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Abstract

Speech-language pathology caseloads often include individuals with hearing loss and a coexisting
neurogenic communication disorder. However, specific treatment techniques and modifications
designed to accommodate this population are understudied. Using a single-case experimental
design, the current study investigated the utility of modified Video Implemented Script Training
for Aphasia (VISTA) for an individual with nonfluent/agrammatic variant primary progressive
aphasia and severe-to-profound, bilateral hearing loss. We analyzed the impact of this intervention,
which incorporates orthographic input and rehearsal, on script production accuracy, speech
intelligibility, grammatical complexity, mean length of utterance, and speech rate. Treatment
resulted in comparable positive outcomes relative to a previous study evaluating script training

in nonfluent/agrammatic primary progressive aphasia patients with functional hearing. Follow-up
data obtained at three months, six months, and one year post-treatment confirmed maintenance

of treatment effects for trained scripts. To our knowledge, this is the first study to investigate a
modified speech-language intervention tailored to the needs of an individual with PPA and hearing
loss, with findings confirming that simple treatment modifications may serve to broaden the range
of treatment options available to those with concomitant sensory and communication impairments.
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Introduction

Hearing loss is one of the most common chronic impairments in older adults, affecting
between 63%-68% of individuals over the age of 70 in the United States (Goman & Lin,
2016; Lin, Thorpe, et al., 2011). This sensory deficit often leads to a negative, multifactorial
impact on quality of life, even in the absence of medical comorbidities (Dalton et al.,

2007; Lin, Niparko, et al., 2011). Degraded hearing may limit an individual’s ability to
successfully complete instrumental activities of daily living, such as using the telephone
(Gopinath et al., 2012), and greater degree of hearing impairment is associated with
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increased disruption to an individual’s overall quality of life (Ciorba et al., 2012; Dalton
etal., 2007).

The prevalence of hearing loss among individuals with stroke-induced aphasia is similar

to that in the general population (Rankin et al., 2014; Formby et al., 1987). With a
concomitant diagnosis of a neurogenic communication disorder such as aphasia, hearing loss
may serve as an additional obstacle to establishing successful communication. Nonetheless,
speech-language treatment options for adults with aphasia and concomitant hearing loss are
understudied (Rankin et al., 2014; Formby et al., 1987; Zhang et al., 2018). For individuals
with aphasia and concomitant hearing loss, linguistic deficits are compounded by degraded
hearing acuity and undetected or unaddressed hearing loss can lead to suboptimal outcomes
in treatment. Given that speech-language intervention often involves auditorily presented
stimuli, it is imperative that treating speech-language pathologists (SLPs) make therapeutic
accommodations that address concomitant hearing impairment (Silkes & Winterstein,

2016). Evidence-based practice for individuals with stroke-induced and progressive aphasia
requires systematic investigation into the utility of speech-language intervention techniques
and modifications that allow individuals with significant hearing loss to participate optimally
in treatment.

Primary progressive aphasia

Primary progressive aphasia (PPA) is a type of aphasia that manifests as a gradual
deterioration of speech and language skills, with relative sparing of other cognitive and
motoric functions in early stages (Mesulam, 1982; Gorno-Tempini et al., 2011). The
disorder is caused by underlying neurodegenerative disease, with speech and language
deficits occurring as the earliest and most prominent symptoms. However, over time, PPA
progresses to a more global dementia and/or motor syndrome, with emerging cognitive
deficits, behavioral/personality changes, or non-speech motoric impairments (Dickerson,
2012; Harciarek et al., 2014; Rogalski & Mesulam, 2009).

Current consensus criteria for PPA diagnosis identify three distinct clinical phenotypes:
semantic, logopenic, and nonfluent/agrammatic variants. These variants typically align
with specific patterns of underlying brain atrophy, supported by neurocimaging, and/or
specific pathological findings (Gorno-Tempini et al., 2004; Gorno-Tempini et al., 2011).
The nonfluent/agrammatic variant of primary progressive aphasia (nfvPPA), which is the
focus of the current study, is characterized by the core clinical features of agrammatism
and/or apraxia of speech (Ash et al., 2010; Gorno-Tempini et al., 2011; Grossman,

2012; Montembeault et al., 2018). As such, speech is typically slow, halting, distorted,

and telegraphic. Additionally, at least two of the following associated characteristics

must be present: impaired comprehension for syntactically complex sentences, spared
comprehension at the single-word level, and intact object knowledge. Neuroimaging studies
associate this phenotype with prominent atrophy in left posterior fronto-insular regions and
tauopathy is often the underlying pathological finding at autopsy (Gorno-Tempini et al.,
2011; Grossman, 2012; Spinelli et al., 2017).
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Speech-language intervention for primary progressive aphasia

A number of studies have indicated that behavioral intervention targeting improved
communication is beneficial for individuals with PPA. For individuals with nfvPPA,
interventions targeting the core clinical features have proven beneficial, even in the face

of disease progression (Schneider et al., 1996; Machado et al., 2014; Hameister et al.,
2017; Henry et al., 2013; Henry et al., 2018). Several studies have evaluated treatments for
grammatical sentence production. A study by Schneider and colleagues (1996) examined
the outcomes of a treatment utilizing verbal and gestural cues that targeted the accurate
production of verb tenses within sentences. The authors reported improved performance
on trained verb tenses, generalization to untrained verbs, and some maintenance three
months post-intervention. Another study examined training of verb inflections within simple
canonical sentences using a cloze technique in one individual with nfvPPA (Machado

et al., 2014). The authors found that this intervention resulted in significantly improved
performance on trained structures, generalization to untrained structures, and maintenance
of the primary outcome measure one month post-treatment. Hameister and colleagues
(2017) implemented a modified constraint-induced language treatment for two individuals
with nfvPPA, which resulted in significantly improved grammatical production, with

one participant demonstrating generalization to untrained items. Taken together, these
studies constitute a modest but growing body of evidence for the successful treatment of
agrammatism in nfvPPA.

Fewer studies have examined the effect of treatment targeting motor speech impairment

in nfvPPA, which is the other core clinical feature of this phenotype. One study targeted
multisyllabic word production via an oral reading protocol with an individual with
progressive apraxia of speech in the context of nfvPPA (Henry et al., 2013). The authors
found that treatment resulted in a reduction in speech production errors and improved ability
to self-correct speech errors in untrained reading passages, with maintenance of treatment
gains one year post-treatment.

Many individuals with nfvPPA exhibit both of the core clinical features, so an ideal
treatment approach is one that addresses both agrammatism and motor speech impairment.
Henry et al. (2018) evaluated a treatment targeting speech production and fluency called
Video Implemented Script Training for Aphasia (VISTA) in 10 individuals with nfvPPA.
VISTA is a form of script training that involves a combination of clinician-directed,
structured intervention targeting the accurate production and conversational usage of
scripts and daily “speech-entrainment” (Fridriksson et al., 2012) home practice, in which
individuals engage in unison production of scripted content with an audiovisual model of
a healthy adult speaker. VISTA resulted in significantly improved production of correct,
intelligible scripted words and reduced grammatical errors for trained script topics, as well
as improved speech intelligibility for trained and untrained script topics at post-treatment.
Performance on trained scripts was maintained through one year post-treatment. Moreover,
performance on standardized speech/language measures and untrained scripts remained
relatively stable through the one year follow-up, indicating that the treatment may serve to
stabilize speech and language skills in the context of neurodegeneration.
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Importantly, to our knowledge, none of the participants in the aforementioned treatment
studies presented with significant, uncorrected hearing impairment. Participants were
reported to have hearing that was at a functional level or was corrected to functional status
via hearing aids or other assistive technology. For some participants, hearing status was
unreported. Thus, it is unknown whether current, evidence-based treatment protocols are
beneficial for individuals with severe or profound hearing loss that is either uncorrected

or not corrected to a functional level appropriate for treatment. It is particularly important
to study interventions that accommaodate for hearing loss in individuals with nfvPPA given
the finding that central auditory pathway involvement may be part of the neurodegenerative
process in this syndrome (Cope et al., 2017; Goll et al., 2010; Grube et al., 2016; Hardy et
al., 2016; Hardy et al., 2019).

Script training in neurogenic communication disorders

Beyond its implementation in nfvPPA (Henry et al., 2018), script training has proven
effective for individuals with stroke-induced aphasia (e.g., Cherney et al., 2008; Holland et
al., 2002; Goldberg et al., 2012; Grasso et al., 2019; Lee et al., 2009; Bilda, 2011; Youmans
et al., 2005) and apraxia of speech (Youmans et al., 2011). Studies have documented
several linguistic and motoric benefits of this intervention, including improved speech
intelligibility, mean length of utterance, grammatical complexity, and speech rate. Script
training interventions typically target patient-centered, personally relevant scripts that are
intensively practiced to promote automaticity in production of scripted content (Cherney
et al., 2008). Script training aligns with the International Classification of Functioning,
Disability, and Health (ICF; World Health Organization, 2013) framework as it not only
offers a restitutive approach to maximize speech and language status, but the scripted
material is designed to be personally relevant. This enables the individual to participate in
various functional communication contexts with different communication partners. Thus,
this treatment adopts a person-centered approach that addresses both restoration of speech/
language skills as well as activity/participation limitations imposed by aphasia.

“Speech entrainment,” a facilitation and practice technique used in some script training
interventions, involves unison speech production with an audiovisual model. As a script
training tool, it has proven efficacious for improving speech fluency in individuals with
stroke-induced aphasia and PPA (Fridriksson et al., 2012, Fridriksson et al., 2015; Grasso
etal., 2019; Henry et al., 2018). The relative importance of auditory and visual components
of speech entrainment stimuli for promoting speech fluency has been investigated in aphasia
caused by stroke, but not in nfvPPA. For individuals with stroke-induced aphasia, combined
auditory and visual input was found to be most beneficial for promoting speech fluency
(Fridriksson et al., 2012). This finding brings into question the utility of interventions such
as VISTA for individuals with hearing loss that is not corrected to a functional level, as
they are not able to adequately perceive auditory components of training stimuli. To our
knowledge, there are no treatment studies that have investigated whether modifications to
speech entrainment practice designed to accommodate for degraded auditory input may be
of benefit to individuals with uncorrected or suboptimally-corrected hearing loss.
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Existing script training interventions have utilized multimodal stimulation, incorporating
written word stimuli as a complement to audiovisual components of script practice (Cherney
et al., 2008). More specifically, the AphasiaScripts™ program features a video display

of an animated therapist producing scripted material along with the text of the script.

Thus, participants attend to auditory, visual, and textual content simultaneously to promote
script learning and automaticity. In this way, orthographic input may serve as a potential
supportive input modality to accommodate for impaired auditory perception. However,

no studies have evaluated whether providing complementary orthographic input may
compensate for hearing loss in an intervention that relies heavily on audiovisual training
stimuli, such as VISTA.

Current study

In this study, we examined the utility of modified VISTA (VISTA with reading, hereafter
VISTA-R) for an individual with nfvPPA and severe-to-profound hearing impairment. The
original VISTA treatment was modified for this study by providing exposure to and practice
with orthographic input as a complement to audiovisual input during script practice. Reading
tasks were adapted from Oral Reading for Language in Aphasia (ORLA,; Cherney, 1995;
Cherney et al., 1986), a reading intervention that involves repeated oral reading of sentence-
level text, initially with the clinician and then independently. ORLA has proven beneficial
for reading comprehension as well as other aspects of spoken and written language
(Cherney, 2010). VISTA-R included a reading component that was modeled after ORLA
rather than other reading interventions (e.g., Brookshire & Nicholas, 1984; Kim & Russo,
2010; Moyer, 1979; Rogalski & Edmonds, 2008) because ORLA involves straightforward
repeated rehearsal of written content, whereas other approaches engage additional cognitive
or linguistic processes to target comprehension.

The goal of this study was to assess the impact of VISTA-R on treatment outcomes

(script production accuracy, speech intelligibility, grammatical complexity, mean length of
utterance, and speech rate) for an individual with nfvPPA and severe-to-profound hearing
loss that was not fully corrected. Specifically, our research questions and hypotheses were:
Question 1) Will an individual with residual, uncorrected hearing loss and nfvPPA benefit
from VISTA with multimodality input to compensate for hearing loss? We predicted that
the participant would demonstrate a positive treatment response, supported by a large effect
size and significant improvement on the primary outcome measure, with maintenance up

to one year post-treatment. Additionally, we predicted that the participant’s standardized
test performance at post-treatment and follow-up time points would be relatively stable, as
was observed in the previous VISTA study. Question 2) Will this participant’s treatment
response on the primary outcome measure and other discourse measures be comparable to a
cohort of individuals with functional hearing who participated in VISTA previously (Henry
et al., 2018)? We predicted that pre- to post-treatment change on the primary and secondary
outcome measures would be commensurate with outcomes from the original VISTA cohort.
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The participant was a 72 year-old monolingual English speaking male. He was a retired
accountant with thirteen years of formal education (Table 1). Enrollment in the treatment
study was conducted through the Aphasia Research and Treatment Lab at the University of
Texas at Austin. The study was approved by the Institutional Review Board at the University
of Texas at Austin and written informed consent was obtained from the participant.

The participant was diagnosed with nfvPPA one year prior to participating in this study,
after undergoing comprehensive neurological and neuropsychological testing. At the time of
the study, the participant presented with a five-year history of speech and language decline.
Comprehensive pre-treatment assessment corroborated the nfvPPA diagnosis per current
clinical criteria (Gorno-Tempini et al., 2011), revealing agrammatic language and halting
speech, with moderate apraxia and mild dysarthria. Additionally, the participant presented
with all three secondary features of nfvPPA (impaired comprehension of syntactically
complex sentences, spared single word comprehension, and intact object knowledge).

Scores from standardized speech, language, and cognitive measures are presented in Table
2 along with the mean scores of the participants (n = 10) in the original VISTA cohort
(Henry et al., 2018) for comparison. At pre-treatment, cognition was grossly intact, as
demonstrated by the participant’s Mini Mental State Exam (MMSE; Folstein et al., 1975)
score (29/30). Modified #tests (Crawford & Howell, 1998) indicate that the participant’s
global language, cognitive, and motor speech skills were not significantly different from the
original cohort on the Western Aphasia Battery-Revised (WAB-R; Kertesz, 2006; = —1.46;
p=.178), the MMSE (¢=.51; p=.623), or the Motor Speech Examination (MSE; Wertz
etal., 1984; t=.22; p=.831 for apraxia of speech severity rating; t=-.50; p=.729 for
dysarthria severity rating). However, a statistically significant difference was found on the
Northwestern Anagram Test (NAT; Thompson et al., 2012; t=-2.53; p=.032), with the
participant in the current study performing significantly lower than the participants in the
original VISTA cohort. Additionally, oral reading was a relative strength for the participant.
We observed high accuracy during oral reading tasks, including the Grandfather Passage
(88.71% correct and intelligible words read; Darley et al., 1975) and an informal probe
comprising sentences ranging in length from four to eight words and including complex
words (i.e., multisyllabic words of up to four syllables; 88.89% correct and intelligible
words read).

The participant qualified for enrollment based on cognitive-linguistic inclusionary criteria
(diagnosis of nfvPPA, an MMSE score of = 15, and intact repetition of at least three
syllables on the repetition subtest of the WAB-R) that were applied in the original

study (Henry et al., 2018); however, hearing status was initially deemed exclusionary.

The participant wore bilateral hearing aids and reported longstanding, bilateral, severe-to-
profound hearing loss that emerged during adulthood. Audiometric evaluation results were
requested for aided and unaided conditions; however, only unaided hearing thresholds were
available (Table 3). During the initial tele-assessment screening for study participation, the
participant performed at chance on a minimal pairs discrimination task, despite wearing
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hearing aids bilaterally. Of note, participants in the original study were required to perform
(with or without hearing aids) at a minimum of 70% correct on this measure (mean for

Real Words = 9.56/10, SD = 1.01; mean for Non-Words = 9.67/10; SD = 1) and failure

on this task was considered exclusionary. In addition to poor performance on the minimal
pairs task, the participant frequently required multiple spoken repetitions of task instructions
from both the clinician and his spouse. To optimize hearing during sessions in hopes

of qualifying for study participation, he obtained a Phonak ComPilot Il device, which
connected his computer’s audio signal directly to his hearing aids via Bluetooth. With this
device, repetition of task instructions was required less frequently; however, hearing status
was still not corrected to a fully functional level. In the original VISTA study, significantly
impaired hearing or vision that was not corrected to a functional level was considered
exclusionary, as the treatment procedures require adequate perception of audiovisual practice
stimuli. However, because this potential participant was otherwise an excellent candidate for
intervention, and because he was extremely motivated to undergo treatment, modifications to
the VISTA protocol were implemented and he was enrolled in treatment.

The participant lived remotely from the research site; therefore, all phases of intervention
were conducted via telerehabilitation. Notably, in the original VISTA cohort, half of the
participants also received treatment via telerehabilitation, and all treatment components
were identical, regardless of service delivery modality. Likewise, in the current study,

no modifications were made to the telehealth-based intervention beyond the addition of
reading procedures. Telerehabilitation is growing in popularity and has proven to be as
effective as face-to-face speech/language intervention for individuals with stroke-induced
aphasia and PPA (Agostini et al., 2014; Dechéne et al., 2011; Dial et al., 2019; Fridler et
al., 2012; Furnas & Edmonds, 2014; Meyer et al., 2016; Woolf et al., 2016). In addition
to the importance of accurate perception of audiovisual practice stimuli, the potentially
degraded auditory and visual signals that result from conducting treatment sessions using
teleconference software (Dial et al., 2019) were also considerations for treatment design
with this participant, underscoring the need for modifications to the original VISTA
protocol.

Experimental design

A multiple-baseline design across scripts was used for this single-case experiment. Six
scripts were developed in total. Four scripts were randomly selected for training and two
scripts remained untrained, serving as controls. The participant and his spouse were asked
to generate script topics that were functionally relevant and important to target in treatment.
Script content was then developed via a collaborative process with the participant and
clinician. In accordance with procedures from the original VISTA study, each script was
constructed to be challenging but attainable, given the participant’s language and motor
speech profile. In particular, script sentences were designed to be a few words beyond the
participant’s mean length of utterance (MLU; from the Spontaneous Speech subtest of the
WAB-R) and to avoid a high proportion of multisyllabic words. Content was generated
via an initial script development probe, wherein the participant was asked to speak at
length about each selected topic. During this initial probe, the participant demonstrated
moderate apraxia and mild dysarthria, consistent with results from the MSE. Additionally,
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his responses were characterized by telegraphic, one- to three-word utterances that were

not consistently effective in communicating the intended thought. Thus, the clinician asked
clarifying questions and confirmed details with the spouse to aid comprehension of the
participant’s spoken production. The script development probe was used to generate specific
information and to gain a sense of the participant’s preferred word choice and phrasing.
Through this process, scripts were developed that were factually accurate, grammatically
correct, and consistent with the participant’s unique “voice.” All scripts were reviewed with
and approved by the participant and his spouse prior to treatment implementation.

All scripts, both trained and untrained, were balanced for linguistic parameters (via £tests
comparing each metric between scripts; all p-values greater than .05), including total number
of sentences, number of words in sentences, average words per sentence, average syllables
per word, number of complex words (i.e., measured as number of words with three or

more syllables that are not proper nouns, a combination of easy or hyphenated words, or
two-syllable verbs made into three-syllables by adding -es or -ed endings), mean length

of utterance in morphemes, and Flesch Kincaid Reading Ease score (Flesch, 1948). The
average number of words per script was 25.83 (additional details regarding linguistic
characteristics can be found in the Appendix).

After script content was finalized, practice videos were created in which a healthy, gender-
matched model slowly produced the words in each script using exaggerated articulatory
gestures. The videos were filmed and edited to include a close-up of the healthy speaker’s
mouth rather than the whole face. The speech rate used in the videos was based on

the participant’s spontaneous speech rate during pre-treatment oral reading and picture
description tasks.

After script creation but before any exposure to practice videos, two baseline probes were
collected for each script topic. During baseline probes, the participant was asked to recall
the scripted content for each topic following the prompt, “Tell me about (specific topic).”
After baseline probing was complete and prior to starting home practice, guided speech
entrainment practice with the first script video was attempted and clinician feedback was
provided following each practice opportunity. The participant was instructed to keep his
eyes open, look at the mouth model, and listen to the recording as he attempted unison
speech production. He received clinician feedback regarding adherence to these guidelines.
Subsequently, the clinician emailed the participant a homework link for Script 1. The
homework interface featured a screen showing the text of the script, followed by a separate
page with the practice video (delivered via Qualtrics*™ online survey platform). The
original VISTA home practice regimen was modified in that the participant was instructed
to read the script out loud four times before engaging in 30 minutes of unison speech
production practice. The participant was asked to complete this home practice regimen daily.
Practice frequency and duration were tracked via the survey platform.

Treatment sessions with the clinician took place twice weekly over six weeks, (12 sessions
total), with sessions lasting approximately 45-60 minutes (see Box 1 for the complete
treatment regimen). Only one script was practiced at a time, with each of the four trained
scripts targeted over three sessions with the clinician. Each session began with the collection
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of a spontaneous probe for the script-in-training as well as other selected script topics. Each
script that was not in training was probed once per week. As during baseline probing, these
probes were collected using the prompt, “Tell me about (specific topic).” The participant
also completed a unison speech production probe for the script-in-training, so that the
clinician could observe how the participant was practicing with his video during home
practice. This task also allowed the clinician to provide supportive or constructive feedback
regarding the mechanics of unison speech production practice.

After probes were obtained, each training session started with choral and independent
reading of script text and then transitioned to the original VISTA training tasks (Box 1).
Reading tasks were included to promote script learning via complementary orthographic
input and repeated exposure to written (in addition to auditory) stimuli. During the reading
portion of the session, the participant was presented with the entire text of the script. Each
sentence was produced aloud in turn. The clinician used a digital pointer to highlight each
word on the computer screen while reading aloud and then instructed the participant to read
the sentence aloud in unison with her while also pointing to each word (Figure 1). Next, the
participant independently read each word of the current sentence aloud. After completing
this sequence for each sentence, he independently read the entire script aloud.

After completing the reading steps, the participant engaged in the VISTA training tasks
(Henry et al., 2018), which are designed to target memorization, functional script usage,
grammatical correctness, and articulatory accuracy (Box 1). First, individual scripted
sentences were selected from foil sentences and arranged in the correct order, followed by
oral reading of the entire script. Next, the clinician asked conversational questions to elicit
single sentences from the script, and the participant provided the responses from memory
in the order of his script. Subsequently the participant was instructed to recite his entire
script from memory. Finally, in a second round of conversational questions, the participant
responded to questions by producing scripted sentences from memory out of scripted order.
Avrticulatory, grammatical, and general wording errors were targeted throughout the session
via visual, verbal, and phonetic placement cues.

Consistent with the original VISTA protocol, teletherapy sessions with the clinician

and home practice procedures were complemented by generalization tasks. During the
second teletherapy session for each script, a naive communication partner engaged in

a brief, informal conversation with the participant about the script topic in training.

The communication partners were research assistants who were informed of the script

topic but were not familiar with the script content. This conversational task provided an
opportunity for the participant to practice using his script dynamically in a less structured
conversational context. Additionally, home practice with training videos was complemented
by generalization practice. Specifically, the participant engaged in a brief (5-10 minute)
phone call once per week during which the clinician elicited spontaneous production of

IThe participant was provided visual and phonetic placement cues, as needed, to ensure accurate script production. These cues offered
multisensory support to facilitate speech production. For example, in cueing production of the /p/ phoneme, a visual cue would involve
the clinician moving her mouth close to the camera as she produced the /p/ sound, and a phonetic placement cue would be “purse your
lips tightly together and then release.” Gradually, the clinician scaled back visual and verbal cues, in alignment with the participant’s

performance.
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single sentences from the script-in-training using conversational questions (e.g., “How long
have you been married?”). The phone call was included to provide the participant with an
opportunity to practice using scripted material in a less structured context and to encourage
generalized use of the script in everyday conversation.

As a means to ensure that audiovisual practice stimuli are maximally challenging to VISTA
participants, we now incrementally adapt the speaking rate of training stimuli in response
to each individual’s performance (Schaffer et al., 2018). Specifically, the speaking rate of
each practice video is increased by 10% between sessions if the participant demonstrates at
least 90% correct and intelligible scripted words during the spontaneous speech probe and
successfully engages in unison speech production with the video at the beginning of the
session. Adobe software (After Effects© and Audition©) was used to adjust the audio and
video tracks while preserving pitch. There are three possible video rates for each trained
script (i.e. original rate, first rate increase, second rate increase). Based on his performance
during treatment probes, the current participant practiced with one rate increase for scripts 1
and 4, and two rate increases for scripts 2 and 3.

At the conclusion of the treatment phase, the participant was provided with videos for all
trained scripts. In an effort to maximize treatment gains longitudinally, he was encouraged to
continue engaging in home practice post-treatment, as were participants in the original study.
Follow-up speech, language, and cognitive testing were completed three, six, and 12 months
post-treatment in order to evaluate stability of treatment effects.

Outcome measures and statistical analysis

In order to address research question 1, regarding the participant’s response to treatment on
the primary outcome measure (percent correct, intelligible scripted words), we calculated a
standardized effect size and conducted a simulation analysis to determine the significance
of the change in behavior from pre- to post-treatment and each subsequent time point.
Effect sizes were calculated for trained and untrained scripts using d-statistics, wherein the
mean pre-treatment performance was subtracted from the post-treatment performance and
divided by the pre-treatment standard deviation (Beeson & Robey, 2006). Consistent with
the original VISTA study (Henry et al., 2018), pre-treatment performance was calculated as
average percent accuracy from the two baseline probes and post-treatment performance was
calculated as average percent accuracy from two probes conducted once all script training
was completed. Follow-up scores comprised a single probe from each trained and untrained
script.

To conduct significance testing, we used a simulation technique that involved random
sampling with replacement on the basis of the participant’s performance in each condition
(trained versus untrained topics), and at each time point (Dial & Martin, 2017). The
participant’s percent accuracy was obtained from each time point/condition, and random
sampling with replacement of the actual data occurred on an item-by-item basis, using
probabilities of correct and incorrect responses to create simulated datasets with parameters
that were identical to the observed data. This process was conducted 10,000 times, thus
creating 10,000 simulated distributions of performance accuracy scores at each time point
(pre-treatment, post-treatment, and each follow-up) for trained scripts and separately for
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untrained scripts. A comparison of the distributions from two time points within a trained
or untrained condition were then made, in order to calculate a p-value. Additionally,
simulated data were used to calculate difference scores to determine 95% confidence
intervals. Furthermore, to contextualize the direct benefits of treatment, we report outcomes
on standardized assessments over time.

In order to address research question 2, to determine whether the participant’s treatment
response was comparable to the previous cohort with functional hearing, we analyzed the
participant’s change in performance on the primary outcome measure and several additional
outcome measures from pre- to post-treatment compared with the original VISTA cohort’s
change in performance. An unstandardized difference test (Crawford & Garthwaite, 2005)
was utilized for statistical comparison of the magnitude of change in performance. This

test examines whether the difference between two scores differs significantly in a single
individual from the distribution of differences in controls. It has been found to control the
Type 1 error rate, even when using a comparison cohort with a small n (in our case, n

= 10). For these statistical tests, a significance level of p< 0.05 (two-tailed) was used.

Two outcome measures reported in the original VISTA study (Henry et al., 2018) are
reported in the current study: percent correct, intelligible scripted words and overall speech
intelligibility (defined as the percent intelligible words produced during script probes,
regardless of the targeted scripted content). Grammatical errors per 100 words was included
as a third outcome measure in the original VISTA study. However, for individuals such

as the current participant, who present with a very reduced mean length of utterance, this
measure does not adequately capture grammatical impairment, since it is difficult to judge
the number of grammatical “errors” in an utterance consisting of only a couple words.

To provide insight into other possible linguistic and motoric benefits of the intervention,
additional outcome measures were analyzed using previously collected data from

the original VISTA cohort and the current participant. Because grammatical errors

per 100 words was not a meaningful outcome measure for this participant, the

grammatical complexity index from the Computerized Language Analysis software (CLAN,
MacWhinney, 2000) was used as an alternative assessment of grammatical ability. This
index compares the number of complex grammatical relations? to the total number of
grammatical relations. Additional outcome measures that were calculated for the original
cohort (and not previously reported), as well as the current participant, included speech rate
in words per minute (WPM), mean length of utterance in morphemes, and mean length of
utterance in words, each of which was derived using CLAN.

Interrater reliability and treatment fidelity

Interrater reliability was evaluated using ratings from the treating clinician and a trained
undergraduate research assistant for the primary outcome measure (correct, intelligible
scripted words). The treating clinician recorded the participant’s performance online during

2Complex grammatical relations include finite clausal subject of another clause, clausal complement of a verb, full clause that serves
as the predicate of nominal of verbs, full clause that serves as the object of a preposition, full clause that serves as the direct object,
finite clause that attaches to a verb, adjective, or adverb, head of a complex noun phrase with a personal pronoun attached as an
adjunct of a noun, a finite clause that is a nominal modifier or complement, or a non-finite clause that is a nominal modifier or

compliment.
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the treatment session, whereas the research assistant conducted ratings after being blinded

to the treatment condition (trained versus untrained script). For 25% of the total number of
treatment sessions, the research assistant watched and transcribed recorded videos of script
probes, coding each word as intelligible or unintelligible and correct relative to the script
target. Interrater reliability was calculated using point-by-point agreement (Kazdin, 1982).
The number of agreements and disagreements between the two raters was calculated and

the number of agreements was divided by the number of agreements and disagreements
combined. The total value was multiplied by 100 to determine the reliability score. Interrater
reliability was found to be high, at 98.18%.

Fidelity ratings were conducted by two trained undergraduate research assistants to
determine the treating clinician’s adherence to the treatment protocol during sessions.
The two raters independently viewed 33.33% of randomly selected treatment sessions
and indicated whether or not the clinician correctly followed each step of the treatment
hierarchy. Fidelity was high, at 100%.

Descriptive surveys

Results

As a means of assessing change in functional communication status, the participant’s

spouse completed the Communication Effectiveness Index (CETI) at pre- and post-treatment
(Lomas et al., 1989). This 16-item questionnaire requires the communication partner to

rate the participant’s current communication status relative to premorbid communication
functioning using a visual analog scale. For this measure, the participant’s spouse placed a
mark along a continuum ranging from “not at all able” (0) to “as able as before” (100).

To capture change in communication contexts and skills more closely linked to the specific
intervention, a 21-item in-house survey (Henry et al., 2018) was administered to the
participant and his spouse post-treatment. The survey gathered qualitative data regarding

the participant and spouse’s perception of his communication skills and affective disposition
as a result of participating in treatment. Specifically, communication-centered questions
encompassed perceptions of speech fluency and grammatical abilities, articulatory precision,
success with engaging in VISTA unison speech production tasks, and speech/language
self-monitoring abilities with familiar and unfamiliar communication partners. Affect-based
questions associated with the act of speaking pertained to level of stress, comfort, and
confidence with familiar and unfamiliar communication partners. A seven-point Likert scale
was used to rate responses to each item. Response choices on this continuum ranged from “a
lot worse” (—3) to “a lot better” (+3).

The participant attended each scheduled treatment session as well as all follow-up
assessments. He completed daily home practice throughout the treatment period, with the
exception of two days of missed practice due to personal factors. Digital records of practice
frequency and duration revealed that, in total, the participant spent 24.45 hours engaged in
his home practice over the course of the intervention. Moreover, from the end of treatment to
the one year follow-up time point, the participant completed 11.29 hours of home practice.
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The results, indicating immediate treatment effects, longitudinal stability of treatment
effects, comparison to the original VISTA cohort, and patient and care partner perceptions of
treatment response, are described below.

Individual response to treatment

Treatment effects from pre- to post-treatment—With respect to research question
1, we examined the participant’s performance on the primary outcome measure. He met
the established mastery criterion of 90% correct, intelligible words for all trained scripts
(Figure 2), with an average effect size (d-statistic; Beeson & Raobey, 2006) of 9.93 for
trained scripts (SD = 4.22). This robust effect size (Beeson & Robey, 2006; Robey et

al., 1999) demonstrates that the participant benefitted from the intervention, mastering the
ability to produce trained content intelligibly and with a high degree of accuracy. The
participant’s mean dtstatistic for untrained scripts was small at .88 (SD = 1.25). Simulation
tests confirmed a significant difference from pre- to post-treatment on the primary outcome
measure ( p<.0001, 95% CI [62.14-79.61]) for trained scripts only. Untrained script
performance was not significantly different at post-treatment relative to pre-treatment (o
=.301, 95% CI [-13.46-25.00]).

To contextualize the participant’s performance on the primary outcome measure, we report
standardized test scores from pre- to post-treatment (Table 2). Results indicate general
stability on the WAB-R AQ, MMSE, and motor speech evaluation (apraxia and dysarthria).
On the NAT, the participant demonstrated significant grammatical impairment at both time
points, with an accuracy of 2/30 at pre-treatment and 1/30 at post-treatment. Notably, the
participant’s MLU in morphemes on the WAB-R Picture Description Task improved from
4.22 at pre-treatment to 7.38 at post-treatment. Similarly, MLU in words on this task
improved from 3.33 to 6.25 pre- to post-treatment, suggesting generalized improvement in
connected speech for a non-scripted linguistic task.

Maintenance of treatment effects—Simulation tests comparing performance on the
primary outcome measure relative to pre-treatment confirmed maintenance of gains at each
follow-up time point (p <.0001, 95% CI [62.14-79.61] at the 3-month time point; p <.0001,
95% CI [59.22-77.67] at the 6-month time point; £ <.0001, 95% CI [50.49-70.87] at the
12-month time point). Performance on untrained scripts was not significantly different
from pre-treatment at any follow-up, indicating neither significant improvement nor decline
relative to baseline status.

Despite the stability of script performance over time, results from standardized testing
indicate a gradual decline in linguistic ability on the WAB-R AQ (from 74.5 at pre-treatment
to 70.5 at the 12-month follow-up) and increased motor speech impairment on the MSE

(on a severity scale of 0= no impairment to 7=severe, apraxia rating changed from a 4

at pre-treatment to a 6 at the 12-month follow-up; dysarthria rating changed from a 2 at
pre-treatment to a 4 at the 12-month follow-up). The participant demonstrated a consistently
impaired pattern of performance on the NAT across all time points (6.67% or 2/30 accuracy
at pre-treatment and 10% or 3/30 accuracy at the 12-month follow-up). Although language
deficits persisted or gradually progressed longitudinally, the participant’s cognition remained
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grossly intact, per the MMSE (28 at pre-treatment and 26 at the annual follow-up). Of

note, this gradual decline on standardized testing measures was also observed in the original
VISTA cohort, although changes at one-year post-treatment in the comparison cohort were
not significantly different from pre-treatment.

Participant performance relative to comparison cohort

In order to address research question 2, we compared pre- to post-treatment performance

for the VISTA-R participant to those of the original VISTA cohort (Table 4) using
unstandardized difference tests (Crawford & Garthwaite, 2005). Results indicated no
significant difference between the current participant and the original cohort for change in
performance from pre- to post-treatment in percent correct, intelligible words for trained and
untrained scripts (trained: #9) = -.95, p=.366; untrained: £09) = .16, p=.877). Additionally,
no significant difference was found between the participant and the comparison cohort for
pre- to post-treatment difference in the grammatical complexity index (trained sets: 9) =
1.51, p=.166; untrained sets: {9) = -.77, p=.464); MLU in morphemes (trained: {9) =
-.46, p=.659; untrained: 49) = .27, p=.792); MLU in words (trained: #9) = -.41, p=.695;
untrained: {9) = .38, p=.714); speech rate (trained: #9) = —.44, p=.668; untrained: #9)
=-1.64, p=.136) or speech intelligibility (trained: 49) = .26, p=.800; untrained: 49) =
-.62, p=.549).

On standardized speech, language, and cognitive testing, the participant’s change in
performance from pre- to post-treatment (Table 2) was not significantly different from the
original cohort (WAB-R AQ: £9) = -.31, p=.767; MMSE: #9) = -.18, p= .859; apraxia of
speech rating on the MSE: 9) = 1.04, p= .327; dysarthria rating on the MSE: £9) = .46, p=
.654; NAT: #9) = .85, p= .416).

Survey results

Pre- and post-treatment CETI results, completed by the participant’s spouse, are shown in
Table 5. Responses were indicated using a visual analog scale, ranging from 0 (“not at

all able”) to 100 (“as able as before” [onset of communication difficulties]). The spouses’
mean response at the pre-treatment time point was 45.06 and 47.19 at post-treatment,
which indicates a change of 2.13. The magnitude of this change is not greater than the
standard error of the measure for this assessment (5.87; Lomas et al., 1989); however,

it is illustrative to examine the pattern of responses. Nine responses indicated a positive
change in communication effectiveness following treatment, five responses indicated a
negative change in communication effectiveness following treatment, and two responses
indicated no change. Positive change scores ranged from 4 to 29 and were reflected in
communication contexts such as “getting somebody’s attention,” “getting involved in group
conversations that are about him,” and “communicating physical problems such as aches
and pains.” Negative change scores ranged from —4 to —39. These negative scores indicate
the spouse’s perception that the participant demonstrated less effective communication

in these contexts following treatment. Negative change scores were noted in contexts

such as “indicating that he understands what is being said to him” and “participating in
conversations with strangers.” No change in communication effectiveness was noted in the
contexts of “communicating his emotions” and “having a spontaneous conversation.”
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Results from the in-house qualitative post-treatment survey, which was completed by both
the participant and his spouse, are shown in Figure 3. Both individuals indicated their
responses along a seven-point continuum. The participant’s average response was 1.86,
which falls between “somewhat better” and “better.” In general, the participant indicated
that, after completing the intervention, his communication and emotional disposition ranged
from “somewhat better” to “a lot better.” Specifically, the participant indicated that his
ability to speak in unison with the mouth model during speech entrainment was “a lot
better.” He selected the “better” response for 16 items on the survey (e.g., articulation during
practiced scripts; hesitations or pauses when speaking; overall speaking ability; confidence
in communication with familiar and unfamiliar people). For the remaining four items, the
participant selected the response of “somewhat better” (e.g., ability to speak smoothly and
without errors when reciting practiced scripts; ability to speak in complete sentences during
normal conversation).

The spouse’s average response rating was 1.43, which also falls between “somewhat better”
and “better.” Responses from the spouse ranged from “unchanged” to “a lot better” along
the seven-point continuum. In particular, the spouse noted that the participant’s confidence
in communication with his primary communication partner and with familiar people was “a
lot better.” She selected the “better” response for eight items (e.g., ability to speak smoothly
and without errors when reciting practiced scripts; stress level during conversation; overall
comfort level while speaking), the “somewhat better” response for eight items (e.g., ability
to correct errors as they occur; ability to communicate thoughts; overall speaking ability),
and the “unchanged” response for three items (e.g., overall number of hesitations or pauses
while speaking; overall number of hesitations or pauses in normal conversation).

Discussion

Research evaluating the efficacy of speech-language interventions for individuals with
nfvPPA is lacking, especially when compared to the large corpus of studies evaluating
treatment for stroke-induced aphasia. To our knowledge, literature addressing interventions
for individuals with aphasia and concomitant hearing impairment is nonexistent. Thus, the
current study is a first step toward establishing whether evidence-based aphasia treatments
that are modified to accommodate hearing loss can result in positive outcomes that are
comparable to those with functional hearing status.

The results from this study confirm our participant’s positive response to VISTA-R.
Specifically, he demonstrated improved performance and maintenance of gains on the
primary outcome measure, indicating that the addition of orthographic input may have
helped to compensate for the effects of reduced auditory acuity within treatment

sessions and during speech entrainment home practice. Additionally, the participant

showed comparable improvement on discourse measures capturing grammatical complexity,
utterance length, and speech rate that have proven to be sensitive in traditional VISTA
treatment (Berstis, 2020).

Furthermore, the participant in the current study demonstrated increased MLU in
spontaneous language samples (WAB-R Picture Description) from pre- to post-treatment,
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suggesting that the intervention may promote generalized language gains. Follow-up data,
collected through 12-months post-treatment, indicate that gains for accurate and intelligible
production of trained scripts were maintained over time, despite limited (less than one

hour per month) ongoing practice with training videos. To the authors’ knowledge, these
promising findings are the first to be reported regarding the treatment of individuals with
nfvPPA and concomitant severe-to-profound hearing loss.

From a qualitative perspective, the participant and his spouse indicated their satisfaction
with the intervention, from both a communication and psychosocial perspective. They
observed that the treatment resulted in positive gains across structured and functional
speaking contexts, while also increasing the participant’s overall sense of self-efficacy.
These survey results underscore improvements in functional communication and enhanced
participation in meaningful activities, as situated within the ICF framework (World Health
Organization, 2013). Moreover, these qualitative findings complement the quantitative
results and support the personal utility of this intervention for the participant, especially
considering the well-established link between a person’s sense of self-efficacy and their
decisions to participate in life activities despite challenges (Bandura & Adams, 1977).

It is important to emphasize that the participant in the current study would have been
excluded from our larger VISTA treatment study given his impaired hearing status. Many
treatment studies outline exclusionary criteria which prohibit individuals from enroliment
based on visual or hearing deficits that are not fully corrected. However, within the older
adult demographic, these impairments are extremely common (Dalton et al., 2007; Lin,
Niparko, et al., 2011), and it may not always be feasible to fully correct a significant
sensory impairment. Moreover, a growing body of evidence suggests that neurodegeneration
associated with nfvPPA may affect the auditory pathway (Cope et al., 2017; Goll et al.,
2010; Grube et al., 2016; Hardy et al., 2016; Hardy et al., 2019). Thus, while only one
participant was recruited for the current study, his profile may be similar to a significant
proportion of other individuals with nfvPPA.

Given that the prevalence of hearing impairments among older adults is high, it is important
that hearing status is confirmed in patients with aphasia and that evidence-based behavioral
interventions are modified to account for this sensory impairment (Street, 1957). This

study found that the augmentation of traditional VISTA with oral reading was effective in
supporting the memorization and production of scripts for an individual with concomitant
nfvPPA and severe-to-profound bilateral hearing loss that was not corrected to a functional
level. It is likely that the reading procedures were beneficial in that they provided
complementary orthographic input that supported the audiovisual input from VISTA. Thus,
from a clinical perspective, SLPs may consider embedding orthographic input or stimulation
within treatment approaches that require auditory input (such as speech entrainment) when
working with patients with hearing loss and concomitant aphasia. As long as reading

skills are relatively intact, this modification may serve to promote comprehension and
memorization of content for maximal treatment response. Conversely, if reading skills are
severely impaired, it is unlikely that an individual with hearing loss would benefit from
multimodal input provided by orthography.
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The addition of orthographic input to VISTA renders it feasible and beneficial for an
individual with hearing loss, enabling them to participate in treatment despite the critical
auditory component of the treatment (Fridriksson et al., 2012). Other research has utilized
text in the context of script training, specifically AphasiaScripts™. Of note, the intervention
and home practice used in the current study differ from the AphasiaScripts™ training
program in several ways. First, the written text of the script and the audiovisual model
were always presented separately to ensure the participant’s attention to each mode without
distraction from the other. We considered this important in order to minimize cognitive-
linguistic demands and to allow the participant to focus on both audio and video elements
of the speaker model consistently and simultaneously. Secondly, the video model for this
study was a healthy adult speaker producing exaggerated articulatory gestures, rather than
an animated therapist. This afforded realistic and salient articulatory placement cues to
facilitate speech production in our participant with concomitant motor speech deficits.

VISTA-R intervention is multifaceted, incorporating audio, visual, and reading components,
daily home practice, rate manipulation of videos, as well as generalization tasks. Isolating
which element or elements of treatment most significantly impacted treatment outcomes

is not feasible without a priori experimental manipulation of each factor. However, each
element of the intervention was included in an effort to maximize treatment outcomes

and it is likely that the combination of these variables confers multifactorial benefit

for an individual with nfvPPA and hearing loss. Audiovisual stimulation is augmented

by orthographic input in order to provide redundant avenues for script learning and
accommodate the participant’s hearing loss. Daily home practice with incremental rate
manipulation and regular engagement in dynamic generalization activities ensure that
practice will be intensive and maximally challenging throughout the training regimen. This
notion shares similarities with principles of exercise science suggesting that implementing
variability in exercise programs enables maximized health outcomes, fosters adaptability,
promotes engagement, and mitigates plateau (Glaros & Janelle, 2001; Rajiv & Newell,
2013).

Several outcome measures were utilized in the current study, in order to holistically
capture treatment response. The primary outcome measure corresponds with the metric
that was used in the comparison VISTA cohort (Henry et al., 2018) and additional speech
and language outcomes were incorporated to evaluate discourse-level change on scripted
performance (Berstis, 2020). As a means of obtaining descriptive outcome data, the CETI
and an in-house post-treatment survey were administered. As with any survey, there is a
potential for bias. While the CETI was administered during both pre- and post-treatment
time points, this survey provided a gross measure of functional communication outcomes
and is not specific to the intervention used in this study. By contrast, the in-house post-
treatment survey completed by both the participant and his spouse served to capture the
ecological validity of this intervention with greater sensitivity. Other psychometrically
validated scales may be used in future studies to provide further contextualization of the
broader impact of treatment, as it relates to communication participation in daily life (e.g.,
ASHA Quality of Communication Life, Paul-Brown et al., 2004, or subscales of the Burden
of Stroke Scale, Doyle et al., 2004).
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An additional important consideration is the study’s utilization of telerehabilitation rather
than in-person treatment. The positive outcomes are consistent with previous findings (e.g.
Dial et al., 2019), which showed comparable outcomes for individuals with PPA who
completed in-person sessions versus telerehabilitation. However, Dial et al. (2019) did not
examine treatment outcomes for individuals with hearing loss that was not corrected to a
functional level. Thus, the outcomes from this study support the implementation of this
intervention, even in a telerehabilitation context, where the acuity of the auditory signal may
be negatively impacted even for individuals with normal or corrected hearing. Future studies
with adapted interventions for individuals with hearing loss will benefit from recruiting
participants who receive in-person treatment as well as those receiving treatment remotely,
to further contextualize treatment responses relative to different service delivery options.

The current study has several limitations. First, only two baseline probes were obtained
during the pre-treatment phase. Our participant’s performance was generally stable during
the baseline period. However, best practice in single-subject experimental research requires
collection of at least three data points prior to advancement to the treatment phase (Kennedy,
2005. In future studies, additional sampling of performance at pre-treatment will ensure that
a stable baseline has been obtained and pre-treatment variability accurately represented.

The inclusion of linguistically matched scripts that were randomly assigned to treatment
condition (trained or untrained) and the documentation of overall language and cognitive
performance over time via standardized testing serve to confirm the specificity of the
treatment effect for the participant in this study. Nonetheless, given the heterogeneity of
nfvPPA and this participant’s unique clinical profile, results cannot be assumed to generalize
to the broader nfvPPA population. Future studies will benefit from inclusion of a larger
number of participants with nfvPPA and hearing loss. While it is not feasible to recruit
individuals who share identical speech, language, and hearing profiles, we believe it will
be possible to enroll individuals who broadly share clinical features. By replicating this
study with additional individuals, results may provide greater support for the utility and
generalizability of this treatment.

Another limitation of this study is the lack of precise characterization of the participant’s
aided hearing profile. Aided thresholds were not available due to difficulty with obtaining
his audiological records and the fact that treatment was offered at a distance, precluding an
in-person audiological assessment. Additionally, the use of a minimal pairs discrimination
task as a screening measure for peripheral hearing status is problematic, as phoneme
discrimination performance is susceptible to auditory cortical dysfunction (Miceli et al.,
1980). This type of task cannot be assumed to holistically capture peripheral hearing
function in isolation. Thus, it is possible that the interaction between the participant’s
longstanding hearing loss and auditory dysfunction due to nfvPPA may have contributed
to reduced performance on this measure. In light of these limitations, we can only report
that, even with hearing aids and a hearing aid Bluetooth accessory, the participant’s hearing
impairment rendered him functionally unable to participate in unmodified treatment tasks.

In conclusion, these results add to the growing evidence base supporting speech-language
treatment for individuals with nfvPPA. In concordance with other findings, our results

Neuropsychol Rehabil. Author manuscript; available in PMC 2023 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schaffer et al.

Page 19

indicate that telerehabilitation is a viable service delivery option in this population, even
in the presence of significant hearing loss. Findings confirm that, even for an individual
with sensory impairment and the need for treatment delivered remotely, relatively simple
treatment modifications may facilitate intervention that results in immediate and lasting
gains in communication functioning.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Continuing Education Questions:

1. How did the findings in this study at the single-case level compare to the findings from
the Henry et al. (2018) comparison cohort?

2. What are the clinical implications from this study for speech-language pathologists
who are treating individuals with nfvPPA and significant hearing loss that is not fully
corrected?

3. What are appropriate treatment goals that align with a modified VISTA with reading
intervention?

Neuropsychol Rehabil. Author manuscript; available in PMC 2023 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Schaffer et al.

Page 25

Box 1.

VISTA-R treatment regimen, adapted from Henry et al., 2018.

Probing: Participant completes trained and untrained script probes. If criterion is met (during sessions 1 and
2 for a given script) on primary outcome measure and participant is able to speak in unison during speech
entrainment for trained script, then speaking rate of VVISTA video is increased by 10% for home practice

Treatment Steps:

1. Oral Reading of Script Text

Participant reads written script aloud, sentence by sentence,
and points to each word simultaneously, with fading visual
and verbal cues provided by clinician. This step ends with
participant reading entire script aloud independently

2. Recall/Recognize

Participant chooses each correct script sentence from four
foil sentences

3. Organize/Construct

Participant puts script sentences in order

4. Read

Participant reads script aloud

5. Respond to Questions in Scripted Order

Participant produces scripted sentences from memory in
response to questions (in order of script)

6. Produce Script from Memory

Participant recites entire script

7. Respond to Questions with Scripted
Sentences

Participant responds to questions with scripted sentences
(not in order of script)

Structured Conversation: During the second treatment session for each script, participant engages in
conversation with a naive communication partner regarding the script topic

Phone Call: On a non-treatment day, participant engages in structured conversation pertaining to script-in-

training for 5-10 minutes with clinician

Homework: Daily home practice with script-in-training, reading script out loud four times prior to engaging in

30 minutes of speech entrainment practice with the video
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PPA is a disorder that affects my speech.
lcan’t speak my mind anymore.
It's hard because | like talking and joking.

Please be patient with me.

Figurel.
In-session visual display for reading practice. Both the clinician and the participant read the

script aloud in unison. The clinician highlighted each word in the script and the participant
simultaneously pointed to the word on his computer screen. Videoconference software
also showed the faces of the clinician and participant on the right side of the screen (not
depicted).
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F.u.

d2=12.61

d=4.95

d=14.15

d=8.01

d=0
(Untrained)

a=1.77
(Untrained)

Multiple baseline data for the VISTA-R participant’s performance across treatment phases
for trained and untrained scripts. Vertical lines indicate treatment phase, which includes pre-
treatment (first time point shows initial script development probe, which is not calculated in
the d-statistic, as this probe served as the basis for script creation, followed by two baseline
probes), treatment, maintenance, post-treatment, and follow-up phases. d2 was calculated

using mean standard deviation from the baseline phase as the denominator (Beeson &

Robey, 2006). Tx = Treatment; Mo.=Month; F.U.=Follow-Up.
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Participant and Spouse Reported Assessment of Change

Ability to speak smoothly and without errors when
reciting practiced scripts?
Ability to speak smoothly and without errors during
normal conversation?
Ability to speak in complete sentences when
reciting practiced scripts?
Ability to speak in complete sentences during
normal conversation?

Articulation during practiced scripts?

Articulation during normal conversation?

Overall number of hesitations or pauses when
speaking?
Overall number of hesitations or pauses in normal
conversation?
Ability to speak in time with the video model during
speech entrainment?

Ability to detect errors in speech?

Ability to correct speech errors when they occur?
Ability to communicate thoughts?

Overall speaking ability?

Stress level during conversation?

Overall comfort level while speaking?

Confidence in communication with primary
communication partner?

Confidence in communication with familiar people?

Confidence in communication with unfamiliar
people?
Frustration level during communication exchanges
with primary communication partner?

Frustration level during communication exhances
with familiar people?

Frustration level during communication exchanges
with unfamiliar people?

Figure 3.

m Participant

@ Spouse

Post-treatment survey results for the participant and his spouse. Ratings on the X-axis are
shown for each survey question, using the following scale: 3= “A lot better,” 2= “Better,” 1=
“Somewhat better,” 0= “Unchanged,” —1= “Somewhat worse,” —2= “Worse,” and -3 = “A

lot worse.”
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Demographics for the VISTA-R participant and the original VISTA cohort (Henry et al., 2018; n = 10).

Table 1.

Demographics VISTA-R Participant | VISTA Cohort

Age 72 Mean (SD): 67.7 (5.5)
Gender Male 4M;6F

Education (years) | 13 Mean (SD): 15.6 (2.1)
Handedness Right Right (all participants)
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Table 2.

Speech, language, and cognitive assessment performance at pre- and post-treatment for the VISTA-R
participant. Mean scores and standard deviations (SD) from the original VISTA cohort reported in Henry

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

et al., 2018 are included for comparison.

Test Time | VISTA-R Mean (SD)
Point | Participant | from VISTA
Cohort
Western Aphasia Battery-Revised Aphasia Quotient (WAB-R AQ; 100) | Pre 745 84.3 (6.4)
Post 76.8 85.7 (6.1)
Mini Mental Status Examination (MM SE; out of 30) Pre 28 26.8 (2.3)
Post 29 27.3(1.8)
Apraxia of Speech Rating ™ (O=none; 7=profound) Pre 4 37(13)
Post 4 43(1.3)
Dysarthria Rating " (0=none; 7=profound) Pre 2 29(17)
Post 2 3.1(1.9)
Northwestern Anagram Test (NAT, %) Pre 6.7? 63.7 (21.5)
Post 33¢® 74.3 (20.0)

*
from Wertz et al., 1984

‘ :significantly different from published VISTA cohort using modified #test (Crawford & Howell, 1998)
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Table 3.

The VISTA-R participant’s unaided hearing profile.

Frequency (in Hz)

Right Ear Severity (in dB)

Left Ear Severity (in dB)

250 55/Moderate-to-Severe 55/Moderate-to-Severe
500 55/Moderate-to-Severe 60/Moderate-to-Severe
1000 55/Moderate-to-Severe 60/Moderate-to-Severe
1500 70/Severe 60/Moderate-to-Severe
2000 85/Severe 80/Severe

3000 100/Profound 100/Profound

4000 105/Profound 105/Profound

6000 105/Profound 105/Profound

8000 105/Profound 105/Profound
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Secondary outcome measures for trained and untrained conditions at pre- and post-treatment for the VISTA-R
participant and the original VISTA cohort (Henry et al., 2018).

VISTA-R Participant

Original VISTA Cohort

Outcome Condition | Pre- Post- Pre- Post-
Measure Treatment | Treatment | Treatment Treatment
Mean (SD) Mean (SD)
Grammatical Complexity | Trained .03 .04 .06 (.03) .09 (.02)
Untrained | .02 .04 .07 (.01) .07 (.03)
MLU (words) Trained 4.08 6.44 7.96 (3.13) 9.44 (3.49)
Untrained | 5.71 6.21 7.73 (3.09) 8.98 (4.01)
MLU (morphemes) Trained 5.13 7.94 9.21 (3.84) 10.89 (4.48)
Untrained 6.34 7.38 8.94 (3.65) 10.24 (4.86)
Speech Rate Trained 33.42 56.49 58.49 (26.09) | 69.13 (27.35)
Untrained | 24.21 45.47 66.18 (36.16) | 60.99 (29.32)
Speech Intelligibility (%) | Trained 95 100.00 95.75 (5.09) | 99.25 (1.85)
Untrained 97 100.00 97.38 (3.83) 98.38 (2.35)
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Pre- and post-treatment survey results on the CETI (Lomas et al., 1989), as completed by the participant’s
spouse. Scores range from 0 to 100, with 0 indicating “not at all able” and 100 indicating “as able as before”

[onset of communication difficulties].

Question Pre- Post- Change
Treatment | Treatment Score

Getting somebody’s attention 86 100 14
Getting involved in group conversations that are about him or her 21 46 25
Giving yes and no answers appropriately 21 25 4
Communicating his or her emotions 64 64 0
Indicating that he or she understands what is being said to him or her 72 64 -8
Having coffee time visits and conversations with friends and neighbors 29 25 -4
Having a one-to-one conversation with you 57 50 -7
Saying the name of someone whose face is in front of him or her 68 72 4
Communicating physical problems such as aches and pains 43 72 29
Having a spontaneous conversation 29 29 0
Responding to or communicating anything (including yes and no) without words 61 68 7
Starting a conversations with people who are not close family 21 25 4
Understanding writing 78 68 -10
Being part of a conversation when it is fast and a number of people are involved 7 11 4
Participating in a conversation with strangers 57 18 -39
Describing or discussing something in-depth 7 18 11
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