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ABSTRACT

Background: High-intensity Constraint-Induced Aphasia Therapy Plus (CIAT-Plus) and Multi-
Modality Aphasia Therapy (M-MAT) are effective interventions for chronic post-stroke aphasia
but challenging to provide in clinical practice. Providing these interventions may be more feasible
at lower intensities, but comparative evidence is lacking. We therefore explored feasibility, accept-
ability, and preliminary efficacy of the treatments at a lower intensity. constraint; multi-modality
Methods: A multisite, single-blinded, randomized Phase Il trial was conducted within the Phase Il aphasia therapy; intensity;
COMPARE trial. Groups of participants with chronic aphasia from the usual care arm of the dose

COMPARE trial were randomized to M-MAT or CIAT-Plus, delivered at the same dose as the

COMPARE trial but at lower intensity (6 hours/week x 5 weeks rather than 15 hours/week x 2

weeks). Blinded assessors measured aphasia severity (Western Aphasia Battery-Revised Aphasia

Quotient), word retrieval, connected speech, multimodal communication, functional communica-

tion, and quality of life immediately post interventions and after 12 weeks. Feasibility and accept-

ability were explored.

Results: Of 70 eligible participants, 77% consented to the trial; 78% of randomized participants

completed intervention and 98% of assessment visits were conducted. Fatigue and distress ratings

were low with no related withdrawals. Adverse events related to the trial (n=4) were mild in

severity. Statistically significant treatment effects were demonstrated on word retrieval and func-

tional communication and both interventions were equally effective.

Conclusions: Low-moderateintensity CIAT-Plus and M-MAT were feasible and acceptable. Both

interventions show preliminary efficacy at a low-moderate intensity. These results support

a powered trial investigating these interventions at a low-moderate intensity.

KEYWORDS
Aphasia; rehabilitation;

Introduction per week,” or more.” By contrast, surveys of clinical

There is a considerable gap between effective high-
intensity aphasia interventions published in
research trials and the typically low-intensity treat-
ment schedules provided in clinical practice.!
Published high-intensity interventions for chronic
aphasia frequently provide 15hours of treatment

practice from Australia, the United Kingdom, and
the United States of America consistently show
that, for community-dwelling individuals with
aphasia, no more than 3 hours per week is offered,
and frequently less."*"® While intervention dose is
a complex, multidimensional construct,” this
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demonstrates that intensity of treatment is one
aspect of service delivery with a wide research-
practice gap. Insufficient funding and resources
are reported as the primary barrier to increasing
therapy intensity in clinical practice,"'® with clin-
icians managing caseloads with multiple demands
and a limit to the resources they can dedicate to
aphasia.”!' Hence, comparing the effectiveness of
lower and higher intensity interventions will ulti-
mately be crucial to optimizing service design for
best outcomes in people with aphasia and for deter-
mining the best allocation of funding.

There are plausible theoretical rationales for
both scheduling approaches. The neuroplasticity
principle that intensity matters suggests that higher
intensity should be superior to lower.'” However,
most of the research underpinning this principle
was conducted in motor tasks and with animals,'”
with questions remaining concerning its applica-
tion to language recovery. Moreover, even in effec-
tive high-intensity aphasia interventions, there are
high rates of non-responders'* and dropouts.”> In
contrast, cognitive psychology research provides
evidence that more distributed practice results in
greater recall for new learning, particularly over the
long term'®; however, the applicability of research
on learning new verbal information to rehabilitat-
ing impaired language is not yet established.'”
Consequently, given these conflicting hypotheses,
direct experimental evidence is required within
aphasia.

Two influential reviews of intensive therapies
compared studies with different treatments and/
or a different number of total treatment hours
and consequently could not determine differential
effects of amount, type, and distribution of
therapy.'>'® Hence, Pierce et al. systematically
reviewed studies that directly compared different
intensities of treatment for chronic aphasia while
controlling for treatment type and total hours
provided."” While only eight studies matched
these criteria, meta-analyses of expressive language
outcomes suggested that neither higher or lower
intensity scheduling was more effective. Similarly,
three subsequently published studies**** reported
mixed results for high- or low-intensity therapy. In
addition, a network meta-analysis of aphasia
intervention®® provides further evidence of the

complexity of treatment intensity: overall, the
strongest treatment gains were associated with pro-
viding 2-4 or 9+ hours of treatment per week.
Hence, the evidence remains unclear regarding
whether higher or lower intensity therapy differ
in their effectiveness for chronic aphasia. Data on
outcomes at different treatment intensities are
necessary to inform future research and clinical
services.

We explored this issue by embedding a lower
intensity sub-study in a recent high-intensity apha-
sia trial.” A lower intensity (i.e. more distributed)
schedule may enable greater uptake of these treat-
ments, if shown to be equally effective. Using this
embedded sub-study, we aimed to explore the fea-
sibility and acceptability of the treatments at
a lower intensity and to explore preliminary
efficacy.

Method
Study design

This Phase II parallel randomized trial was a nested
sub-study comprised of participants from the usual
care arm of the COMPARE trial.” COMPARE was
a three-arm, single-blinded, randomized controlled
trial of Constraint-Induced Aphasia Therapy Plus
(CIAT-Plus), Multi-Modality Aphasia Therapy
(M-MAT), and usual care in chronic aphasia (n =
216). Ethical approval was obtained at multiple
sites (see online protocol).

Participants

Participants were recruited from the 70 participants
in the Usual Care (control) arm of the COMPARE
study, who were offered the opportunity to take part
in this sub-study following completion of their final
assessment in the COMPARE trial.

In COMPARE, participants, recruited directly
from the community and from 19 hospital sites in
Australia and New Zealand, were placed in groups
of three according to aphasia severity (mild, mod-
erate, severe based on Western Aphasia Battery -
Revised Aphasia Quotient scores, WAB-R AQ*
and each group was randomized to M-MAT,
CIAT-Plus or Usual Care (full details of the



COMPARE trial are available in Rose et al”). At the
time of recruitment to the COMPARE trial, parti-
cipants needed to be aged over 17 years, living in
the community, and have chronic aphasia resulting
from stroke (>6 months duration) confirmed by
WAB-R-AQ < 93.8, fluent in English prior to their
stroke, independent in toileting or have a caregiver
who could assist, and have sufficient auditory com-
prehension to provide written informed consent
with the use of supported communication strate-
gies and simplified, aphasia accessible, consent
documents. Participants were excluded if they had
a neurological condition other than stroke, severe
apraxia of speech or dysarthria, uncorrected sen-
sory loss preventing participation, or an untreated
mental health condition preventing adherence to
the study protocol. Prior to inclusion in the sub-
study, participants were re-screened on mental
health, medical and medication criteria.

Randomization and blinding

When the participants in a usual care group all
consented to the sub-study, the group was rando-
mized into CIAT-Plus or M-MAT. If group mem-
bers did not unanimously consent to the sub-study,
additional groups were made up of consenting
participants of the same aphasia severity and geo-
graphical area. Randomization was conducted via
a computer algorithm from a central allocation
system, using blocked randomization within each
severity.”> Simple randomization was used, mean-
ing imbalances in the number of groups in each
arm was possible. Trial managers were notified of
the randomization result for each group via tele-
phone using an external central allocation system.
Blinding of participants and therapists in beha-
vioral interventions is not possible, but assessors
were blinded to participant allocation.

Interventions

The intervention protocols for CIAT-Plus and
M-MAT were from the COMPARE trial*® and are
summarized in Appendix A. The present study
protocol was registered within ANZCTR
(ACTRN12615000618550) in 2015. It provided 2
hours x 3 days x 5 weeks (30 hours), in contrast to
COMPARE participants in treatment arms who
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received 3 hours x 5 days x 2 weeks (30 hours).
The low-moderate-intensity schedule of six hours
per week was chosen as it contrasted strongly with
the high intensity of 15 hours per week provided in
COMPARE and has been used successfully in pre-
vious chronic aphasia intervention research,*®
Further, a typical clinical intensity (<2 hours per
week) at a matched total dose of 30 hours was not
feasible as this would have extended total partici-
pation to 29 weeks, which was deemed potentially
burdensome.

During the trial, participants were permitted to
continue with their standard care (including
speech therapy, physiotherapy, groups, etc.).
However, any treatments that were not considered
standard care (as judged by trial coordinators) were
not permitted, for example, alternative therapy,
herbal preparations, or other clinical trials.
Standard care was recorded in a diary for 16
weeks during the interval between COMPARE
assessments by the participant and/or their family.
Diaries were not continued beyond the baseline
period of this study so as not to increase the burden
of participation.

Treatment fidelity

Treatment adherence was ensured using the
COMPARE trial procedures.” Time logs by thera-
pists measured intervention time, and the number
of participant “turns” in each intervention session
provided a more granular measure of dose. A turn
involved an attempt at using the target noun or
verb in an utterance within a card game, regardless
of accuracy or whether cueing was required.
Participants rated their fatigue and distress on
visual analogue scales before and after each day of
treatment, and if greater than zero, were asked if
they were willing to continue with the study.

Testing and outcomes

Figure 1 illustrates the study timeline. The post
intervention and 12-week follow-up assessments
from the COMPARE trial formed two pre-
intervention baseline assessments for this sub-
study, Baseline 0 and Baseline 1. Within 1 week of
the conclusion of the sub-study intervention,
a post-intervention assessment was completed
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Baseline phase
12 weeks
(Follow-up phase of the main trial)

Usual Care groups
from main trial

Baseline 0

Figure 1. Timeline in relation to main COMPARE trial.

and a follow-up assessment 12weeks later.
Feasibility was assessed by examining recruitment
and retention rates, while acceptability was opera-
tionalized as the number of participants who com-
pleted the planned treatment and assessments as
well as direct participant reports of fatigue and
distress.

Outcome measures included aphasia severity
(WAB-R AQ**), word retrieval (COMPARE nam-
ing battery, 80 treated, 100 untreated items)”; con-
nected speech (Content Information Unit (CIU)
count and CIUs per minute)®’; multimodal com-
munication (Scenario Test)*®; functional commu-
nication (Communicative Effectiveness Index -
CETI)?’; and quality of life (Stroke and Aphasia
Quality of Life Scale 39 g - SAQOL-39).*°

Participant eligibility and description assess-
ment data were taken from baseline assessments
in the COMPARE main trial to avoid unnecessary
reassessment. A rigorous assessment fidelity proto-
col was implemented to ensure valid and reliable
measurements.”> For a small number of partici-
pants (n=2), assessments were conducted via
video call due to COVID-19 social distancing pro-
tocols; equivalence to face-to-face assessment has
been established.’"*?

Analysis

Statistical comparisons for baseline characteristics
were not used as they are strongly discouraged by
the CONSORT guidelines for reporting RCTs.>
Instead, the standardized mean difference for con-
tinuous variables was calculated with any differ-
ence greater than 0.1 considered to show possible
imbalance.**

In this unpowered Phase II trial, mixed repeated
measures ANOVAs (with Bonferroni correction)
were conducted to explore within- and between-
group change across all timepoints, using per pro-
tocol approach. ANOVA assumptions were

Baseline 1

Treatment phase

Follow-up phase

Biweeks 12 weeks

Randomisation

M-MAT

Post Follow-up
Intervention

checked (see Supplementary file) and post hoc test-
ing applied where main effects or interactions were
significant. Alpha was set at 0.05. ANOVA involves
casewise deletion, where any data point that is
missing for an outcome results in dropping of the
participant’s data for that outcome; some analyses
therefore contained fewer participants (see supple-
mentary file).

Results
Feasibility

Of the 70 eligible participants, 54 consented to par-
ticipate (77%). Figure 2 displays the CONSORT
Flow Diagram and participant flow. Notably, 14 of
54 consenting participants were not randomized
because of unplanned cessation of the trial due to
COVID-19 social distancing protocols. Other parti-
cipants were not randomized due to a lack of suita-
ble nearby group members (n=4) and unrelated
health events (n=3). Ultimately, 13 groups
were randomized to CIAT-Plus (n=16) or
M-MAT (n=17); 10 groups of three and 3 groups
of two, comprised of 33 substudy participants plus
three additional people with aphasia who comple-
mented group sizes but did not contribute data.

Data from all participants who completed the
allocated interventions were analyzed. Two assess-
ment visits were not completed (2% of datapoints):
Follow-Up assessments for one M-MAT group
were conducted online due to COVID-19 social
distancing protocols which one participant
declined to participate in; one CIAT Plus partici-
pant missed the Baseline 0 assessment due to an
unrelated illness.

Acceptability

A total of 16/17 M-MAT participants (94%) and
10/16 CIAT-Plus participants (63%) received the
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Enrolment

70 Randomised to Usual Care arm
of COMPARE main trial

37 Excluded:
16 Declined to participate

14 Study cancelled due to COVID-19
4 Unable to form local group

2 Withdrew due to health

1  Serious Adverse Event

< 33 Randomised >

I

A4

16 Allocated to CIAT Plus
10 Received allocated intervention

Allocation

v

17 Allocated to M-MAT
16 Received allocated intervention

A 4

6 Did not receive allocated intervention:
3 Incomplete hrs due to COVID-19
3 Withdrew after two days (n=2), remaining
member withdrew due to lack of group (n=1)

1 Did not receive
allocated intervention -
hospitalisation unrelated
to study

10 Completed post assessment

y

Q9 Completed follow-up Follow-Up

Post Intervention

A 4

16 Completed post assessment

h, 4

16 Completed follow-up

A4

due to COVID-19)

1 Lost to follow-up - refused online assessment (online

Figure 2. CONSORT participant flow diagram.

full allocated intervention. For four participants,
failure to complete the interventions was unrelated
to the trial: one M-MAT participant was admitted
to hospital for an unrelated adverse event and one
CIAT-Plus group (n=3) was ceased due to
COVID-19 precautions. In another group, two par-
ticipants withdrew due to travel time and an inter-
personal conflict, respectively, meaning the
remaining participant could not continue.

Median fatigue ratings were 1/10 (IQR 2) at the
start of day and 1 (IQR 3) at the end of day. Median
distress ratings increased from 0/10 (IQR 1) to 1/10
(IQR 2). No participants discontinued the study
due to fatigue or distress.

In total, 25 adverse events were recorded, with
21 unrelated to the study and four considered
“probably” related: headaches in two participants.
Three adverse events were considered severe, all

unrelated to the study: food poisoning, elective
surgery, and influenza.

Baseline Characteristics

Table 1 shows sub-study participant characteristics
at baseline of the COMPARE trial. Analysis showed
that the M-MAT and CIAT-Plus arms were com-
parable in terms of aphasia severity, non-verbal
reasoning, and short-term memory, while there
were differences >0.1 SMD in age (mean difference
6.1 years), education (0.8 years) and several cogni-
tive and linguistic measures. However, inspection
of the raw mean differences did not suggest highly
imbalanced groups. The Supplementary file con-
tains visual representations of group characteristics
in Beeswarm plots.
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Table 1. Baseline participant characteristics.

M-MAT (n = 16) CIAT-Plus (n = 10) SMD
Age 66.1(11.2) 60.5 (11.5) 0.491*
Female:Male (% female) 5:11 (31%) 1:9 (10%)
Nil reported non-binary/non-disclosed
Years of Education 15.4 (4.5) 14.7 (3.8) 0.176*
Handedness
Right, n (%) 15 (94) 8
Left ,n (%) 1(6) 1 (10
No preference, n (%) 1(1
Stroke Type
Ischaemic, n (%) 9 (56) 8 (80)
Hemorrhagic, n (%) 6 (38) 2 (20)
Unknown, n (%) 1 (6)
Modified Rankin Scale Score
Low (Scored 0-2) 6 4
High (Scored 3-6) 10 6
Months Post Onset Median (IQR) 30.5 (35.5) 46.5 (47.5)
WAB-R AQ Mean (SD) 69.1 (21.5)% 67.9 (15.3) 0.065
Mild, n (%) 12 (66) 4 (40)
Moderate, n (%) 3(19) 6 (60)
Severe, n (%) 1(6) -
Apraxia Severity Rating Scale
No apraxia, n (%) 7 (44) 3(30)
Mild, n (%) 3(19) 1(10)
Mild-moderate, n (%) 3(19) 4 (40)
Moderate, n (%) 3(19) 2 (20)
Pyramids and Palm Trees 48.0 (4.0) 48.8 (2.3) 0.235%
Attention (Elevator Counting) 5.8 (1.8) 6.2 (1.1) 0.282*
Cognitive Flexibility (Visual Elevator) 5.0 (2.8) 5.4 (2.5) 0.144%
Short-term Memory (Forward span — total items recalled on Picture Span Verbal Memory) 429 (21.4) 39.7 (18.4) 0.159*
Working Memory (Reverse Span - total items recalled on Picture Span Verbal Memory) 32.3(14.8) 32.1 (17.0) 0.011
Non-verbal Reasoning (Raven’s Progressive Matrices) 29.3 (6.7) 29.1 (5.7) 0.024

Note: Percentages rounded and may not total 100%.

“One WAB-R AQ not available at Baseline 0, instead extracted from Baseline 1 for this table. *SMD exceeds 0.1, indicating possible imbalance.

Intervention

A mean of 28.7 hours of intervention was provided
(SD 1.6) and each arm received a similar total dose
(mean difference 0.6 hour difference) and mean ses-
sion duration (mean difference 1 minute). Within
treatment sessions, the mean number of language
game turns was higher for CIAT-Plus participants
(mean 26.3 per session) than M-MAT participants
(21.2) due to the difference in cueing hierarchies.
Figure 3 displays mean scores by group and
time for all outcome measures. The main effect
of time (i.e. change in scores across time for all
participants) was significant for word retrieval
of treated items (F = 14.392, p <0.001, partial n°
=.407), CIUs per minute (F=4.492, p=0.007,
partial n°=0.183) and functional communica-
tion (CETI) (F=3.173, p=0.031, partial n°=
0.137). No other outcomes were significantly
different across time. Post hoc analysis using
pairwise comparisons of timepoints, found
that, for word retrieval of treated items, Post
Intervention was significantly greater than both

Baselines (each p<.001) and follow-up (p
=.040), and follow-up was significantly greater
than Baseline 1 (p =.021). For CIUs per minute,
there were no statistically significant differences
between pairs of timepoints, while for the CETI,
Post Intervention was significantly greater than
Baseline 0 (p =.036).

Between-group differences

There were no significant main effects of group
for any outcomes. There were no significant
interactions between group and time except on
the CETI (F=3.006, p=.037, partial n*>=.131).
For CIAT-Plus, there was a simple main effect
of time (F =8.692, p <.001, partial 5> =.521) but
not for M-MAT. Further analysis of this inter-
action using pairwise comparisons of CIAT Plus
CETI scores between timepoints revealed
a statistically significant difference between
Baseline 0 and Baseline 1 only (mean improve-
ment 10.9, p =.004).
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Figure 3. Mean group changes (+ SD) over time for CIAT-Plus and M-MAT. Note: Purple marks indicate significance of combined group
data. *p <.05; **p <.01.Bonferroni correction applied to p-values within ANOVAs for each outcome measure. f Data not normally
distributed, therefore median displayed # One outlier removed for this figure and for the analysis. Sensitivity test indicated no impact of
removal



8 (&) J.E.PIERCEETAL.

Table 2. Significant outcomes across this trial and COMPARE.

Low-moderate
intensity sub-study

High intensity
COMPARE trial

Word retrieval of treated items
COMPARE naming battery: 80 treated items

Functional communication
CETI

Overall quality of life
SAQOL-39g: Mean Score

Communication-related quality of life
SAQOL-39g: Communication Scale

Connected speech
ClUs per minute

Word retrieval of treated items at follow up
COMPARE naming battery: 80 treated items

Significant

Significant

Non-significant

Non-significant

Significant*

Significant

Significant

Significant

Significant
(M-MAT only)

Significant

Non-significant

Significant

*Significant main effect of time but no significant differences between timepoints on post hoc analysis.

Comparison to high intensity (COMPARE)

Table 2 shows the outcomes in this sub-study along-
side those of the high intensity COMPARE trial that
significantly improved over usual care. Word retrie-
val and functional communication were significant
in both this sub-study and COMPARE, while there
were different outcomes in quality of life and one
connected speech measure.

Discussion

This Phase II randomized controlled trial estab-
lished the feasibility, acceptability, and preliminary
efficacy of low-moderate-intensity aphasia
interventions.

The proportion from the COMPARE trial con-
senting to the sub-study was lower than anticipated
(77%), yet feasible for a larger trial. This proportion
was potentially due to the burden of assessment -
by the time of consenting to this sub-study, parti-
cipants had typically completed three assessment
sessions for the main trial at several hours each
without receiving any trial-provided intervention.
In a standalone trial of these low-moderate-
intensity interventions, there would be fewer
assessments; therefore, we expect that recruitment
would be feasible. In those participants who parti-
cipated in the sub-study, 102/104 assessments were
completed (99%), demonstrating a feasible assess-
ment protocol. The completion rate for the inter-
vention was lower than anticipated (26/33, 79%),
though when cessations due to COVID-19 are
excluded, the completion rate is 87%, suggesting

an overall acceptable experience of the treatments
at this schedule and a feasible trial protocol. Fatigue
and distress remained very low for most partici-
pants and there were no withdrawals citing fatigue
or distress. Further, adverse events recorded during
the interventions were typically unrelated to the
trial and mild in severity. Taken together, these
outcomes demonstrate that participants were able
to safely tolerate the treatment schedule. However,
formal feedback from trial participants was not
collected and could have strengthened the under-
standing of acceptability by providing insights on
the decisions for withdrawal and participants’ over-
all experience. Therapy integrity was closely mon-
itored and was 95% compliant overall, showing
that the intervention protocols are feasible at this
intensity. Qualitative data were not collected from
therapists but would have been interesting to
explore perspectives on feasibility for implement-
ing these interventions in a clinical role.

Both treatments indicated preliminary efficacy at
a low-moderate schedule for improving word
retrieval of treated items and functional communi-
cation (CETI), with no difference in outcomes
between CIAT-Plus and M-MAT. Results are
encouraging for continuation in a larger trial.
While this sub-study was not powered for compar-
ison to the high-intensity treatments within the
COMPARE trial, these pilot data indicate broadly
similar outcomes. Specifically, for both intensities,
there were significant changes in word retrieval and
functional communication following interventions,



and significantly improved word retrieval at follow-
up. Most nonsignificant outcomes were also
aligned - aphasia severity, multimodal communica-
tion, and CIU count were not significantly different
for either intensity.

However, there were some discrepant results
between intensities. = COMPARE  found
a significant effect of both treatments on com-
munication-related quality of life, whereas this
study did not, while this sub-study found signifi-
cant improvement in one discourse measure
(CIUs/min) across time that was not present in
the COMPARE trial. In addition, while CIAT
Plus and M-MAT were equivalent at low-mod-
erate intensity, the high-intensity COMPARE
trial found some significant differences between
the two treatments: there was greater improve-
ment in word retrieval of treated items for CIAT
Plus compared to M-MAT, and greater improve-
ment in communication-related quality of life in
M-MAT compared to CIAT Plus, though neither
difference was present at 12-week follow-up
assessments. A larger, powered trial of this low-
moderate intensity would more definitively
determine whether differences are a true effect
of the varied intensities or measurement error.
For example, if a powered trial confirmed the
observation that CIUs/min improved more fol-
lowing low-moderate-intensity interventions,
this could be evidence that distributed practice
facilitates learning effects for this domain.

Overall, these preliminary results do not suggest
an inferior or superior effect of lowering weekly
intensity while controlling the total dose, in accor-
dance with a previous systematic review of the
limited available evidence on intensity.'® One
explanation for the equivocal findings of that
review, and of contradictory findings published
since then, is that the effects of altering intensity
may differ across participants, treatment and out-
come measures. Dose and intensity are complex
constructs that likely produce different outcomes
in different treatments,”” and the RELEASE data
recently showed a heterogeneous pattern of opti-
mal intensity depending on the type of language
outcome.” In addition, participant factors are par-
tially predictive of recovery*>>> and are also likely
to interact with dose and intensity, meaning that
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the optimal intensity might differ across indivi-
duals. Confident predictions of optimal dose for
individuals within different treatments and out-
comes require a large amount of data. The sample
size in the present study does not afford analysis of
predictors such as aphasia severity or cognitive
profile. A larger, powered trial of CIAT Plus and
M-MAT at low-moderate intensity would provide
important comparative data on the effect of inten-
sity in these treatments and contribute to large-
scale meta-analyses. Future research might also
explore an intensity more closely resembling typi-
cal clinical practice (1-2 hours/week) to assess the
relative effectiveness of modifying standard sche-
dules. Exploration of cultural and linguistic adapta-
tions of these treatments would also be valuable.

An established evidence base for lower intensity
interventions would enable more rapid clinical
implementation which would address the challenge
of allocation of limited rehabilitation resources.
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Appendix A

CIAT-Plus overview

CIAT-Plus is a variant of the original constraint treatment
for aphasia, CIAT (Pulvermiiller et al., 2001). Language is
stimulated, and spoken communication practised, via inter-
active group card games which use picture cards. There
were six card games which all require participants to name
or request cards in order to play - Fish, Bingo, Memory,
Snap, Who Am I, and I Went Shopping. Three levels of
cards (easy, moderate, hard) were available depending on
the group’s severity allocation, each with two sets of 16
verbs and three sets of 16 nouns. Thus, there were 80
items (48 nouns; 32 verbs) treated in each group, taken
from the 180-item naming battery. Therapists alternated
between nouns and verbs each hour. When at least two-
thirds of participants reached 80% accurate production on
a particular noun or verb set or 9 hours of treatment for
that set had been provided, the next set of words was used.

Participant responses were shaped progressively through six
linguistic levels. The lowest level requires a single word, while
the highest level requires a complex sentence with elements
including subordinate clauses, adjectives, and prepositions.
Table Al details the linguistic levels for nouns and verbs.

Barriers were placed between participants to discourage the use
of gestures or other non-verbal modalities to communicate, apart
from games that required shared space; namely Snap, I Went
Shopping and Memory. While participants were not specifically
discouraged from using other modalities (e.g. gesture, finger
writing) to self-cue, they were reminded not to use these to
communicate with other participants. Pens and writing paper
were not available during treatment.

In CIAT-Plus, when the participant was unable to produce the
required utterance within approximately 10 seconds, the therapist
provided a phonemic cue for the target word. If the phonemic cue
was effective, the participant was asked to repeat the target word
three times (see Table A2 for cueing hierarchy). The phonemic
cue step, effective or not, was always followed by the therapist
showing the printed target word to the participant and reading it

aloud. The participant was then asked to repeat the entire utter-
ance (carrier phrase/sentence including the target word) three
times. No other cueing was provided for word retrieval. Errors in
the carrier phrase were prompted verbally (e.g. “You forgot to say
who was dancing”) and if necessary, a written sentence frame was
used to demonstrate the desired sentence elements and structure
(e.g. “T have: The [subject] is/was [target] [verb] the/a [object]”).
CIAT-Plus builds upon CIAT by assigning home tasks to
improve carryover of language skills into real life. The therapist
assigned each participant a 15-minute home task at the end of each
intervention day. Tasks aimed to target the vocabulary and linguis-
tic levels treated that day and were incorporated into the partici-
pants’ existing plans for that day. For example, the participant may
have been going to a supermarket or post office on the way home
and the task may have included asking for items, requesting
information about postage, etc. If the participant was going straight
home, the task might have involved telephoning or video confer-
encing with a relative or friend or discussing a news item/social
plan with their family member. Task assignments were recorded
on a written log and sent home with the participant, and the
outcomes discussed at the following intervention session.

M-MAT overview

M-MAT uses the same structure as CIAT-Plus in terms of
card games, stimulus cards, and linguistic levels. Participants
were also assigned home practice tasks as described in CIAT-
Plus. However, M-MAT does not use visual barriers during
any games. The cueing hierarchy (Table A2) also differed in
M-MAT. If the participant was unable to produce a target
utterance, the therapist prompted them to produce an iconic
gesture to see whether they could successfully self-cue. If still
unsuccessful, the participant (a) copied the gesture modeled
by the therapist, (b) drew the target word, and (c) read aloud
and then copied out the written word. The target word was
repeated aloud once with each of these steps. Following these
cueing steps, the participant was then asked to repeat the
entire utterance (carrier phrase/sentence including the target
word) three times.

Table A1. Linguistics levels for nouns and verbs.
Level Grammatical form Example
Nouns 1 Noun “Couch?”
2 Carrier phrase + noun “Do you have (a) couch?” or “I have (a) couch”
3 Carrier phrase + adj + noun “Do you have (a) red couch?” or “I have (a) red couch”
4 Carrier phrase + adj + adj + noun “Do you have (a) large, red couch?” or “I have (a) large, red couch”
5 Carrier phrase + sub + to be + prep + adj + “Do you have (the) girl (is) on the large, red couch?” or “I have (the) girl (is) on the large, red
adj + noun couch”
6 Carrier phrase + sub + verb + prep + adj + “Do you have (the) girl (is) sitting on the large, red couch?” or “I have (the) girl (is) sitting on the
adj + noun large, red couch”
Verbs 1 Verb “Sweeping?”
2 Carrier phrase + verb “Do you have sweeping?” or “I have sweeping” “Do you have bouncing” or “I have bouncing”
3 Carrier phrase + sub + verb “Do you have (the) girl is sweeping?” or “I have (the) girl is sweeping”
“Do you have (the) boy is bouncing?” or “I have (the) boy is bouncing?”
4 Carrier phrase + sub + verb + object “Do you have (the) girl is sweeping the floor?” or “I have (the) girl is sweeping the floor”
5 Carrier phrase + sub + verb + object + prep ~ “Do you have (the) girl is sweeping the floor with the broom?” or “I have (the) girl is sweeping the
phrase floor with the broom”
6 Carrier phrase + sub + verb + object + prep ~ “Do you have (the) girl is sweeping the floor with the broom because it is dirty?” or “I have (the)

phrase + conjunction + SVAdj

girl is sweeping the floor with the broom because it is dirty”

Adj = adjective; sub = subject; prep = preposition; SVAdj = subject, verb, adjectival phrase.



Table A2. Cueing hierarchies for CIAT-Plus and M-MAT.
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Step Description Correct Incorrect
CIAT-Plus
1 Participant names item and carrier v Move to next participant’s turn ®  Go to step 2

phrase (e.g. “Couch”?
or “Do you have a couch?”)

2 COMPARE Therapist provides phonemic ¢ Participant repeats the name three times (e.g. ® If the participant makes an error on the

cue (e.g. “It starts with/k/") “couch, couch, couch”) target word, do not request repetition; go
Go to step 3 to step 3

3 COMPARE Therapist provides v Participant repeats the carrier phrase + name three % If participant cannot repeat the word,
orthographic cue (e.g. the written times while the written word is in view (e.g. “Do you acknowledge the difficulty, offer
word “couch”) + verbal name of item have couch, do you have couch, do you have couch”) encouragement and move to the next
(e.g. “It's a couch. . ..can you say Move to next participant’s turn participant’s turn
couch?”)

M-MAT
1 Participant names item and carrier v Move to next participant’s turn ®  Go to step 2

phrase (e.g. “Couch”?
or “Do you have a couch?”)

2 COMPARE Therapist asks participant to v Repeat carrier phrase + name three times.
make an iconic gesture and name the Move to next participant’s turn
item

3 COMPARE Therapist provides iconic v Go to step 4

gesture model and
verbal name of item, and asks
participant to copy gesture and repeat
name of item
4 COMPARE Therapists asks participant to v Go to step 5
draw item and
name the item
5 COMPARE Therapist asks participantto v Go to step 6
read, write and
name the item
6 COMPARE Therapist asks participant to v Move to next participant’s turn
repeat the
carrier phrase + name of item 3 times
with written word and drawing in
view

®  Go tostep 3

® COMPARE Therapist provides gesture
refinement cues
Go to step 4

® COMPARE Therapist provides drawing
refinement cues
Go to step 5

® COMPARE Therapist provides the item
name in writing for participant to copy
Go to step 6

®  If participant cannot repeat the word,
acknowledge the difficulty, offer
encouragement and move to the next
participant’s turn
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