.8 (.75) 2.5 (.6)
Operativity 5.91 (.5) 5.69 (.6) 5.97 (.4)
Familiarity" 580.6 (34.8) 580.9 (41) 608.3 (24.4)
Imageability 579 (29.3) 602.8 (26.4) 614.7 (25.9)
Frequency 42.6 (37.2) 53.6 (61.1) 99.3 (105.5)

1 values drawn from the MRData Base
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Table 4: Mea® correctblind and select gesture scor&€®)j at each time point for each

group of items

Time 1 Time 2 Time 3 Time 4
Treatment] blind select | blind select | blind select | blind select
group
(N = 20)

Gesture | 1250 |58.96 |13.93 |55.36 |21.07 |67.14 |22.50 |66.07
treatment | (12.82) | (15.12) | (8.59) | (16.59) | (14.70) | (15.53) | (14.11) | (16.66)

Naming |13.21 |51.78 |13.92 |55.75 |12.14 |56.43 |13.57 |60.35
treatment | (13.95) | (20.81) | (10.03) | (20.70) | (11.04) | (21.07) | (10.46) | (20.89)

No 1571 |52.14 |15.71 |53.92 |17.86 |54.28 |16.78 |59.28
treatment | (14.39) | (24.39) | (12.17) | (22.28) | (16.73) | (20.74) | (16.24) | (18.38)
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Table 5: Mear®o correctnaming scoresSD) at each time point for each group of items

Treatment Time 1 Time 2 Time 3 Time 4

group (N = 20)

Gesture 9.28 (16.62) 11.80(16.83) | 17.14 (22.42) | 16.78 (18.77)
treatment

Naming 7.85(12.51) 12.85(21.27) | 36.07 (32.35) | 30.71(31.43)
treatment

No 15.40 (21.12) |15.35(17.70) | 23.21 (24.69) | 22.50 (25.02)
treatment
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Figure 1: The mean percentage of correct gestures (across scoring conditions) at each

time point for each group of items
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Figure 2: Mean percentage correct for personal and standard items in the two gesture

scoring conditions
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Figure 3: The mean percentage of correct names at each time point for each group of

items
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Figure 4: The mean percentage of correct gesture and naming responses over time

(gesture and naming treatment groups only)
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Figure 5: Individual gain scores in gesture and naming
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