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Abstract
One relatively new area of treatment efficacy research centers around
computerized treatment for aphasia. This one-group single-treatment counterbalanced
study determined the efficacy of commercially-available treatment software for anomia in
persons with chronic aphasia. Eight Parrot Software programs were addressed in an
intensive 32-hour treatment program lasting 4 weeks. The effect of this treatment on
confrontational naming ability and oral discourse, as well satisfaction with the treatment
program, was measured.
The six participants (divided into two subgroups of three) were administered 4
weeks of treatment and 4 weeks of no treatment, with the order of phases
counterbalanced across subgroups. Three assessment sessions (AS) measured responses
to two confrontational naming tasks, two picture description tasks, and one narrative
retell task. The Program Evaluation Inventory – Short Form (PEI-SF) was administered
in AS3 to measure treatment acceptability.
Results indicated a significant change in confrontation naming ability. No change
was noted in measures of oral discourse. Results of the PEI-SF indicated that participants
felt the treatment employed acceptable procedures and goals and that the participants felt
overall satisfaction with the intervention program. Clinical implications of the study are
discussed and program modifications are suggested.
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Chapter I
Introduction

Aphasia is an acquired neurogenic communication disorder involving impairment
of language in any one or all modalities (Chapey & Hallowell, 2001). According to the
National Institute on Deafness and Other Communication Disorders (1997),
approximately 80,000 individuals acquire aphasia each year. This number is estimated to
increase significantly as an effect of the general aging population (Carolei, Sacco, De
Santis, & Marini, 2002). As this population increases, greater demands are being placed
on speech-language pathologists to find more effective and efficient means of treatment
for these individuals. Alternative therapeutic tasks, more specifically the use of
computers, are increasing in popularity. However, the lack of a significant evidence base
citing the efficacy of such treatments prevents development of specific treatment
protocols.
One of the few connecting threads among the various subtypes of aphasia is
difficulty in expressive word-finding, also known as anomia. Word retrieval problems
were found to be a significant factor in communication breakdown for individuals with
aphasia and their conversation partners in a study by Lesser and Algar (1995). Treatment
for anomia has roots in semantic and phonological-based approaches which are easily
lent to the type of therapy that can be administered through basic computer programs.
The increasing availability of commercial software raises concerns regarding the lack of
evidence available for these products.
1
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The current study proposed to create a treatment program from commerciallyavailable treatment software, determine the effect of this treatment on word finding
abilities during confrontational naming and oral discourse tasks, and determine if the
participants experienced satisfaction with the treatment program.
Literature Review
Aphasia
Aphasia is an acquired neurogenic communication disorder involving impairment
of language in any one or all modalities such as speaking, listening, reading, and writing
(Chapey & Hallowell, 2001). The broad term of “aphasia” is often classified through its
presentation in an individual. There are many theoretical frameworks that attempt to
classify and define aphasia and its associated deficits from various points of view. One
type of such categorization system is the multidimensional framework, which proposes
multiple classifications of aphasia types and associated etiologies (Chapey & Hallowell,
2001). Each classification includes a specific set of characteristic features as well as an
associated area of damage in the cortical hemispheres. The various aphasia subtypes are
typically grouped under three umbrella categories: fluent, nonfluent, and other aphasias
(Chapey & Hallowell, 2001). Treatment of aphasia under this theoretical framework
includes addressing specific deficits utilizing all modalities available.
Another view of aphasia is Schuell, Jenkins, and Jimenez-Pabon’s (1964)
unidimensional classification, which approaches aphasia as a deficit across all language
modalities with the interjection of various other sensory or motor complications.
Unidimensional classification relates aphasia with additional associated sensory or motor
2
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deficits and results in a seven-tiered classification system which also notes prognosis and
severity. These classifications are based on the idea that language is not a simple inputtransmission-output system, but an interaction of cortical and subcortical areas that
results in language. As such, Schuell (1974) believes that because of the universal
involvement of language modalities, treatment for aphasia should focus on a single
modality. Schuell (1974) viewed the auditory modality as being the best starting point,
because the remaining language modalities were all influenced by auditory input.
There are some major differences between Schuell and colleagues’
unidimensional classification system and the multidimensional framework for
classification of aphasias. One difference is the conceptual construct of aphasia. In the
unidimensional classification, aphasia is viewed as the result of a deficit across aspects of
communication; whereas, the multidimensional classification views aphasia as a set of
specific characteristics associated with an anatomical site of lesion. The unidimensional
classification system does not assign aphasia types to persons with aphasia (PWA), but it
does characterize associated sensory and motor deficits for each person. If one chooses to
employ the multidimensional classification construct, aphasia subtypes are identified.
One of the few connecting threads among the various subtypes of aphasia is difficulty in
expressive word-finding, also known as anomia.
The intensity of general speech and language treatment in aphasia is a topic that
has been widely discussed in research (Bhogal, Teasell, & Speechley, 2003; Poeck,
Huber, & Willmes, 1989). According to Bhogal and colleagues (2003), a higher-intensity
therapy program implemented over a shorter period of time provides a significant result
3
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as compared to a therapy program that is less intense and implemented over a longer
period of time. More specifically, of the eight studies reviewed, the four in which positive
changes occurred during therapy included an average of 8.8 hours of therapy per week
for 11.2 weeks. Conversely, the four studies in which negative or no change occurred
included an average of 2 hours of therapy per week for 22.9 weeks.
Anomia
Word retrieval problems were found to be a significant factor in communication
breakdown for individuals with aphasia and their conversation partners in a study by
Lesser and Algar (1995). An individual’s presentation of anomia (expressive wordfinding difficulties) can vary from a mild difficulty in finding just the right word to a
severe impairment in expressive communication. Benson (1979) classifies anomia into
five subtypes: (a) word production, (b) word selection, (c) semantic, (d) categoryspecific, and (e) modality-specific. Word production anomia is the inability to verbally
produce the target word, even when the person claims to know the target. Word selection
anomia is the inability to produce the correct word, though the person is often able to
semantically describe the target and even identify it from a written list of choices. Closely
related is semantic anomia, in which the person is again able to semantically describe the
target word, but is unable to select it from a written list of choices. Category-specific
anomia refers to the inability of a person to name any words within a specific category.
One common presentation includes color anomia, in which the person is unable to
identify any color words and yet other vocabulary remains intact. Modality-specific
anomia is closely related to various types of agnosia, which is defined as the inability to
4
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process sensory information into meaningful concepts. In modality-specific anomia, the
person is unable to identify the target word when presented with one or more modalities
(usually written or visual), but is able to produce the target after the introduction of an
additional modality (usually speech) (Benson, 1979). Further assessment is necessary to
better understand an individual’s presentation of anomia.
Assessment of anomia. There are many types of tasks that can be used to assess
anomia in a variety of contexts: (a) generative naming, (b) defining referents, (c)
identifying superordinate categories, (d) confrontational naming, (e) automatic serial
naming, (f) recognition naming, (g) repetition naming, and (h) automatic closure naming
(Murray & Chapey, 2001). The first four tasks are the most commonly used to address
anomia. Generative naming, or naming as many words as possible within a certain
category, is also known as divergent naming or verbal fluency. This ability can be
assessed by asking a person to provide as many words as he/she can think of, typically in
a certain amount of time, related to a broad category (e.g., types of fruit). Defining
referents is a task that requires a definition to identify a given word. To assess this ability,
a word or concept is introduced and the person is asked to define the word or differentiate
the meaning from another concept. Identifying superordinate categories or the items
included in a category are additional tasks to assess anomia. A superordinate category is a
general umbrella under which specific items are categorized. For example, a target word
“chair” would have a superordinate category of “furniture” because chair is a type of
furniture. Confrontational naming is defined as verbal or written responses to visual
stimuli. This ability is commonly probed through picture or object naming where the item
5
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is presented and the person must correctly identify the target. One very common task
associated with confrontational naming is a picture description in which a general scene
is depicted and the person is asked to orally describe the scene in as much detail as
possible. Closely related to these concepts of assessing anomia are treatment techniques.
Treatment of anomia. The two primary theories for the treatment of anomia are
rooted in the theoretical origins of anomia: semantic descriptions and phonological
characteristics. Stemming from the idea that anomia results from an inability to relate
semantic information to a verbal word, semantic treatment of anomia focuses on
identifying characteristics, distinguishing features, functions, and categorical
relationships (Raymer & Rothi, 2001). Phonological treatment of anomia focuses
primarily on phonological cues including hierarchical phonemic cues, rhyme awareness,
and syllable structure cues. Cues are often viewed as “deblocking functions” that
facilitate word retrieval in PWA (Weigl, 1961; Baker, Blumstein, & Goodglass, 1982).
Through their study, Duffy & Coelho (2001) stress the importance of demonstrating the
functionality of cues in each individual case because even the most frequently used cues
may not be effective for all people.
In recent years, the concept of a combined semantic and phonological approach to
cueing word-retrieval has emerged in the research. One example of a combined cueing
hierarchy is that of Linebaugh, Shisler, & Lehner (1977) who used six different cues to
facilitate word-finding: (a) object function, (b) demonstration of the object’s function, (c)
sentence completion, (d) sentence completion plus a phonetic cue, (e) sentence
completion plus verbal presentation of the first two phonemes of the word, and (f)
6
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providing the word model for repetition. The combination of these two cue types is
viewed as beneficial because of the symbiotic nature of semantic and phonological
processors (Nickels, 2002). This idea of one type of cue influencing the other is given
credence by studies in which people with semantic anomia (or with semantic deficiencies
that lead to anomia) are benefited by phonological cues and vice versa (Greenwald,
Raymer, Richardson, & Rothi, 1995; Hillis & Caramazza, 1994; Nickels, 2002; Raymer,
Thompson, Jacobs, & Le Grand, 1993; Rodriguez, Raymer, & Rothi, 2006). Weidner and
Jinks (1983) and Linebaugh et al. (1977) found that combined cues were more facilitative
for word-finding than single cues in their study of PWA. Raymer and Rothi (2002) also
found that “the most effective naming treatments appear to be those that encourage
semantic plus phonological processing within one treatment protocol, in keeping with the
normal process of lexical activation” (p.178). Regarding other modalities, orthographic
and phonological cues have been found to be equally effective in the trained retrieval of
words (Herbert, Best, Hickin, Howard, & Osborne, 2001).
Another approach to anomia treatment is the personalized cueing method, which
includes a modified application of associative learning tasks from two past studies
(Marshall, Neuburger, & Phillips, 1991, 1992). Personalized cueing for the treatment of
anomia is a method for creating personally meaningful cues for the individual with
anomia. Steps include introducing the target word, allowing the person to associate his or
her own cues, confirming the cues, and utilizing the cues in a confrontational naming task
(Marshall & Freed, 2006). Results for this type of naming treatment were proven to be
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largely successful on the words trained and successful to a lesser degree on control
targets (Freed, Marshall, & Nippold, 1995).
The structural order of administering cues varies from study to study; one such
example is that of increasing cues and vanishing cues (Abel, Schultz, Radermacher,
Willmes, & Huber, 2005). The cueing structure utilized in Abel et al.’s study consisted of
repeating the target word, giving the first syllable, giving the first sound, providing a
cloze procedure, giving a superordinate category, and using unspecific facilitation. In the
increasing cue process, the cues were ordered from most complex to least complex and in
the vanishing cue process from least complex to most complex. Results of this study
indicated that using increasing cues or both types of cues was more effective than using
vanishing cues alone. Cues can be administered by clinicians or other therapy instruments
such as, in recent years, computers.
Computerized Treatment
History of and Rationale for Computers in Treatment
Charles Babbage, an English mathematician, is often credited with the first
description of a computer over 200 years ago (Hyman, 1985). Though the incorporation
of computers into aphasia treatment did not come for many years, the development of a
machine that could do work without constant attendance by a human was revolutionary.
Katz (2001) defines computerized aphasia treatment as the “systematic use of computers
and software to improve communication skills in people with aphasia” (p. 419).
Because the area of computerized treatment is still developing, Wolfe (1987)
emphasized the need for a sound theoretical base on which to build treatment programs.
8
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He proposes three models: (a) brain-behavior relationships, (b) behavior modification,
and (c) education. His brain-behavior relationship model is structured on Bracy’s (1986)
four theories for regaining cognitive functioning. After a traumatic event such as a stroke,
cognitive skills are regained through the compensation of surrounding brain structures.
Each theory differs regarding which structures compensate and how the compensation or
replacement of abilities takes place. Wolfe’s (1987) behavior modification model for
computerized therapy is based on the fact that computers can serve as cues, models, or
reinforcers. Through this model, the ability of the clinician to control the environment
and stimulus in therapy is essential to the modification of the person’s behavior and
allows for individualized treatment. Wolfe’s third model, the educational model, includes
a three-step process that moves from individualized drill and practice to games and then
to educational simulations. These models closely coordinate with specific uses of
computerized treatment.
Uses of computers in treatment for aphasia. According to Wolfe (1987),
computers now allow for: (a) a personalization of treatment for an individual, (b)
consistent drill and practice opportunities, (c) easy access to detailed progress and records
of the individual, and (d) the development and furthering of research in the area due to
the easy access to the therapy material.
Petheram (1996) also discussed the benefits of computerized treatment in aphasia
in terms of the ability to focus and customize activities that are not restricted to a billed
therapy session in a clinical setting. The customization of not only the content of the
activity but also the variety of activities allows for an emphasis on the individualized
9
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needs of the person. One noted benefit of computerized treatment is that the clinician can
match the ability of the person with the level of difficulty in the computer program and
therefore create a more successful learning environment for the person. Though there are
many potential benefits for computerized treatment, limitations do exist which can
influence the effectiveness of treatment.
Limitations of computerized treatment. Recent technological progress encourages
clinicians in their search for the newest and most efficient way to help their clients, but
the reality of the matter is that computers still have limitations that can create serious
threats to the validity and efficacy of treatment. Katz (2001) describes the limitations of
computers as being discrete, conventional, finite, and isolated. Computers are currently
unable to process various complications of language such as prosody, affect, social cues,
and pragmatics; this omits vital aspects of language in the treatment process. The
computer is unable to make judgment calls and independently customize material to fit
the person’s needs. Katz points out that computers do not inherently follow the normal
structure of therapy in that they do not administer treatment, measure performance,
modify treatment, or re-administer treatment. This is a major setback for the use of
computerized software as an independent tool. Computer programs are finite; they are
limited to only the items and procedures that are built in at the time of development.
There is no room for significant modification or addition of material. Computers, by
nature, are isolated and have not been proven to provide sufficient generalization of tasks
to daily life. With the relatively recent addition of computer programs to treatment

10
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regimes, new developments have been observed regarding the ability of a computer to
benefit the organization and structure of therapy.
Structure of computerized treatment. Katz (2001) defines computerized aphasia
treatment as the “systematic use of computers and software to improve communication
skills in people with aphasia” (p. 419). Within this umbrella term lies three applications
of computerized aphasia treatment: (a) computer-only treatment (COT), (b) computerassisted treatment (CAT), and (c) augmentative communication devices (ACDs). COT is
based on the principle that the person uses the computer software as a practice time
without direct clinical supervision, but as part of a clinical treatment process. COT
software is typically composed of drill and practice activities to provide a large number
of practice tasks. CAT software is used with the person and clinician in a side-by-side
manner in which the clinician is the one providing instruction and modifying the thought
process and the computer is only used for stimuli presentation and data-keeping. ACDs in
aphasia treatment can be used to augment or provide an alternative to speech production
in PWA and typically incorporate digitized or synthesized voice output, text, and pictures
to aid in communication.
Computerized treatment of anomia has been researched in many settings
including home-only, combined home-clinic, and clinic-only. Studies with home-only
settings viewed the computer as a practice tool (Petheram, 1996). Results indicated that
the computer was useful in monitoring drill and practice of various language concepts in
PWA. Loverso, Prescott, Selinger, & Riley (1988) explored the use of clinician-directed
therapy versus the use of computer-clinician assisted therapy. The clinician-directed
11
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therapy produced positive results along with the computerized therapy, though the
success came more quickly with the clinician-directed therapy. Various software
programs have been utilized in clinician-directed and computer-clinician assisted therapy.
Software programs for computerized treatment. A wide variety of software has
been applied to computerized treatment of aphasia including commercially available
software intended for gaming use, custom-developed software specifically for treatment,
as well as commercially available software that claims to have clinical implications.
Lynch (1983) explored the use of commercially available gaming software in conjunction
with cognitive retraining for individuals with cognitive impairment from a variety of
etiologies. Lynch used videogames such as Space Invaders and Caverns of Mars; he also
discussed the application of a variety of additional games to cognitive rehabilitative
therapy. Additionally language-specific programs such as MossTalk Words (Fink,
Breecher, Montgomery, & Schwartz, 2001) and Multicue (Van Mourick & Van de
Standt-Koenderman, 1992) have been used in computerized treatment of various aspects
of aphasia and some augmentative and alternative communication (AAC) devices have
been used for their organizational hierarchy (Aftonomos, Steele, & Wertz, 1997;
Ramsberger & Marie, 2007; Doesborgh et al., 2004) —many of which address anomia
specifically.
Recent studies have addressed the treatment of anomia with computerized therapy
using various programs (Fink, Breecher, Schwartz, & Robey, 2002; Laganaro, Di Pietro,
& Schnider, 2006; Ramsberger & Marie, 2007; Colby, Christinaz, Parkison, Graham, &
Karpf, 1981; Van Mourick & Van de Standt-Koenderman, 1992; Doesborgh et al., 2004).
12
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Colby et al. (1981) developed a customizable word-finding computer program based on
an Intelligent Speech Prosthesis (ISP). This program created semantic and orthographic
connections between words by allowing the PWA to input either the first, middle, or last
letter as well as a term that “goes with” the target.
MossTalk Words is one such program that uses a variety of modules to address
anomia (Fink et al., 2001). The Multi-Modality Matching module focuses on increasing
the relationship between words and pictures. The Cued Naming module provides
hierarchical cues that consist of a variety of spoken and written cues to assist the user in
identifying target words. The final module, Core Vocabulary Module, is a set of exercises
designed for the more severely impaired user. Fink et al. (2002) explored the efficacy of
the Cued Naming module of MossTalk Words in two conditions—a clinician guided
condition (CG) and a partially-self-guided condition (PSG). Improvements over baseline
were found for confrontational naming tasks in five participants, and significant
generalization of naming abilities to untrained items was found in two participants. In a
study by Ramsberger and Marie (2007), 3 out of 4 participants showed significant
improvement on the results of confrontational naming tasks after participating in
treatment with MossTalk Words. No significant data were collected to suggest
generalization of word-finding abilities to untrained words.
Multicue, a computer program that facilitates word-finding, utilizes a variety of
cues to stimulate the user’s ability to recall target words (Van Mourick & Van de StandtKoenderman, 1992). The goal of this program is to create a personalized system for
cognitively organizing cues within the user’s mind. The cueing hierarchy in Multicue is
13
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selected by PWA individually. This is based on the concept that creating a personalized
assortment of cues and strategies can change the progression of an individual’s anomia.
Multicue was first piloted with four people with chronic aphasia for 3 to 6 weeks. Results
indicated that one participant showed significant gains in word finding, two participants
showed modest gains, and one patient showed no gains on pre- and post-treatment
measurements. Doesborgh et al. (2004), in a follow-up study, found that significant
improvement in naming of untreated items from the Boston Naming Test (BNT;
Goodglass & Kaplan, 2001) was seen only for the group that received treatment. This
study also noted that though improvements in picture naming were found, generalization
to verbal communication did not occur. Though it has been found to be effective in some
confrontational naming tasks, Multicue has been criticized due to the lack of
generalization of word-finding abilities in the spontaneous speech of users.
Parrot Software develops “treatment software for people with communication
problems” (Parrot, 2002). Within this scope, Parrot Software has many specific computer
programs that are said to address specific areas that are often problematic for PWA:
cognitive reasoning, word recall, reading, vocabulary and grammar, memory and
attention, and functional skills. These programs have been developed to “mirror activities
of speech-language pathologists, occupational therapists and neuropsychologists” (Parrot,
2002). These computer programs would fall under the category of COT based on
information available from Parrot Software’s website. Katz (2001), identifies two specific
Parrot Software programs that target verbal output—more specifically the treatment of
anomia. These programs are Visual Confrontation Naming© and Verbal Picture Naming
14
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Plus©. No research articles were found supporting or refuting Parrot Software’s own
rationale for or efficacy of the programs.
Generalization of effects. One major concern with computerized treatment of
anomia is the concept of generalization from the computer program to real life. Though
some researchers have found a strong link between picture naming and word-retrieval in
conversation, there is little proof that addressing picture-naming will generalize to
conversation (Hickin, Best, Herbert, Howard, & Osborne, 2001). Lesser and Algar (1995)
indicate that little has been done to address generalization of anomia treatment effects to
conversation. In Ramsberger & Marie (2007), MossTalk Words aided in word-retrieval
of untrained targets in only one of four tasks and in two of four PWA.
In Raymer, Kohen, and Saffell (2006), generalization of improved word-retrieval
in “some untrained words” was found in one of two participants who were trained 1-2
times per week. Two of five participants who were trained 4-5 times per week showed
significant improvement in word-retrieval for untrained items. During follow-up testing,
the ability of all participants to name pictures was above baseline levels.
Colby et al. (1981) described a phenomenon of strategy generalization from the
computer program used to cue persons for word-retrieval to independent use of the
strategies without the computer. PWA in Colby et al.’s study described using a cueing
hierarchy, modeled from the computer program, internally to independently answer cue
questions and find their own words. Other treatments for anomia have focused on this
aspect and some have reported increased use of cues by PWA (Dede, Parris, & Waters,
2003). Based on these principles, administering computerized programs with the
15
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intention to create a new way of programming the brain and cognition of PWA is an area
of research that merits further exploration.
In addition to empirical data within a research study, social validation is an
essential marker of how a program is received. Social validation is defined as utilizing
measures to assess the social acceptance of treatment goals, methods, and outcomes
(Kazdin, 1977; Wolf, 1978; Schlosser, 1999). Though empirical data are objective
measures of results, they only record part of the treatment effect. Participants’ thoughts
and views of treatment indicate not only personal satisfaction, but also have implications
for usability and acceptability of treatment. Social validity makes valuable contributions
to the overall effect of a treatment program and is useful when identifying and supporting
evidence-based practice (Schlosser, 2003). Social validation can be assessed at the
beginning, middle, or end of treatment depending on the area of measurement. Schlosser
(2003) explains that even if a measure of social validity is administered post-treatment,
the positive evaluation may not be directly attributed to the effects of intervention.
Additional informal or formal probes, including a pre-test for social validity, can provide
a more complete view of the social validation of a treatment. Thus, assessing the social
validity of a treatment task is important to assure that participants and stakeholders
approve of the treatment goals, methods, and outcomes.
The purpose of this study is to see if PWA improve their ability to find words
after using commercially-available computer software programs. The computer programs
utilize combined semantic-phonologic cueing strategies for improving anomia. The PWA
will use the programs for approximately 32 hours (2 hours per day, 4 days per week) over
16

Texas Tech Health Sciences Center, Meredith Wells, May 2009

a 4-week period. The independent variable in this study is the intensive computer-assisted
treatment regime. The dependent variables measured in this study are: 1) word finding
during confrontation naming of pictures and objects and 2) word finding during oral
discourse as measured by lexical diversity (type-token ratio).
Research Questions
1. What are the effects of intensive computer-assisted treatment for anomia on
confrontation naming of objects and pictures (as measured by spontaneous
responses on the Boston Naming Test and the Western Aphasia Battery Naming
and Word Finding subtest)?
2. What are the effects of intensive computer-assisted treatment for anomia on
lexical diversity during oral discourse (as measured by type-token ratios for
narrative retell tasks and picture description tasks)?
3. Will results of the Program Evaluation Inventory indicate that the participants
experienced satisfaction with this intensive computer treatment program for
anomia?

17
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Chapter II
Methodology

Participants
Participants were recruited from a local aphasia group therapy program. All
participants provided written informed consent to participate in this study (Appendix A).
To minimize exposure of protected health information (PHI) and to ensure
confidentiality, participants were assigned letter names (e.g., Participant A1) at random,
under which the data were analyzed and reported.
Participants included six individuals (four men, two women) with aphasia
following a language-dominant hemisphere stroke with an age range of 42-66 and mean
age of 52. Onset of aphasia for all participants was at least 6 months prior to inclusion in
the study with a mean length of 37 months and a range of 11 to 85 months. Demographic
information for participants is reported in Table 2.1.
All of the participants had a history of individualized and/or group speechlanguage treatment post-stroke; however, none of them were receiving any type of
speech-language treatment at the time of the study. Inclusion criteria for participation
included the ability to comprehend text, see the computer screen, and manipulate
computer devices (i.e., keyboard, mouse, and headphones). These abilities were evaluated
during the initial assessment session of the study.
All participants were initially administered the Western Aphasia Battery (WAB;
Kertesz, 1982), the Boston Naming Test (BNT; Goodglass & Kaplan, 2001), a Norman
Rockwell picture description task (Rockwell, 1958, 1959), and a narrative retell task
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(Strong Narrative Assessment Procedure; SNAP; Strong, 1998). Results in Table 2.1
indicate each participant’s type of aphasia according to each participant’s WAB Aphasia
Quotient (AQ).
Procedures
This 8-week study consisted of three Assessment Sessions (AS1, AS2, and AS3)
alternating with two periods of computerized treatment/no treatment. The six participants
were divided into two subgroups of three each (Subgroup A, Subgroup B). Prior to the
treatment period, the participants underwent a computer orientation during which
instructions were given about operating the computer programs. During the treatment
period, the persons with aphasia (PWA) participated in four computerized treatment
sessions per week for 4 weeks, with each session lasting approximately 2 hours, at the
Texas Tech University Health Sciences Center Department of Speech-Language and
Hearing Sciences Aphasia Research Lab. The three members in each subgroup attended
treatment sessions at the same time and in the same lab. Each participant wore
headphones and was positioned in front of either a laptop or desktop computer. The
participants were arranged such that they were facing away from other participants.
Assessment Sessions
AS1 included administration of the complete WAB (which includes the Naming
& Word Finding Subtest) as well as measurements from the BNT, picture description,
and a narrative retell task at week 0 from all participants. A set of procedures for AS1 is
provided in Appendix B. Approximately 84 single words were assessed during various
confrontation naming tasks on the WAB Naming & Word Finding subtest (WAB N&W)
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and BNT including four overlapping words (i.e., pencil, comb, toothbrush, and
screwdriver). This number is variable due to the nature of generative confrontation
naming tasks. Most of these words were not specifically trained/targeted during the
treatment sessions; however, 17 commonly-used words (e.g., paper clip, hammer,
screwdriver, pencil) happened to be included in the 500+-word corpus of computerized
treatment stimuli. Each program was introduced prior to the start of the treatment phase
of the study. Each program was addressed one-on-one with the researcher (clinician) and
PWA; at this time any questions about the operation of the programs were addressed.
Information provided to the PWA regarding the operation of the computers was based on
an internet training program from Egan and Worrall (2001). See Appendix C. AS2 and
AS3 included the same measurements as AS1, except that the WAB N&W was
administered instead of the complete WAB. AS3 also included the PEI-SF as a measure
of social validity of the treatment. .
To measure word finding at the oral discourse level for the picture description and
narrative retell tasks administered during AS1, AS2, and AS3, a type-token ratio
(measure of lexical diversity) was calculated for each discourse sample. Type-token ratio
(TTR) is a calculated measure of lexical diversity that uses the ratio of the number of
different words, called types, to the total number of words, called tokens (Fairbanks,
1944; Johnson, 1944). Possible TTRs range from 0 (if no words are spoken) to 1 (if each
word spoken is different). The closer an individual’s TTR is to 1, the greater the lexical
diversity in that individual’s speech.

20

Texas Tech Health Sciences Center, Meredith Wells, May 2009

For the picture description task, PWA were asked to describe events in pictures of
two Norman Rockwell paintings (The Runaway; Easter Sunday; Rockwell, 1958,1959).
For the narrative retell task, PWA were asked to listen to a narrative while looking at a
wordless Mercer-Mayer storybook and then retell the narrative in their own words while
utilizing the storybook as a visual aid. Stimulus materials were Frog Goes to Dinner
(Mayer, 1974) and Frog Where are You? (Mayer, 1969) storybooks and recorded
narratives from the SNAP (Strong, 1998). Frog Goes to Dinner was used as stimuli for
AS1 and AS3. Frog Where are You? was used as stimuli for AS2 to prevent a learning
effect.
The Program Evaluation Inventory-Short Form (PEI-SF; see Appendix D) was
administered at the end of AS3 to determine if PWA who participated in the study
believed that the treatment employed acceptable procedures, goals, and if they felt overall
satisfaction with the intervention program. The origins of the PEI-SF stem from Kazdin,
French, and Sherick’s (1981) Treatment Evaluation Inventory (TEI) which was initially
proposed to measure treatment acceptability of alternative treatment options among
inpatient staff, parents, and patients. The full TEI consists of 15 items that may be
answered on a 7-point Likert scale (Kazdin et al., 1981). Kelley, Heffer, Gresham, and
Elliot (1989) developed a TEI-Short Form (TEI-SF) from Kazdin et al.’s (1981) TEI
using a factor analysis to create a shortened 9-item form with a 5-point scale containing
consistent anchors and simplified language and instructions. The TEI-SF was found to be
a sound alternative to the original full-length TEI. This TEI-SF is the basis for the PEISF.
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The PEI-SF was modified to use a question-based item list as opposed to the
statements utilized by the TEI and TEI-SF. Questions on the PEI-SF were modified to
better target individuals with aphasia who participated in a treatment task, rather than the
individual’s caretakers or health professionals. Two questions from the TEI-SF were
eliminated because the questions specifically addressed the use of treatment procedures
on children without consent and addressed the caregiver specifically.
The PEI-SF was also modified to use visual analog scales (VAS). Robinson and
Benson (1981) and Stern and Bachman (1991) modified VAS to create a system deemed
more appropriate for individuals following a stroke. PWA as a result of left hemisphere
lesions tend to more easily identify pictures and line drawings than written words
(Gainotti, Silveri, & Sena, 1989; Goldstein, Canavan, & Polkey, 1988; Koul & Corwin,
2003; Wapner & Gardner, 1981). The modified VAS for the PEI-SF included a graphic
representation of the verbal descriptors (strongly agree ☺; strongly disagree

) anchored

at each end of a 100 millimeter (mm) line as is common for VAS (Collins, Moore, &
McQuay, 1997; Ferraz et al., 1990; Harms-Ringdahl et al., 1986; Price, Bush, Long, &
Harkins, 1983). The response lines were rotated to a vertical position to better depict
“high” and “low” opinions. The PEI-SF instructed the PWA to rate their response to the
question by marking a horizontal line on the vertical response line where their answer is
best described. The PEI-SF was scored by measuring the distance from the bottom
(“strongly disagree”; 0mm) to the PWA’s response mark. See Appendix D for PEI-SF.
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Computerized Treatment Sessions
For the first 4 weeks, Subgroup A (three participants) received the computerized
treatment and Subgroup B (three participants) did not receive any treatment. At week 4,
results from the BNT, picture description, and narrative retell were obtained for AS2
from all six participants. For the next 4 weeks, Subgroup B went on to receive the
computerized treatment and Subgroup A did not receive any treatment. AS3 at 8 weeks
included collecting data once again from the BNT, picture description, and narrative
retell task from all six participants.
Equipment and Materials. During each 2-hour session, each software program was
addressed for 20 minutes with a required 5-minute break between each program to
change the programs on the computer, stretch, go to the restroom, and/or eat a snack.
Each participant was assigned to one computer for all of the computerized treatment
sessions. Participants A1 and B4 used a Dell Latitude XT laptop (Intel® Core™2 Solo
CPU, U2100 @ 1.06 GHz, 788 MHz 896 MB of RAM) running Microsoft Windows XP
Tablet PC Edition. Participants A2 and B5 used a Dell Inspiron laptop (Intel® Pentium®
Dual Core T4200, 2.0GHz/800Mhz FSB/1MB cache) running Microsoft Windows XP
Professional Edition. Participants A3 and B6 used a Dell Optiplex GX520 desktop
computer (Intel® Pentium® 4 CPU 3.20 GHz, 3.19 GHz, 0.99 GB of RAM) running
Microsoft Windows XP Professional Edition. All participants used Koss TD-61
Stereophone headphones for all programs except Multisensory Words. For the
Multisensory Words program, all participants used Logitech ClearChat Pro USB™
headphones which contained a headset microphone for recording. Each participant used
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an external USB mouse with two click buttons. The mouse was placed on the
participants' preferred side and the click buttons were adjusted accordingly.
For the purpose of this study, computerized software programs were chosen not
by the category identified by Parrot Software, but through researcher preference based on
a variety of program characteristics such as ease of use, modality of input and output, as
well as abiding by the principles of Schuell and Brookshire’s stimulation approach
(Schuell et al., 1964; Brookshire, 1997). Across all of the chosen software programs, over
500 different words were targeted. The following programs were selected for use in this
study: (a) Word Associations©, (b) Form and Function©, (c) Inferential Naming©,
(d) Visual Confrontation Naming©, and (e) Sentence Completion©. The following
additional programs were selected as “supplemental” programs to augment the initial
programs and provide novel stimuli for after the PWA completed the initial programs:
(a) Functions©, (b) Multisensory Words©, and (c) Deductive Reasoning© (See Table 2.2).
Table 2.3 shows various characteristics of each program used.
Prior to the start of treatment, the Parrot Software programs were randomized into
a progression (Word Associations©/Functions©, Form & Function©, Inferential
Naming©/Multisensory Words©, Visual Confrontation Naming©, and Sentence
Completion©/Deductive Reasoning©). This set progression remained the same; however,
each day each participant began with a different program. No two PWA started on the
same program, and therefore no two were working on the same program simultaneously.
Each program was administered each day using a sequential pattern for lesson
administration (i.e., lesson 1, lesson 2, etc.). After the lesson sequence was completed
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two full times, the PWA was instructed to switch to the supplemental program and begin
the lesson sequence for that program. After the supplemental program’s lesson sequence
was completed two full times, the PWA was instructed to switch back to the initial
program and continue. This cycle repeated until the end of the 4 weeks of treatment.
Some supplemental programs, such as Functions©, did not have associated “lessons” and
were continued for the same amount of treatment time as was spent on the associated
initial program.
Clinician intervention and cueing. Each Parrot Software program contains onscreen instructions that the PWA can refer to at any point in time. In addition to onscreen instructions, the researcher instructed the PWA to attempt to verbally say the
target words while completing the tasks. Typed cue cards reminding the PWA to speak
out loud were posted above the computer screen. The researcher also provided each PWA
with a typed card stating the program progression for each 2-hour treatment session.
During the administration of the computer-assisted treatment for anomia, the clinician
followed a series of hierarchical cues to facilitate completion of the problem task. These
cues were only administered if the PWA requested clarification; the researcher did not
independently initiate contact unless the PWA showed signs of distress related to an
inability to complete a task. When the PWA requested clarification about computer
operation or the operation of the program, the clinician followed a “computer trouble”
cueing hierarchy. A separate “content” cueing hierarchy was applied when the PWA
requested clarification regarding the program contents or instructions. See Appendix E
for the two types of cueing hierarchies.
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Discontinuation criteria. Criteria for termination and release from this treatment
study included poor attendance (absent during >2 days of treatment/assessment) and/or
documented inability to manipulate the computer programs without maximal clinician
cueing. No PWA were terminated or released from this study.

Research Design
This clinical outcome research study was developed to determine the efficacy of
commercially available computerized software which, when used independently by
persons with anomia due to aphasia, may improve word-finding abilities. This is a Phase
I research study (Wertz & Katz, 2004), which means that it will identify whether a
specific intervention is active (i.e., whether the participants exhibit any change in wordfinding) through comparing pre- and post-treatment performance on various word-finding
tasks.
Though this proposed research design is a Phase I research study, in the area of
computerized treatment for aphasia (including word-finding), more rigorous studies
cannot be implemented until the positive effect of the treatment has been documented. In
a review of the literature specifically on computerized treatment of aphasia, Katz (2004)
notes that most of the current research is found to be primarily Phase I and II studies and
that only one Phase III research study (Katz & Wertz, 1997) has been conducted in this
area. This lack of expanded research drives the need to stabilize current research
practices. A one-group single-treatment counterbalanced design (also known as a crossover design; Hedge, 2003) was employed using six participants. See Figure 2.1 for a
visual depiction of the design.
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Table 2.1.
Participant Demographic Information
Information

Participant A1

Participant A2

Participant A3

Participant B4

Participant B5

Participant B6

Age

42

57

50

56

66

43

Gender

Male

Female

Male

Female

Male

Male

Ethnicity

Caucasian

Caucasian

Hispanic

Hispanic

Caucasian

Chinese

English

English

English

English

English

Mandarin
Chinese

18

85

25

27

11

58

Lesion Site

Left Hemisphere

Left Hemisphere

Left Hemisphere

Right
Hemisphere

Left Hemisphere

Left Hemisphere

Premorbid
Handedness

Right

Right

Right

Left

Right

Right

WAB Aphasia
Quotient

80

75.3

66.3

82.7

80.4

79.7

Aphasia Type

Anomic Aphasia

Transcortical
Motor Aphasia

Broca’s Aphasia

Crossed
Conduction
Aphasia

Anomic Aphasia

Anomic Aphasia

Associated
Deficits

Mild Right
Hemiparesis

Right
Hemiparesis;
Wears
Eyeglasses

Apraxia of
Speech; Wears
Eyeglasses

Hearing
Impaired: Right
Ear; Wears
Eyeglasses

Hearing
Impaired: Left
Ear; Wears
Eyeglasses

Right
Hemiparesis;
Wears
Eyeglasses

Primary
Language
Months PostStroke
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Table 2.2.
Primary and Supplemental Program Order
Primary Programs

Supplemental Programs

Word Associations©

Functions©

Form and Function©
Inferential Naming©

Multisensory Words©

Visual Confrontation Naming©
Sentence Completion©

Deductive Reasoning©
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Table 2.3.
Program Qualities
Parrot
Software
Word
Associations©

Parrot
Category

Stimuli
Modality

Response
Modality

The program presents a word and then asks the
client to find an associated word in a list of words.

Vocabulary

Orthographic

Click
Verbalizationa

Yes

No

N/A

Functions©

Provided with written or spoken functions, users
find the appropriate picture.

Vocabulary

Orthographic
Auditory
Visual

Click
Verbalizationa

Yes

No

N/A

Form and
Function©

Users identify features of words, e.g., location,
function, appearance, and color. Stimuli generated
randomly. Users are asked questions: Which ones
are found in a hospital? Users move words to list.

Cognitive
Reasoning

Orthographic

Click
Verbalizationa

Yes

No

N/A

Inferential
Naming©

Users determine the identity of a concealed word.
Up to 7 additional semantic clues can be requested.
The 8th clue is the first letter of the word and the
9th clue is the word presented in multiple-choice.
For each incorrect response, a new clue is provided.

Cognitive
Reasoning

Orthographic
Auditory

Type Answer
Verbalizationa

Yes

Yes,
Specific Order

Category
Function
Location
Size
Shape/Color
First Letter

Multisensory
Words©

A picture is displayed and users cue themselves or
they can record their own production of the word
and can even play back that recording and a
recording of the actual name.

Word
Finding

Orthographic
Auditory
Visual

Type Answer
Verbalizationa

Yes

Yes, PWA
Determines
Order of Cue

First Letter
Spelling
List
Own Production

Visual
Confrontation
Naming©

Users are asked to type the name of each picture.
Program uses real-life pictures.

Word
Finding

Orthographic
Auditory
Visual

Type Answer
Verbalizationa

Yes

Yes, PWA
Determines
Order of Cue

First Sound
Description
Sentence

Sentence
Completion©

An open phrase is displayed at the top of the screen
and the user must select the word that finishes the
phrase from three choices listed.

Word
Finding

Orthographic
Auditory

Click
Verbalizationa

Yes

No

N/A

Deductive
Reasoning©

A set of rules is presented that describes a class of
words. User determines if each item fits the rules.

Cognitive
Reasoning

Orthographic

Click
Verbalizationa

Yes

No

N/A
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Subgroup A

AS1

Treatment

AS2

No
Treatment

AS3

Subgroup B

AS1

No
Treatment

AS2

Treatment

AS3

AS = Assessment Session
Figure 2.1. Visual representation of crossover research design.
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Chapter III
Results
Data Analysis
Due to the small sample size, the researcher chose to evaluate the word finding
data using nonparametric statistics. A Wilcoxon matched-pairs signed ranks test was
performed for each set of data, the first of which aimed to determine whether subgroup
had an effect on performance. The second test aimed to determine if the pretest (AS1)
and post-test (AS3) performance varied significantly for each measure. The PEI-SF was
evaluated using descriptive statistics. Results for each research question are discussed in
the following paragraphs.
Confrontation Naming
Boston Naming Test
Results of the Boston Naming Test (BNT) for each participant are listed in Table
4.1. The possible score range for the BNT is 0-60. See box-and-whisker plot in Figure
3.1. A Wilcoxon matched-pairs signed ranks test showed that the difference between the
median score on the BNT for Group A (M=41.67, SD=7.04) and Group B (M=36.44,
SD=10.91) was not significant (p > .05). The sums of ranks were 31 and 14 for Group A
and Group B, respectively; therefore, W=14. This indicates that Group A’s performance
on the BNT was not significantly different from Group B’s performance on the BNT, and
that subgroup had no effect on BNT performance.
A Wilcoxon matched-pairs signed ranks test showed that the difference between
the median score on the BNT for Assessment Session 1 (AS1, M=35.17, SD=7.36) and
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Assessment Session 3 (AS3, M=45.00, SD=8.30) was significant beyond the .05 level:
asymptotic p < .05 (two-tailed). The sums of ranks were 0 and 21 for negative and
positive ranks, respectively; therefore, W=0. These results indicate that individual
performances on the BNT for AS3 were significantly higher than performances on the
BNT for AS1, indicating a treatment effect.
WAB Naming and Word Finding
Results of the WAB Naming & Word Finding subtest (WAB N&W) for each
participant are listed in Table 4.2. The possible score range for the WAB N&W is 0-10.
See box-and-whisker plot in Figure 3.2. A Wilcoxon matched-pairs signed ranks test
showed that the difference between the median score on the WAB N&W for Group A
(M=8.26, SD=.96) and Group B (M=8.09, SD=1.03) was not significant (p > .05). The
sums of ranks were 26 and 19 for negative and positive ranks, respectively; therefore,
W=19. This indicates that Group A’s performance on the WAB N&W was not
significantly different from Group B’s performance, and that subgroup had no effect on
performance.
A Wilcoxon matched-pairs signed ranks test showed that the difference between
the median score on the WAB N&W for Assessment Session 1 (AS1, M=7.567, SD=.79)
and Assessment Session 3 (AS3, M=8.75, SD=.87) was significant beyond the .05 level:
asymptotic p < .05 (two tailed). The sums of ranks were 0 and 21 for negative and
positive ranks, respectively; therefore, W=0. These results indicate that individual
performances on WAB N&W for AS3 were significantly higher than performances on
WAB N&W for AS1, indicating a treatment effect.
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Lexical Diversity
Norman Rockwell Easter Morning Picture Description
Results of the Norman Rockwell picture description task for the picture Easter
Morning (Rockwell, 1959) for each participant are listed in Table 4.3. The possible score
range for type-token ratio (TTR) is 0-1. See box-and-whisker plot in Figure 3.3. A
Wilcoxon matched-pairs signed ranks test showed that the difference between the median
TTR on the Easter Morning picture description task for Group A (M=.698, SD=.11) and
Group B (M=.633, SD=.12) was not significant (p > .05). The sums of ranks were 27.5
and 17.5 for negative and positive ranks, respectively; therefore, W=17.5. This indicates
that Group A’s TTR on the Easter Morning picture description task was not significantly
different from Group B’s TTR, and that subgroup had no effect on performance.
A Wilcoxon matched-pairs signed ranks test showed that the difference between
the median TTR on the Easter Morning picture description task for Assessment Session 1
(M=.680, SD=.11) and Assessment Session 3 (M=.662, SD=.15) was not significant (p >
.05). The sums of ranks were 12 and 9 for negative and positive ranks, respectively;
therefore, W=9. These results indicate that individual TTRs on the Easter Morning
picture description task for AS3 were not significantly higher than TTRs on the Easter
Morning picture description task for AS1, indicating no treatment effect for TTR.
Norman Rockwell The Runaway Picture Description
Results of the Norman Rockwell picture description task for the picture The
Runaway (Rockwell, 1958) for each participant are listed in Table 4.4. The possible score
range for TTR is 0-1. See box-and-whisker plot in Figure 3.4. A Wilcoxon matched-pairs
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signed ranks test showed that the difference between the median TTR on The Runaway
picture description task for Group A (M=.623, SD=.16) and Group B (M=.584, SD=.09)
was not significant (p > .05). The sums of ranks were 28 and 17 for negative and positive
ranks, respectively; therefore, W=17. This indicates that Group A’s TTR on The
Runaway picture description task was not significantly different from Group B’s
performance, and that subgroup had no effect on performance.
A Wilcoxon matched-pairs signed ranks test showed that the difference between
the median TTR on The Runaway picture description task for Assessment Session 1
(M=.565, SD=.14) and Assessment Session 3 (M=.600, SD=.16) was not significant. The
sums of ranks were 7 and 8 for negative and positive ranks, respectively, therefore W=7.
These results indicate that individual TTRs on The Runaway picture description task for
AS3 were not significantly higher than TTRs on The Runaway picture description task
for AS1, indicating no treatment effect for TTR.
Strong Narrative Assessment Procedure
Results of the Strong Narrative Assessment Procedure narrative retell task for
each participant are listed in Table 4.5 (Strong, 1998). The possible score range for TTR
is 0-1. See box-and-whisker plot in Figure 3.5. A Wilcoxon matched-pairs signed ranks
test showed that the difference between the median TTR on the SNAP for Group A
(M=.294, SD=.07) and Group B (M=.342, SD=.03) was not significant (p > .05). The
sums of ranks were 10 and 35 for negative and positive ranks, respectively; therefore,
W=10. This indicates that Group A’s TTR on the SNAP was not significantly different
from Group B’s performance, and that subgroup had no effect on performance.
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A Wilcoxon matched-pairs signed ranks test showed that the difference between
the median TTR on the SNAP for Assessment Session 1 (AS1, M=.308, SD=.05) and
Assessment Session 3 (AS3, M=.315, SD=.06) was not significant (p > .05). The sums of
ranks were 7 and 8 for negative and positive ranks, respectively; therefore, W=7. These
results indicate that individual TTRs on the SNAP for AS3 were not significantly higher
than TTRs on the SNAP for AS1; thus, no treatment effect was identified.
Program Satisfaction
The Program Evaluation Inventory-Short Form (PEI-SF) was administered to the
participants after the intervention to determine if they believed that the program
employed acceptable treatment procedures, goals, and if they felt overall satisfaction with
the intervention program. The data were analyzed using descriptive statistics. The mean
data for participants across seven questions indicates that they were very satisfied with
the intervention program. The mean scores across seven questions ranged from 78.4 to
91.9 on a 100 mm scale, with 100 representing “strongly agree” for statements of
satisfaction. Table 4.6 presents the mean and median data across participants for each
individual question.
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Table 3.1.
Results of Boston Naming Test Spontaneous Responses
Participant

AS1

AS2

AS3

A1

39

51

52

A2

38

31

40

A3

35

43

46

Group A mean

37

42

46

B4

42

39

55

B5

36

37

45

B6

21

21

32

Group B mean

33

32

44

Table 3.2.
Results of WAB Naming & Word Finding Subtest
Participant

AS1

AS2

AS3

A1

8.2

9.6

9.8

A2

7.2

8.2

8.4

A3

6.9

8.0

8.0

Group A mean

7.4

8.6

8.7

B4

8.6

8.7

9.7

B5

6.6

6.6

7.7

B6

7.9

8.1

8.9

Group B mean

7.7

7.8

8.8
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Table 3.3.
Results of Picture Description Type-Token Ratios—Easter Morning
Participant

AS1

AS2

AS3

A1

.56

.80

.85

A2

.86

.57

.70

A3

.67

.65

.62

Group A mean

.70

.67

.72

B4

.57

.56

.46

B5

.66

.58

.81

B6

.76

.77

.53

Group B mean

.66

.64

.60

Table 3.4.
Results of Picture Description Type-Token Ratios—The Runaway
Participant

AS1

AS2

AS3

A1

.53

.74

.87

A2

.34

.54

.47

A3

.71

.70

.71

Group A mean

.53

.66

.68

B4

.60

.57

.43

B5

.70

.66

.54

B6

.51

.67

.58

Group B mean

.60

.63

.52
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Table 3.5.
Results of SNAP Narrative Retell Type-Token Ratio
Participant

AS1

AS2

AS3

A1

.31

.40

.40

A2

.29

.29

.26

A3

.21

.24

.25

Group A

.27

.31

.30

B4

.33

.34

.28

B5

.36

.37

.36

B6

.35

.35

.34

Group B

.35

.35

.33
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Table 3.6.
Results of Program Evaluation Inventory – Short Form by Question
Statement on
PEI-SF

Participant
A1

A2

A3

B4

B5

B6

96.77

95.83

63.89

80.56

88.89

94.44

91.67

86.73

2: I like the
procedures used in
this program.

96.77

98.61

97.22

70.83

88.89

91.67

94.22

90.67

3: I believe this
program is likely to
be effective.

95.16

97.22

50.00

70.83

91.67

91.67

91.67

82.76

4: I did not
experience any
discomfort during the
program.

96.77

34.72

97.22

83.33

75.00

83.33

83.33

78.40

5: I believe this
program is likely to
result in
communication
improvement.

96.77

98.61

55.56

81.94

86.11

91.67

88.89

85.11

6: I believe it would
be acceptable to use
this program with
individuals who have
similar disorders.

98.39

97.22

55.56

98.61

88.89

88.89

93.06

87.93

100

97.22

97.22

72.22

90.28

94.44

95.83

91.90

1: I find this program
to be an acceptable
way of helping
individuals with
communication
problems as a result
of stroke.

7: Overall, I have a
positive reaction to
this program.
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Figure 3.1. Results for Group A (Treatment First) and Group B (No Treatment First)
Across Assessment Sessions 1, 2, and 3 for Spontaneous Responses on the BNT. Note:
Possible BNT score range is 0-60.
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Figure 3.2. Results for Group A (Treatment First) and Group B (No Treatment First)
Across Assessment Sessions 1, 2, and 3 for the WAB N&W. Note: Possible WAB N&W
score range is 0-10.
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Figure 3.3. Results for Group A (Treatment First) and Group B (No Treatment First)
Across Assessment Sessions 1, 2, and 3 for Type-Token Ration (TTR) on Easter Morning
Picture Description. Note: Possible TTR score range is 0-1.
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Figure 3.4. Results for Group A (Treatment First) and Group B (No Treatment First)
Across Assessment Sessions 1, 2, and 3 for Type-Token Ration (TTR) on The Runaway
Picture Description. Note: Possible TTR score range is 0-1.
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Figure 3.5. Results for Group A (Treatment First) and Group B (No Treatment First)
Across Assessment Sessions 1, 2, and 3 for Type-Token Ration (TTR) on SNAP
Narrative Retell. Note: Possible TTR score range is 0-1.
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Chapter IV
Discussion

The primary purposes of this study were to: 1) determine the effect of intensive
computer-assisted treatment for anomia on confrontation naming of objects and pictures,
2) determine the effect of intensive computer-assisted treatment for anomia on lexical
diversity during oral discourse, and 3) assess whether participants experienced
satisfaction with this intensive computer treatment program for anomia.
The Parrot Software programs in this study utilized a combined semantic and
phonological treatment approach to improve word-retrieval through the use of cues,
descriptions, and cognitive tasks. The general naming condition within which these
programs operated was naming at the single-word level. Individual performance for the
treatment program, results of assessments, as well as anecdotal comments are provided
for each participant in Appendix F. Group performance and results for each of the
research questions are discussed in the following paragraphs.
Confrontation Naming
Research Question 1 addressed the effect of intensive computer-assisted treatment
for anomia on confrontation naming of objects and pictures as measured by spontaneous
responses on the Boston Naming Test (BNT) and the Western Aphasia Battery Naming
& Word Finding subtest (WAB N&W). In general, it can be noted that the computerized
treatment program implemented in this study had a significant positive effect on word
finding in confrontational naming tasks as measured by the BNT. Improvement was also
noted in untargeted/untrained words. All participants’ scores increased over baseline
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from AS1 to AS3. Additionally, the change can be attributed to the treatment, as scores
for Group A increased from baseline (AS1, M=37) to first post-test (AS2, M=42) and
remained somewhat stable following a 4-week no-treatment phase (AS3, M=46). Group
B’s scores remained stable from baseline (AS1, M=33) to baseline two (AS2, M=32)
during a period of no-treatment and then increased following the 4-week treatment period
(AS3, M=44).
Results indicated that treatment had a significant effect on word finding as
measured by results of the WAB N&W. All participants’ scores on the subtest increased
at least one full point (on a scale of 1-10) from AS1 to AS3. Improvement was also noted
in untargeted/untrained words. Additionally, the change can be attributed to the treatment
as scores for Group A increased from baseline (AS1, M=7.4) to first post-test (AS2,
M=8.6) and remained somewhat stable following a 4-week no-treatment phase (AS3,
M=8.7). Group B’s scores remained somewhat stable from baseline (AS1, M=7.7) to
baseline two (AS2, M=7.8) during a period of no-treatment and then increased following
the 4-week treatment period (AS3, M=8.8).
The positive effect on word finding in confrontational naming tasks as indicated
by results of the BNT and WAB N&W is similar to the results from Doesborgh et al.
(2004) who found that following an impairment-oriented treatment program utilizing the
computer program Multicue, significant beneficial effects for confrontation naming and
non-significant effects for verbal communication occurred. Multicue specifically
addresses confrontational naming with a cueing hierarchy, similar to many of the Parrot
Software programs used in the current study. Multicue is a computer program that
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facilitates word-finding by utilizing a variety of cues to stimulate the user’s ability to
recall target words (Van Mourick & Van de Standt-Koenderman, 1992). Parrot Software
also uses phonemic (i.e., first sound, PWA’s own production of target, and auditory
repetition of target by program), orthographic (i.e., first letter, spelling, target in a
sentence, and target in a list), and semantic (i.e., category, function, location, appearance,
fill-in-the-blank) cues to stimulate target word retrieval. Multicue was implemented
during approximately 10-11 hours of therapy over 8 weeks in Doesborgh et al.’s (2004)
study. Time spent on one program, Multicue, in Doesborgh et al.’s (2004) study is
comparable to the current study’s 5 hours and 20 minutes for each Parrot Software
program for 4 weeks of treatment.
In summary, intensive computer-assisted treatment for anomia seems to improve
word finding at the single word level during confrontation naming of objects and
pictures. PWA were better able to name single pictured items and actual objects
following 4 weeks of this intensive computer-assisted treatment. The treatment first
subgroup (Group A) maintained this ability following 4 weeks of no treatment at the final
assessment session (AS3).
Lexical Diversity
Research Question 2 addressed the effect of intensive computer-assisted treatment
for anomia on lexical diversity during oral discourse as measured by type-token ratios
(TTR) for the narrative retell and picture description tasks. In general, no pattern was
seen that would suggest improvement in TTRs as a result of the computerized treatment.
It should be noted that the programs in the treatment regime provided no oral narrative-
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like stimuli, nor did the programs require oral narrative-like discourse from the
participants during treatment.
These findings are in agreement with Shuren, Geldmacher, and Heilman’s (1993)
conclusions that there are two separate and distinct pathways to retrieve words: one
semantically and one from the internal visual representation to lexicon. The authors
purported that when only one pathway is treated, only one pathway improves. Similarly,
only confrontation naming was addressed and only confrontation naming improved in the
current study. Thus, PWA continued to struggle with word finding during oral discourse.
Despite improved abilities to name at the single word level, PWA were not able to
retrieve or use a variety of words during narrative retell or picture description tasks.
Program Satisfaction
Research Question 3 addressed whether PWA indicated that they experienced
satisfaction with this intensive computer-assisted treatment program for anomia. The
Program Evaluation Inventory – Short Form (PEI-SF) included the following areas of
satisfaction: 1) acceptable treatment for communication as a result of stroke; 2) like the
procedures used; 3) program likely to be effective; 4) discomfort during program; 5)
program likely to result in improved communication; 6) acceptable to use with similar
disorders; 7) positive reaction to the program. Average responses to all questions on the
PEI were above the 75th percentile, indicating an unequivocally positive view of the
treatment program. The lowest mean score of 78.4 was given on Statement 4: “I did not
experience any discomfort during the program.” When the researcher informally probed
this statement further, responses from most participants indicated that leaving the
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research lab to use the restrooms was inconvenient because the restrooms were located
quite a distance from the lab and the individuals sometimes required assistance with
mobility. Excluding this question, all mean and median responses were greater than 80%
approval, indicating an overall satisfaction with the procedures and methods implemented
during this treatment program. In summary, PWA did not feel that the intensive program
was too taxing or rigorous. Rather, they seemed to appreciate the opportunity to address
and improve their word finding abilities. These results indicate that intensive computerassisted treatment is potentially a socially valid one.
Clinical Implications
Based on Katz (2001), the software selections made for this research study would
be classified as CAT (computer-assisted treatment) as compared with COT (computeronly treatment). CAT software is used in a side-by-side manner in which the clinician is
the one providing instruction and modifying the thought process, and the computer is
only used for stimuli presentation and data-keeping. COT is based on the principle that
the person uses the computer software as a practice time without direct clinical
supervision. The classification of this treatment regime as CAT is a result of the level of
explanation and cueing that the current computer programs were not able to effectively
provide.
Each individual required a different level and type of cueing. One common factor
was that each participant required some instruction or reminder each day for each
program. Cues for computer operation were the most prominent, and participants
required help with problems such as not knowing where to click on the screen, not
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understanding how to answer the question, and not knowing what lesson was next within
the program. Cues for content were also quite prominent and stemmed from word-finding
difficulties as well as language barriers. Some programs provided the user with incorrect
feedback, which was then cued with correct feedback by the researcher.
The assistance provided using the computer trouble hierarchy could be duplicated
by a trained caregiver; however, the assistance provided using the content cueing
hierarchy would require an extensively trained caregiver or clinician. It is the experience
of the researcher as a result of this study that individuals with aphasia benefit from the
interaction of a trained clinician when using the computer program. It is the opinion of
the researcher that none of the individuals who participated in this study could fully
utilize the Parrot Software programs independently with significant benefit in a home
setting due to the cueing required to operate the Parrot Software programs.
Computer-assisted treatment for anomia was found to improve PWA’s
presentation of anomia for single words during a confrontation task. Because only
confrontation naming tasks were addressed and results were not found to generalize to
oral discourse, it would be necessary to implement this specific regime in addition to
other therapeutic tasks to fully treat all areas of an individual’s presentation of anomia.
Additional programs or tasks might focus on utilizing oral discourse through stimuli and
responses to fully address this area of deficit.
These therapeutic effects were found after 8 hours of treatment per week for 4
weeks. This is consistent with Bhogal et al. (2003), who in their review of aphasia
treatment found that studies that showed an effect of aphasia therapy provided an average
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of 93 hours of therapy in 11 weeks, or approximately 8.5 hours of therapy per week.
Those studies noted as showing no effect of aphasia therapy provided an average of 44
hours of therapy in 23 weeks, or approximately 2 hours of therapy per week. As was
shown through the scores on the PEI, the PWA in this study expressed an overall
approval of the program and procedures used. The intensive nature of this study did not
appear to negatively affect the participants’ views of the treatment. However, the
intensive treatment schedule of this study was not contrasted with a less-intensive
schedule, and results cannot be solely attributed to this aspect of the study.
Suggested Program Modifications
Throughout the course of this study, the researcher kept detailed records regarding
the operation and use of the Parrot Software. These records included error messages,
program malfunctions, software shortcomings, as well as other miscellaneous notes. With
the assistance of the records, along with researcher and participant statements, the
following suggested program modifications were developed:
1. Make programs more user-friendly for independent operation. Some programs
(e.g., Visual Confrontation Naming) require the individual to choose a lesson number
upon each start-up. These programs do not store what lesson was last used. Some of the
participants were unable to recall which lesson they last used, resulting in unnecessary
repetition of lessons. It should be noted that the participants became frustrated when they
recognized that they were repeating a lesson they had just completed. Conversely, one
program (Form and Function) had no lessons, which created additional problems as PWA

51

Texas Tech Health Sciences Center, Meredith Wells, May 2009

attempted to look for lesson choices upon startup. The researcher was required to
intervene and provide specific lesson numbers for the participant to select.
2. Ensure operational consistency across programs. Programs such as Sentence
Completion require the user to “Click DONE” with the mouse after a response is
selected; whereas, programs such as Visual Confrontation Naming require the user to hit
the “Enter” key on the keyboard after a response is selected. These inconsistencies
between programs make it difficult for the individual with aphasia to switch between
programs. Due to the varied nature of impairments resulting from brain injury or stroke,
consistent operational techniques would improve overall ease of use.
3. Create additional updates with new lessons. Throughout this study, a total of
approximately 5 hours was spent on each program. During this time, most of the
participants completed the entire lesson range of most programs twice. Some participants
(e.g., Participant B2) completed the range of a program (Sentence Completion) over four
times across the 5 hours. This obviously varies with ability level, but should be an area of
concern. Providing monthly updates for additional lessons would encourage continued
learning and sustained improvement. Monthly updates would also provide the PWA with
a product that continues to function at an appropriate level to facilitate continued
learning.
4. Eliminate program malfunctions (error messages). Frustrating error messages
(especially errors which shut down the program) create a barrier for individuals with
aphasia. Some participants in this study were not able to understand what (if anything)
they did wrong. The entire program had to be restarted, the participant’s name re-entered,
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and the lesson restarted. Programs that kept data on each participant then reported
incorrect scoring for the items just prior to the error message. For example, if a
participant completed items 1-4 and then encountered an error message, the program
reported 4 correct of 10 total items—even if the participant was not given the opportunity
to complete the last 6 items in the lesson. The researcher was then required to monitor the
data sets and clarify which data points were associated with an error message and were,
therefore, inaccurate.
Limitations and Future Studies
One limitation to the current study was the small number of participants who were
involved. Because of the small number of participants, the randomization used in the
current study was limited. Also, the use of a one-group single-treatment counterbalanced
design is limited by the inability to control for history and testing. The study’s design
(one-group single-treatment counterbalanced) resulted in internal validity concerns, but it
did account for order effect. Another limitation involved the inability of the researcher to
comprehensively record all cueing and facilitating activities due to the substantial amount
and complex nature of assistance required by the PWA in operating the programs.
Future studies in the area of computerized treatment for anomia, specifically those
which focus on the use of Parrot Software, should explore the level of independence of
PWA in using computerized treatment software. Additional programs and program
regimes should be explored to assess their efficacy. Future studies should also address
computerized treatment for anomia in a variety of environments, including the home
setting in which the software programs are purported to function.
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More recently, emerging research is beginning to address the needs of analyzing
oral discourse beyond lexical diversity. New measures emerging in the literature include
del Toro et al.’s Utterance with New Information (UNI, 2008), Nicholas and
Brookshire’s correct information unit (CIU, 1993), and the Quantitative Production
Analysis (QPA; Berndt, Wayland, Rochon, Saffran, & Schwartz, 2000; Saffran, SloanBerndt, & Schwartz, 1989) which addresses language during picture description tasks.
These methods of analysis and measures all exhibit promise in accurately providing a
picture of PWA’s oral discourse and should be explored in conjunction to computerized
treatment for anomia in future studies.
Conclusion
In conclusion, results indicated that intensive, computer-based treatment for
anomia in persons with chronic aphasia facilitates improvement in confrontational
naming tasks. Results also indicated no significant change in lexical diversity during oral
discourse as measured by TTR. Thus, the computer-assisted treatment using Parrot
Software changed word finding abilities at the single word level, but not beyond (i.e., at
the sentence or discourse level). Participants with aphasia felt that the intervention
program used acceptable treatment procedures, methods, and goals, and there was a high
satisfaction with the treatment program. Further research should focus on expanding upon
these findings and creating a more specific treatment protocol for the use of computerized
treatment in the clinical and home setting for persons with aphasia.
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Appendix A
Consent to Take Part in a Research Study
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Appendix B
Procedure Protocols
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Assessment Session 1 Procedures (Day 1)
Consent and Paperwork
o Meet and begin to establish rapport with the participant.
o Have the participant sign and date the consent form on the appropriate line.
Clinician signs on the project director/authorized representative line. Keep the
signed original in the notebook and give a copy to the participant or caregiver.
o Determine if the participant can see well enough to participate by asking the
participant to read a series of single words and simple sentences.
o Determine if the participant can hear well enough to understand conversational
speech.
o Administer the Western Aphasia Battery.
o Administer the Boston Naming Test.
o Administer picture description task.
o Administer the Strong Narrative Assessment Procedure.
o Copy and turn in paperwork to Committee Chairperson.
Inform the Participant about the Treatment Procedures (Figure 2)

Answer Questions from the Participant
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Treatment Procedures (Computer Orientation)
Give Participants Handouts
o Handouts (Recognizing parts of the computer and Working with the programs)
will also be kept at each computer station throughout treatment.
Acquainting Participant with Computer Operations
o How to turn on the computer.
o How to operate the mouse.
o How to operate the keyboard.
o How to operate and change the volume on the headphones.
o How to open the programs.
Acquainting Participant with Computer Programs
o On-screen instructions
o Computer output
o Cues
o Participant input
o Feedback
1-Inferential Naming
2-Form and Function
3-Multisensory Words
4-Visual Confrontation Naming
5-Sentence Completion
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Treatment Procedures (Daily)
Preparation (Clinician)
o Turn on and perform any necessary computer maintenance.
o Assess keyboard, mouse, and headphone functioning; fix accordingly.
o Greet the participants as they arrive.
o Show the participants to their specific computer.
o Answer any questions the participants may have.

Computerized Treatment
o The order of programs administered each day will be randomly assigned and
given to the participant typed on a piece of paper.
o Instruct participants to open the designated program and begin.
o Start timer to count down from 20 minutes.
o When the timer sounds, instruct the participants to stop all activities and exit the
program.
o Start timer to count down from 5 minutes for required break.
o Return to step two and continue for all 5 programs.
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Appendix C
Computer Training Sheets
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Recognizing Parts of the Computer*

This is a computer. You will be using 3
parts of the computer for this program.

1. The screen is where
we read information.
2. The keyboard is for typing
words. As you type, it shows up on the
screen.
3. The mouse is like the steering wheel for a
car. Watch the white arrow on the screen
and move the mouse in a circle.
4. There are two buttons on the mouse. You
will push (or “click”) the left button to work
this program.
*Based on Egan and Worrall, 2001.
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Working with the Programs*
1. On the screen, you will see an icon that
might look like this.

2. To open the program, click 2 times on the icon.
3.

4.

When you click in a box to type, this
cursor will appear.

When the computer is working on
something, you might see this.

5. To close the program, push the X
button.

*Based on Egan and Worrall, 2001.
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Appendix D
Program Evaluation Inventory-Short Form
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Program Evaluation Inventory-Short Form (PEI-SF)
Please complete the items listed below to indicate how you feel about the program.
Place a horizontal dash on the vertical line at the appropriate level.

1) I find this program to be an acceptable way of helping individuals with
communication problems as a result of stroke.

2) I like the procedures used in this program.

3) I believe this program is likely to be effective.

4) I did not experience any discomfort during the program.

5) I believe this program is likely to result in communication improvement.

6) I believe it would be acceptable to use this program with individuals who
have similar disorders.

7) Overall, I have a positive reaction to this program.
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Appendix E
Cueing Hierarchies
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Computer Trouble Hierarchy
Computer Operations
If: Computer is not responding
Then:
o Confirm that mouse/keyboard/headphones are plugged in.
o Provide one minute wait time.
o Restart program.

If: No sound is coming out of the earphones.
Then:
o Make sure volume on the computer is turned on.
o Turn up volume.
o Restart program.
If: The program shuts down from an error.
Then:
o Confirm error number and record.
o Restart program.
o Facilitate choice of lesson number if appropriate.
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Content Cueing Hierarchy
Content of Treatment
If: A participant asks questions about the instructions for a program.
Then:
o Point to and/or replay onscreen instructions.
o Repeat instructions verbally.
o Rephrase instructions.
o Give example problem not included in program.
If: A question about what is required of the participant is asked.
Then:
o Point to and/or replay onscreen instructions.
o Rephrase instructions.
o Point to computer input devices necessary for the program.
o Demonstrate the use of input devices.
If: Any question is asked by a participant about a program’s content.
Then:
o Play onscreen instructions.
o Rephrase instructions.
o Read and/or point to stimuli on the page.
o Ask participant to re-auditorize the instructions and/or stimuli
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Appendix F
Participant Profiles
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Participant Profiles
Participant A1 is a 42-year-old male who sustained a left hemispheric stroke
resulting in aphasia in January, 2007. At the onset of the treatment period, he had a WAB
Aphasia Quotient of 80 and a spontaneous BNT score of 39. He was assigned to group A
(treatment first) and completed the Word Associations program (Lessons 1-20) twice and
continued to the Functions program for the remainder of treatment. He used the Form and
Functions program for the duration of the treatment. He completed the Inferential
Naming program (Lessons 1-10) twice across the treatment period. He completed most of
the hierarchy (16 of 25 Lessons) for Visual Confrontational Naming. He completed the
Sentence Completion program (Lessons 1-10 and Customized Lessons 11-15) twice and
continued to complete the Deductive Reasoning program (Lessons 1-10) twice for the
remainder of treatment. Following treatment, Participant A1’s BNT spontaneous scores
rose from baseline (AS1= 39) to 51 at AS2 and 53 at AS3. Similarly, his Naming &
Word Finding Score from the WAB increased from baseline (AS1= 8.2) to 9.6 at AS2
and 9.8 at AS3. Finally, it should be noted that following treatment, Participant A1
requested to be tested on a word which eluded him during treatment stating, “I know
submarine! Where is a picture of a submarine?”
Participant A2 is a 57-year-old female who sustained a left hemispheric stroke
resulting in aphasia in May, 2001. At the onset of the treatment period, she had a WAB
Aphasia Quotient of 75.3 and a spontaneous BNT score of 38. Participant A2 was
assigned to group A (treatment first). She completed the Word Associations program
(Lessons 1-20) and continued to the Functions program for the remainder of treatment.
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She used the Form and Functions program for the duration of the treatment. She
completed the Inferential Naming program (Lessons 1-10) one and a half times (15
lessons) across the treatment period. She completed most of the hierarchy for Visual
Confrontational Naming (16 of 25 Lessons) during treatment. She completed the
Sentence Completion program (Lessons 1-10 and Customized Lessons 11-15) twice and
continued to the Deductive Reasoning program (Lessons 1-10) for the duration of
treatment. Following treatment, Participant A2’s BNT spontaneous scores fell from
baseline (AS1= 38) to 31 at AS2 and rose to 40 at AS3. It should be noted that the
assessments in AS2 were administered in the afternoon, contrasting with AS1 and AS3
which were administered in the morning (same time as treatment). Participant A2’s
caregiver noted that Participant A2 was on medication that sometimes made her drowsy,
especially during the afternoon. Her Naming & Word Finding Score from the WAB
increased from baseline (AS1= 7.2) to 8.2 at AS2 and 8.4 at AS3. Finally, it should be
noted that following treatment, Participant A2’s caregiver noted some improved word
finding and an increased complexity of lexicon. The caregiver cited a time when,
following therapy, Participant A2 described something as being “vertical,” a word she
had not used since before her stroke.
Participant A3 is a 50-year-old male, who sustained a left hemispheric stroke
resulting in aphasia in May, 2006. At the onset of the treatment period, he had a WAB
Aphasia Quotient of 66.3 and a spontaneous BNT score of 35. Participant A3 was
assigned to group A (treatment first). He completed the Word Associations program
(Lessons 1-20) twice and continued to the Functions program for the duration of
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treatment. He used the Form and Functions program for the duration of the treatment
period. He completed the Inferential Naming program (Lessons 1-10) twice across the
treatment period. He completed most of the hierarchy for Visual Confrontational Naming
(16 of 25 lessons). He completed the Sentence Completion program (Lessons 1-10 and
Customized Lessons 11-15) twice and continued to the Deductive Reasoning program
(Lessons 1-10 completed twice) for the duration of treatment. Following treatment,
Participant A3’s BNT spontaneous scores rose from baseline (AS1= 35) to 43 at AS2 and
46 at AS3. Similarly, his Naming & Word Finding Score from the WAB increased from
baseline (AS1= 6.9) to 8.0 at AS2 and maintained 8.0 at AS3. Finally, it should be noted
that following treatment, Participant A3 was observed by the clinician as being more
willing to initiate communication with other individuals (not involved in the study)
around the clinic.
Participant B4 is a 56-year-old female, who sustained a right hemispheric stroke
resulting in a crossed conduction aphasia in March, 2006. At the onset of the treatment
period, she had a WAB Aphasia Quotient of 82.7 and a spontaneous BNT score of 42.
Participant B4 was assigned to group B (no treatment first, treatment second). She
completed the Word Associations program (Lessons 1-20) twice, continued to the
Functions program for the same amount of time (5 days), and finished treatment by
completing the Word Associations program (Lessons 1-20) twice more. She used the
Form and Functions program for the duration of the treatment. She completed the
Inferential Naming program (Lessons 1-10) twice and continued on to use Multi-Sensory
Words for the remainder of the treatment period. She completed the hierarchy for Visual
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Confrontational Naming (25 lessons) twice across the treatment period. She completed
the Sentence Completion program (Lessons 1-10 and Customized Lessons 11-15) twice,
continued on to complete the Deductive Reasoning program (Lessons 1-10) twice,
returned to complete the Sentence Completion program twice (Lessons 1-10 and
Customized Lessons 11-15), and continued to Deductive Reasoning for the duration of
treatment where she completed 8 of 10 lessons. Following treatment, Participant B4’s
BNT spontaneous scores rose from baseline, AS1= 42 and AS2= 39, to 55 at AS3.
Similarly, her Naming & Word Finding Score from the WAB increased from baseline,
AS1= 8.6 and AS2=8.7, to 9.7 at AS3. Finally, it should be noted that following
treatment, Participant B4 stated that she had “noticed great improvement” in her ability to
talk herself through a hierarchy, similar to that used during treatment, to help her “find”
her words.
Participant B5 is a 66-year-old male, who sustained a left hemispheric stroke
resulting in aphasia in August, 2007. At the onset of the treatment period, he had a WAB
Aphasia Quotient of 80.4 and a spontaneous BNT score of 36. Participant B5 was
assigned to group B (no treatment first, treatment second). He completed the Word
Associations program (Lessons 1-20) twice and continued to the Functions program for
the remainder of treatment. He used the Form and Functions program for the duration of
the treatment. He completed the Inferential Naming program (Lessons 1-10) twice
followed by the Multi-Sensory Program for the remainder of the treatment period.
Participant B5 completed the hierarchy for Visual Confrontational Naming one and a half
times. Participant B5 completed the Sentence Completion program (Lessons 1-10 and
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Customized Lessons 11-15) twice, continued on to complete the Deductive Reasoning
program (Lessons 1-10) twice, returned to complete the Sentence Completion program
(Lessons 1-10 and Customized Lessons 11-15) twice, and continued to Deductive
Reasoning for the remainder of treatment where he completed 7 of 10 lessons. Following
treatment, Participant B5’s BNT spontaneous scores rose from baseline, AS1= 36 and
AS2= 37, to 45 at AS3. Similarly, his Naming & Word Finding Score from the WAB
increased from baseline, AS1= 6.6 and AS2=6.6, to 7.7 at AS3. Finally, it should be
noted that following treatment, Participant B5 was able to spell “water” and “horse”
aloud verbally without paraphasias that previously characterized his speech.
Participant B6 is a 43-year-old male, who sustained a left hemispheric stroke
resulting in aphasia in August, 2003. At the onset of the treatment period, he had a WAB
Aphasia Quotient of 79.7 and a spontaneous BNT score of 21. He was assigned to group
B (no treatment first, treatment second). He completed the Word Associations program
twice (Lessons 1-20), continued to the Functions program for the same duration of time
(7 days), and finished treatment by completing the Word Associations program (Lessons
1-15) once more. He used the Form and Functions program for the duration of the
treatment. He completed the Inferential Naming program (Lessons 1-10) twice followed
by the Multi-Sensory Program for the remainder of the treatment period. He completed
the hierarchy for Visual Confrontational Naming one and a half times. He completed the
Sentence Completion program (Lessons 1-10 and Customized Lessons 11-15) twice,
continued on to complete the Deductive Reasoning program (Lessons 1-10) twice,
returned to complete the Sentence Completion program (Lessons 1-10 and Customized
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Lessons 11-15) twice, and continued to Deductive Reasoning for the remainder of
treatment where he completed 5 of 10 lessons. Following treatment, Participant B6’s
BNT spontaneous scores rose from baseline, AS1= 21 and AS2= 21, to 32 at AS3.
Similarly, his Naming & Word Finding Score from the WAB increased from baseline,
AS1= 7.9 and AS2=8.1, to 8.9 at AS3. Finally, it should be noted that following
treatment, Participant B6 was noted by the clinician to use more grammatical morphemes
(plural s) and self-correct when grammatical morphemes were omitted.
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