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Abstract—This investigation examined the effects of a seman-
tic feature training procedure on retrieval of action names in a
participant with anomic aphasia. Treatment was applied
sequentially across two sets of action names in the context of a
multiple baseline design across behaviors. Treatment effects
were evaluated in terms of naming of trained and untrained
actions. Discourse production effects were also examined with
respect to verbal productivity, informativeness, and production
of nouns and verbs. Increased accuracy of naming was
observed for both sets of trained action names, with increases
being maintained at 6 weeks posttreatment. However, accuracy
of responding did not reach preestablished criterion levels.
Repeated exposure to stimulus items without training resulted
in unstable and temporary increases in naming accuracy. No
changes were observed in accuracy of naming of untrained
actions that were measured only at pre- and posttreatment
intervals. Increases in verbal productivity and informativeness
in discourse production were associated with the treatment.

Key words: anomia, aphasia, language therapy, rehabilitation,
semantic feature analysis, single-subject design, treatment,
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INTRODUCTION

Anomia, or difficulty with word-finding, is a defin-
ing feature of aphasia that crosses aphasia type [1].
Word-retrieval deficits may be observed with all gram-
matical word forms (e.g., nouns, verbs, adjectives), and
persons with aphasia may have more difficulty with
retrieval of one grammatical class relative to another [2–4].

Retrieval of object names has received significantly
more focus than retrieval of other grammatical form
classes in terms of rehabilitation research. However, an
increasing number of investigations have addressed treat-
ment of verb retrieval [5–9]. Targeting verb retrieval is
potentially an important component of aphasia rehabilita-
tion because verbs not only carry critical meaning but
also have important functions in the structural formula-
tion of sentences [10].

Although a limited number of participants have been
studied across relatively few investigations, it appears that
action-naming may be improved by therapies similar to
those used in the treatment of object-name retrieval. For
example, McNeil and colleagues applied Lexical-Semantic
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Activation Inhibition Treatment (L-SAIT) to retrieval of
verbs, nouns, and adjectives with a participant with
anomic aphasia [11]. L-SAIT, which entailed production
of antonyms and synonyms with semantic, gestural, written,
and phonologic cueing, improved retrieval of antonyms
for all trained grammatical forms, with no generalization
to untrained items within and across grammatical forms.

Cueing treatments have also been studied by
Wambaugh and colleagues in the treatment of object
names [12–13] and action names [8,14]. Positive treat-
ment effects were found for both a phonological cueing
treatment (PCT) and a semantic cueing treatment (SCT),
with increases in naming accuracy being observed more
consistently in the treatment of object names. More spe-
cifically, participants whose verb-retrieval deficits
appeared to stem from relatively severe semantic process-
ing deficits did not benefit from either PCT or SCT. The
investigators suggested that the relatively limited infor-
mation provided by the cues may have been insufficient
to improve verb retrieval for participants with severe
deficits.

The positive effects of treatments for verb retrieval in
aphasia have largely been restricted to improvements in
naming of trained items. This has been the case for thera-
pies designed specifically to treat verbs [5–6,9,15], and
for those treatments derived from or applied to different
grammatical form classes [11,14,16]. This lack of gener-
alization to untrained verbs, even to semantically related
verbs, concurs with findings from studies of treatment of
object name retrieval, in which response generalization
has been a relatively rare occurrence [17].

Although improvements in naming have been
restricted to trained verbs, changes in the production of
sentences and/or discourse have been reported following
verb-retrieval training [6–7,9,18]. However, findings
regarding such changes have been mixed, both within
and across studies examining pre- and posttreatment dis-
course abilities. For example, Marshall combined semantic
tasks, orthographic cueing, gestural tasks, and verbal pro-
duction tasks in treating a patient with a phonological-level
impairment of verb production (unimpaired written verb
production) [18]. Following treatment, limited improve-
ments in verb retrieval and production of verb-plus-
argument structure in response to questions were noted, but
similar changes were not observed in story-retelling tasks.

Marshall et al. reported statistically significant improve-
ments in sentence production following a semantically
oriented treatment with a participant with Broca’s aphasia

and a selective verb-retrieval deficit [6]. Similarly,
Raymer and Ellsworth found improvements in sentence
production accuracy in response to a semantic verb-
retrieval treatment with a participant with nonfluent
aphasia and mild verb-retrieval impairment [7]. They
also found phonological treatment and rehearsal to have
similar effects on sentence-production accuracy.

In production of lexical items in discourse, Webster
et al. found an increased proportion of production of lexi-
cal verbs in two-argument structures in narratives [9].
This finding was rather surprising, given that the investi-
gators found no overall improvement in verb retrieval
(based on performance on a verb- and noun-retrieval
test). In contrast, McNeil et al. [11] reported no changes
in verbal productivity and informativeness [19] during
discourse production. However, McNeil et al. did not
examine production of types of lexical items within dis-
course [11]. One possible source for the differences in
generalization findings in the two preceding investiga-
tions, beyond measurement issues, may relate to the
types of training used.

As part of their treatment, Webster et al. employed a
training strategy in which the participant was asked to
generate words that filled thematic roles or were associ-
ated with the target verb [9]. This strategy appears similar
to a treatment approach, termed Semantic Feature Analy-
sis (SFA) [20–21], that has been applied to the retrieval
of object names. SFA is used to guide the patient in iden-
tifying important semantic features of the target word.
This approach is believed to help activate the semantic
network that surrounds the target word to aid in its
retrieval [20]. In the process of identifying features of the
target item, nontargeted, and semantically related words
may benefit in terms of retrieval because they share fea-
tures that are being accessed or retrained. Additionally,
generalization may be facilitated by application of the
compensatory strategy of systematically retrieving fea-
tures, which may serve a self-cueing function. SFA has
been demonstrated to result in improved retrieval of
trained nouns and has been shown to promote retrieval of
untrained nouns [20–23]. SFA has also been associated
with improvements in content production during dis-
course. For example, Boyle found a 75 percent increase
in efficiency of correct information unit (CIU) produc-
tion in discourse for one participant and a 92 percent
increase in mean CIU production for a second participant
following treatment with SFA [21]. The effects of SFA
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have not been examined with respect to action name
retrieval.

Generalization is a current and important challenge
in the development of effective word-retrieval treat-
ments. Lack of generalization to untrained items has been
observed more frequently than has generalization in the
treatment of object-naming (see Nickels [17] for a
review). However, advances have been made in generali-
zation within semantic category [21,24–26]. That is, gen-
eralized improvement in untrained object-naming has
been reported for therapies involving strengthening of
semantic information/networks [21,25–26], as well as for
semantic category rhyme therapy [24]. Such gains have
been limited to untrained items that belong to the same
semantic category as trained items.

How semantic category membership may pertain to
the treatment of verb retrieval in aphasia is not clear.
Numerous semantic categories of verbs have been pro-
posed. For example, Levin describes more than 40
“semantically coherent” classes of verbs, with many
more subcategories within class [27]. Currently, we are
not aware of any agreed-upon methods for categorizing
verbs in terms of relatedness. Furthermore, a complex,
not fully specified relationship exists between the mean-
ing of verb and its syntactic behavior [27]. Verbs that are
closely related in meaning may differ in terms of accept-
able alternations [10,27]. That is, even verbs that are
clearly similar with respect to core meanings may
express their arguments differently. For example, “fill”
and “pour” are closely related, but their realization of
arguments differs: “She filled the glass with water” is
allowable but “She poured the glass with water” is not,
and “She poured water into the glass” is acceptable but
“She filled water into the glass” is not [27]. Argument
structure has been shown to be important in terms of verb
retrieval [28], although the interaction of semantic class
and diathesis alternation has not been explored relative to
treatment in aphasia. Additionally, for verb retrieval
treatments involving arguments and thematic roles, gen-
eralization may likely be affected by the semantic relat-
edness of the nouns expressed in the arguments.

Controlling for semantic category factors that may
affect generalization was beyond the scope of our investi-
gation. Such control would require extensive normative
research. Instead, we chose to focus on potentially facili-
tating generalization by applying a treatment method that
may be useful as a compensatory strategy. As reviewed
by Nickels [17], compensatory strategies have been shown
to result in generalized responding for some participants.

As noted previously, SFA may serve as a compensatory
strategy, which may account for improved responding to
items within, as well as beyond, trained semantic catego-
ries. In fact, Boyle suggests that generalization to untrained
items following application of SFA resulted not only from
stimulation of the semantic network but also from “access-
ing items from a variety of semantic categories in a struc-
tured, methodical way over and over again” [21, p. 246].

Therefore, we designed our current investigation to
further study the effects of treatment for action name
retrieval in aphasia. To promote generalization, we chose
SFA for study because of its promising generalization
findings with object-name retrieval. Additionally, in light
of the array of information carried by verbs (e.g., infor-
mation concerning lexical semantics, thematic roles,
argument structure), SFA appeared amenable, with modi-
fication, to systematically providing a variety of cues per-
tinent to verbs. Although SFA has been applied
successfully with object-name retrieval, we could not
assume that its effects would be similar when applied to
action name retrieval. Consequently, our study was also
designed to determine if SFA would result in acquisition
of trained action names.

This investigation addresses specific experimental
questions: Will SFA applied to action names—
1. Result in increased accuracy of confrontation naming

of trained actions?
2. Result in increased accuracy of confrontation naming

of untrained action names?
3. Be associated with increased amount and efficiency of

production of content during discourse?
4. Be associated with changes in relative production of

verbs and nouns during discourse?

METHODS

Participant
The participant was a 74-year-old Caucasian female,

who was 4 years, 2 months, postonset of a single, left
parietal cerebrovascular accident. She was a right-handed
native-English speaker who had 13 years of formal edu-
cation and was retired from 25 years of secretarial work.
She was referred as a potential participant for this investi-
gation by the director of a university speech/language
clinic who had been made aware of the study. The partici-
pant had a negative history for other neurological condi-
tions, mental illness, and alcohol/substance abuse according
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to self-report. She passed a pure tone hearing screening at
500, 1,000, and 2,000 Hz at 45 dB in the left ear unaided.

Specific records of the participant’s past speech/
language therapy were not available. According to her
daughter, the participant received approximately 4 weeks
of home health speech/language services after she
returned home following hospitalization. At approxi-
mately 4 months poststroke, she again received approxi-
mately 1 month of speech/language services. According
to the participant, her previous speech/language therapy
did not include SFA. The participant did not receive any
other speech/language services during this investigation.

 As shown in Table 1, the participant presented with
moderate, anomic aphasia, as evidenced by performance
on the Western Aphasia Battery [29] and the Porch Index
of Communicative Abilities (PICA) [30]. Significant
word-retrieval difficulties were present as reflected by a
total raw score of 19 on the Test of Adolescent/Adult
Word Finding (TAAWF) [31]. No motor speech disor-
ders were evident as defined by Duffy [32], and her sin-
gle word intelligibility was 92 percent [33].

We conducted various lexical processing assess-
ments to determine the nature of her deficit and to identify
potential changes in lexical processing posttreatment
(Table 1). Responses to subtests from the Psycholinguistic
Assessment of Language Processes in Aphasia (PALPA)
[34], Verb and Sentence Test (VAST) [35], an Object and
Action Naming Battery (OANB) [36], and the TAAWF
revealed deficits in semantic association and verb and
noun comprehension, suggesting difficulty in semantic
processing. A large percentage (60%) of the participant’s
naming errors on the TAAWF and OANB took the form
of no response. However, the majority of her classifiable
errors were semantic paraphasias (e.g., hammock →
swing, leaf → flower, squeezing → lemon) or descriptions
(e.g., dripping → drops are coming down) (Table 1). Such
errors  support the notion that she had deficits at the level
of semantic processing. Her sentence production deficits
were also in keeping with a theorized deficit in verb
semantic processing [37]. Additionally, the participant
demonstrated difficulty in judging rhymes and occasion-
ally produced phonemic and mixed paraphasias, indicating
possible difficulties in processing at the phonological level.

Experimental Stimuli

Confrontation Naming Stimuli
The participant was asked to name 100 black and

white line drawings depicting actions from OANB on

two separate occasions. We then selected 40 of the 100
items to be experimental stimuli. The words were divided
into four lists of 10 items each (Appendix 1, available
online only at http://www.rehab.research.va.gov/). Each
list was matched as closely as possible for factors that
could influence retrieval or production: frequency, age of
acquisition, number of syllables, familiarity, imageabil-
ity, and visual complexity [36,38]. Argument structure
was balanced across lists in terms of number of one- and
two-place argument verbs represented in each list
(Appendix 1).

Discourse Content Stimuli
We obtained samples of narrative and procedural dis-

course using procedures developed by Nicholas and
Brookshire [19]. The procedures involve requesting six
picture descriptions (single and sequenced pictures), two
descriptions of procedures (e.g., “How do you wash the
dishes?”) and two descriptions of personal information
(e.g., “What do you do on a Sunday?”).

Pre- and posttreatment discourse samples were audio
recorded and transcribed orthographically. Transcriptions
were verified by a master’s student not involved in the
investigation, who was experienced in transcription of
aphasic discourse.

We scored each sample for production of CIUs using
procedures detailed by Nicholas and Brookshire [19]. As
described by Nicholas and Brookshire, CIUs are “words
that are intelligible in context, accurate in relation to the
picture(s) or topic, and relevant to and informative about
the content of the picture(s) or the topic. Words do not
have to be used in a grammatically correct manner to be
included in the correct information count” [19, p. 348].
CIUs were coded from the transcripts independently by
two examiners (second author and master’s student) with
audio tape supplementation as necessary. Any disagree-
ments in point-to-point CIU scoring were resolved by
agreement of a third examiner (Dr. Wambaugh).

The test-retest stability of Brookshire and Nicholas’
discourse elicitation method has been demonstrated to be
good for the scoring of words per minute (wpm) and
“percent CIU” (%CIU) [39]. Specifically, Brookshire and
Nicholas obtained discourse samples from a group of
20 adults with aphasia on three separate sampling occa-
sions; two samples were obtained on the same day and a
third sample was obtained 7 to 10 days later [39]. For the
group, the mean number of wpm ranged from 81 to 85,
with a standard error of measurement (SEM) from time

http://www.rehab.research.va.gov/jour/07/44/3/pdf/wambaughappend1.pdf
http://www.rehab.research.va.gov/jour/07/44/3/pdf/wambaughappend1.pdf
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1 to time 3 of 5.5 wpm. Mean %CIU was 63 (at all sam-
pling times), with a SEM of 2.1 from time 1 to time 3.

All words that were included in the CIU count were
then coded in three grammatical form classes: nouns
(including pronouns), verbs, and “other” (e.g., adjectives,
adverbs, articles, conjunctions).

Experimental Design
A single-subject, multiple baseline design across

behaviors was used. This design allowed for the exami-
nation of both acquisition and response generalization
effects of treatment. The behavior of interest (i.e., con-
frontation naming of actions) was measured repeatedly

Table 1.
Pre- and posttreatment lexical processing assessment results for 74-year-old female participant.

Measure Pretreatment Posttreatment
Test of Adolescent/Adult Word Finding (TAAWF)

Raw Score 19/107 40/107
Comprehension (%) 75 96*

Object and Action Naming Battery (OANB)
Nouns Only (Number Correct) 50/81 64/81

Types of Errors on TAAWF and OANB: Total Errors (%), Excluding 
No Responses

Semantic Paraphasias 57.5 —
Phonemic Paraphasias 2.0 —
Mixed Paraphasias 6.5 —
Unrelated Responses 6.5 —
Descriptions 19.0 —
Perseverations 8.5 —

Verb and Sentence Test
Verb Comprehension 35/40 35/40
Sentence Comprehension 29/40 32/40
Grammaticality Judgment 38/40 38/40
Action Naming 8/40 18/40
Filling in Finite Verbs 4/10 2/10
Filling in Infinitives 2/10 4/10
Sentence Construction 9/20 14/20

Porch Index of Communicative Ability
Overall 11.74 11.94
Percentile 60th 64th

Psycholinguistic Assessment of Language Processing in Aphasia
Word Rhyme Judgment 48/60 47/60
Word Semantic Association

High Imageability 8/15 9/15
Low Imageability 8/15 6/15

Auditory Comprehension, Verbs/Adjectives 35/41 34/41
Western Aphasia Battery

Aphasia Quotient 67.7 —
Diagnostic Category Anomic —

Assessment of Intelligibility of Dysarthric Speech
Word—Transcription (%) 92 —

Coloured Progressive Matrices
Overall 18 —
Percentile 10th —

*Considered within normal limits according to guidelines of test published.
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prior to the initiation of treatment during the baseline
phase for three lists of action pictures. Then, treatment
was applied to one of the lists of items while repeated
probing of all lists of items continued. When the criterion
for terminating treatment was reached (i.e., 80% correct
in three consecutive probes, or completion of 12 treat-
ment sessions), treatment was withdrawn from the first
list of items and was applied to a second list. Probing was
conducted continuously until treatment was terminated
with the second list and was again conducted at follow-up
intervals.

The third list of items and an additional fourth list of
actions were used for assessing the effects of generaliza-
tion to items with repeated and limited exposure. Specifi-
cally, List 3 was probed continually along with Lists 1
and 2. List 4 was probed only once during the baseline
phase and at the completion of treatment. We included
List 4 to permit comparison of potential generalization
effects with List 3. Repeated exposure of items to be
named has been demonstrated to improve naming per-
formance, even when items have not received treatment
[40]. Such improvement is a confound to the determina-
tion of generalization. Therefore, we considered includ-
ing a group of generalization items that had limited
exposure important. We expected that if repeated expo-
sure, but not generalization, contributed to improved per-
formance on untrained lists, then performance on List 3
would improve, but performance on List 4 would not
change. However, if generalization contributed to
improved performance on untrained lists, then perform-
ance on both Lists 3 and 4 would improve, with differ-
ences in magnitude being attributed to exposure (if
performance on List 3 was higher).

Baseline Phase
Responses to the 30 action pictures (Lists 1–3) were

repeatedly measured during the baseline phase. Each of
the 30 items was presented one at a time in random order
and the participant was asked to “use an action word to
describe the picture.” We prompted the participant again
with the same phrase if she used a noun instead of a verb
(we provided this prompt a maximum of three times per
probe session). We allowed a response interval of 30 sec-
onds, and provided no feedback other than general
encouragement (e.g., you’re working hard, good job,
etc). A 30-second response window was provided
because accuracy of retrieval was of greater interest than
latency of responding. Furthermore, because SFA may

function as a compensatory strategy for retrieval, it was
desired that sufficient time be provided for the feature
strategy to be employed. A score of 7 or higher, using a
multidimensional scoring system [13] (Appendix 2,
available online only at http://www.rehab.research.va.gov)
was considered a correct response.

The remaining 10 items, which we used to control for
exposure effects, were presented separately from the
other three sets, in random order, on one occasion prior to
treatment. All probes were audio and video recorded
throughout the study.

A relatively stable baseline was established for the
lists prior to treatment. The a priori criterion for stability
was no more than 20 percent variability in responding
across three consecutive probes immediately preceding
the application of treatment for that list.

Treatment Phase
Probes of naming performance, identical to those

conducted during baseline, were completed at the begin-
ning of each session prior to treatment.

Maintenance and Follow-Up Phase
Maintenance of naming of the initially trained word

list was measured during subsequent training of the sec-
ond list. Follow-up probes were conducted for the sets of
action pictures at 2 and 6 weeks posttreatment.

Posttreatment testing was conducted immediately
following the completion of treatment: the VAST,
TAAWF, PICA, OANB (nouns only), and subtests of the
PALPA were readministered. Additionally, discourse
samples were obtained immediately following treatment.

Treatment
We used a modified version of SFA to accommodate

the use of verbs instead of nouns as the pictured target
stimuli. Specifically, we employed the basic training pro-
cedure used by Boyle and Coelho [20], but the features
we targeted were appropriate for verb retrieval. We used
a semantic feature diagram (Appendix 3, available
online only at http://www.rehab.research.va.gov) to elicit
the following features from the participant:
1. Subject (“Who usually does this?”).
2. Purpose of action (“Why does this happen?”).
3. Part of body or tool used to carry out action (“What part

of the body or what tool is used to make this happen?”).
4. Description of physical properties (“Tell me what it

looks like.”).

http://www.rehab.research.va.gov/jour/07/44/3/pdf/wambaughappend2.pdf
http://www.rehab.research.va.gov/jour/07/44/3/pdf/wambaughappend3.pdf
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5. Usual location (“Where does this action usually take
place?”).

6. Related objects or actions that reminded the participant
of target verb (“What does it make you think of?”).

We wanted the features in this investigation to target
not only lexical semantic information but also informa-
tion concerning thematic roles. We also considered
adhering as closely as possible to the original SFA fea-
tures important. The SFA features of “properties,” “loca-
tion,” and “association” were retained because these
features appeared useful for eliciting lexical semantic
information. To address thematic role information, we
included “subject” to attempt to target the role of agent/
experiencer and “purpose” and item “used to carry out
the action” to attempt to elicit features related to theme/
patient (of course, these features also are pertinent to elic-
iting lexical semantic information).

A picture of the targeted action was placed in the
center of the diagram. We guided the participant in the
production of semantically related words for each of the
six features corresponding to the targeted illustration by
asking the six questions just described. Each feature was
addressed, one at a time, and the same order of features
was used for each item. After providing the question/
statement pertaining to the feature, the clinician wrote the
participant’s responses on the diagram. Following elicita-
tion of all six features, the clinician asked the participant
to name the action being carried out in the picture. If the
participant was unable to respond appropriately, the clini-
cian provided a correct verbal response, requested a ver-
bal repetition, and then reviewed all the features again. If
the patient responded correctly, the clinician provided feed-
back and presented the next picture. (See Appendix 3 for
examples of actual responses at http://www.rehab.
research.va.gov/.)

One presentation of the 10 treatment items consti-
tuted one trial. The participant typically completed one
trial during one treatment session. Treatment sessions
were conducted three times a week for 45 to 60 minutes a
session (including probing prior to treatment). We should
note that participant illness (respiratory complaint) and
scheduling conflicts resulted in a changed treatment/
probing schedule on three occasions. The second author,
a master’s student, served as the clinician and was super-
vised by the first author, an American Speech-Language-
Hearing Association-certified speech-language pathologist.
All treatment sessions were conducted in the participant’s
home and were audio and video recorded.

Treatment was applied sequentially to two sets of
pictures. Before the treatment began, we determined that
treatment would continue with each picture set until the
participant reached at least 80 percent accuracy in nam-
ing the trained actions in three consecutive probe ses-
sions or until 12 treatment sessions were completed.

Reliability

Dependent Variable
We selected 20 percent of all baseline and probe ses-

sions  randomly to determine interjudge reliability. An
individual other than the original examiners used audio-
tapes and/or videotapes to rescore the selected probe ses-
sions. That individual received training in scoring using
probe sessions not selected for reliability calculation.
Point-to-point agreement for determination of correct or
incorrect responses within the allowed response time was
verified. The average agreement was 97 percent, with a
range of 86 to 100 percent across all rescored sessions.

Independent Variable
We randomly selected recordings of four treatment

sessions (17% of sessions) to determine reliability of
application of the following aspects of treatment: (1) elici-
tation of the six features in correct order, (2) request for
naming response following feature elicitation, and (3) deter-
mination of correct or incorrect naming response, with
appropriate clinician response option applied. Accuracy
of application was 100 percent for the three preceding
aspects of treatment in the reviewed treatment sessions.

RESULTS

The percentage of actions named correctly in probe
sessions is depicted in the Figure. Graph (a) shows
responses to List 1, which was the first group of items
submitted to SFA. Graph (b) illustrates responses to List
2 items, which received treatment following completion
of treatment with List 1 items. Graph (c) shows responses
to List 3 items, which we included to examine the effects
of repeated exposure without training. That is, these items
were probed prior to each treatment session but were not
submitted to treatment. Graph (d) displays responses to
items that were limited to pre- and posttreatment probing
(List 4) to provide a comparison to the exposed, but
untrained list (List 3).
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Figure. 
Accuracy of verb retrieval during probes: (a) treatment List 1, (b) treatment List 2, (c) exposed/untreated List 3, and (d) pre- and posttreatment List 4.
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Acquisition Effects: Naming of Trained Items
Prior to treatment, responses for List 1 ranged

between 30 and 40 percent accuracy, with an average of
34 percent correct (Figure (a)). Application of SFA
resulted in improved accuracy of naming of List 1 items.
Specifically, production of trained items during probe
sessions reached a high of 80 percent accuracy and stabi-
lized at 60 percent in the final three probes of the first
training phase. To compare the amount of change from
the baseline phase with the treatment phase, we calcu-
lated ES using the d-index. The d-index is a variation of
the Δ-index and has been recommended for use when the
data involve a small number of baseline observations
[41]. The calculated d-index was 1.5 (43.3% increase)
[42], indicating a moderate effect.

As seen in Figure (b), variability in responding was
apparent during the true and extended baseline phases for
List 2 items, with accuracy averaging 31 percent across
the 15 baseline points. To assist in the visual inspection
of these data, we used the conservative dual-criterion
(CDC) method described by Fisher, Kelley, and Lomas
[43]. The CDC has been recommended for use in helping
interpret single-case designs because it has been found to
control type I error better than the split-middle method,
the general linear model, and interrupted time series
analysis when data are autocorrelated [43]. Additionally,
the CDC has been found to have higher power than those
methods [43]. In keeping with the CDC method, we used
the 15 baseline data points (List 2) to plot adjusted mean
and least squares trend lines. (The lines were adjusted
upward by 0.25 standard deviation [SD.]) As shown in
Figure (b), the lines were extended through the treatment
phase. With 13 points in the treatment phase, the CDC
method required that at least 10 data points in that phase
be above both criterion lines to conclude that a reliable
treatment effect existed. After SFA treatment was applied
to List 2, accuracy of naming of List 2 items increased to
a high of 60 percent correct, with an average in the final
three probes of 57 percent correct. Eleven of the thirteen
data points during the treatment phase fell above both cri-
terion lines, indicating positive treatment effects for List 2
items. (The CDC method requires a minimum of five
baseline points; consequently, List 1 responses could not
be submitted to this analysis.)

We estimated the magnitude of the difference in
baseline probe data compared with treatment phase probe
data for List 2 items using the Δ-index calculation, which

yielded an ES index of 1.72 [42], representing a medium
effect size (d-index = 1.76).

Response Generalization Effects: Naming of 
Untrained Items

During treatment of List 1, no changes were evident
in responses to List 2. A trend of improving, but unstable,
accuracy was noted for List 3 during training of List 1,
which continued during training of List 2. During the true
baseline phase, accuracy levels for List 3 ranged from 30
to 40 percent correct, with an average of 33 percent cor-
rect. In the final three probes of the second treatment
phase, List 3 accuracy levels averaged 50 percent correct.
Negligible changes were noted in responses to List 4,
which was probed only pre- and posttreatment.

Maintenance: Withdrawal and Follow-Up Effects
Maintenance of treatment effects for List 1 was

measured during a withdrawal phase (i.e., treatment was
withdrawn from List 1 but was being applied to List 2).
During the withdrawal phase, accuracy levels for List 1
remained at levels consistent with those achieved during
the treatment phase (i.e., ranged from 60%–80% accuracy).

In addition, maintenance of treatment effects was
measured at 2 and 6 weeks following treatment for all
lists of items. Follow-up probing revealed that lasting
improvements were evident for only Lists 1 and 2. Spe-
cifically, accuracy levels at 6 weeks were 80 and 60 per-
cent, respectively for Lists 1 and 2. At follow-up,
accuracy levels for Lists 3 and 4 were similar to the lev-
els obtained during the initial baseline phase.

Effects on Production of Content During Discourse
Table 2 illustrates the possible generalization effects

of SFA on production of discourse. Pre- and posttreatment
discourse samples that represent the entire sample are
shown in Appendix 4, available online only at http:
//www.rehab.research.va.gov/.

As seen in Table 2, wpm increased from 46 prior to
treatment to 82.8 following treatment, with total talking
time being similar (532 s and 558 s). Compared with the
group data provided by Brookshire and Nicholas [39], the
participant’s wpm score prior to treatment fell below the
mean of 81 but was within 1 SD of that group’s average
performance (SD = 39). On the basis of doubling Brook-
shire and Nicholas’ [39] SEM for time 1 to time 3 (SEM =
5.5), we would have expected that the participant’s
repeated sample would have yielded a wpm score falling

http://www.rehab.research.va.gov/jour/07/44/3/pdf/wambaughappend4.pdf
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between 35 to 57 with no influence of treatment or other
external forces.

Number and percentage of words that were CIUs also
increased following treatment. Prior to treatment, the par-
ticipant’s %CIU was 51, which was lower than Brook-
shire and Nicholas’ group mean %CIU [39], but was
within 1 SD (15%). Following treatment, the partici-
pant’s %CIU increased to 65. Brookshire and Nicholas
reported a SEM of 2.1 % CIU for time 1 compared with
time 3 for the group with aphasia [39]. Consequently, a
doubling of that SEM would predict that the %CIU at
posttreatment would have fallen between 46 and 56 with
no extraneous influences on CIU production in discourse.

Counts of verb and noun production were made for
the verbs or nouns included in the total CIU count. The
relative distribution of nouns and verbs remained
unchanged following treatment.

Posttreatment Test Results
Results of posttreatment assessment are shown in

Table 1. Increases in naming accuracy were observed for
the TAAWF; the raw score increased from 19 to 40, with
increases seen in all areas except verb-naming. Noun-
naming accuracy also increased on the OANB from a raw
score of 50 to 64. Performance accuracy on the VAST
increased from 9/20 to 14/20 on the Sentence Construc-
tion subtest and from 8/40 to 18/40 on the Action-Naming
subtest. Because a wide array of errors occurred during
pretreatment administration of the Sentence Construction
subtest (e.g., missing article, implausible subject/object
relationship, incomplete sentences, incorrect pronoun
usage, missing subjects, missing verbs), no discernible
pattern of improvement was noted at posttreatment testing
beyond improved completeness of sentences. Of the
actions named correctly at posttreatment testing, only one

(“diving”) had been present in the experimental word
lists (and this word had received treatment).

Normative data concerning test-retest reliability are
unavailable for the tests just discussed; consequently, we
could not determine whether changes exceeded normal
variation. All other tests showed negligible changes fol-
lowing treatment.

DISCUSSION AND CONCLUSIONS

The results of our study revealed a modest increase in
retrieval of trained action names as measured during pro-
duction in probes. Although we obtained ES suggestive
of positive treatment effects, our participant did not
achieve levels desired for clinically significant change
(i.e., a prior behavioral criterion for terminating treat-
ment; 80 percent correct performance on probes in con-
secutive sessions). As with previous investigations of
verb-retrieval training in aphasia, we noted improve-
ments in naming only for trained items. However, treat-
ment effects did apparently extend beyond trained items
in that the participant’s accuracy in retrieving object
names during formal testing improved and verbal pro-
ductivity and informativeness during discourse increased.

Acquisition Effects
Although we observed clear acquisition effects for

List 1 items, positive changes were less robust for List 2
items. The use of the CDC method indicated a treatment
effect for this list (and we obtained a medium ES), but
improvements were less than we expected and desired.
During extended baseline probing we found considerable
variability for List 2, which may indicate greater difficulty

Table 2.
Production of content during discourse for 74-year-old female participant.

Measure Pretreatment Posttreatment
Total Words 408 770
Total Sample Time, s (min) 532 (8.9) 558 (9.3)
Words Per Minute 46 82.8
Total CIUs 208 497
CIUs Per Minute 23.4 53.4
%CIU 51 65
Verbs, n (% of total CIU) 68 (32) 144 (29)
Nouns, n (% of total CIU) 70 (34) 167 (34)
Other Grammatical Forms, n (% of total CIU) 70 (34) 186 (37)
CIU = correct information unit
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with List 2 items for this participant. Additionally, our
extended probing of these items prior to treatment, with-
out providing feedback concerning incorrect responses,
may have strengthened those incorrect responses, which
conceivably could have had a detrimental effect on
treatment.

We were surprised that the participant did not
achieve higher levels of naming accuracy on probes fol-
lowing treatment. Her pretreatment testing suggested that
she should have been a good candidate for treatment.
That is, she demonstrated significant naming difficulty,
but her deficit was not severe enough to totally prohibit
accurate naming of some verbs and nouns. Similarly,
semantic processing deficits were evident but did not
appear to be devastating. She seemed to be motivated to
receive treatment, was an attentive and active participant
during the sessions, and gave the impression of enjoying
the therapy.

One possible poor prognostic indicator identified in
the pretreatment assessment was the participant’s score
on the Coloured Progressive Matrices [44]. Relatively
low scores on this measure have been associated with
poorer response to word-retrieval treatment [8]. How-
ever, throughout the investigation, we had no concerns
regarding the participant’s intellectual functioning.

The precise nature of the participant’s verb-retrieval
deficits was not well specified through assessment. Her
semantic processing abilities may have been minimally
impacted by treatment, with significant deficits remain-
ing such that larger-scale improvements were under-
mined. And the case may be that in addition to semantic
deficits, her naming errors stemmed from difficulties in
accessing the phonological form. The treatment may not
have provided sufficient opportunities for stimulation
with the phonological form of the target action or for
practice in accessing the phonological form.

Response Generalization Effects
Performance on List 3 items, which we used for

exposure control, showed inconsistent increases and
decreases during the study but returned to baseline levels
of 40 percent accuracy during follow-up probes. The lack
of change in accuracy of production of List 4 items sug-
gests that repeated exposure during probing may have
played a role in improved naming of List 3 items and
possibly of Lists 1 and 2. Such improvement has been
reported occasionally in the aphasia-naming literature [32].
However, as illustrated by the follow-up data, the changes

in naming accuracy for List 3 were not lasting, whereas
the changes in Lists 1 and 2 remained. Exposure is a nec-
essary component of treatment that likely factors into the
effects of most treatments. The use of an exposed but
untreated list (List 3), as well as a limited exposure list
(List 4), can help estimate the effects of repeated expo-
sure. Given that improvements were maintained only for
the treated lists, exposure alone did not likely signifi-
cantly affect treatment.

The results of this study partially concur with previ-
ous findings of SFA investigations [20–23], showing that
treatment resulted in positive changes for trained items.
However, we found no generalization to naming of
untrained actions in this investigation, whereas improve-
ments in untrained object-naming have been reported for
all previous SFA participants who demonstrated
improvements with trained items. (However, the generali-
zation findings have varied across participants and have
not always been robust.) As discussed earlier, one reason
that response generalization may occur with SFA is that
untrained items that belong to the same semantic cate-
gory as trained items may benefit from stimulation of the
shared semantic network. Previous studies with SFA
have not controlled categorical membership closely,
which may explain why the degree of generalization has
varied across participants. In our investigation, various
factors associated with verb retrieval were controlled, but
categorical membership was not. Post hoc examination of
the lists of actions indicates that some overlapping repre-
sentation of semantic categories was present (e.g., “man-
ner of movement” verbs are represented across lists).
Marshall et al. did control semantic category membership
and, as in our investigation, did not find significant
changes in control items that belonged to the same cate-
gories as trained items [6]. The categorical organization
of actions is not well understood and numerous categories
have been proposed. A better understanding of categori-
cal processing of actions/verbs may permit organization
of treatment stimuli that facilitates generalization.

Also, some of the purported generalization effects
observed with SFA may have actually represented
repeated exposure effects. Previous studies of SFA have
not controlled for such effects.

Stimulus Generalization
The finding of increases in accuracy of object-naming

was not necessarily expected but is not incongruous with
the treatment provided. The nature of the treatment required
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retrieval of a variety of nouns associated with target
actions. Consequently, a substantial portion of each treat-
ment session was devoted to noun retrieval. Furthermore,
as part of their semantic representation, verbs are consid-
ered to carry information regarding predicate argument
structure (PAS) [10,27,37]. Improved retrieval of specific
verbs is likely to improve access to the nouns associated
with the PAS of those verbs.

The substantial increase in verbal productivity and
efficiency of production of content in discourse is
encouraging but somewhat difficult to explain. As stated
earlier, Webster et al. also reported limited improvement in
general verb-retrieval abilities accompanied by increased
production of nouns in sentences and increased variety of
argument structures in connected speech [9]. A component
of the treatment applied by Webster et al. was similar to
SFA in that the participant was asked to generate words
to describe features (i.e., where, what, who, and with) of
targeted verbs [9]. Interestingly, Webster et al. indicated
that therapy had probably not strengthened access to spe-
cific PAS information but had likely provided the partici-
pant with a “general strategy that enabled him to specify
arguments around verbs he could produce” [9, p. 761].
Such may have been the case in this investigation. The
lack of generalization to untrained verbs and limited
improvement in trained verbs would indicate that treat-
ment did not provide sufficient strengthening of underly-
ing semantic networks. Furthermore, the participant
either was unable to or did not apply the general retrieval
strategy of reviewing features to these verbs that were
difficult to retrieve. However, the treatment strategy may
have enhanced retrieval of PAS information in more eas-
ily retrieved verbs, which could account for the improve-
ments seen in sentence production and in discourse.

The postulated explanations for the increases in noun
retrieval may also apply to the increases in discourse. In
addition, for some speakers, a discourse task, which is
less constrained than a confrontation naming task and
divergent in nature may allow the realization of improved
semantic processing. Conversely, the convergent nature
of naming tasks may mask generalized improvement in
lexical processing. With our treatment, improved
descriptive abilities might be expected, even if access to
specific, untrained lexical items remains problematic.
Descriptions were not quantified in this investigation, but
the pre- and posttreatment discourse samples suggest
increased use of descriptions (Appendix 4, available online
only at http://www.rehab.research.va.gov/).

Perhaps a simpler explanation for the changes in dis-
course production may be that treatment had a general
effect of facilitating willingness to attempt verbal com-
munication. Our participant’s daughter, in a follow-up
conversation with the first author, reported that her per-
ception of the effects of treatment was that her mother
was more willing to join in conversations (this comment
was unsolicited). To control for this type of potentially
confounding effect, we may have found an extended
baseline/pretesting phase that included repeated adminis-
trations of the discourse task useful.

Future Directions
Future research efforts with SFA applied to verbs

may be strengthened in several ways. A few design modi-
fications would enhance the interpretation of obtained
data: (1) extended baselines for discourse purposes, as
well as for clearer measurement of the primary dependent
variable; (2) implementation of a multiple-probe proce-
dure to reduce exposure to items; and (3) repeated pre-
treatment measurement of the limited exposure list to
establish stability of responding and ensure that it is
equated in difficulty to the treatment lists (i.e., repeated
baseline probing followed only by a posttreatment probe).

One of the probable benefits of the SFA procedure is
the repeated, systematic use of the semantic feature
review [21]. The treatment may be enhanced by overtly
training participants to use the feature review as a
retrieval strategy. That is, SFA currently relies on partici-
pants to intuit that they should apply feature review as a
compensatory strategy. Rather than hoping that partici-
pants apply the strategy, therapists may find explicitly
training its use useful. As in the case of object name
retrieval [25], treatment effects may be improved by
selecting or arranging treatment stimuli according to
additional factors related to verb processing.

The findings of this investigation are certainly prelimi-
nary and require replication. However, SFA shows promise
for application to the training of action names in aphasia.
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