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A B S T R A C T

Neuropsychological testing of distinct cognitive domains holds promise as a prognostic indicator
of aphasia therapy success; however, it is unclear the degree to which cognitive assessments may
also predict generalization abilities. The present study aimed to assess the relationship between
working memory skills and stimulus generalization from a visual picture-naming treatment to an
auditory definition-naming task. Seven individuals with aphasia completed verbal and nonverbal
assessments of working memory prior to participating in a cued picture-naming treatment for
anomia. After treatment ended, stimulus generalization percentages were calculated for defini-
tion naming for the same items that were trained using picture naming. Scores on two nonverbal
working memory measures, the backward spatial span and the 1-back, and one verbal working
memory assessment, the picture span, were positively correlated with generalization percentage.
These results provide preliminary evidence of the relationship between working memory and
stimulus generalization. When comparing performance across working memory measures, the
spatial span and the picture span were highly correlated in this sample. We propose that despite
the verbal and nonverbal distinction, these tasks may have tapped into working memory simi-
larly by relying on a shared central processing mechanism.

1. Introduction

Generalization of treatment gains can be classified into two broad categories: response generalization and stimulus generalization.
Response generalization refers to generalization of therapy gains from trained items to untrained items, whereas stimulus general-
ization refers to the ability to generate a learned response in a different stimulus environment (i.e. from trained tasks to untrained
tasks). Treatments for post-stroke word-retrieval deficits have generally resulted in poor response generalization (Coppens &
Patterson, 2018; Snell, Sage, & Lambon Ralph, 2010; Wambaugh, Mauszycki, & Wright, 2014). However, there is a body of work
showing that individuals perform better on naming untrained items when they share semantic properties with trained items (Kiran &
Thompson, 2003) and when the trained items are less prototypical exemplars of a semantic category than are the untrained items
(Kiran, Sandberg, & Sebastian, 2011). Although response generalization tends to be poor with anomia treatments, best chances occur
when a strategy for word retrieval is internalized during training so that it can be used with novel exemplars (Coppens & Patterson,
2018).
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Stimulus generalization also tends to be minimal, at best, for word-retrieval therapies (Boyle & Coelho, 1995; Boyle, 2004), many
of which rely on picture naming paradigms. Demonstrating generalization of picture naming treatment gains to an untrained context
is methodologically challenging (Conroy, Sage, & Lambon Ralph, 2009) due to the difficulty in providing opportunities to use words
trained during picture naming for another task. For example, an untrained story retell task must provide the appropriate context so
that an individual has the opportunity to produce each of the words trained during picture naming treatment during the story retell
task. This challenge is compounded by the need to choose individually-tailored stimulus sets that target specific deficits in word
retrieval, as well as the considerable variability in exemplars produced for a target word from even neurologically-intact individuals
in response to retelling of a narrative (Armstrong, 2000). These factors make choosing specific stimulus items and modes of elicitation
(e.g., narrative to retell, picture description) for measurement of stimulus generalization a challenging endeavor.

1.1. Therapy studies investigating stimulus generalization

Studies investigating stimulus generalization have used different elicitation methods to assess the transfer of treatment gains from
trained items to untrained tasks. Elicitation tasks have included story retell (Conroy et al., 2009; Faroqi-Shah & Virion, 2009; Hickin,
Mehta, & Dipper, 2015; Maher et al., 2006; Rider, Wright, Marshall, & Page, 2008; Rose, Mok, Carragher, Katthagen, & Attard, 2016),
picture description (Conroy et al., 2009; Rose et al., 2016), and conversation (Best et al., 2011, 2013; Boo & Rose, 2011; Conroy et al.,
2009; del Toro et al., 2008; Grande et al., 2008; Greenwood, Grassly, Hickin, & Best, 2010; Rose, Douglas, & Matyas, 2002; Rose
et al., 2016). These studies have produced mixed results, in part due to the methodological difficulties in demonstrating this effect,
especially to more natural conversational tasks. Gross measurements focused on quantifying improvement in discourse (e.g., number
of utterances, words, novel utterances, or correct information units) often provide insufficient evidence of item-specific general-
ization of trained items, as they do not elicit production of specific words trained in therapy. Although valuable as a measure of
functional language abilities, they also leave us wondering whether the lack of demonstrated generalization may be related to
additional task demands, such as syntactic planning for longer utterances. In addition, some investigations may be blurring the line
between stimulus and response generalization. That is, measuring verb retrieval in conversation after a picture-naming therapy may
be measuring both stimulus generalization (e.g. a different task for retrieval) and response generalization (e.g. retrieval of any verbs
and not specifically the verbs trained in therapy). Similarly, when examining whether a treatment has generalized to overall language
abilities using standardized measures, both the context and the specific items will vary from the trained context and items. Although
these outcomes tend to demonstrate better ecological validity than does picture naming, they may not be constrained enough to
demonstrate pure stimulus generalization without other confounding variables.

Some studies investigating stimulus generalization of trained items to untrained contexts have attempted to isolate target lexical
items as opposed to measuring improved production of all lexical items. That is, the generalization task is designed to elicit specific
words that have been trained in therapy. For example, in a case study, Hashimoto and Frome (2011) found stimulus generalization
after a modified semantic feature analysis treatment from naming black and white line drawings to naming the same items in colored
photographs in their natural setting (e.g. all animals in a zoo setting). Rider et al. (2008) investigated generalization of confrontation
naming gains after semantic feature analysis on discourse production in closed-set contexts. Target words came from story retellings
and procedural explanations. They found an increase in the number of target words produced in discourse after therapy. Similarly,
Conroy et al. (2009) investigated generalization of improved confrontation naming after picture naming therapy to picture supported
narratives, using the Cookie Theft picture and the Cinderella story, and to unsupported narratives, using the Cinderella story without
the book. Unsurprisingly, they found a stepwise decrement in naming from picture naming to supported narrative to unsupported
narrative. However, picture naming accuracy in the confrontational naming task significantly predicted accuracy in the connected
language tasks. In these studies, some of the previously mentioned confounding variables posed by discourse/conversational tasks
were more tightly controlled because items trained in therapy were also targeted during stimulus generalization tasks.

One criticism of picture-naming therapies is that the task is not functionally relevant. Picture-naming therapy may change a
subset of the neural circuitry involved in lexical retrieval (Kleim & Jones, 2008), resulting in improved picture naming but without
much generalization to word retrieval in other contexts. If we measure success in anomia therapy with task specific acquisition of a
lexical item, then we fail to meet the critical need for translation of that skill to functional communication tasks that may actually
impact communicative abilities and quality of life. Intensive restorative therapy aims to rehabilitate the impaired language processes
(as opposed to therapy that seeks to compensate for a language loss using specific strategies), and can be a powerful tool for
rehabilitation of language (Cherney, Patterson, & Raymer, 2011; Dignam, Rodriguez, & Copland, 2016; Harnish et al., 2014).
However, if we achieve improved lexical retrieval in the context of a picture stimulus, we cannot assume that improved retrieval will
occur in the absence of the picture. Thus, to facilitate real change in communicative competence, we must either assess and treat
generalization of those lexical items across contexts or equip patients with portable picture stimuli to facilitate retrieval in the context
in which they were trained. Without these steps, we are falling short of our goal to rehabilitate communication abilities by dis-
charging patients with improved picture naming skills, for example, but without any translation to functional skills.

1.2. Definition-naming as a measure of stimulus generalization for picture-naming therapies

Definition naming offers a well-controlled opportunity to demonstrate stimulus generalization by providing the opportunity to
name each item trained with picture naming in a different, arguably more functionally-relevant, modality. There are shared and
distinct task demands for picture naming and definition naming. The shared demands are retrieval of lexical-semantic and phono-
logical features of the items to be named and production of the motor response. Task differences are related to the stimulus input
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modality. Picture naming relies on a visual stimulus that is usually present during the entire lexical retrieval process. By contrast,
definition naming relies on auditory comprehension of a fading auditory stimulus, whereby the rate of processing is forced on the
listener. For this reason, definition naming may rely more heavily on cognitive processes, such as verbal working memory, than
would picture naming.

Definition naming is not a functional skill, per se, but it could be argued that it bridges a gap between skills required for picture
naming and lexical retrieval in conversation. Both definition naming and lexical retrieval in conversation likely require a greater
processing load than picture naming due to management of multiple demands, such as comprehension of a fading verbal stimulus
while simultaneously searching for a word. Moreover, definition naming and conversation both require the speaker to take a verbal
turn as a response to auditory input from another participant (Sacks, Schegloff, & Jefferson, 1974). Hence, the cognitive demands
during definition naming may more closely resemble those required for lexical retrieval in conversation than the demands required
for picture naming. Nevertheless, there will likely still be a gap between definition naming and production of these items in discourse
during conversation due to the need to generalize from smaller linguistic units to larger units, the contribution of inter-personal
factors (Carragher, Conroy, Sage, & Wilkinson, 2012), and lack of inherent scaffolding that is encountered in definition-naming (and
picture-naming) tasks (Boo & Rose, 2011). As a first step in investigating these processes, however, definition naming may help
control for these additional demands posed by conversational discourse tasks by better isolating the output processes that were
trained in therapy (i.e. single-word lexical retrieval and production) with a novel input stimulus in a more conversationally-func-
tional modality (i.e. auditory).

1.3. Working memory and aphasia

Working memory has been defined as a multi-component system consisting of short-term storage components (i.e. short-term
memory) and attentional processes, known as the central executive, which manipulates stored information (Cowan, 2008). These
components allow information, such as partial results, to be temporarily maintained by the storage components while being mon-
itored and “worked on” by the central executive to plan and carry out behavior (Cowan, 2008). It has been well established that
individuals with aphasia tend to have difficulty with some cognitive tasks involving verbal working memory (Burgio & Basso, 1997;
Potagas, Kasselimis, & Evdokimidis, 2011), nonverbal working memory (Burgio & Basso, 1997; Lang & Quitz, 2012; Mayer & Murray,
2012; Potagas et al., 2011; Seniow, Litwin, & Lesniak, 2009), and attention and executive functioning skills (Caspari, Parkinson,
LaPointe, & Katz, 1998; Glosser & Goodglass, 1990; Hula & McNeil, 2008; Korda & Douglas, 1997). Impairments in short-term
memory and working memory in individuals with aphasia have been well-investigated in the literature (Martin & Ayala, 2004; Mayer
& Murray, 2012; Salis, Kelley, & Code, 2015; Wright & Fergadiotis, 2012) using a variety of assessment procedures, such as span tasks
and n-back tasks (See Salis et al., 2015 for a review.)

As briefly mentioned above, there is emerging evidence showing that working memory may be related to the ability to respond to
aphasia therapy (Harnish & Lundine, 2015; Lambon Ralph, Snell, Fillingham, Conroy, & Sage, 2010; Seniow et al., 2009). Seniow
et al. (2009) found that nonverbal working memory abilities, as measured by the Benton Visual Retention Test (Sivan, 1992) pre-
dicted response to an anomia therapy in the acute stages of recovery. Similarly, Harnish and Lundine (2015) and Lambon Ralph et al.
(2010) reported relationships between memory abilities and anomia therapy gains. Specifically, Harnish and Lundine found that
nonverbal working memory, as measured by the backward version of the Spatial Span subtest of the Wechsler Memory Scale
(Wechsler, 1997), was a significant predictor of anomia treatment effect size in eight individuals with chronic aphasia. Lambon-Ralph
et al. assessed 33 people with chronic aphasia on a variety of language and cognitive assessments and found that the best predictor of
anomia therapy gains was a language factor as measured by the Boston Naming Test (BNT; Kaplan, Goodglass, & Weintraub, 2001)
and a cognitive factor comprising scores on assessments of reasoning and problem-solving, including the Test of Everyday Attention
(Robertson, Ward, Ridgeway, & Nimmo-Smith, 1994), Wisconsin Card Sorting Test (Heaton, Chelune, Talley, Kay, & Curtis, 1993),
Rey Complex Figure immediate and delayed copy (Meyers & Meyers, 1995), and Pyramids and Palm Trees (Howard & Patterson,
1992). These studies show that there is some evidence in the literature for the relationship between memory and other cognitive skills
in predicting response to anomia therapy and may be worth further investigating and perhaps targeting as a key component of
rehabilitation.

Whereas previous literature has shown that neuropsychological testing of distinct cognitive domains holds promise as a prog-
nostic indicator of aphasia therapy success (Harnish & Lundine, 2015; Lambon Ralph et al., 2010; van de Sandt-Koenderman et al.,
2008), it is unclear the degree to which cognitive assessments may also predict generalization abilities. The present study aims to
assess the impact of working memory skills on stimulus generalization by investigating the relationship between measures of verbal
and nonverbal working memory and generalization from a picture naming treatment to definition naming.

2. Method

2.1. Participants

This study was approved by the local institutional review board prior to participant enrollment. All individuals (n=7) experi-
enced a left hemisphere middle cerebral artery ischemic stroke and were at least six months post-onset. Table 1 contains descriptions
of participant lesions as obtained from review of medical records. They had a diagnosis of aphasia as determined by a Western
Aphasia Battery (Kertesz, 2007) Aphasia Quotient of less than 94.7, but auditory comprehension was within two standard deviations
of the mean for the Auditory Verbal Comprehension Score. This criterion was used to ensure that participants’ auditory
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comprehension skills were sufficient to understand the instructions for all tasks. Participants experienced anomia, as evidenced by a
score between 4 and 44 on the Boston Naming Test (Kaplan et al., 2001). They were all pre-morbidly right-handed, as determined by
the Edinburgh Handedness Inventory (Oldfield, 1971) and were native speakers of English. Individuals participated in a screen for
apraxia of speech that included tasks from the Apraxia Battery for Adults II (Dabul, 2000) (diadochokinetic rate, repetition of words
of increasing length, repetition of multisyllabic words), a description of the Cookie Theft picture (Goodglass, Kaplan, & Barresi,
2001), and automatic speech tasks (i.e., counting from 1 to 10 and reciting the days of the week). Two certified speech-language
pathologists with experience in adult neurogenic disorders, but no affiliation with this study, listened to recordings of the apraxia
screen. These raters judged participant performance for the existence and severity of apraxia of speech using a Likert scale. In-
dividuals with severe-to-profound apraxia of speech were excluded. If there was disagreement as to whether a participant had severe-
to-profound apraxia of speech, a third certified speech-language pathologist judged the severity of apraxia of speech. Additional
exclusion criteria were severe depression (Beck, Steer, & Brown, 1996), uncorrected vision or hearing problems, or suspected diffuse
injury or disease of the brain.

Twenty-one individuals were recruited to participate in the study. Seven individuals met the inclusion criteria and completed all
study activities. Demographic data are presented in Table 2.

2.2. Assessment

Participants’ language and cognitive abilities were assessed prior to beginning therapy and are presented in Tables 2 and 3.

2.2.1. Working memory and language assessments
Working memory abilities have been investigated using the spatial span and the digit span, which are nonverbal and verbal span

tasks, respectively. These tasks can be administered in the forward condition, where participants repeat numerical digits or touch a
series of blocks in the same order as the administrator, or in the backward condition, where participants repeat digits or touch blocks
in the reverse order as the administrator. From a theoretical standpoint, it would make sense that backward span tasks, both verbal
and nonverbal, would rely more heavily on working memory than do forward span tasks, due to the mental manipulation involved in
reversing the order of stimuli. Indeed, there is evidence that in healthy individuals, the backward condition of the digit span is more
difficult than a forward digit span (Kessels, van den Berg, Ruis, & Brands, 2008), potentially indicating that the two tasks place
different demands on the memory system; the forward digit span recruiting verbal working memory, such as Baddeley and Hitch’s
(1974) proposed phonological loop, and the backward digit span recruiting verbal working memory plus additional attentional
oversight, such as the central executive. However, data on spatial span performance in healthy individuals show similar performance

Table 1
Participant lesion characteristics.

Participant Lesion Characteristics

P1 (CT) .8× .5 cm right frontal parietal white matter (age indeterminate); left frontal, occipital, and parietal lobes, left caudate nucleus
P2 (CT) Left temporal and parietal lobe and temporal operculum; left insula grey and white matter
P3 (MRI) Left frontal lobe cortex and subcortical white matter, insular cortex, and lateral margin of left basal ganglia; remote infarcts on left frontal

and parietal watershed, centrum semiovale and corona radiata
P4 (CT) Left frontal lobe near Sylvian fissure
P5 (MRI) Cortical and subcortical left frontal and temporal lobes, small extension into left parietal lobe
P6 (MRI) Left frontotemporal, parietal, and posterior temporal lobes
P7 (MRI) Posterior portion of left middle cerebral artery territory; subcortical left temporal, frontal, and parietal lobe high signal changes

Table 2
Participant demographic information and language assessment scores.

Participant P1 P2* P3 P4* P5* P6 P7*

Age (years) 72 36 62 40 67 78 70
Years of Education 20 17 12 14 14 12 13
Months Post Stroke 178 33 14 12 21 74 10
BNT1, pre 14 33 5 9 38 10 6
WAB-AQ2 60 71.8 57.4 63.8 76.5 39 48.1
Classification2 Broca's Conduction Broca's Anomic Conduction Broca's Broca's
AV 8.2 8.3 7.1 7.7 8.45 6.1 7.65
Spontaneous Speech 9 13 9 11 15 6 9
Repetition 5.7 5.6 7.8 7.2 5.8 3.6 2.5
Naming/Word Finding 7.1 7.5 5.7 6 9 3.8 4.9

Note. * identifies participants who generalized from picture naming to naming to definition.
1. BNT = Boston Naming Test. Kaplan, E., Goodglass, H., & Weintraub, S. (1983). Boston Naming Test. Philadelphia: Lea & Febiger.
2. WAB = Western Aphasia Battery, AQ=Aphasia Quotient. AV=Auditory Verbal Comprehension Score, Kertesz, A. (1982). Western Aphasia Battery. New York:
Grune & Stratton.
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between the forward and backward conditions (Kessels et al., 2008), indicating that perhaps both conditions use nonverbal working
memory (e.g. visuospatial sketchpad, Baddeley & Hitch, 1974), without recruiting the central executive. One proposed difference
between the backward condition of the digit and spatial span tasks to explain why the former may recruit additional attentional
oversight is that the digit span relies on a transient auditory stimulus that is slowly decaying (Cowan, 2008), whereas the spatial span
blocks are always present, and only the path between blocks needs to be recalled (Smyth & Scholey, 1992). Individuals with aphasia
tend to perform better on forward conditions of the digit and spatial span than they do on backward conditions (Laures-Gore,
Marshall, & Verner, 2011; Potagas et al., 2011; Ween, Varfaellie & Alexander, 1996), but it is still unclear the degree to which
performance on forward and backward span tasks differentially relies on working memory.

In the present study, nonverbal working memory abilities were assessed using the backward condition of the spatial span subtest
of the Wechsler Memory Scales (Wechsler, 1997) and a 1-back task. The backward condition of the spatial span was selected, as
opposed to the forward condition, because our prior work showed a stronger relationship between performance on the backward
spatial span and treatment outcomes in individuals with aphasia than did the forward condition (Harnish & Lundine, 2015). Ad-
ministration and scoring of the spatial span occurred according to protocol. The administrator touched a series of blocks at a rate of
1 s per block. Participants were instructed to touch the blocks in the reverse order of the administrator. All correct trials received a
score of one and incorrect trials were given a score of zero. Each level included two trials, beginning with level 2 (two blocks) and
continuing until the participant made errors on both trials of a level.

The n-back is widely used to investigate nonverbal working memory (Wright & Fergadiotis, 2012), however, due to differences in
response type, modality of stimuli (verbal/nonverbal) and inter-stimulus interval, it is difficult to determine reliability across dif-
ferent n-back tasks (Mayer & Murray, 2012). The 2-back task was shown to be much less stable than the 1-back in a study of younger
and older neurologically intact adults (Dede, Ricca, Knilans, & Trubl, 2014). Therefore, we used a 1-back task, which was modeled on
Christensen and Wright (2010). The picture stimuli were novel 2D shapes (Gauthier, James, Curby, & Tarr, 2003) presented in the
clockwise picture plane. The task included one practice block with 10 images and two targets, followed by four blocks with 25 images
and eight targets in each block (i.e. 100 total images and 32 total targets). The percentage of tokens was 32%, which is consistent
with the n-back tasks reported in the literature, but also a reasonable length for persons with aphasia to complete (Christensen &
Wright, 2010). Interstimulus interval was 2750ms, and stimuli duration was 750ms. Participants responded via button press on a
Serial Response Box (Psychology software tools, model 200a). The 2nd button from the left (of 5 total buttons) was identified with a
laminated green checkmark taped to the top of it. There were no other identifying markers on the box. Participants were instructed to
rest a finger on the key with the checkmark and press it each time they saw a shape that matched the one presented immediately
before it. Feedback for responses was provided during the practice block. 1-back performance was analyzed for accuracy using a
signal detection statistic, Pr (Evans, Selinger, & Pollak, 2011), which took into consideration hits, misses, false alarms, and correct
rejections.

Verbal working memory was assessed using a picture span task (Dede et al., 2014) and a listening span protocol (Tompkins,
Bloise, Timko, & Baumgaertner, 1994). During the picture span, participants heard a sequence of one-syllable concrete nouns at a rate

Table 3
Participant scores on cognitive assessments and naming probes.

Spatial
Span

1-back Picture
Span

Listening
Span

Baseline
Picture
Naming
Average %
correct
(SD)

Baseline
Definition
Naming
Average %
correct (SD)

CPNT
Acquired

Definition
Naming
Acquired

Generalization of
CPNT Acquired to
Definitions

Generalization of
Items not Acquired
during CPNT to
Definitions

Tau-U
Effect for
CPNT

P1 0 −0.18 1 10 30
(8.66)

25 (14.14) 4/10
(40%)

1/12 (.08%) 0/10
(0%)

1/16
(.06%)

0.42
moderate

P2* 7 0.68 6 13 46
(11.40)

12.5
(10.61)

10/10
(100%)

6/16 (38%) 4/10
(40%)

2/10
(20%)

0.85
very large

P3 2 −0.05 1 8 18.33
(5.77)

5
(0)

0/15
(0%)

0/18
(0%)

0/15
(0%)

0/0
(0%)

−0.38
no effect

P4* 5 0.75 2 12 38.33
(14.43)

37.5
(10.61)

6/10
(60%)

8/10 (80%) 8/10
(80%)

4/4
(100%)

1.00
very large

P5* 8 0.85 4 14 43.33
(7.64)

35 (35.36) 4/5
(80%)

6/7 (86%) 4/5
(80%)

0/1
(0%)

1.04
very large

P6 0 0.05 0 0 11.25
(4.79)

0
(0)

10/17
(59%)

0/20
(0%)

0/17
(0%)

0/0
(0%)

0.84
very large

P7* 2 0.83 2 4 13.75
(6.29)

20
(0)

5/10
(50%)

6/12 (50%) 4/10
(40%)

2/5
(40%)

1.00
very large

* identifies participants who generalized from picture naming to definition naming.
1. Wechsler Memory Scale Spatial Span Backward subtest (Wechsler, 1997). Max score= 16.
2. The 1-back used symbols from Gauthier et al. (2003). Scores were calculate using a discrimination index, Pr = Hit rate (probability of selecting a target) – False
alarm rate (probability of selecting a non-target) (Evans et al., 2011).
3. Picture Span (Dede et al., 2014) Max score= 14.
4. Listening Span (Tompkins et al., 1994) Max score= 42.
5. Tau-U effect size interpretation was based on Vannest and Ninci (2015). Effect sizes> 0.2= Small, 0.2–0.6=Moderate, 0.6–0.8= Large,> 0.8=Very Large.
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of one word per second. They were presented with a 3× 3 grid of colored photographs. Participants were asked to point to the
pictures of the spoken words in the reverse order. Dede et al. (2014) found that for the picture span, test-retest reliability was excellent
and construct validity and internal consistency were acceptable in individuals with aphasia.

The listening span protocol (Tompkins et al., 1994) has been used in previous studies to assess auditory-verbal working memory
in individuals with aphasia (Murray, Timberlake, & Eberle, 2007; Sung et al., 2009). Individuals were asked to remember the last
word in each of a series of simple statements. At the end of each set, they were asked to recall these final words. Simultaneously,
while listening to each sentence in the set, individuals were asked to indicate if the statements were true or false via a button press on
the Serial Response Box (Psychology Software Tools, model 200a). The button for true responses (2 on the response box) was marked
with a green check, and the button for false responses (4 on the response box) was marked with a red X. Participants were instructed
to respond with only one finger and to rest their finger on the neutral button (3 on the response box) in between trials. Validity and
reliability were demonstrated in healthy adults and individuals with focal right hemisphere damage as well as individuals with left
hemisphere damage with and without resulting aphasia (Lehman & Tompkins, 1998; Tompkins et al., 1994). Scores on working
memory measures are included in Table 2.

The Western Aphasia Battery-Revised (WAB; Kertesz, 2007) and Boston Naming Test (Kaplan et al., 2001) were given to each
participant as a measure of overall language abilities and naming abilities, respectively. Total scores and WAB subtest scores are
included in Table 1.

2.2.1.1. Picture-naming probes. Picture-naming probes provided a measure of skill acquisition for naming pictures for trained items
and were delivered by computer throughout the four phases of the study: baseline, treatment (prior to the treatment sessions each
day), post-treatment (after all treatment sessions were completed), and at a three-month follow-up. Picture-naming probe items were
delivered via Eprime 2.0 Professional (Psychology Tools, www.pstnet.com) on a 14 or 15.6 inch Dell Latitude E6540 laptop computer
screen and were scored as correct or incorrect by the therapist. Responses that differed by one phoneme or more were counted as
incorrect unless the variation was dialectical. Minor phoneme distortions were counted as correct if the target was still intelligible.
Similarly, plural/singular variations (e.g. tacos for taco) were counted as correct if the change did not result in a different root word
(e.g., checker for checkers) or impact the intelligibility of the target.

Responses were compared to a list of acceptable synonyms, and ongoing consensus meetings occurred to discuss potentially
acceptable responses that were different from the target word. Participants were given 10 s to name each black and white picture
while it remained on the computer screen. The clinician indicated on a keyboard and a written record form whether the participant
gave a correct response, incorrect response, or no response. Self-corrections were scored as correct. That is, if the participant arrived
at the correct production anytime within the 10-s time limit, then the trial was scored as correct. After the 10-s time limit elapsed, a
white screen held the place in the program until the therapist advanced to the next picture. No cueing or feedback occurred during
probing.

Three picture-naming probe lists were delivered. List 1 included items trained in therapy. List 2 included untrained items that
were assessed with the same frequency as trained items from List 1 to control for a probing effect. Picture-naming probe Lists 1 and 2
were delivered at baseline, prior to treatment each day, at post-treatment, and at the three-month follow-up session. List 3 included
untrained items that were only delivered once at baseline, post-treatment, and follow-up, and were included to assess generalization
of trained to untrained items. Probe lists were matched according to living/nonliving items, word frequency, number of syllables,
number of semantic categories, and non-overlapping semantic categories.

Participants achieved a stable baseline on List 1 trained items, as determined by no ascending trends for the last three probe
sessions prior to beginning therapy. Three baseline sessions were completed for each participant, with additional baselines occurring
in the event of an ascending trend. Inter-rater and intra-rater reliability of response scoring were calculated for 20% of picture-
naming probe sessions. Inter-rater reliability was calculated at 96.4% and intra-rater reliability was calculated at 97.8%.

2.2.1.2. Definition-naming probes. Definition-naming probes provided a measure of generalization from visual picture naming to
auditory definition naming. Definition naming was assessed for all items trained (List 1) and untrained (List 2 and List 3) in therapy.
The same words were targeted for untrained definition-naming probes and untrained picture-naming probes. Definition probes for
List 1 and List 2 were delivered twice at baseline, once at post-treatment, and once at follow-up. Definition probes for List 3 were
delivered only once at baseline, once at post-treatment, and once at follow-up. Definitions did not include the target word, the root of
the target word, or a derivative of the target word, nor did they include any words used in semantic cues provided during cued
picture-naming treatment (CPNT). When there were naturally overlapping words for semantic cues and definitions, either semantic
cues were changed to include alternate words or synonyms, or that particular cue was discarded and replaced by another cue without
overlapping words. Definition-naming probes were piloted on 10 healthy control participants to ensure that the definitions elicited
the desired name for the target item with at least 90% accuracy. Definitions were presented in the auditory modality alone by the
same female speaker from a Dell Latitude E6540 laptop computer. Participants heard the definition twice with a 5-s delay between
presentations and were given 20 s to name the definition after the second presentation.1 The clinician indicated whether the

1 The exception to this was for the first two participants (P1 and P2). They heard the definition once, then were asked to indicate if they wanted the definition
repeated or not. If they decided they wanted the definition repeated, then it was played again and they were given 20 s to name the definition. If they did not request a
repetition of the stimulus, they were given 20 s after the initial presentation to name the definition. The research team altered the protocol after the first two
participants to control for the total amount of time available for future participants to name definitions. For all remaining participants, definitions were provided twice
with 5 s between presentations.
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participant gave no response, an incorrect response, or a correct response by pressing a key on the keyboard. All responses were also
recorded on a written record form. Self-corrections were scored as correct. Inter-rater and intra-rater reliability of response scoring
were calculated for 20% of definition-naming probe sessions. Inter-rater reliability was calculated at 95% and intra-rater reliability
was calculated at 99.2%.

2.3. Therapy

Prior to beginning therapy, all participants named a corpus of 575 pictures on two separate occasions. Participants were given 10 s
to name each picture. Self-corrections within the time limit were counted as correct. Therapy stimuli and stimuli for untrained probes
and infrequently-administered probes were selected from items that were named incorrectly for both presentations.

Cued picture-naming treatment (CPNT) (Harnish & Lundine, 2015; Harnish et al., 2014) adapted from Kendall, Raymer, Rose,
Gilbert, and Rothi (2014), was delivered on four days per week for two weeks. Participants attempted to name eight consecutive
presentations of the same black and white picture, with cueing from the administrator. Trials included (1) independent naming, (2)
orthographic cueing (i.e. the written word was beneath the picture), (3) repeating, (4) naming after a short delay (i.e. approximately
3 s), (5) semantic cueing (i.e. three cues providing semantic information about the target were spoken to the participant by the
clinician), (6) phonological cueing (i.e. the first sound and letter were spoken by the clinician), (7) repeating, and (8) naming after
short delay. The administrator provided the correct response for each incorrect participant response and asked the participant to
repeat it. Dosage remained consistent across participants. Once eight presentations of each of the twenty pictures were completed, the
therapy session was terminated regardless of session duration. Sessions were video- and audio-recorded. An individual who was
unaffiliated with the treatment sessions watched 12.5% of sessions (i.e. one randomly selected treatment session per participant) and
indicated via a record form checklist whether the key elements of the treatment were administered by the clinician for each trial.
Treatment fidelity was 94%.

2.4. Analysis

Items that were incorrectly named at baseline (i.e. twice to definition and on a majority of attempts to picture) were compared
with correctly-named definition probes delivered post-treatment to determine which items generalized from picture-naming therapy
(CPNT) to definition naming. A generalization percentage was calculated for each participant for items generalized to definition
naming out of total possible items that could have been generalized. The same process was used to determine generalization for
untrained items and infrequently probed items (See Tables 3 and 4). Spearman's rank-order correlations were used to assess the
relationship between measures of working memory and generalization percentage. Scatterplots for working memory measures and
percent generalization are presented in Fig. 1.

In order to determine if acquisition of picture names in CPNT was required for generalization, we also compared within parti-
cipant, on an item-by-item basis, whether pictures trained during CPNT but not acquired (i.e. incorrectly named to picture post-
therapy), may have generalized to definition naming. These data are presented in Table 3.

Scores on picture-naming probes were plotted for each participant at baseline, during treatment, and post-treatment (Fig. 2).
Individual and group effect sizes for CPNT (Table 3) were calculated using Tau-U (Parker, Vannest, Davis, & Sauber, 2011; Vannest,
Parker, Gonen, & Adiguzel, 2016), a nonoverlap technique that controls for baseline trend and is robust enough for small datasets
(Vannest & Ninci, 2015). Interpretation of Tau-U, based on general benchmarks outlined in Vannest and Ninci (2015) was a small
effect for improvement of .20, a moderate effect for .20-.60, a large effect for .60-.80, and a very large effect for above .80.

3. Results

Spearman correlations were conducted to investigate the relationship between working memory and stimulus generalization.

Table 4
Participant generalization ratios and percentages.

Subject List 1b List 2b List 3b

P1 0/10 (0%) 3/11 (27%) 2/4 (50%)
P2a 4/10 (40%) 1/10 (10%) 1/11 (9%)
P3 0/15 (0%) 0/20 (0%) 0/20 (0%)
P4a 8/10 (80%) 4/14 (29%) 1/14 (7%)
P5a 4/5 (80%) 3/7 (43%) 3/14 (21%)
P6 0/17 (0%) 1/16 (6%) 0/16 (0%)
P7a 4/10 (40%) 2/15 (13%) 0/17 (0%)

Note. List 1 are CPNT acquired/trained items. List 2 are untrained items that were probed with the same frequency as List 1. List 3 are
untrained items that were only probed at baseline and post-treatment. Lists 2 and 3 were included as control measures.

a identifies participants who generalized from picture naming to definition naming.
b Denominator is total number of incorrectly produced at baseline, defined as incorrectly named definition twice at baseline and

incorrectly named picture on majority of baseline attempts. Numerator is number of items generalized from picture naming to definition
naming, defined as incorrectly produced at baseline and correctly named to definition at post-treatment.
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Results showed that generalization percentage was correlated with the two nonverbal working memory measures, spatial span
[rs(5)= .837, p= .019 ] and 1-back [rs (5)= .869, p= .011 ], and one of the verbal working memory measures, picture span [rs
(5)= .770, p= .043], were significantly correlated with generalization percentage at the p < .05 level (Table 5). The listening span
was also moderately correlated with generalization percentage [rs(5)= .680, p= .093], but was not statistically significant. To
visualize these associations, scatterplots demonstrating the relationship between each working memory measure and generalization

(caption on next page)
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percentage are presented in Fig. 1. Although limited by the sample size, scatterplots revealed primarily positive associations between
each working memory measure and generalization percentage, as indicated by the positively sloped trend lines.

Spearman correlations were also conducted to examine the relationship between working memory and treatment gains during
CPNT. Results showed moderate but not statistically significant correlations, at the .05 significance level for any of the working
memory measures [spatial span rs (5)= .727, p= .064; 1-back rs = (5)= .607, p= .148; picture span rs (5)= .746, p= .054;
listening span rs (5)= .643, p= .119].

Comparison of scores for generalization of CPNT-acquired words and words not acquired during CPNT (Table 3) showed that
three participants (P2, P4, P7) who generalized to definition naming for CPNT-acquired words, also generalized some words that
were trained in CPNT, but not acquired. Conversely, three participants (P1, P3, P6) who did not generalize for CPNT-acquired,
showed very little to no generalization for items not acquired during therapy.

Comparison of patterns of generalization (Table 4) for items acquired in CPNT (list 1), untrained, but probed with the same
frequency as trained items (list 2), and untrained and infrequently-probed items (list 3) shows that the individuals who generalized
for CPNT acquired items also showed some improved definition naming for items that weren't trained in CPNT, albeit to a lesser
extent. Individuals who did not generalize to CPNT-acquired items demonstrated varied performance patterns. P1 named no CPNT-
acquired items to definition, but did name some untrained items. P3 and P6 named no CPNT-acquired items, and performed similarly
on untrained items with the exception of P6 naming 1/16 (6%).

Post hoc Spearman correlations were conducted in order to investigate if auditory comprehension deficits, aphasia severity, or
overall naming impairment were related to definition naming abilities in our sample. Results showed some, but not statistically
significant, correlations between percent generalization and the auditory verbal comprehension subtest of the WAB [rs (5)= .61,
p= .150], aphasia severity as measured by the WAB AQ [rs (5)= .68, p= .093], and naming abilities as measured by the BNT [rs
(5)= .34, p= .455).

We also investigated the relationship between aphasia severity and working memory abilities. Results showed that overall aphasia
severity, as measured by the WAB AQ was significantly correlated with the spatial span [rs (5)= .837, p= .019], picture span [rs
(5)= .800, p= .031] and listening span [rs (5)= 1.0, p= .000]. Naming severity, as measured by the BNT, was not significantly
correlated with any of the working memory measures [spatial span rs (5)= .436, p= .328; 1-back rs = (5)= .250, p= .589; picture
span rs (5)= .491, p= .263; listening span rs (5)= .679, p= .094)].

Fig. 2. Probe Data for Picture Naming and Definition Naming for each Participant.
Probes for picture naming and definition naming are presented across baseline, treatment, post-treatment and follow-up phases for P1. Infrequently probed pictures
and definitions were untrained. P1 overlapping data points include session 1 trained pictures, untrained pictures, infrequently probed pictures, and untrained defi-
nitions; session 2 trained definitions and untrained definitions; session 11 untrained pictures, trained definitions and untrained definitions; session 12 untrained
pictures and trained definitions. P2 overlapping data points include session 1 untrained pictures and untrained definitions; session 13 untrained definitions and
infrequently probed definitions; session 14 untrained pictures and trained definitions. P3 overlapping data points include session 1 untrained definitions and infre-
quently probed definitions; session 1 untrained pictures and trained definitions; session 2 untrained pictures and trained definitions; session 11 trained definitions,
untrained definitions and infrequently probed definitions; session 12 trained definitions, untrained definitions and infrequently probed definitions. P4 overlapping
data points include session 1 untrained definitions and infrequently probed definitions; session 1 untrained pictures and infrequently probed pictures; session 11
infrequently probed pictures and infrequently probed definitions; session 12 infrequently probed pictures and infrequently probed definitions. P5 overlapping data
points include session 1 trained definitions and untrained definitions; session 1 infrequently probed pictures and untrained pictures; session 2 trained definitions and
untrained definitions; session 11 trained pictures and trained definitions; session 11 untrained definitions and infrequently probed pictures. P6 overlapping data points
include session 1 trained definitions, untrained definitions, and infrequently probed definitions; session 2 trained definitions and untrained definitions; session 2
trained pictures and untrained pictures; session 3 trained pictures and untrained pictures; session 12 trained definitions and infrequently probed definitions; session 13
trained pictures and untrained definitions. P7 overlapping data points include session 1 trained pictures and infrequently probed pictures; session 1 untrained pictures
and untrained definitions; session 2 untrained pictures and trained definitions; session 12 untrained pictures and untrained definitions; session 13 infrequently probed
pictures and untrained definitions; session 13 untrained pictures and infrequently probed definitions.

Table 5
Group correlations for generalization percentage and working memory measures.

Percent generalization Spatial Span 1-back Picture Span Listening Span

Percent generalization 1
Spatial Span .837*

.019
1

1-back .869*
.011

.727

.064
1

Picture Span .770*
.043

.898*

.006
.655
.111

1

Listening Span .680
.093

.837*

.019
.393
.383

.800*

.031
1

*Significant at p < 0.05.
Significance values are below correlations.
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4. Discussion

The present study aimed to determine the relationship between working memory abilities and generalization from picture-naming
therapy to definition naming, a skill that may begin to bridge the gap from picture naming to word retrieval in conversation. Results
indicated that the two nonverbal measures, spatial span and 1-back, and one of the verbal measures, picture span, were each
positively correlated with generalization percentage. The only measure that did not significantly correlate with generalization
percentage was the verbal listening span task.

These results suggest that stimulus generalization, or the ability to use a trained item in another context, may be related to
working memory skills. Patients who scored higher on the spatial span, 1-back, and picture-span also tended to have better gen-
eralization from a picture-naming therapy to definition naming.

4.1. “Non-generalizers”

Of the three participants who did not generalize to definition naming (P1, P3, and P6), two acquired some of the picture names
during therapy (P1 and P6). P1 acquired 40% (4/10) of words during therapy, which indicated a moderate Tau-U effect size. P1 also
demonstrated some ability to name definitions, as illustrated by baseline definition naming ability at 25% for items to be trained in
CPNT and accurate definition naming for some untrained probe items for probe lists 2 and 3. However, none of the items acquired in
CPNT generalized to definitions.

P1 was able to name 25% of definitions at baseline, but did not generalize CPNT-acquired words to definition naming. P6
demonstrated a very large effect size for picture naming, acquiring 59% (10/17) of picture names, but was unable to name to
definition at baseline and after therapy. P6 also scored at floor for spatial span, picture span and listening span, and scored relatively
low for the auditory verbal comprehension subtest of the WAB (6.1 out of 10). We suspect the combination of working memory and
auditory comprehension deficits contributed to the inability to name to definition in this individual.

P3 neither responded to the picture naming therapy, nor generalized to definition naming. Overall, the individuals who did not
generalize performed poorly on the 1-back, spatial span and picture span. However, responsiveness to therapy was varied in in-
dividuals who did not generalize. Two individuals showed at least modest gains after CPNT, whereas one person did not respond to
therapy.

4.2. “Generalizers”

Individuals who generalized CPNT gains to definition naming (P2, P4, P5, and P7) showed variable patterns of performance on
the cognitive measures. When compared with the non-generalizers, all of the generalizers performed better on the 1-back. P2, P4, and
P5 also performed better than the non-generalizers on the spatial span. Thus, scores on the nonverbal working memory measures
were higher for generalizers than for non-generalizers, with the exception of the spatial span score for P7. Scores on the picture span,
a verbal working memory measure, were also higher for all generalizers than for non-generalizers. This pattern was not seen for the
listening span. For example, P7, an individual who did generalize, scored very low on the listening span compared to the three others
who generalized (P2, P4, and P5). In addition, P1, who demonstrated little effect of therapy and did not generalize, scored just below
three of the generalizers. Thus, the listening span was the only measure that did not show a relationship with generalization in this
sample.

Functional neuroanatomy provides a theoretical basis linking language and working memory. Brain regions that support naming
and other language processes have also been implicated in working memory. There is recent evidence that damage to areas that
support semantic storage, such as the lateral temporal lobes and the temporoparietal cortex (Binder, Desai, Graves, & Conant, 2009),
results in reduced verbal working memory performance (Bormann, Seyboth, Umarova, & Weiller, 2015). Additional evidence comes
from research showing no differences in laterality for some language tasks in younger and older adults (Obler, Woodward, & Albert,
1984), even though older adults who show better confrontation naming tend to use right hemisphere regions contralateral to left
hemisphere language areas (Obler et al., 2010). This may suggest that language does not shift with aging, rather, older adults with
preserved confrontation naming may call upon additional cognitive processes housed in the right hemisphere that provide supple-
mentary contributions to core language areas. Previous work showing a relationship between working memory scores and gains on
confrontation naming therapy in individuals with aphasia (Harnish & Lundine, 2015; Lambon Ralph et al., 2010; Seniow et al., 2009)
provide further support for this relationship. Moreover, subcortical structures, such as the basal ganglia, have been implicated in
lexical retrieval by assisting with selection of a word among competitors (Crosson, McGregor et al., 2007), as well as in working
memory tasks, by controlling when prefrontal cortex representations should be maintained or updated (O'Reilly, 2006). Thus, brain
regions that support language, and when damaged cause or impact aphasia, may also underlie working memory performance.

We consider several possible explanations for the finding that generalizers tended to outperform non-generalizers on three of the
working memory measures. First, as reviewed above, there is a body of work showing that verbal and nonverbal working memory are
related to aphasia therapy gains (Harnish & Lundine, 2015; Lambon Ralph et al., 2010; Seniow et al., 2009). It is possible that
working memory skills are also a necessary foundation for using items acquired in therapy in other contexts. Working memory, by
definition, includes mental manipulation of information. In accordance with Baddeley and Hitch's model (1974), as phonological
information about how a word sounds is held in verbal working memory, and visuospatial information about how a picture looks is
held in nonverbal working memory, perhaps the central executive system and the episodic buffer work together to integrate, store,
and apply this knowledge to novel stimuli, such as spoken definitions. The episodic buffer accounts for cross-domain associations,
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such as those between names and faces (Cowan, 2008). We propose that it may also chunk and store verbal and nonverbal in-
formation about newly acquired words, while the central executive system may provide attentional oversight for using the integrated
information in novel contexts.

An alternative explanation is that for some participants, definition naming difficulties occurred due to task demands and not lack
of generalization, per se. Individuals who had verbal working memory deficits may have also had difficulty maintaining a definition
in working memory long enough to access the label. If working memory resources were compromised, then definition naming may
have overtaxed an already impaired system because of task-specific working memory requirements associated with definition
naming. That is, there may not have been enough working memory resources to allocate to the task of definition naming that required
maintaining a fading verbal stimulus in memory while searching for the word. Although we propose that working memory is a skill
associated with stimulus generalization, better generalization may have occurred in contexts with a continuously present stimulus, so
as not to overtax the working memory system. Nevertheless, working memory demands on processing verbal stimuli are also present
in conversation, and thus, still capture relevant weaknesses.

Another consideration in the present investigation is whether definition-naming difficulties may be due to auditory compre-
hension deficits or overall aphasia severity and not working memory. Definition naming relies on auditory comprehension, whereas
picture naming does not. Correlations between percent generalization and the auditory verbal comprehension subtest of the WAB,
WAB AQ, and the BNT were small-to-moderate, but not statistically significant. In addition, inclusion criteria insured that individuals
with severe auditory comprehension deficits were excluded. Therefore, auditory comprehension abilities alone may not explain poor
generalization to definition naming; however, this should be verified in future studies.

Finally, are working memory abilities related to generalization specifically, or simply to treatment gains (i.e. acquisition) and by
extension to generalization? All participants who generalized picture-naming therapy gains to definition naming demonstrated a very
large effect size during CPNT. Potentially due to the small sample size, a positive trend was present in the correlations between CPNT
gains and working memory measures, but they did not reach significance. One participant (P6) had a very large effect size, but was
unable to name to definition at any point in the study. To investigate this further, we looked at whether items that were not acquired
in therapy also showed improvement in definition naming. We considered items to not be acquired if at baseline they were named
incorrectly to definition twice and on a majority of picture naming attempts, and named incorrectly to pictures at post-therapy. We
then determined how many of them were named correctly to definition (Table 3). We found similar patterns in that generalizers (P2,
P4, P7) tended to name items not acquired during CPNT to definition and non-generalizers (P1, P3, P6) tended not to name items not
acquired during CPNT to definition. In other words, the act of definition naming improved for people with higher working memory
scores, even for items they did not successfully acquire during picture naming; whereas people who scored lower on the working
memory measures showed no increases in definition naming, even for items acquired during picture naming. These data are difficult
to interpret because we generally think of generalization as occurring after acquisition; however, the exposure to pictured stimuli
during CPNT may have been enough for generalization to definitions in some individuals, even if the picture name was incorrect. We
propose that this may illustrate a modality or task (i.e. definition naming) that is more responsive to therapy than picture naming in
some participants. The present findings that generalizers tended to generalize even for items they did not acquire during picture
naming, and non-generalizers did not show improvements for definition naming, even for acquired pictures, lends support to the idea
that working memory abilities are not simply related to generalization by extension of treatment gains.

This study also highlights the notion that although age, lesion size, and aphasia severity may indicate poor prognosis for some
individuals, those patients may still benefit from therapy. For example, P6 and P7 were both older adults in their 70s, achieved low
scores on the BNT and WAB, and had lesions with a relatively wide distribution. However, they both responded to the aphasia
therapy, acquiring 59% and 50% of trained items, respectively.

4.3. Comparison of working memory measures

The nonverbal spatial span and the verbal picture span scores correlated more highly with each other than with scores on any
other tasks. This leads us to make two tentative conclusions based on the small dataset in the present study. First, the verbal and
nonverbal span tasks utilized in this study are either measuring the same construct or measuring two constructs that are driven by a
shared processing mechanism. Although one is verbal and one is nonverbal, these tasks may be isolating recall memory – either
domain general working memory or domain specific working memory with a central processing component, such as attentional
oversight. At least two prominent models of working memory (Baddeley, 2000; Baddeley & Hitch, 1974; Cowan, 1988, 1997) include
a central processing mechanism for verbal and nonverbal stimuli. In contrast to our results, Potagas et al. (2011) found that the
nonverbal spatial span and the verbal digit span did not significantly correlate with each other in 58 individuals with aphasia;
however, performance on the digit span may have been impacted by verbal production deficits. It is noteworthy that the authors
implemented exclusion criteria, such as severe aphasia and the inability to repeat at least one two-syllable word, to limit the con-
tribution of confounding speech output deficits,. However, it is possible that some individuals who could repeat a two-syllable word
may have still had motor deficits that would affect the ease with which verbal responses were made, and thus, may have made a
verbal output task more challenging than a task that did not require a verbal response. In the present study, task demands may have
been more closely matched between the picture span and the spatial span than they are with the digit span because both included a
visual component that allowed for nonverbal responses in individuals with aphasia.

Although the 1-back task was positively correlated with generalization percentage in our sample, it showed low correlation with
other measures of working memory, which has also been found in other studies (Jaeggi et al., 2010; Kane, Conway, Miura, & Colflesh,
2007; Oberauer, 2005; Roberts & Gibson, 2002). N-back tasks are thought to have strong face validity, but construct validity is not

S.M. Harnish et al. Journal of Neurolinguistics xxx (xxxx) xxx–xxx

12



well established (Wright & Fergadiotis, 2012). Since the 1-back measures speeded recognition with interference (necessitating re-
cognition memory and inhibition of competing stimuli) as opposed to serial retrieval measured in other working memory span tasks,
it may be assessing a different construct (Kane et al., 2007). As Dede et al. (2014) pointed out, recognition tasks employ external cues,
such as pictures, whereas recall tasks rely on internal cues. It has been suggested that there may be different memory processes
activated for remembering with interference (Kane et al., 2007). In addition, the n-back requires continuous updating of working
memory to eliminate items that are no longer needed in a sequence. It requires a person to remember the previous item, but not the
items presented before the previous item (i.e. competitors with the target that must be inhibited). Thus, the cognitive processes
required for successful performance on the n-back may go beyond those required for other working memory tasks (Wright &
Fergadiotis, 2012).

Skills required to complete the 1-back task may also be an important contribution to the overall cognitive skills required for using
auditory definitions to retrieve and produce names of items that were acquired in a picture-naming therapy. This would explain the
positive correlation between the 1-back and generalization percentage. The 1-back requires recognition of nonlinguistic figures at a
rate that is forced on the user. The program runs and the participant only responds by button press to identify a match between a
current stimulus and the stimulus immediately preceding it. It taps into working memory by requiring the participant to maintain a
running log of items to compare a presented item with the item immediately preceding it. It also requires continuously removing
items from the running log so that they do not interfere. Similarly, definition naming requires rapid processing of auditory in-
formation at a rate forced on the listener, and maintenance of phonological information (as opposed to visuospatial for the n-back) in
working memory while searching for the label. Definition naming may also require matching a stimulus to previously encountered
information (e.g., the target word) as occurs in the n-back task. Production of labels was practiced using picture naming, and thus,
there may have been a matching component whereby the participant matched semantic features presented in the auditory modality
to a previously rehearsed label. Based on these theoretical comparisons that highlight similarities in required processing for n-back
completion and naming to definition, it is not surprising that individuals who did not show improvements in generalization also
performed poorly on the n-back.

The listening span was the only working memory measure that did not significantly correlate with generalization percentage.
Dede et al. (2014) found that for individuals with aphasia, the listening span and the 1-back were less sensitive to differences in
working memory than other measures (e.g. picture span, 2-back). Unlike the other working memory measures, the listening span has
a verbal production component. In the present study, participants who performed most poorly on the listening span (P3, P6, P7) also
demonstrated lower BNT (Kaplan et al., 2001) scores (5, 10, 6, respectively). It is unclear the extent to which aphasia impacted
performance on the listening span, and whether it was a reliable measure of working memory in our participants.

5. Summary and conclusions

It is well known that individuals with aphasia demonstrate verbal and nonverbal working memory deficits, and there is recent
evidence that working memory may serve as a prognostic indicator of how well an individual with aphasia will respond to therapy.
The current study found a relationship between generalization percentage and three measures of working memory, two nonverbal
and one verbal. We suggest that definition naming is one step closer to lexical retrieval in conversation than picture naming due to
the absence of a picture stimulus and the inherent requirement to rapidly process and respond to an incoming verbal stimulus. The
relationship between working memory measures and generalization to definition naming provide additional support that working
memory may be associated with degree of behavioral gains from aphasia therapy, including stimulus generalization to other contexts.

Researchers have begun to advocate for assessment of working memory and/or short-term memory in individuals with aphasia to
improve predictions of therapy response and treatment planning (Lambon Ralph et al., 2010; Murray, 2012; Salis et al., 2015; van de
Sandt-Koenderman et al., 2008). As generalization is the goal of anomia therapy, future studies should both investigate the impact of
working memory and other cognitive abilities on the ability to generalize in larger samples of individuals with aphasia and in-
vestigate the influence of working memory training on improving generalization. The present investigation is one step in a continuum
of research necessary to determine the cognitive predictors of generalization capacities in persons with aphasia. The addition of
cognitive measures in anomia therapy studies may help to shed light on the causes of inadequate generalization during treatment and
guide preliminary trials to target these causes with intervention.
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