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Abstract
PROBLEM:
Traditional cognitive-linguistic therapy has demonstrated success in strengthening
the semantic-lexical retrieval system through direct mapping of semantic features in
persons with aphasia (PWA) (David & Thompson, 2005; Edmonds, 2014; Edmonds &
Swathi, 2009). Within these treatments, auditory processing is implicitly addressed, as
most practice tasks involve an auditory-verbal modality. However, evidence of explicit
training of auditory processing and its effects on lexical processing is very limited.
Constraint Induced Auditory Therapy (CIAT) has demonstrated the ability to strengthen
the auditory input processing in some patients with aphasia; however evidence is scanty
(Hurley & Davis, 2011). Also, until now there are no known studies that illustrate the
combined effects of cognitive-linguistic treatment (such as Verb Network Strengthening
Treatment (VNeST)) and explicit training of auditory processing (such as CIAT) on
lexical retrieval and overall language ability. Therefore, the following study was
undertaken with the objective of determining the differences in treatment and functional
communication outcomes in a PWA with and without CIAT in combination with VNeST
in an individual with moderate aphasia.
PROCEDURE:
A single-subject research design was used to determine the effects of explicit
auditory training using CIAT and cognitive-linguistic therapy (VNeST) on overall
language expression, comprehension, and functional communication. The subject was a
73 year-old female stroke survivor with moderate degree of aphasia. Standardized and
criterion-reference assessments were administered prior to and following each of three
blocks of treatment. All treatment outcomes were analyzed using non-parametric
statistics and subjective analyses. Non-parametric analyses included logistical regressions
and Chi-square calculations. Subjective analyses included effect size changes, visual
inspections using a two-standard deviation method and discourse analyses using the
measures described by Nicholas and Brookshire (1993).

FINDINGS:
The use of VNeST in isolation demonstrated a greater impact on
cognitive-linguistic processing and language outcomes, whereas VNeST in combination
with CIAT appeared to improve mainly the language modality of repetition and
attentional tasks. Therefore, the use of CIAT in combination with VNeST may depend on
the specific PWAs skills prior to and during treatment. More research is necessary in
order to establish an understanding the method and condition for which to introduce
explicit auditory training into cognitive-linguistic therapy. This is necessary in order to
ensure that explicit auditory training enhances, rather than hinders the advancement of
skills.
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Chapter I: INTRODUCTION
Aphasia is an acquired language deficit typically resulting from neurological
damage due to a stroke. Subsequent difficulties manifest through various receptive and
expressive language problems, leading to different types of aphasia. Broca’s aphasia is a
type of expressive aphasia, which results from damage to the posterior part of the inferior
frontal gyrus (known as Broca’s area), the insula and/or the frontal operculum regions of
the brain; and presents with non-fluent, effortful speech production and poor repetition
(Bamiou, Musiek, & Luxon, 2003; Papathanasiou, Coppens, & Potagas, 2013). Although
not a main deficit area, auditory comprehension, which is processed in the Wernicke’s
area, can also be adversely affected due to its close proximity to Broca's areas.
Deficits in auditory comprehension of phonemes and/or whole words may create
difficulties in accessing semantic information, which leads to problems in verbal
expression, particularly in retrieving and naming of lexical items such as content words
(Bamiou, Musiek, & Luxon, 2003; Ketridge, David & Blumstein, 2006). Lexical retrieval
is dependent on the ability to partition out phonemes or words and pair them with known
phonemes or words within the brain (Blumstein & Sarno, 1998). This breaking down of
information received by the ears into smaller units is vital to the processing of language,
including both auditory comprehension and, subsequently, verbal expression. There are a
number of cognitive-linguistic treatments and overall language stimulation methods that
are used to facilitate increased communication functions in PWA; these treatments
facilitate not only verbal expression but also auditory comprehension as well.
Review of Literature
Auditory Training
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Typically, auditory processing is dependent on binaural integration. Binaural
integration is the ability of the both ears to process different messages presented to them
simultaneously. Binaural integration enables one to use both the left and right auditory
pathways, and hear signals from both ears to maximize processing. These auditory
pathways consist of both contralateral (i.e. crossing to the opposite side) and ipsilateral
(i.e. same side) nerve fibers originating from each ear and traveling to the right and left
hemispheres of the brain. Figure 1 illustrates the contralateral and ipsilateral pathways of
auditory nerve fibers in the brain. Contralateral pathways make up 80% of fibers from
each ear and therefore are considered far superior in strength as compared to their
ipsilateral counterparts (Martin & Clark, 1997). During normal auditory-verbal
communication functions, the contralateral pathway from right ear to left hemisphere is
considered strongest, because it follows a direct innervation to the left hemisphere
language center in the brain (Martin & Clark, 1997). However, in persons with aphasia
(PWAs), parts of the pathway in the auditory cortex may be compromised secondary to
degraded left hemisphere function post-stroke.

Figure 1
Auditory Pathway
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Damages that occur during a stroke (Hurley & Willis, 2014) may result in a range
of central auditory processing deficits, which in turn can affect language processing in the
left hemisphere. These auditory difficulties include understanding speech in noise and/or
other compromised listening conditions (Hurley & Willis, 2014). Additionally,
difficulties may also arise in areas of temporal resolution (e.g. the ability to fill-in
information missed during muffled or rapid speech) and sequencing (e.g. interpreting the
appropriate fluctuation in prosody in a phrase to create different meanings) (Bamiou, et
al., 2006).
Dichotic listening is an inherent part of traditional speech-language therapies that
are used to treat auditory processing and other language deficits in stroke survivors. A
dichotic condition refers to patients integrating auditory stimuli from both ears in order to
perform a therapy task; in other words, it simply involves binaural integration (i.e.
listening with both ears during a therapy task, as earlier described). On the other hand,
binaural separation tasks refer to the ability to process information presented to one ear,
while simultaneously ignoring information presented to the other ear. Such tasks were
originally designed to strengthen the weaker auditory pathway in persons with auditory
processing disorders. Recently, binaural separation tasks have been used in the treatment
of auditory comprehension problems post-stroke. For example, directly targeting and
strengthening the contralateral pathway of the weaker right ear in combination with
constraining the stronger or undamaged auditory pathway has been shown to improve
both auditory and language-based functioning (Hurley & Davis, 2011; Weihing &
Musiek, 2012).
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Dichotic Interaural Intensity Difference (DIID) is one more well-known therapy
concept utilizing binaural integration and separation. DIID has also been used as a
training tool for increasing auditory comprehension of language. DIID training, first
introduced in the 1950s by D.E. Broadbent as a task of attention and memory, has since
been refined for the purpose of addressing auditory processing functions such as those
affected in auditory processing disorder (APD) (Weihing & Musiek, 2012). DIID is
designed as an intervention tool for establishing and maintaining long-term restoration of
the central auditory processing system via the utilization of neuroplasticity (Weihing &
Musiek, 2012). Neuroplasticity refers to the ability of the brain to reorganize itself after
damage, which is evident through increased synaptic connections as a result of therapyinduced changes (Menning, Roberts, & Pantev, 2000; Thompson, 2000). According to
Weihing and Musiek (2012), the aim of DIID is to create a clinical dichotic paradigm in
which the participant is asked to recall auditory stimuli. DIID is designed to strengthen
auditory connections via either binaural integration or binaural separation. However, the
decision of which clinical dichotic paradigm to select is dependent on the patient’s
known deficits and an understanding of the underlying mechanics involved in auditory
processing and language in general.
Evidence of explicit training of auditory processing and its effects on overall
language functioning, including lexical and semantic processing, is limited. Some
research evidence has suggested that strengthening the auditory processing system as a
whole through dichotic listening exercises may increase the ability of PWAs to access
and retrieve lexical items within the language system more readily (Damasio, Damasio,
Castro- Caldus, & Ferro, 1976; Nicuum, Rubens & Selnes, 1983; Nicuum, Rubens and
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Speaks, 1981). Nicuum, Rubens, and Selnes (1983) postulated that dichotic listening tests
that focused on increasing the auditory performance of the ear contralateral to the brain
lesion (known as the "lesion effect") will be more beneficial than those that strengthen
the ear contralateral to the pre-stroke dominant side (known as the "dominance effect").
Other studies have examined differences between dichotic digits and dichotic words,
concluding that dichotic digits may be easier to interpret due to the lack of strong
lateralization of these sounds in the brain during interpretation, especially in the language
dominant hemisphere (Damasio, Damasio, Castro- Caldus, & Ferro, 1976). Also,
Nicuum, Rubens and Speaks (1981) determined that in PWAs, dichotic listening
using digits, high contrast words, and vowel words did not yield significant variation in
success; while tests of consonant words demonstrated differences in accuracy between
the left and right ear. Further, dichotic digits that utilized consonant-vowel nonsense
syllables produced the lowest level of success.
In the last several decades, a number of explicit training programs with similar
frameworks to DIID have been established. One such program- Constraint Induced
Auditory Therapy (CIAT) (Hurley & Davis, 2011) - addresses auditory training explicitly
through specific dichotic listening activities. This program has demonstrated the ability to
strengthen auditory processing in some PWAs. CIAT also derives portions of its
theoretical foundation from the Constraint-Induced Movement Therapy (CIMT) (Taub &
Wolf, 1997). CIMT is a motor training method that is used to increase limb movement in
stroke survivors with hemiplegia (weakness of one-half side of the body). The training
involves restraining the mobile/unaffected limb in order to create a high opportunity for
use of the immobile/weakened limb (Page, Sisto & Levine, 2002; Taub & Wolf, 1997).
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Use of the “weaker” limb has been proven to initiate reorganization of motor cortical
functioning (i.e. neuroplasticity) (Hurley & Davis, 2011; Page, Sisto & Levine, 2002;
Schaecter, et al., 2002). The gain in attention and success of CIMT helped introduce the
idea that the theory of constraint can also be applied to increase auditory processing of
language in PWAs by adopting the same rationale (Breier, Maher, Castillo, Novak &
Papanicolaou, 2006; Maher, et al., 2006). Thus, CIAT is performed by using a dichotic
listening task, in which one ear (contralateral to the lesion) is required to perform an
action independent of its counterpart, forcing the activation of auditory processing within
the damaged side of the brain. By using CIAT with PWAs, damaged aspects of central
processing can be strengthened, thereby increasing overall language processing
capabilities (Hurley & Davis, 2011).
A limited number of single case studies have been performed to examine the
effectiveness of CIAT on PWAs. Hurley and Davis (2011) determined that the use of
CIAT in persons who had experienced cerebrovascular accidents (CVA), including a
woman with Broca's aphasia, demonstrated increased dichotic listening ability, increased
subjective hearing abilities, and increased electrophysiological performance. These
findings indicate increased neuroplasticity in the area of auditory processing. In an
unpublished case study by Weihing and Musiek (2012), the authors observed increases in
auditory functions in a person with Broca’s aphasia when the PWA was trained using
dichotic listening tasks similar to those presented in CIAT. This limited evidence is
largely insubstantial and does not support the overall effectiveness of CIAT in PWAs.
Therefore, further research is necessary to determine the effectiveness of the CIAT
program when used with PWAs.
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Traditional Cognitive-Linguistic Therapy
While the implications of CIAT in PWAs is yet to be determined, traditional
cognitive-linguistic therapies have demonstrated success in increasing overall language
outcomes in PWAs. In individuals with Broca’s aphasia, language expression is the most
prominently affected function. Speech may appear agrammatic in nature, with mainly
content words and limited function words (e.g. grammatical words and tense, person,
number, gender, inflectional affixes etc.). This is typically due to difficulty in accessing
the grammatical framework into which the selected words need to be fit into, and also
because of impaired use of function words (Sarno, 1998). PWAs with agrammatism may
also have difficulty in producing fluent speech due to difficulties in accessing and
retrieving words from the semantic-lexical system in the brain. If brain damage affects
the ability to access semantic information or word meaning, actual words cannot be
formed and subsequently expressed. This damage can extend to all parts of speech,
including nouns and verbs, and affects PWAs’ ability to speak at both the word and
sentence level, hence the production of agrammatic speech.
Strengthening the semantic-lexical retrieval system through direct mapping of
semantic features has been extensively studied in PWAs. Yet, until recently, there was
limited evidence to support the generalization of semantic-lexical retrieval tasks to
untrained items (Edmonds, Nadeau, & Kiran, 2009). Presently, Verb Network
Strengthening Treatment (VNeST) (Edmonds, 2014) is one of the treatment methods
currently used to increase retrieval of words by strengthening access to semantic level
representations. According to Edmonds (2014), “VNeST is based on theories of event
memory that conceive of neurological networks of verbs and related nouns (i.e., verb
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networks) that ‘wire’ together through use and world knowledge” (pg. 78). In these
networks, the nouns serve as thematic roles in their relation to verbs with regards to who
is performing the verb (agent), who the action is being performed on (patient), the
location, and the means by which the action is being performed (e.g. The baker (agent) is
stirring (verb) cake mix (patient) in the kitchen (location) with a spoon (instrument).
Previous research has suggested that there exists a neural relationship between verbs and
their thematic roles, in which activation of verbs facilitates the activations of thematic
roles and vice versa. This same co-activation also applies to activation of locations and
instruments in the brain (Edmonds, 2014). The VNeST protocol requires the production
of a variety of sentences (agent + verb + patient + location + instrument) as they relate to
trained verbs. In theory, VNeST creates the activation of neural networks using trained
verbs which generalizes by extending to untrained neurological networks. Thus, therapy
using VNeST is designed to promote the use of increased number of words in PWAs, and
thereby increasing communication skills (Edmonds, 2014).
Although VNeST are still in its infancy, research outcomes regarding efficacy of
treatment is promising. Edmonds, Nadeau and Kiran (2009) provided treatment to four
participants with aphasia. Results revealed generalization (i.e. transfer of acquired skill)
of retrieval of content words at the sentence level for both trained and untrained verbs in
all participants. Generalization was also observed across a variety of tasks and through
conversational speech measures in three out of four participants. Extending these
findings, Edmonds and Babb (2011) sought to determine the effectiveness of VNeST in
persons with more involved forms of aphasia (moderate-severe) using two participants
with aphasia quotients in the range of 35-45 on the Western Aphasia Battery. The results

15
of this study also showed increased performance on generalization measures and
functional communication measures for both participants after VNeST. While
improvements were not as significant as seen in participants with more moderate aphasia
quotients, findings still revealed VNeST can improve direct language functions, and
functional outcomes in persons with more severe aphasia types. Similarly, replicating the
study using VNeST in eleven PWAs, Edmonds, Mammino and Ojeda (2014)
demonstrated improved sentence and discourse level production tasks after exposure to
VNeST and generalization of untrained verbs in sentences through increased lexical
retrieval (both specific and generalized). These findings provided further evidence to the
effectiveness of the treatment method.
Statement of Purpose
Traditional cognitive-linguistic therapies have demonstrated successful
strengthening of the semantic-lexical retrieval system through direct mapping of semantic
features in persons with aphasia (PWAs) (Davis & Thompson, 2005; Edmonds, 2014;
Edmonds, Nadeau & Kiran, 2009). Auditory processing is implicitly addressed in such
treatments, as most practice tasks involve an auditory-verbal modality. However,
currently there is limited research evidence for explicit training of auditory processing
and its effects on lexical processing. Yet, one explicit auditory program, Constraint
Induced Auditory Therapy (CIAT), has demonstrated the ability to strengthen auditory
processing in some PWAs; although evidence is limited (Hurley & Davis, 2011).
Furthermore, there are no known studies that illustrate the combined effects of cognitivelinguistic treatment (such as VNeST) and explicit training of auditory processes (such as
CIAT) on lexical retrieval and overall language ability. Therefore, the following study
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was undertaken with the objective of determining the differences in treatment and
functional communication outcomes in a PWA under two conditions:
1.

Cognitive-linguistic therapy (VNeST) in combination with Constraint

Induced Auditory Therapy (CIAT) and
2.

Cognitive-linguistic therapy (VNeST) in isolation

The following null hypothesis was targeted: It is hypothesized that the use of
VNeST in combination with CIAT will yield no significant gains in lexical retrieval and
overall communication, as compared to VNeST treatment alone.
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Chapter II: METHODOLOGY
The primary objective of this study was to examine the differences in treatment
and functional communication outcomes in a PWA under two conditions: (1) Cognitivelinguistic therapy (VNeST) provided in combination with Constraint Induced Auditory
Therapy (CIAT) and (2) Cognitive-linguistic therapy (VNeST) carried out in isolation.
Based on the results of previous studies the following null hypothesis was targeted: It was
hypothesized that the use of VNeST in combination with CIAT will yield no significant
gains in lexical retrieval and overall communication, as compared to VNeST treatment
alone.
Subject
The participant of this study was a 72 year-old female stroke survivor with
aphasia. Prior to her stroke, the participant was a college graduate and pilot. According to
her medical records, she suffered from a left cerebrovascular accident in 2012, resulting
in expressive aphasia and right upper extremity weakness. The participant’s chronic
aphasia condition was beyond the period of spontaneous recovery, which typically occurs
during the first six months after a stroke. This ensures that any progress following
therapy is the direct result of speech-language intervention and not simply due to
spontaneous recovery that might occur following any kind of brain damage (Basso,
1992). She had also received therapy services at a university Speech-Language and
Hearing Clinic for six months prior to the onset of this study and had reportedly reached a
plateau in her language recovery.
At the start of this study, the participant demonstrated characteristics most
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typically associated with moderate Broca’s aphasia including agrammatism with one
word stereotyped utterances (e.g. “yeah”, “oh”, “no”), and a moderate degree of auditory
comprehension difficulty on the revised Western Aphasia Battery (WAB-R, Kertesz,
2006). A hearing examination was conducted at the beginning of the study. Results
revealed normal hearing, binaurally at 250 Hz and 500Hz and a mild to moderatelysevere binaural sensorineural hearing loss from 1000 Hz to 8000Hz. Additionally, the
participant presented with mild hearing loss (25-41 dB) at 1000 Hz and 2000 Hz,
moderate hearing loss (41-55 dB) at 4000 Hz, and moderately- severe hearing loss (55-70
dB) at 8000 Hz. The participant regularly wore hearing amplification device that was
checked prior to each treatment session.
The participant demonstrated a high degree of motivation to continue speechlanguage therapy and maintained the full support and cooperation of her family. Prior to
the start of the study, clearance for research was obtained from the Institutional Review
Board (IRB; see Appendix A for IRB approval). Also, the participant and the
participant’s power of attorney (POA) received a detailed account of the study procedure
and explanation of therapy in writing. An informed consent was obtained from the
participant’s POA prior to the start of the study.
Experimental Design
The present study utilized a single-case study with multiple-baselines-acrossbehavior design. While a single-case study design makes it difficult to generalize its
research results, replication of single-case studies can be vital in a behavioral discipline
such as Communication Sciences and Disorders, as the communication deficits resulting
from brain injury can vary from one patient to the next (Robey & Schultz, 1998).
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Additionally, systematically studying the outcomes of therapy on a case-by-case basis
can contribute to broader generalization and increased external validity when such results
are subjected to further examination under the lens of meta-analyses (Byiers, Reichle, &
Symons, 2012).
The current study lasted 22 weeks and treatment was performed over three 5week blocks. The first block of treatment included both CIAT and VNeST. During the
second block of treatment, the CIAT was withdrawn and only VNeST was conducted.
During the third block of treatment, the CIAT was reintroduced and performed along
with VNeST. Before and after each block of therapy, detailed assessments were carried
out using both standardized and criterion-referenced measures. In addition, a baseline of
the participant’s naming ability on lists of 50 action words was determined before the
start of therapy and after each treatment block in order to determine treatment progress.
After each block of treatment, a two-week resting period was provided before starting the
next treatment block in order to minimize interaction effects and also to provide respite
for the participant.
Therapy in each block was administered for 1.0 to 1.5 hours per day, two days per
week. This length of treatment was chosen in order to maximize therapy effectiveness.
Numerous studies have demonstrated that treatment in excess of two hours per week
produces better outcomes (Bhogal, Teasell, & Speechley, 2003; Robey, 1998).
Throughout the course of the study, VNeST was performed in one-hour segments and
CIAT was performed in approximately half hour sessions (one rotation of all stimuli
pairs). Thus, Blocks 1 and 3 of treatment consisted of 1.5 hour sessions twice per week
for five weeks (combination of CIAT and VNeST) and Block 2 of treatment consisted of
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one-hour sessions twice per week for five weeks (only VNeST). The order of VNeST and
CIAT was alternated every other session during Block 1 and Block 3 of treatment to
prevent any order effects within therapy sessions.
Standardized Assessments
Standardized measures were administered before and after each treatment block in
order to quantify the exact nature and severity of the participant’s language impairments.
These assessments included the Western Aphasia Battery- Revised (WAB-R) (Kertesz,
2006) and the Verb and Sentence Test (VAST) (Bastiaanse & Edwards, 2002). Results of
these assessments are listed in Table 1.
The WAB-R is a modality-based test that evaluates expressive and receptive
language functions and measures impairment severities in PWAs. Outcomes can be
quantified and categorized to provide information pertinent for diagnosis of aphasia and
to determine the nature of treatment progress. Four subtests in the areas of Spontaneous
Speech, Auditory Comprehension, Repetition and Naming were administered to measure
the aphasia quotient (AQ), which is a composite score of the primary language modality
functions. The WAB-R has demonstrated strong reliability and validity including high
test-retest reliability, temporal reliability and inter- and intra-judge reliability.
Additionally, it has demonstrated strong content, face and construct validity (Shewan &
Kertesz, 1980).
The VAST was administered to determine the participant’s syntactic processing
abilities of action words at both the word and sentence level. According to Bastiaanse,
Edwards, Mass, & Rispens (2003), the VAST can be considered as a complimentary tool
to assessments such as the WAB-R. The VAST is designed to supplement the
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identification of specific components associated with syntactic errors in PWA. The
theoretical framework for the VAST is derived from three underlying processes
associated with the successful comprehension and production of sentences. According to
Schwartz, Fink and Saffran (1995) (as cited in Bastiaanse, Edwards, Mass, & Rispens,
2003), these three processes include, “1) recognizing or retrieving the verb with all of the
information regarding meaning, associated thematic roles, and argument structure; 2)
forming a grammatical structure; and 3) mapping the grammatical roles onto the semantic
roles,” (p. 51). For the purpose of this study, the following subtests were administered:
action naming, verb comprehension, and sentence comprehension.
Criterion-Referenced/Functional Measures
Criterion-referenced measures provide qualitative information on skill levels and
improvements overtime with therapy in PWAs as compared to their own baseline
performances. While not having the advantage of comparing information to peer groups,
as performed in norm-referenced measures, criterion-referenced measures allow the
participants’ communication abilities to be analyzed within the context of broad-based
skill measures such as discourse or conversation abilities in different contexts.
Language samples of several discourse types were collected before and after each
block of treatment to examine the participant’s verbal expression skills as the study
progressed. Samples were collected at four different times throughout the treatment, and
included procedural discourse, narrative discourse, and picture description samples. All
language samples were collected according to the guidelines outlined by Nicholas and
Brookshire (1993). The picture description sample was collected using a picture scene
from the WAB-R. All discourse samples were recorded, timed and transcribed before the
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analysis. The discourse measures were used to determine the efficiency and quality of
information relayed during spontaneous speech acts. Efficiency and the quality of
information provided during the language sample were measured through number of
words, word per minute, number of correct information units (CIUs), CIUs per minute
and percent CIUs. CIUs are words that are considered to be “accurate, relevant and
informative relative to the eliciting stimuli. Words did not have to be used in a
grammatically accurate manner to be counted as CIUs” (Nicholas and Brookshire, 1993,
p. 36). CIUs, percent CIUs and CIUs per minute provide the researchers with an
understanding of the amount of words that are relevant and appropriate to the given
topic/context and the rate at which the participant relays this information. In a broader
sense, information gained from CIUs provides an understanding of how well the
participant communicates ideas at a conversational level at any given time over the
course of the study.
In order to subjectively assess the participant’s own perceptions and feelings
regarding her ability to communicate, the Communication Effectiveness Index (CETI)
(Lomas, et al., 1989) was administered. This self-assessment measured any potential
changes in the participant’s functional use of communication over the course of therapy.
The CETI includes sixteen questions designed to pinpoint a variety of communication
situations and settings in which the PWA may or may not struggle to communicate. The
original sliding scale model requires the participant to mark an “X” along a line from
“Not at all able” to “As able as before stroke”. For the purpose of this study, this sliding
scale was partitioned into 5 equal segments, which included (1): “Not at able to”, (2) “A
little”, (3) “Some”, (4) “A lot”, and (5): “As able as before stroke”, in order to quantify

23
the results. The CETI was administered before the study began and after each block of
treatment to determine the participant’s perceptions of functional communication
abilities.
Experimental Stimuli
Experimental Stimuli: CIAT
Explicit auditory training was conducted through the use of “dichotic words”
portion of the Constraint Induced Auditory Therapy (CIAT) (Hurley and Davis, 2011).
The program’s dichotic listening training forms and tracks were used to conduct therapy
and record the data. The “dichotic words” portion consists of 100 pairs of words
organized into four categories. These categories include related words, antonyms,
spondees and unrelated words. Each category includes 25 pairs of words as stimuli for
the program. One word from each pair of stimuli is presented to either the left or right
ear. See Appendix C for CIAT dichotic words list. Each category of stimuli is organized
in subsequent order on CD-ROM on separate tracks. During each track, a reader
introduces the category of stimuli (e.g. spondees). Then, each pair of words is projected
into headphones, one word into the right phone and one into the left phone (e.g. left ear:
hot; right ear: dog). The participant was asked to repeat stimuli presented only in the right
ear. Approximately three seconds of silence was provided between the presentations of
each word pair.
Experimental Stimuli: Verb Stimuli
Cognitive-linguistic therapy, performed using Verb Network Strengthening
Treatment (VNeST) utilized a total of 50 verbs. These verbs were evenly distributed into
five lists of 10 verbs each. Three verb lists, L1, L2, and L3, were used as treatment lists
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during the three blocks – blocks 1, 2 and 3 – of VNeST therapy, respectively. List four
(L4) was used as a probe list and list five (L5) was used as a generalization list to
determine transfer effects of therapy to untreated verbs. None of the treatment verbs in
the five lists matched the verbs on the VAST assessment. This caution was exercised to
safeguard the integrity of the test by preventing teaching of test items. Colored action
pictures were used to elicit the target verbs during both baseline measurements and while
performing the VNeST training. See Appendix D for a complete list of verbs, and sample
action pictures.
Treatment
Treatment: CIAT
Each CIAT session was administered using a CD player and a pair of headphones.
In order to ensure consistency of therapy procedure and eliminate unwarranted variables,
the same pair of headphones were used during each session. This pair of headphones was
tested for appropriate functioning prior to each use by the student researcher, whose
hearing thresholds are within normal limits. In order to ensure presentation of appropriate
and consistent intensity of stimuli during CIAT, maximum intensity was used and the
participant rated the volume as consistently comfortable. The participant did not use her
hearing amplification device during CIAT sessions. During each treatment session, the
participant was required to repeat auditory stimulus presented in the right ear
(contralateral to the site of lesion), while disregarding a simultaneous presentation of a
different auditory stimulus in the left ear. Successful completion of this procedure
required the participant to perform the following process: determine each stimuli,
differentiate the location of each stimuli (i.e. which stimuli was presented to which ear),
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suppress information presented in the left ear, and verbally repeat the stimulus from the
right ear. One complete therapy session involved verbal repetitions of one whole track of
100 word pairs of stimuli.
Treatment: VNeST
Throughout this study, the VNeST treatment protocol remained the same across
all three treatment blocks. Each session of treatment began with the task of naming all ten
action pictures from the appropriate treatment list. A maximum of twenty seconds was
allowed for the naming of each verb. The naming response was considered correct when
naming the action pictures correctly with no cues or prompts. Irrespective of the accuracy
of the naming response, the VNeST treatment protocol was implemented using the verbs
from the same list of ten words. Training of verbs in Block 1 began with L1. During
every treatment session, the verbs used for training were selected randomly using an
online random number generator. When the participant was able to successfully name
80% (8 out of ten verbs) of the verbs from L1 correctly over three consecutive sessions,
L1 was discontinued and treatment began with L2 verbs. Subsequently, this same
procedure was repeated for the entirety of the study. Training of verbs proceeded using
the VNeST protocol. Once a verb was randomly selected for the training protocol, the
participant was required to name the verb in an action picture. A picture of an individual
performing the verb was used to elicit a response from the participant.
Next, the researcher used cue cards labeled “who” and “what” to aid in the
elicitation of four three-part sentences including an agent (i.e. who), action (i.e. verb
currently in use) and patient (i.e. what) related to the verb and its target thematic roles.
For example, the use of the verb “grow” may be used to elicit the response “farmer grows
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corn” or “gardener grows flowers”. A cueing hierarchy, outlined in Edmonds (2014), was
used to consistently retrieve target responses from the participant. After the creation of
four sentences, the participant was required to read aloud all sentences. Independent
reading of each sentence was encouraged. However, when necessary, choral reading (i.e.
researcher and participant reading together at the same time) and repetition were used for
the purpose of increasing fluency.
After the development of four three-part sentences, one sentence was selected to
expand on wh-questions “where”, “when”, and “why” (e.g. Farmer grows corn; where:
on farm; when: in summer; why: to sell). When the participant did not provide accurate
spontaneous responses, she was given cues on a hierarchical basis and helped to verbally
produce a correct response. Then, the participant was required to verbally repeat all whquestions in sentence form in combination with the original three-part sentence (agentaction-patient) using the previously selected and written down choices (e.g. “Farmer
grows corn on the farm, in summer, to sell”).
Next, the participant was asked to judge the semantic accuracy of twelve binary
questions based on the four sentences that were created using the target verb. The
participant was provided each sentence verbally and required to judge whether or not the
sentence was meaningful based on the context, giving a “yes” or “no” response. All
sixteen agents and patients were used in random combination to create three-part
sentences for this task. For instance, given the following examples: “Farmer grows corn”
and “Baker bakes cake”, semantic judgements may consist of the following sentences,
“Farmer grows corn”, “Farmer grows cake”, “Cake grows baker”, and “Baker grows
corn”. When the participant gave incorrect responses, the researcher provided verbal
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feedback and explanation to correct the semantic judgment errors.
During the next step of the VNeST protocol, all materials were removed and the
participant was asked to again name the assigned verb. However, no visuals were used to
prompt or cue the participant at this last step. Regardless of the level of success of verb
naming during this stage, therapy proceeded to the final step after the participant was
unsuccessful in renaming the assigned verb.
The last step of the protocol required the participant to independently restate each
of the original four sentences with no prompts or cues. As soon as the participant was
unable to independently name each agent-action-patient triad, the task was terminated for
that verb, and the VNeST protocol was started with a new verb in that session.
The variability in the number of cycles completed was contingent upon the
participant’s familiarity with the VNeST process. Initially, the participant was able to
complete one to two verbs per treatment session. However, as treatment progressed, skills
improved, and familiarity increased, the participant was able to complete three to four
verb cycles per treatment session.
Probes and Generalization
During each block of treatment, naming of verbs on L4 was probed during the
middle of the treatment blocks to determine if there were any generalization effects of
VNeST and CIAT on naming of untreated verbs, as L4 was not used as a treatment list.
Furthermore, as a means of ruling out the effects of any possible practice of L4 stimuli
through repeated exposure over the entire duration of the treatment, an additional
generalization list, L5, was administered only before and after the first and last treatment
blocks respectively to determine generalization effects.
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In summary, this study included CIAT and VNeST treatments that were provided
in three, 5-week blocks, with washout periods between each block. CIAT and VNeST
were used in the first and third blocks and VNeST was used in isolation during the
second block. Standardized and criterion-referenced assessment measures were
administered before and after each treatment block. Finally, five lists of 10 verbs were
used during the entire treatment period. Three separate treated lists were used in the
VNeST treatment. A fourth list of untreated verbs was used as a probe measure,
administered at every fifth session of treatment in each treatment block. Lastly, a fifth list
of untreated verbs was used as a generalization list, administered at the end of each
treatment block. All responses were recorded and analyzed for accuracy. These are
detailed in the results section.
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Chapter III: RESULTS
The primary objective of the current study was to examine the differences in
treatment and functional communication outcomes in a PWA under two conditions:
1.

Cognitive-linguistic therapy (VNeST) in combination with Constraint

Induced Auditory Therapy (CIAT) and
2.

Cognitive-linguistic therapy (VNeST) in isolation

The following null hypothesis was targeted: It is hypothesized that the use of
VNeST in combination with CIAT will yield no significant gains in lexical retrieval and
overall communication, as compared to VNeST treatment alone.
Treatment was provided in three blocks for 10-15 hours per treatment block.
Cognitive-linguistic therapy, using VNeST, was administered during all three blocks of
treatment for one hour, two times per week for five weeks per block. Explicit auditory
training, using CIAT, was administered during blocks 1 and 3 of treatment for 30
minutes, twice per week for five weeks per block. Results, including standardized
assessments, criterion-referenced assessments and treatment outcomes, are described in
detail.
Standardized Assessment Measures
In order to quantify the exact nature and severity of the participant’s language
impairments, and participant’s progress following therapy, standardized measures were
administered before and after each treatment block. All standardized assessment results
are shown in Tables 1, 2, and 3.
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Table 1
Results from the WAB-R
Pre-/PostBlock 1

Pre-/PostBlock 2

Pre-/PostBlock 3

Pre-/PostTherapy (overall)

Spontaneous
Speech
Comprehension
Repetition

8/10(0.523)

10/11(0.751)

11/12(0.749)

8/12(0.197)

163/166(0.695)

166/184(0.006)

184/185(0.852)

163/185(0.001)

62/77(0.020)

77/72(0.417)

72/95(0.000)

62/95(0.000)

Naming

68/56(0.078)

56/63(0.312)

63/75(0.064)

68/75(0.271)

WAB-R*

Aphasia
63.2/67.4(4.2)
58.3/63.2(4.9)
67.4/76.5(9.1)
58.3/76.5(18.2)
Quotient
(AQ)
*Highlighted in red indicates a p-value of ≤.05. Highlighted in blue indicates a p-value
of ≤.10.

Table 2
Results from the VAST Sentence Comprehension Subtest
VAST
Subtest:

Pre-/PostBlock 1

Pre-/PostBlock 2

Pre-/PostBlock 3

Sentence
Comprehe
n-sion
Canonical:

25/31(0.067)

1/34(0.159)

4/32(0.736)

Pre-/PostMaintenTherapy
ance
(overall)
5/32(0.026) 32/32(0.5)

15/18(0.042)

8/17(0.718)

7/18(0.282)

5/18(0.041) 8/17(.841)

Actives

8/9(0.500)

9/8(0.841)

8/9(0.159)

8/9(0.159)

9/9(0.5)

SubjectClefts

7/9(0.079)

9/9(0.500)

9/9(0.500)

7/9(0.077)

9/8(0.841)

NonCanonical:
Passive

10/13(0.203)

13/17(0.051)

17/14(0.871)

4/6(0.207)

6/9(0.042)

9/7(0.718)

10/14(0.10
3)
4/7(0.090)

14/15(0.35
3)
7/7(0.5)

Object6/7(0.353)
7/8(0.282)
8/7(0.841)
6/7(0.327) 7/8(.282)
Clefts
*Highlighted in red indicates a p-value of ≤.05. Highlighted in blue indicates a p-value of
≤.10.
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Table 3
Results from the VAST Verb Comprehension/Action Naming Subtests
Maintenance

Verb Comprehension:

Pre-/Post-therapy
(overall)
25/31 (0.067)

High Frequency

10/14 (0.078)

14/15(0.5)

Low Frequency

15/17 (0.239)

17/17(0.5)

Transitive

15/17 (0.282)

17/19(0.327)

Intransitive

9/13 (0.023)

13/12(0.841)

Named Related

4/9 (0.03)

9/8(0.718)

Non-Name Related

21/22 (0.5)

22/23(0.282)

Action Naming:

12/25 (0.004)

25/31(0.016)

High Frequency

7/12 (0.047)

12/16(0.023)

Low Frequency

5/11 (0.5)

11/15(0.103)

Transitive

6/14(0.016)

14/22(0.010)

Intransitive

6/9 (0.041)

9/9(0.5)

Named Related

6/12 (0.017)

12/12(0.5)

Non-Name Related

6/11 (0.048)

11/19(0.002)

VAST Subtest

31/31(0.5)

*Highlighted in red indicates a p-value of ≤.05. Highlighted in blue indicates a pvalue of ≤.10.

Standard Assessment Measures: WAB-R
The WAB-R was administered as a means of quantifying the type and severity of
aphasia demonstrated by the participant. Assessment included the following subtests:
Spontaneous Speech, Comprehension, Repetition, and Naming. See Table 1 for results.
Based on the pre-therapy assessment results, the participant demonstrated characteristics
of Broca’s aphasia- the prototype of expressive aphasia. The calculated aphasia quotient
was 58.3, placing the participant in the moderate category of severity (Kertesz, 2006).
Most notably, the participant demonstrated deficits in spontaneous speech, scoring an ‘8’
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out of ‘20’. Spontaneous speech includes both fluency and information content measures.
Information content was rated a score of ‘2’. Fluency, grammatical competence, and
paraphasias were rated as a ‘6’. According to the WAB-R scoring system, the
participant’s speech was characterized as effortful and hesitant, consisting mostly of
single words with frequent paraphasias (Kertesz, 2006). It is important to note that the
participant’s performance on the WAB-R remained stable since the previous assessment
eight months ago, prior to the onset of this study. The participant’s AQ score of 58.3 at
the start of the study was identical to her AQ score eight months ago, demonstrating a
plateau in the aphasia severity.
Standard Assessment Measures: VAST
Pre-therapy administration of the VAST included action naming, verb
comprehension, and sentence comprehension subtests. On the sentence comprehension
subtest, the participant achieved a total score of 62.5% accuracy. Canonical sentences
were more accurately comprehended (75%) than non-canonical sentences (50%). Active
sentences (80%) were comprehended twice as much as passive sentences (40%). When
comparing subject clefts to object clefts, the participant’s scores were relatively similar
(70% and 60%, respectively).
On the verb comprehension subtest, the participant achieved a total score of
62.5% in accuracy. Low frequency verbs (65%) were comprehended 6% more than high
frequency verbs (59%), although the difficulty in these two areas is relatively
comparable. Additionally, the participant was observed to comprehend transitive and
intransitive verbs at 56% and 69%, respectively. The participant was most successful in
comprehending non-name related verbs (72%). Name-related verbs were comprehended
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less successfully (36%). Name-related verbs have high imageability (e.g. skateboarding,
peeling, raking) and non-name related verbs are more abstract in nature (e.g. poking,
patting).
On the action-naming subtest, the participant accurately named 30% of the verbs
correctly. High frequency verbs (39%) were more readily named than low frequency
verbs (24%). Intransitive verbs (55%) were named with approximately twice the accuracy
of transitive verbs (21%). Lastly, name related (22%) and non-name related (28%)
yielded relatively similar results.
In summary, at the onset of this study, the participant’s relative strengths included
auditory verbal comprehension on the WAB-R and comprehension of active verbs and
sentences. Comprehension of non-canonical sentences, noun and verb naming, and
repetition were areas in which she had most difficulties. Additionally, she had minimal
variation of verbal output and demonstrated overall word finding difficulties.
Block 1 Outcomes
Block 1 Outcomes: WAB-R
All subtests on the WAB-R were analyzed using a test of two proportions.
Statistical significance was measured at values of p≤0.05 and p≤0.10. Following
administration of the VNeST and CIAT, the participant demonstrated increased language
abilities in the areas of spontaneous speech, comprehension, and repetition on the WABR. Specifically, statistically significant progress (p≤0.05) was seen in the area of
repetition. The participant’s overall Aphasia Quotient increased by 4.9 points. Calculated
increases of 5 points or higher are considered statistically significant in this measure
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(Katz & Wertz, 1997). Naming of objects (nouns), was the only subtest, where the
participant showed a minimal decrease from the pre-treatment scores.
Block 1 Outcomes: VAST
All subtests on the VAST were analyzed using a McNemar Chi-Squared analysis.
The overall sentence comprehension scores showed a significant change (p≤0.1) post
therapy. In particular, the canonical sentences (p< 0.05) and subject cleft sentences
(p≤0.1) showed significant changes following therapy. In summary, after Block 1 the
participant demonstrated significant increases in repetition ability and comprehension of
canonical and subject cleft sentences.
Block 2 Outcomes
Block 2 Outcomes: WAB-R
Following the withdrawal of CIAT and administration of VNeST treatment alone,
the participant demonstrated increased language abilities in the areas of spontaneous
speech, comprehension and naming on the WAB-R. Statistically significant progress
(p≤0.05) was seen in the area of comprehension. While improvements were observed in
the participant’s overall aphasia quotient, the changes were not statistically significant.
Repetition ability showed no progress; in fact the scores decreased minimally by the end
of block 2.
Block 2 Outcomes: VAST
There were no statistically significant differences in the overall sentence
comprehension subtest. However, positive changes were noted in the non-canonical and
passive sentence sections, which were statistically significant (p≤0.05).
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In summary, after Block 2, the participant demonstrated improved auditory verbal
comprehension and naming abilities. She also made significant gains in comprehension
of more complex non-canonical and passive sentence types. Further, she demonstrated an
increased ability to name nouns. However repetition, which had improved significantly
after Block 1, showed no gains.
Block 3 Outcomes
Block 3 Outcomes: WAB-R
CIAT was re-introduced again in Block 3. Following both CIAT and VNeST
treatments, the participant demonstrated increased language abilities in all of the areas of
the WAB-R (i.e. spontaneous speech, comprehension, repetition and naming).
Statistically significant increases were seen in the area of repetition (p≤0.05) and naming
(p≤0.1). Additionally, statistically significant improvements were seen in the overall
Aphasia Quotient, which increased by 9.1 points as compared to Block 1 and Block 2
outcomes.
Block 3 Outcomes: VAST
While some increases in the number of correct responses were observed, no
statistically significant increases were made in any sub sections of the sentence
comprehension subtest. In summary, after Block 3, the participant demonstrated the
greatest increases in naming of nouns and repetition, without any changes in the
cognitive-linguistic test results.
Overall Pre-/Post-Treatment Outcomes
Overall Pre-/Post-Treatment Outcomes: WAB-R
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Overall, the participant demonstrated increased language functions in each
modality function on the WAB-R. Statistically significant increases (p≤.05) were
observed in the areas of comprehension and repetition. Additionally, the participant’s
overall aphasia quotient demonstrated statistically significant increases, improving by
18.2 points over the entire therapy process.
Overall Pre-/Post-Treatment Outcomes: VAST
For the sentence comprehension subtest, significant change (p≤0.05) was
demonstrated on the overall subtest and specifically in the areas of canonical sentences.
Less significant change (p≤0.1) was noted for canonical subject-cleft sentences and noncanonical passive sentences. For the verb comprehension subtest, significant change
(p≤0.05) was observed on the overall subtest and specifically in the areas of intransitive
verbs and name related verbs. Less significant change (p≤0.1) was noted for overall verb
comprehension and high frequency verbs. For the action naming subtest, significant
change (p≤0.05) was demonstrated on the overall subtest and for high frequency,
transitive, intransitive, name related and not-name related verbs.
Maintenance
Three months after the third block of treatment was completed, maintenance
testing was administered to determine the nature of therapy effects over a period of
extended time. During this post-treatment time, it is important to note that the participant
attended speech-therapy services and received treatment in both a group and individual
therapy setting. Individual treatment utilized Treatment of Underlying Forms (TUF)
(Thompson & Shapiro, 2005). In total, the participant received four group therapy
sessions and six individual therapy sessions over the course of three months. The VAST
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was re-administered during the maintenance testing. On the sentence comprehension and
verb comprehension subtests, the participant maintained a similar level of function as the
post-Block 3 results. On the action naming subtest, results revealed an overall statistically
significant increase (p≤0.05) in the participant’s ability to name action verbs. More
specifically, the results reveal statistically significant increases in the participant’s ability
to name high frequency (p≤0.05), name related (p≤0.05), and not-name related action
verbs and a less significant increase (p≤0.1) in the participant’s ability to name transitive
action verbs.
Verb Treatment Outcomes
Figure 2 illustrates correct productions of verbs on the criterion lists of action
words throughout the treatment process including data collected during baseline,
treatment and post-treatment for each list in each block. List 1 was treated during
treatment Block 1. The participant reached 80% mastery over three consecutive sessions
prior to the onset of treatment Block 2. Subsequently, 80% mastery over three
consecutive sessions of List 2 was demonstrated prior to the onset of treatment Block 3.
Therefore, List 3 was treated during treatment Block 3. Treatment was terminated prior to
the completion of ten treatment sessions during Block 3 because the participant
demonstrated early mastery of 80% over three consecutive sessions.

38

List 1
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List 3

# Verbs Named
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8
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6

Treatment
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Outcomes
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Linear (Treatment)
0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 y = 0.2418x

# of sessions

Probe and Generalization
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Probe

# Verbs Named

8

Probe
Maintanence
Generalization

6
4
2
0
1

3

5

7

Generalization
Maintanence
Linear (Probe)
y = 0.158x + 2.2512
Linear
(Generalization)
9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 y = 0.1178x + 2.8621

# of sessions

Figure 2
Verb Retrieval Outcomes for Verb Lists

Using linear trend lines for treated verbs during Blocks 1, 2 and 3 of treatment,
linear equations and slope values were calculated as an indication of rate of change of
verbs named during treatment. During Block 1, treatment of List 1 produced a slope
value of 0.1143. During Block 2, treatment of List 2 produced a slope value of 0.1382.
During Block 3, treatment of List 3 produced a slope value of 0.2418.
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Table 4 shows effect size changes for each block of treatment and for overall
therapy. Highlighted are the lists that demonstrate effect size changes during each block
of treatment. Table 5 provides qualitative values for effect sizes of calculated values.
Table 4
Effect Size Changes
Treatment
Stimuli

Pre-/Post
Block 1

Pre-/Post
Block 2

Pre-/Post
Block 3

Pre-/Post
Overall

List 1

11.00*

0

0.62

13.9

List 2

1

4.04*

0.263

13.06

List 3

5.00

0

7.00*



Probe list

1.73

0.1

0.73

5.71

Gen. List

1.73

0.45

1.11

1.37

Overall

6.02

1.5

15.16

33.61

Table 5
Effect Size Value Benchmarks
Effect Size
Small
Medium
Large

4.0-6.99
7.00-9.99
>10.00

Effect size value benchmarks were selected from a refined meta-analysis of single
case studies on lexical retrieval in PWA according to Robey and Beeson (2005) as cited
in Beeson and Robey (2006). Use of ‘*’ indicates verb lists treated during a particular
block of treatment (e.g. List 1 during Block 1).
A visual analysis of treatment for Blocks 1, 2, and 3 was performed using a
“Two-standard deviation band”, also known as a “Shewart Chart” method according to
Bloom and Fisher (1982) as detailed by Nourbakhsh and Ottenbacher (1994). A two-
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standard deviation band is based on the calculation of ±2 standard deviation lines using
mean averages of baseline data pre-treatment. Standard deviations are then compared to
data points collected during and post-treatment (Nourbakhsh & Ottenbacher, 1994).
According to Gottman and Leiblum (1974), as cited in Nourbakhsh and Ottenbacher
(1994), the occurrence of two or more consecutive data points above or below ±standard
deviations indicates significant change in performance. Figure 3 illustrates the outcomes
of a two-standard deviation band performed for each block of treatment.
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Treatment Block 2
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+2 SD: 1.41
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Figure 3
Visual Analysis for Each Treatment Block
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During Block 1, significant progress is observed as demonstrated by eleven
consecutive data points falling above the two standard deviation line, thereby satisfying
the criterion for statistically significant progress. During Block 2, significant progress
was observed as demonstrated as demonstrated by ten points falling above the two
standard deviation line. During Block 3 significant progress was observed as
demonstrated by seven consecutive data points falling above the two standard deviation
line, thereby satisfying the criterion for statistically significant progress.
Criterion-Reference/Functional Measure Outcomes
Procedural discourse analysis was performed through the collection of three
discourse samples prior to the initiation of treatment. One procedural sample, one
narrative sample, and one picture description sample (from the WAB-R) were collected.
From these samples, words, words per minute, number of CIUs and percent of CIUs were
calculated and averaged from each sample. Analysis was performed according to
procedures outlined in Nicholas and Brookshire (1993). Results are outlined in Table 6.
During initial baseline assessment, the participant exhibited limited verbal output,
including limited telegraphic speech consistent with findings of moderate expressive
aphasia.
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Table 6
Correct Information Unit Discourse Analysis
Pretherapy

PostPostBlock 1 Block 2

PostBlock 3

# of Words

9

9

9

1

# of CIUs

5

10

6

19

%CIUs

89%

53%

32%

46%

Words/Minute

3.63

5.43

17.27

15.65

CIUs/Minute

2.02

2.86

5.45

7.25

# of Words

30

30

23

45

# of CIUs

6

3

6

25

%CIUs

20%

10%

26%

56%

Word/Minute

7.89

9.58

9.58

13.11

CIUs/Minute

1.58

0.96

2.50

7.29

# of Words

4

17

42

27

# of CIUs

2

13

27

16

% CIUs

50%

76%

64%

57%

Words/Minute

1.08

4.86

7.00

8.53

CIUs/Minute

0.54

3.71

4.50

4.88

Correct Information Units
Analysis
Procedural
Discourse
Sample

Narrative
Discourse
Sample

Descriptive
Discourse
Sample:
Western
Aphasia
BatteryRevised
(WAB-R)
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As a means of identifying functional changes in the participant throughout the treatment
process, the Communication Effectiveness Index (CETI) was administered a total of four times,
prior to and after the completion of each block of therapy.

Table 7
Average CETI Scores
Average Score
(out of 5)
1.66
1.91
2.31
2.62

Administration

Average Self-rated Score

Pre-therapy
Post-Block 1
Post-Block 2
Post-Block 3

CETI

5
4
3
2
1
0

1

2
3
Administration

4

Figure 4
Average CETI Scores
Results of CETI scores indicate an increase in the participant’s perceptions and
feelings regarding her ability to communicate. After each treatment block, the
participant’s average rating of her communication abilities increased by approximately
0.3 points, from 1.66 prior to treatment to 2.62 upon completion of treatment.
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Chapter IV: DISCUSSION
Traditional cognitive-linguistic therapies have demonstrated the ability to
successfully strengthen the semantic-lexical retrieval system through direct mapping of
semantic features in persons with aphasia (PWAs) (Davis & Thompson, 2005; Edmonds,
2014; Edmonds, Nadeau & Kiran, 2009). Most practice tasks used in such therapies
involve an auditory-verbal modality in which auditory processing is implicitly addressed.
Currently, limited research evidence exists for explicit training of auditory processing and
its effects on lexical processing. In the recent past, one explicit auditory program,
Constraint Induced Auditory Therapy (CIAT), has demonstrated the ability to strengthen
auditory processing in some PWAs; although the evidence is limited (Hurley & Davis,
2011). Furthermore, until now there are no known studies that illustrate the combined
effects of cognitive-linguistic treatment (such as VNeST) and explicit training of auditory
processes (such as CIAT) on lexical retrieval and overall language ability. Therefore, the
primary objective of the current study was to examine the differences in treatment and
functional communication outcomes in a PWA under two treatment conditions:
1.

Cognitive-linguistic therapy (VNeST) in combination with Constraint

Induced Auditory Therapy (CIAT) and
2.

Cognitive-linguistic therapy (VNeST) in isolation

Based on previous research findings, it was hypothesized that the use of CIAT in
combination with VNeST would yield no significant gains in lexical retrieval and overall
communication, as compared to VNeST treatment alone.
The overall results from this study yielded mixed outcomes for the CIAT and
VNeST treatment conditions leading to the rejection of the null hypothesis stated above.
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The results of the study are discussed in detail following a brief summary of the main
results.
Main Results Summary:
1.

The combined CIAT and VNeST treatment in the first block resulted in

increases in repetition and comprehension of canonical and subject cleft sentences.
2.

Withdrawal of CIAT in Block 2 demonstrated improved auditory verbal

comprehension and naming abilities. Significant gains were also made in comprehension
of more complex non-canonical and passive sentence types. Additionally, an increased
ability to name nouns was observed. However, repetition, which had improved
significantly after Block 1, showed no gains.
3.

Reintroduction of CIAT in Block 3 demonstrated the greatest increases in

naming of nouns and repetition, without any changes in the cognitive-linguistic test
results seen at the end of Block 2. Yet, significant gains were made in the overall
language functions as revealed by the increase in aphasia quotient.
The improvements observed following the first block of therapy are consistent
with previous research outcomes in literature for both CIAT and VNeST. CIAT is shown
to improve selective attention skills when used independently in therapy (Hurley &
Davis, 2011). Selective attention is known to facilitate the process of repetition (Murray,
2012). Therefore, increased selective attention skills may have facilitated increased
repetition during Block 1. Furthermore, repetition is unique from other language tasks in
that the skills of repetition does not require an intact language system at the
semantic/morphosyntatic level. See Figure 5 for the cognitive-linguistic model for spoken
language. In other words, in order to repeat, one does not necessarily need to use in-depth
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language processes that may be affected by brain injury (e.g. semantic-lexical retrieval).
However, repetition is dependent on attention and working memory, in that the PWA
needs to employ both attention and working memory skills to retain the information that
needs to be repeated. Yet, because repetition requires one to use both Wernicke’s and
Broca’s areas, facilitating increased repetition through increased attention may have
facilitated increases in other language skills by improving the system as a whole in this
participant.
Unlike repetition, linguistic processing requires more than just the networking of
Broca’s and Wernicke’s area (such as in repetition). Language processes, such as
independent language comprehension and expression, require the use of semantic-lexical
and syntax processing (see Figure 5), which rely on other language areas of the brain.
Sentence production, requiring semantic-lexical retrieval and syntax processing, has been
found to be difficult in individuals with aphasia. Verbs are the central component of
sentences (Thompson & Shapiro, 2005). Previous research has suggested that there exists
a neural networking relationship between verbs and their thematic roles, in which
activation of verbs facilitates the activations of thematic roles and vice versa (Edmonds,
2014). Since the primary objective of VNeST is to facilitate increased verbal expression
by re-establishing the role of verbs in sentences, VNeST has demonstrated to yield
positive results in lexical-semantic retrieval. Yet interestingly, the participant showed no
gains in naming on the WAB-R after Block 1. This may be attributed to the novel task of
CIAT and also to the increased cognitive load of performing two treatments together,
limiting the shared resources between the two treatments. Once CIAT was withdrawn in
Block 2, the participant was able to make significant gains in auditory comprehension
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and noticeable improvements in naming. One could argue that the withdrawal of CIAT in
Block 2 was beneficial to the language outcomes of VNeST, whereas CIAT, conducted
along with VNeST in Block 1, yielded more cognitive gains (selective attention) than
language benefits. Indeed, research has demonstrated that heightened attentional demands
during both divided and focused attention activities are more likely to decrease the
overall language performance in persons who have suffered brain damage due to the high
resource allocation demands from said tasks (Murray, 2000; Murray, 2012). Yet, after
making improvements in attentional and naming functions in Blocks 1 and 2, the
participant made significant gains in Block 3. Several speculations can be made from
these results. One may consider that it was necessary to isolate therapy in the cognitivelinguistic realm, specifically with VNeST in Block 2, in order to lay the foundation for
rapidly increasing skill acquisition during Block 3. Indeed, substantially increased
success during Block 3 was evident through the participant’s ability to name 80% of List
3 stimuli correctly prior to the completion of the targeted ten therapy sessions, resulting
in the premature termination of Block 3.
It could also be argued that CIAT in Block 1 may have also played a critical role
in developing the skills necessary for language improvements demonstrated in later
treatment blocks. Murray (2012) confirmed and expanded previous research findings that
showed a definite relationship between aphasia severity and attention deficits in PWAs.
Specifically, attention deficits, including selective attention and auditory attention, were
more profound in persons with more severe aphasia types. The use of CIAT, in which
these forms of attention are directly targeted (Hurley & Davis, 2011), may have
facilitated the improvement of language skills once attention skills improved. This was
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evident by significantly increased language skills in the outcomes of Block 3 in
comparison to Block 1 and 2. The participant showed the most significant gains after
Block 3 when compared to the aphasia quotient (AQ) outcomes after blocks 1 and 2. AQ
is computed by combining the overall increases across all subtests and an AQ increase by
five points or higher on the test is considered to be statistically significant (Katz & Wertz,
1997). This pattern of change again suggests that the use of either CIAT or VNeST in
isolation, prior to use of both therapies simultaneously, can perhaps provide a better
foundation for the increased therapy demands of more than one treatment concurrently.

Figure 5
Cognitive-Linguistic Model
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Similarly, examining the VAST results, improvements in the sentence
comprehension subtest were most notable in Block 1 and Block 2 in which multiple verb
types demonstrated statistically significant improvements. Post-Block 1 outcomes
included statistically significant improvements only on canonical sentence types (i.e.,
simple active sentences), leading to an overall improvement in the sentence
comprehension subtest as a whole. Whereas examining post-Block 2, statistically
significant outcomes mainly included non-canonical sentence types. Non-canonical
sentences involve complex linguistic processes, which are particularly impaired in PWAs
leading to agrammatism. These improvements are congruent with the fundamental
theories behind VNeST, in which the main goal is to improve the underlying processes of
verbs, which are the central components of sentences. PWAs with agrammatism are
known to have sentence level difficulties; and non-canonical sentences are particularly
difficult due to trace deletion hypothesis (Berndt, Mitchum & Wayland, 1997). Trace
Deletion Hypothesis attributes comprehension deficits in PWA to their inability to trace
syntactic representations in complex sentence forms to their place of origins in less
complex sentence forms. For example, in a passive sentence such as “the cat is chased by
the dog”, “dog” is the agent of the less complex sentence form “the dog chases the cat”.
Even though in the passive sentence “dog” is located in the object/theme position, the
brain maintains a trace of this movement from the agent position to the object/theme
position. Therefore, in the passive sentence, the meaning behind the sentence is
maintained, even though the position of the various roles are different. Thus, when an
individual attempts to comprehend more complex word orders, the syntactic formations
are traced to their original order so as to understand the complex version of the basic
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structure. PWAs, specifically Broca’s aphasia, lose the ability to trace these complex
word orders to their original locations, thus making complex sentence comprehension
much more difficult (Berndt, Mitchum, & Wayland, 1997). VNeST focuses on improving
such verb relations in sentences. Therefore, improvements in non-canonical sentence
forms seen at the end of Block 2 corroborate previous research regarding the
effectiveness of VNeST in lexical-semantic retrieval of verbs and its ability to generalize
to the use of verbs in other sentence forms (Edmonds and Babb, 2011; Edmonds,
Mammino and Ojeda, 2014; Edmonds, Nadeau and Kiran, 2009). Overall, changes across
each treatment block enhanced improvements in the sentence comprehension subtest for
every verb type (i.e. subject clefts, passives, object clefts) with the exception of active
verbs. Three month post-therapy, maintenance outcomes revealed that sentence
comprehension abilities were maintained without any attrition, indicating that the VNeST
treatment was effective.
Effectiveness of treatment was also observed through improvements in verb
comprehension that were determined only before and at the end of all blocks of
treatment. There were significant improvements on almost all types of verbs, especially
in the high frequency, intransitive and name related verb types, supporting the
effectiveness of VNeST. Three month post-therapy maintenance outcomes revealed a
maintained or minimally improved ability to comprehend verbs. Since verb
comprehension was not assessed after each block, it is difficult to indicate which one of
the two treatments (CIAT + VNeST or VNeST alone) contributed more to the
improvements in verbs. If sentence comprehension results are any indication, it is likely
that the participant would have shown more progress after Block 2. While this remains a
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speculation, the overall pre- and post- therapy results are still consistent with previous
findings regarding effectiveness of VNeST in not only improving access to verbs, but
also in maintaining lexical retrieval skills post-treatment (Edmonds, 2014; Edmond, &
Babb, 2011; Edmonds, Mammino & Ojeda, 2014; Edmonds, Nadeau, & Kiran, 2009).
Similarly, improvements in the action naming subtest of the VAST were observed
in high frequency, intransitive, name related and not-name related verb types, indicating
improvements in productions of these verb types as a result of overall treatment using
both VNeST and CIAT. Three-month post-therapy maintenance outcomes revealed
further improvements in high frequency, transitive, name related and not-name related
verbs. These results suggest that continued improvements post-treatment may be related
to CIAT and VNeST. No statistically significant increases were present in the low
frequency and intransitive verb types. However, maintained or slightly improved
outcomes were present suggesting maintained skill levels at least three months after
termination of treatment for these verb types.
In summary, the results from WAB-R and VAST indicate that VNeST in isolation
is an effective treatment tool to improve cognitive-linguistic functioning, such as auditory
comprehension of verbs and sentences, and lexical-semantic functions, whereas, CIAT
may be effective in improving language modalities such as repetition. Combining the two
treatments without any prior therapy in which the individual treatments are utilized
independently, may not be effective. However, once the participant makes initial gains on
VNeST, the addition of CIAT appears to boost the recovery time in which cognitivelinguistic gains are made. Conclusions drawn from standardized test scores are further
corroborated by improvements made on the treated items during VNeST, discourse
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outcomes and results of the Communication Effectiveness Index (CETI) self-rating
questionnaire collected before and after each block.
The present study was designed such that the VNeST therapy is a constant
variable being provided throughout all three treatment blocks. Therefore, the effects of
the introduction, withdrawal and reintroduction of CIAT can be determined not only by
examining standardized assessment, but also by observing any changes in the treatment
outcomes that are directly related to VNeST. Examination of the acquisition of trained
verb lists via calculation of effect size changes yielded a slightly different pattern of
change than that demonstrated in standardized assessment results. While linguistic
improvements were most significant after Block 2 with VNeST therapy, the treated verbs
showed maximum magnitude of changes after Blocks 1 and 3 when CIAT was
introduced with VNeST. Effect size changes include 11.00 (large), 4.04 (small) and 7.00
(medium) for Blocks 1, 2, and 3, respectively. It is possible that working on selective
attention using CIAT along with VNeST could be beneficial to the participant in making
gains on treated stimuli. Perhaps the increased auditory attention process could have
helped the PWA to process the roles of verbs during the treatment, leading to better gains
in Blocks 1 and 3. Yet, it is noteworthy that in all three treatment blocks there were
definitive small-large effect size changes in the ability of the participant to name the
trained verbs, affirming the effectiveness of VNeST treatment approach. Previous studies
on VNeST have been shown to positively impact language processing, specifically at the
semantic-lexical level (Edmonds and Babb, 2011; Edmonds, Mammino and Ojeda, 2014;
Edmonds, Nadeau and Kiran, 2009).
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A similar influence of CIAT on VNeST training can also be seen in the rate and
amount of recovery of trained verbs in each block. A visual inspection of the treatment
outcomes after each block of treatment showed statistically significant changes during all
treatment blocks, with the greatest number of accuracy points in Blocks 1 (11 points) and
2 (10 points) above the two standard deviation line, with slightly less points in Block 3 (7
points). However, Block 3 also demonstrated a significantly fast rate of verb acquisition
by the participant, which lead to early termination of treatment as the participant reached
the 80% accuracy criterion.
Further support of the resource allocation theory is also evident in the calculated
linear slope equations for each treated verb list. Results indicate a minimal increase in
slope from Block 1 to Block 2. However, during Block 3, the progression slope rapidly
increases. This increase in the participant’s ability to name verbs specifically during and
after Block 3 of treatment is further evidence of the limitation of initially providing both
CIAT and VNeST treatment. Limited, but positive results during Block 1 and Block 2,
and exceptionally accelerated outcomes during Block 3, suggests that while the
participant benefitted from the combined treatment approach during Block 1, foundation
work laid during Block 2 accelerated the effects of combined treatment in Block 3. These
results reaffirm the pattern of outcomes observed on the WAB-R assessments outlined
above.
The administration of the CETI provided the opportunity to assess how the
participant’s functional communication changed as treatment progressed. While no
notable changes in CETI scores were observed when comparing treatment Blocks, a
steady increase in the participant’s average self-rating of communication skills was
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observed as therapy progressed. These outcomes suggest a positive change in the
participant’s self-confidence in communicating as a result of VNeST and CIAT, in
general. Anecdotally, the researchers observed the participant’s participation increase as
she communicated with others more frequently, initiated more conversation, and
attempted to verbally communicate complex ideas. During subsequent group therapy
sessions, the participant was observed to engage more actively and demonstrated an
increased effort to communicate with others. These results were also supported by the
gains that the participant made in spontaneous speech and discourse samples.
In the spontaneous speech section on the WAB-R, while no statistically
significant changes were noted from treatment block to treatment block, an overall
positive increase was observed. This suggests that overall, therapy had a positive impact
on the depth and breadth of the participant’s conversation content and fluency. These
findings can also be corroborated by discourse samples collected and analyzed according
to Nicholas and Brookshire (1993). The participant demonstrated progressively positive
changes in words per minute and CIUs per minute suggesting increased fluency and
ability to more readily access relevant content during conversation after completion of
this study.
Conclusion
The current single case study explored the potential use of explicit auditory
training in facilitating increased outcomes in cognitive-linguistic skills when coupled
with traditional cognitive-linguistic therapy. Several trends in results emerged, which can
be summarized as follows:
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1.

VNeST therapy was effective in bringing about significant gains in word

and sentence level expression and comprehension in the participant with moderate
aphasia and agrammatism.
2.

The use of CIAT facilitated improved language modality skills, such as

repetition.
3.

The introduction of CIAT as a supplement to VNeST was most effective

after initial gains in cognitive-linguistic skills were made through the VNeST treatment.
The use of VNeST in isolation demonstrated a greater impact on cognitivelinguistic processing, whereas VNeST in combination with CIAT appears to improve the
language modality of repetition through increased attention. Therefore, the use of CIAT
in combination with VNeST may depend on the specific PWA’s skills prior to and during
treatment. More research is necessary in order to establish an understanding of the
method and condition for which to introduce explicit auditory training into cognitivelinguistic therapy. This is necessary in order to ensure that the explicit auditory training
supplements therapy techniques to provide the most optimum results.
Results of VNeST in isolation also proved beneficial as evidenced by increases in
both standardized assessments and treatment outcomes. Thus, while the present study
supports results of previous research in the use of VNeST as an independent therapy
technique (Edmonds, Nadeau and Kiran, 2009; Edmonds and Babb, 2011; Edmonds,
Mammino and Ojeda, 2014), it expands evidence in support of the potential use of
VNeST in combination with explicit auditory training in a person with moderate,
agrammatic aphasia.
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Limitations of the Study
Several factors limit the generalization of the findings from this study and they
are as follows:
1.

Foremost, the use of a single subject limits the generalization of results.

Repetition of results with a larger sample size of PWA with similar type and severity may
yield more concrete, generalizable results.
2.

Intensity and frequency of treatment was limited to two hours per week for

VNeST and one hour per week for CIAT. The effects of greater intensity and frequency
of treatment may have yielded more definite results.
Future Recommendations
1.

It is unclear as to how CIAT and attention affected changes in language

skills. Specifically, it is unclear whether CIAT facilitated increased language functions
after Block 1, leading to subsequent changes in Block 2 and 3. Use of a cognitive
assessment measure, specifically targeting attention may have supported a clearer
understanding of how and if CIAT facilitated increased attention and subsequent changes
in language.
2.

Additionally, analysis of a study performed using the same treatment

structure (e.g. A-B-A-C-A-B) but with an opposite treatment sequence (e.g. CIAT in
isolation during Block 1, then CIAT in combination with VNeST in Block 2, and last,
CIAT in isolation for Block 3) may provide a clearer picture of how CIAT affects
traditional cognitive-linguistic therapy.
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Appendix C
CIAT Dichotic Words Lists
Related
Left
1 Ramp
2 Bed
3 Beam
4 Thing
5 Size
6 Kite
7 Stand
8 Husk
9 Go
10 Ball
11 Grade
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Hand
Work
Boy
Jump
Size
Way
Book
Good
House
Hug
Out
Down
On
Held

Right
Boat
Death
Moon
Sure
Bite
Fly
Bike
Corn
Let
Play
Third

Antonyms
Left
Right
Moon
Sun
Lose
Win
West
East
Cold
Hot
Cheat
Fair
Boy
Girl
Dry
Wet
Firm
Soft
Sell
Buy
Lose
Find
Frown
Smile

Spondees
Left
Day
Board
Brown
Chief
Work
Doll
Bird
Wash
Bread
Bow
Bus

Right
Week
Chalk
Hash
Fire
Home
Rag
Jail
White
Loaf
Rain
School

Unrelated
Left
Ramp
Book
Book
Chalk
Door
Yes
Burn
Town
Burn
Read
Clown

Right
Good
Wind
White
East
Work
Work
Jump
Jail
Thing
Bread
Bird

Raise
Hard
Pool
High
Up
No
Read
Job
Jail
Bear
Burn
Knock
Hold
Hand

Found
White
Take
Lag
Down
Swim
Bad
Drop
Hate
South
Go
Play
No
Stand

Shot
Ball
Way
Brush
House
Shine
Shoe
Town
Tie
Worm
Hold
Frog
Size
Rope

Gun
Meat
Door
Hair
Doll
Shoe
Work
Up
Neck
Book
House
Tree
Bite
Jump

Moon
Here
Out
Third
Boy
There
Lost
Fire
Cheat
Through
Jump
Reach
House
Jump

Ball
This
Hold
Go
Up
Smile
Bread
Girl
Worm
Lock
Take
Cot
Death
Bike

Lost
Black
Give
Lead
Up
Sink
Good
Hold
Love
North
Stop
Work
Yes
Sit
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Appendix D
Verb List

List 1
1
2
3
4
5
6
7
8
9
10

Verb
Run
Cry
Staple
Pet
Sing
Cut
Reach
Scoop
Howl
Propose

List 3
1
2
3
4
5
6
7
8
9
10

Verb
Saw
Fly
Smile
Eat
Dig
Deliver
Pull
Hold
Wash
Erase

List 2
1
2
3
4
5
6
7
8
9
10

Verb
Drip
Rake
Pour
Sleep
Fall
Climb
Shake
Change
Lift
Carve

List 4
1
2
3
4
5
6
7
8
9
10

Verb
Tie
Shovel
Write
Kneel
Salute
Hide
Drive
Flip
Punch
Wipe

List 5
1
2
3
4
5
6
7
8
9
10

Verb
Read
Knit
Suck
Measure
Arrest
Pay
Talk
Shower
Chase
Splash

